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The development of cities includes a wide variety of complexities and uncertainties that
challenge spatial planners and policymakers. To navigate the intricacies, there's a growing
exploration of adaptive approaches in response to dynamic physical and non-physical factors.
This paper argues that urban adaptability evaluation should be standardized to promote
sustainability and deduce a series of elements on spatio-functional configurations and the
capacity building of local participants. This paper depicts the urban blueprint as a complex
adaptive system, explores what goals and issues may comprise and how they can be related to
planning, establishes an Adaptability Index (ADI) evaluation framework, and derives the
spatial and strategic samples. These facilitate tailored planning for more adaptive cities. This
study introduces methodological metrics to assist future planners and policymakers in

evaluating and addressing the strategic and adaptive urban planning and design. Additionally,
the study provides practical criteria for environmentally and socially responsible, healthy, and
prosperous built environments throughout design, construction, and operation.

1. INTRODUCTION

Since the identification of the initial confirmed case of
COVID-19 in Wuhan, China, in December 2019 [1], the
pandemic has exerted a profound and far-reaching impact on
a global scale [2]. Cities, as agglomeration centers, faced
escalated risks attributable to rapid urbanization, population
expansion, and heavy traffic levels [3]. The pandemic inflicted
a huge toll on the global economy, precipitating the most
severe recession since the Great Depression [4]. Highlighting
the extensive consequences, the United Nations Framework
for Immediate Socio-Economic Response to the COVID-19
Crisis warned that, beyond a health crisis, the pandemic
profoundly affected societies and economies. It exacerbated
global poverty and inequalities, underscoring the pressing
need to address the Sustainable Development Goals [5]. In
response to these socio-economic upheavals, the imperative of
adopting adaptive city planning and design is underscored [6-
8], particularly in developing urban areas. Encouragingly, with
the increasing integration of instrumentation, datafication, and
computation [9-13], smart techniques hold promise in
establishing standardized systems that enhance wurban
adaptability through evaluation, application, and operation.

An adaptive city is characterized by prioritizing people in
the development process, incorporating contextual
information and synchronous technologies into urban
management, and utilizing these elements as tools to address
the dynamic materiality of urban development, encompassing
staged planning and iterative engagement processes. Urban
adaptability comes with a shift in focus, constantly seeking a
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balance between human life and urban space [14]. From Paris,
London to Tokyo and New York, people witnessed how cities
are gradually shaped and improved in fights against viruses,
and urban space has been an important support for a healthy
life [15]. In the post-pandemic era, adaptive planning and
design must equip urban areas to encounter future shocks and
pressures from public health crises and rapid urbanization. The
focus is to better understand patterns in how pandemics affect
cities, actions necessary to reduce the impacts [16, 17], and
criteria for urban adaptability [18-21]. In this study, key issues
and goals should always support urban response to changing
physical (urban access, facilities, environmental factors, and
land-use patterns) and non-physical (socio-cultural,
governance, and economic factors) aspects [22, 23].

Previous research has employed various methods or
indicators to evaluate urban resilience and formulate
corresponding action plans [24-29], while others have
summarized the trends toward adaptability faced by the entire
urban system [30-33]. However, these studies often lack a
detailed exploration of adaptability mechanisms at the urban
planning and design levels. Addressing this gap, the study
leverages the strengths of existing models and theories to
enhance the urban adaptability framework, approaching it
from an overarching strategic and spatial perspective to
contribute to targeted adaptive planning and design. One
notable comprehensive approach is the Urban Sustainability
Framework (USF), established by the World Bank, which
integrates social, economic, and environmental dimensions to
assess the overall sustainability of urban areas [28]. Utilizing
a four-stage approach, the USF involves diagnosis, vision and
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priority definition, financing interventions, and monitoring
and evaluation, incorporating two enabling dimensions of
governance and management. Despite delineating strategic
goals and sub-goals, incorporating rationale, key issues, and
indicators, the USF lacks quantitative integration with spatial
planning, leaving a significant gap in its application to urban
planning and design. Another influential model, the
Resilience-Informed  Sustainable  Urbanism  (RiSU)
framework, offers an integrated terminology, analytical
framework, and procedure to measure and predict a city's
resilience in the face of climate threats [29]. While the RiSU
framework integrates resilience thinking into urban planning,
emphasizing cities' adaptive capacity to shocks and stressors,
it primarily employs qualitative indicators at a macro level,
lacking specific guidance for resilient spatial planning across
diverse urban systems.

These constraints have relegated urban adaptability to a
slogan for stakeholders [34] rather than a robust support
system for enhancing the quality of life and well-being of
urban inhabitants. Additionally, with the evolving focus of
society, this study highlights the relative limitations in existing
research on adaptability, particularly in critical domains such
as health and carbon emissions (see Table 1). Therefore, this
paper serves as a valuable addition by assimilating elements
from the framework structure and indicator articulation of the
USF and RiSU, and integrating the critical aspects related to
sustainability and health, energy and carbon efficiency, and
system connectivity.

Table 1. Major thematic areas in the literature

Thematic .
Category Subcategory CountProportion
Governance mechanisms 19 13.1%
Management & Smart cities and smart solutions
Governance and their contribution to response 28 19.3%
and recovery
Energy eff|C|enf:y & carbon 8 550
. reduction
Environmental .
. Effects of environmental factors
Quality - - 21 14.5%
and meteorological conditions
Impacts on urban resource cycles 8 5.5%
Socio-economic . Social impacts and factors fqr 29 15.2%
Impacts improved response and adaption
Economic impacts 10 6.9%
Transport & Issues related to urbar] mobility 14 9.7%
Urban Design and transportation
Urban design issues 15 10.3%

Note: Data sources are from the Scopus database with the search string
“TITLE-ABS-KEY ((“‘covid” OR “coronavirus”) and (“urban” or “cities” or
“urban planning” or “urban design” or “urban studies”))”, statistics as of
April 30, 2023.

On this basis, a new standardized method is proposed to
systematically  describe urban adaptability, namely
Adaptability Index (ADI). Starting from setting the goals and
issues of adaptability, this paper deduces key indicators and
related qualitative and/or quantitative indicators of ADI
system. This paper then compares and contrasts quantitative
indicators to generate spatial and strategic samples, which are
stored in the ADI library. After site analyses, the matching
samples are extracted from the ADI library and assembled into
urban systems. By doing so, the connection between
framework and application is built.

To interpret methodology in the whole process, this study
selects Sha Tou Kok (see Figure 1) in the northern metropolis
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of Hong Kong as the template to introduce and apply the ADI
system. The contemporary implication of the Northern
Metropolis is highly in line with that of urban adaptability in
three aspects. First, the northern metropolis is a significant
strategic link for Hong Kong, under the normalized pandemic,
to expand its development space and integrate into China’s
economic cycle. Second, through rapid urbanization, this area
can act as a booster to improve the cityscape of the northern
region, thereby achieving balanced development within Hong
Kong. Third, northern metropolis plan [35] is excellent testing
for cooperation with Shenzhen to achieve a better division of
labor, which further sublimates urban adaptability through
regional common prosperity on the basis of resources.

Shenzhen

shekey

Hong Kong

Figure 1. Study area

The rest of this study is structured as follows. Section 2
introduces methodology, including the ADI evaluation
framework, metrics and samples. Section 3 elaborates the
assembly process of samples within the group-neighborhood-
region network, detailing the application of the ADI method.
The innovation, applicability, limitations, as well as the
extended connotation and form of ADI are discussed in
Section 4. The conclusions are summarized in Section 5.

2. METHODOLOGY
2.1 ADI evaluation framework

Adaptive measures can act as buffers against social,
economic, and physical shocks and pressures. The paper
argues that, in the context of the pandemic and urbanization
responses, a rebalancing of the development innovation
portfolio towards more integrated, strategic, and sustained
support for locally driven frugal innovation has become
increasingly important in the contemporary adaptive system.
On this basis, the paper builds an ADI evaluation framework.

2.1.1 Research method

According to the impact patterns of pandemics and
urbanization [8], existing urban systems, and era disputes [36,
371, this paper sets up 7 processes and 9 steps to establish ADI
system and apply it to urban planning and design. The
technical route is shown in Figure 2.



Determine Research Method

Set Issues and Goals ~ Weave Multi-level ADI System

Assess the Weights of the Subframes for Each Issue,
Refine the Weights of Core Evaluation Elements

Identify Key ADI Assign Quantative Control

Develop Scoring Procedure to
Deduce Spatial + Strategic Prototypes

Iterate ADI Library

Organize Bottom-up Assembly into
Urban Systems

Figure 2. Technical route

2.1.2 Multi-level ADI system

Urban adaptability refers to the sustained adjustment of
dynamic changes that can help living environments fit in better
with the development. During the COVID-19 pandemic, cities
exhibited insufficient adaptability across various dimensions,
including lockdown measures, traffic obstruction, limited
open spaces, and diminished community autonomy [38]. In the
post-pandemic era, to better address public health crisis and
inevitable urbanization [39], this study identifies six
contemporary adaptive goals - local, public, low-carbon,
natural, intelligent, and flexible — drawing insights from the
USF [28], RiSU framework [29], and IBM’s ESG Framework
(https://www.ibm.com/impact). Moreover, the paper extracts
five pivotal adaptive issues from the most relevant urban
systems [6], comprising land use and function, transport, open
space, community, and architecture. This research endeavors
to achieve comprehensive adaptability goals by interweaving
these five issues with the six specific goals, culminating in a
multi-level Adaptability Index (ADI) system and enumerating
the potentialities of ADI (see Figure 3).

5 ISSUES | 6 GOALS | 5
LF-LO-l TRLO-L OS-LO-1
- LocAL €001 ARLOL . TR
o TREU
F 7 LF-PU-1 TRPU-1 OS-PU-L
7 7 PUBLIC CO-PU-L AR-PU-1 .
TRansport
£ N
N/ > ARFU
KL A
: LFLCL TRLCL 0SLC1
AD I LOW-CARBON CO-LC-1 ARLC-1
o ADI SYSTEM

Smart Communities
Adaptive Research & Design
Multi-level Index System

e

LF-NA-1
CO-NA-1

0S-NA-L ..

NATURAL arNAL

TRAIN-L
CO-IN-1

0SINL oo
ARINL e

INTELLIGENT oo
CoFU
co-Le

TRFLL
CO-FLT

OS-FLL ..

ARchitecture ARFLL

FLEXIBLE

Figure 3. Framework of multi-level ADI system

2.1.3 ADI weighting

With reference to literature, expert opinions, and analysis
reports, this study refines the six goals into four measurable
subframes: pandemic, energy & carbon, localization, and
function. The study then employs the Delphi Method and
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Analytic Hierarchy Process (AHP) to assess the subframe
weights by issue (see Table 2), rounded to the nearest multiple
of 5%. For the Delphi Methods and the AHP, ten expert
participants, comprising professors, planning directors of
design institutes and enterprises, municipal officials, and
resident representatives were carefully selected. The inquiry
spanned four rounds, commencing with open-ended questions
and progressing iteratively until a convergence of consensus
was discerned. The consensus building in this study is defined
as stability in responses across successive rounds.

In the AHP, participants engaged in pairwise comparisons
of criteria, weighing their relative importance in decision-
making. This process 1is conducted iteratively, with
participants refining their judgments based on group feedback.
The judgment matrix of the AHP during consensus building is
elucidated in Figure A1 in Appendix A. In addition, Table A1l
in Appendix A details the original, approximate, and corrected
values of the subframe weights calculated from the AHP,
organized by issue.

Table 2. Weights of subframes by issue

Pandemic Energy & LocalizationFunction
Carbon
Land Use and o o o o
Function (L)  20% 25% 15% 40%
Transport (TR)  10% 55% 5% 30%
Op‘?z)zl)’ace 30% 20% 20% 30%
Cotzléng)mty 35% 30% 15% 20%
Arc?:;‘z)t“re 20% 50% 10% 20%

2.2 ADI metrics and samples

This study aims to establish an ADI system and extent it into
a new paradigm of urban planning and construction. After
matching the issues with goals, this study filters key indicators,
and convert descriptions and quantitative controls to form ADI
metrics. Based on this, the study generates spatial and strategic
samples aligned with adaptive goals for each issue. These
samples serve as optional constituents within the assembly
adaptability model, operating under the group-neighborhood-
region network paradigm (see Figure 4).

This study, centered on five major issues in the Sha Tau Kok,
deduces key adaptive indexes (ADIs), qualitative/quantitative
controls, and adaptive samples, integrating them into the urban
system. To achieve comprehensive adaptability, each issue
imposes a constraint of no more than 8 total key ADIs, with a
maximum of three per goal. The selection criteria are informed
by the weights delineated in Table 2. Tailoring the approach
to the attribute of the issues, ADIs related to transport and open
space emphasize qualitative controls, while those pertaining to
land use & function, community, and architecture combine
qualitative assessments and quantitative controls. Regarding
land use and function issues, the derivation of ADIs to
adaptive samples relies on morphological typology. Given the
pronounced locality associated with land use dynamics,
additional research is imperative to ensure the broader
applicability of the derived indicators. In addressing
community and architecture issues, the derivation of ADIs to
adaptive samples is grounded in mathematical calculations as
detailed in Appendix B and Appendix C. The computational
methodology entails scoring each subcategory based on the



assigned weights in Table 2, with higher scores within
categories signifying heightened adaptability. This algorithm
exhibits extensibility to a diverse array of urban applications.
As for transport and open space issues, ADIs predominantly
encompass qualitative policy guidance, characterized by its
notable replicability.

2.2.1 Land use and function

Hong Kong has achieved miraculous growth through
compact, mixed-use, and transit-oriented development.
Building upon the tenet of "sustainable development”, this
study aims to extract the benefits of land use forms in Hong
Kong and Shenzhen, strategically and spatially integrating
them to optimize the job-housing balance index. Therefore,
key controls of land use and function adaptability include the
mixed proportion and development intensification.

Land use & function adaptability weaves four goals of local,
public, low-carbon, and flexible (see Figure 5(a)). Local is
reflected in the interactive way of community behavior; public

refers to the equalization of public facilities; low-carbon
adjusts the mixed ratio of land use to promote jobs-housing
balance, such as code LF-LC-01; flexible responds to the shifts
in industry modes and functions, such as the code LF-FL-02.

Based on the criteria depicted in Figure 5(a), this study puts
forth adaptive guidelines for the four dominant functions of
residential, commercial, industrial, and public services,
considering varying floor area ratio (FAR) as well as
development intensities. As shown in Figure 5(b), in the Sha
Tou Kok area, the adaptive FAR for land use with residence-
oriented and industry-oriented falls within the relatively
expansive range of 5.0-6.0 and 5.5-6.5, respectively. These
zones are typically characterized by a mix of podium and high-
rise buildings. For land use tailored for commercial activities,
the adaptive FAR is segmented into two intervals, namely 1.5-
2.0 and 5.0-6.0, depending on the specific business model.
Additionally, land use catering to service-oriented functions
exhibits an adaptive FAR ranging from 0.6 to 1.5, primarily
featuring podium buildings.

Benchment —, I Weights of the Subframes for by Issue | l
"4 Assemble Prototypes to Urban Systems
N |
[ ]
=N //_ Confirm Applicability & Operational
| Procedures
\ \ 1
Filter Key R R \ Y
Indicators == Criteria: no more than 8 In totad, limit 3 per goal | ff Form Samples for:
]
l : ( 1) Function-oriented Groups
] . n "
2) Neighborhood Planning & Design
Descriptions of Key Indicators :
Convert = | E ) I E J 3) District Development Framework
Indicators | Quantitative Controls Related to Indicators | { 1
l ]
Generate = | Snatial + Stratesic s | |
Somples — patia rategic Samples

Figure 4. Schematic diagram of ADI methodology

Three-level evaluation of the ADI system (2022-2040) LA N D U S E & FU N CTI O N 1

Low-CARBON

LOcAL PUsLIC

To achieve LAND USE & FUNCTION ADAPTABILITY, this matrix provides specific qualitative and quantitative
sub-target guidance from above four goals.

ADI Code Descriptions of Key ADIs Qualitative/Quantitative Controls

Divide the main axes according to the
neighborhood characteristics

LF-LO-01

People-oriented neighborhood scale

COVID-9 PANDEMIC 20% | ENERGY & CARBON 25% |  LOCALIZATION 15% FUNCTION 40%

>,

Commerce
Industry
Service

FLEXIBLE

7 rar: 5.9 7 FAR:60 7 eari13

Local Combine different commercial and

residential types according to the
neighborhood characteristics

LF-L0O-02

Proportion of mixed land use involving
two or more complex types (industrial
park, SOHO, etc.)

Improve the land utilization and adapt to
the needs of various people

Proportion of public facilities and
commercial land

7 earis3

m -

Complete and balanced configuration of
public systems

Layout and connection of open spaces
and facilities

Low-carbon

Adjust the mixed ratio of land use

Maintain the jobs-housing balance
between 0.95-1.05 to reduce commuting
energy consumption

FAR:5.1 FAR: 16

Flexible

Higher proportion of contactless services
in the post-pandemic era

Service work from home, retail delivery,
etc.

Allow for the transformation of land use
& functions in a specific period

Reserve centralized open space as
isolation and monitoring areas

FAR: 5.06.0
RESIDENCE-oriented

FAR: 15-20,5.0-60
COMMERCE-oriented

Figure 5. Metrics and samples of land use & function: (a) Three-level ADI system; (b) Samples based on ADI controls

(a)
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(b)

INDUSTRY-oriented



2.2.2 Transport

To advance a livable city in a rapidly urbanizing world, the
transport principle of Hong Kong is shifting to a people-
oriented framework where movement and place function are
considered equally [39, 40]. The further purpose is to create a
safe, efficient, fair, and comfortable travel environment. Based
on the transformation, transport adaptability aims to
hierarchically plan a safe and efficient traffic system (see
Figure 6).

Transport adaptability weaves the five goals of local, public,
low-carbon, intelligent, and flexible. Local reflects the
community travel preferences; public enhances accessibility
through optimizing the connection between slow systems and
various urban components, such as the code TR-PU-01; low-
carbon advocates green transport with the focus on energy

efficiency and carbon reduction; intelligent builds and
schedules a safe and smart street network, such as the code
TR-IN-01; flexible refers to the dynamic variability
responding to the demands of traffic flow.

2.2.3 Open space

Open space is the center of social life, with increased
significance during post-pandemic era. To promote the
metabolism of social molecules, Hong Kong plans to build a
high-quality healthy open space system. In this study, open
space adaptability aims to improve microclimate, keep social
distancing, and systematically connect the public service
systems in communities and even urban areas, thereby
weaving a common path to happy and healthy lives.

Three-level evaluation of the ADI system (2022-2040)

LOcaL

PUeLIC

LOwW-cARBON INTELLIGENT

TRANSPORT 1

FLEXIBLE

_E]

ADI Code Descriptions of Key ADIs Qualitative /Quantitative Controls

Reflect the community travel
preferences and enhance accessibility

Range of the walking life circle, usually
limited to 5-10 minutes

Integrate living situation and natural
landscape into street design

Context continuity and green coverage

- Public
TR-FU-02

Optimize slow systems and various
urban componenls

Connection and layout of slow systems,
with special attention to the last 1km

Improve the accessibility of public
transport

Types and coverage of public transport
(especially rail transport)

Advocate low carbon and green mobility,

Proportion of walking, cycling, public

TR-LC-01 Low-carbon and improve energy efficiency and transportation, clean energy
reduce carbon emission transportation, etc.
Intellisent Build and Schedule the safe and smart Coverage of facilities and integrated
ger street networks management of the smart system
Flexibl Create dynamic variability responding Reversible lanes (tidal flow), complete
cbie to the demands of traffic flow streets
Figure 6. Three-level ADI system for transport
Three-level evaluation of the ADI system (2022-2040)
LOcAL PUsLic  Low-CarsoN NATURAL  INTELLIGENT  FLEXIBLE

To achieve OPEN SPACE ADAPTABILITY, this matrix provides specific qualitative and quantitative
sub-target guidance from above six goals.

Local

Reflect the preferences for activities and
travel at proximity

“15-minute community life circle”
coverage based on walkability

Public

Completeness of public space system

Types, uniformity, and per capita area

Openness of open space

Use groups; openness, accessibility,
and aggregation of spaces

Low-carbon

Improve heat island effect and optimize
urban microclimate

Ratio of blue-green space; if eligible,
more than 40% green coverage

Promote regional carbon neutrality and
optimize energy efficiency

Increase carbon sinks & reduce carbon
sources, such as choices of building
materials and industrial structure

Natural

Well-integrated with natural landscape

Over 50% native plant application rate

Intelligent

Support convenient services and
EMETEENCY MESPOnses

Types. quantities and coverage of
smart service facilities

Flexible

Create adjustability of spatial functions
under spatiotemporal changes

Transform at least 2-3 functions in
special cases

Figure 7. Three-level ADI system for open space
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Open space adaptability weaves together six goals of local,
public, low-carbon, natural, intelligent, and flexible (see
Figure 7). Local reflects the preferences for activities and
travel at proximity; public optimizes slow systems to connect
multi-level services, such as code OS-PU-01; low-carbon
improves urban microclimate by controlling the proportion of
urban blue-green space and the choice of building materials;
natural refers to the well-integrated with natural landscapes;
intelligent supports convenient services and emergency
responses through smart streets; flexibility shows adjustability
of spatial functions under spatial-temporal changes.

2.2.4 Community

Community is the basic unit of society and meanwhile the
smallest unit for urban renewal and public health prevention
and control. Adaptive communities ensure urban security and
social stability, with great significance to people's health and
wealth safety. In this study, community adaptability aims to
formulate criteria for operating mechanisms, spatial layout,
intelligent services, etc.

As shown in Figure 8, community adaptability is reflected
in all six goals. Local advocates context continuation of spatial
composition and multi-joint mechanisms, such as code CO-
LO-01; public optimizes dynamic and inclusive built
environments; low-carbon improves spatial walkability,
efficiency, and complexities; natural emphasizes the
microclimate regulation, such as code CO-NA-01; intelligent
devotes to the operation of smart service platforms; flexible
supports adjustable management and basic supply.

Community ADI system conducts qualitative and
quantitative assessments across three categories: enclosure,
block scale, and group layout. Utilizing the criteria presented
in Figure 8, this paper compares and contrasts the nine sub-
categories, and assesses adaptability on a subframe level, as
outlined in Table 3. These scores are derived from a synthesis
of literature research and questionnaire data collected from

Three-level evaluation of the ADI system (2022-2040)

residents, detailed in Table A2 in Appendix B. The scoring
system uses a 5-point rating scale (1=poor; 5=exceptional),
with scores rounded to the nearest multiple of 0.5.

After obtaining scores for the four subframes within each
subcategory, these scores are weighted and summed according
to weights of community in Table 2 to obtain a comprehensive
adaptive rating for each subcategory. The detailed calculation
formulas and outcomes can be found in Table A3 in Appendix
B. Summarizing the results in Figure 9, it becomes evident that
the semi-open (C1-2), 200m (C2-2), and peripheral (C3-2)
samples achieve the highest rankings in the respective
category in the case of Sha Tou Kok. Within category, a higher
score indicates that the subcategory is more adaptive.

Table 3. ADI evaluation for community categories

Catedo Sub-  Pandemic Egg::g%f‘ LocalizationFunction
9TY Category  35% 200¢ 15%  20%
Ci1-1
Open 3 N/A 3 45
Enclosure Cl1-2 4 N/A 4 35
Semi-open
C1-3
Enclosed N/A 4 3
Cc2-1
400m 35 45 2.5 4
Block C2-2
Scale 200m 4 4 4 3.5
C2-3
100m 3 2.5 3 3
C3-1
Aligned NIA 2 4 8
Group C3-2
Layout Peripheral N/A 4 3 4
C3-3 Mixed N/A 3 4 4.5

COMMUNITY 1

LOcaL

C0-L0-01 Local

PUBLc  Low-CarBON

Advocate context continuation of
spatial composition and multi-joint
mechanisms

NATURAL

_51

ADI Code Descriptions of Key ADIs Qualitative/Quantitative Controls

INTELLIGENT  FLEXIBLE

People-oriented and local-based
neighborhood scale and participations

C0-PU-01 Public

Optimize dynamic and inclusive built
environments

Sharing vitality, rich facilities, and
inclusive blend

Systematically enhance walkability,
efficiency, and complexity

Optimization of community structure and
density, advocacy of low-carbon lifestyle

Use environmental strategies to reduce
energy consumption and keep carbon
sources less than carbon sinks

Energy-efficient buildings (solar energy),
environmentally-friendly materials,
green transportation, advanced waste
disposal, high-quality industrial planning

Improve ventilation, reduce pollutant
residence time and concentration

Over 80% of the Air Quality Index
ratings are good

Low-carbon
CO-LC-02
Natural
Intelligent

Create and maintain the operations of
the smart service platforms

95% coverage of core smart facilities
(such as 5G platforms) and services

Flexible

Support adjustable management and
basic supply

Flexible facilities and temporary
emergency land; management
mechanism for different periods

Figure 8. Three-level ADI system for community
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COVID-9 PANDEMIC 35% | ENERGY & CARBON 30% LOCALIZATION 15% FUNCTION 20%

ENCLOSURE:
C1-1:

BLOCK SCALE:
c2-1:

3.85
400m

GROUP LAYOUT:
C3-1:

2.25
Aligned

c3-2:

2.45
Peripheral

)

A,

N

LT

&

RN

O

112
NN
P

A\
Ly

RN

2.25
Mixed

Figure 9. Community samples based on ADI controls

2.2.5 Architecture

resilience, and health equity.

The housing shortage and expensive housing market have
plagued Hong Kong for decades, further exacerbated by
COVID-19 pandemic. In response, the 4th Chief Executive of
Hong Kong, Carrie Lam, proposed a long-term blueprint for
the construction of the northern metropolis [35], providing
land and housing that can accommodate 2.5 million people and
finding enough land to meet public housing demand for the
next decade. To cope with the challenges of COVID-19 and
rapid urbanization, architecture adaptability is committed to
advancing energy efficiency performance, boundary

Three-level evaluation of the ADI system (2022-2040)

LOcaAL

Architecture adaptability is reflected in all six goals (see
Figure 10). Local reflects the continuity of lifestyle and
memory; public improves building accessibility and resilience
of spatial interfaces, such as code AR-PU-01; low-carbon
advocates passive ultra-low energy buildings through the
entire cycle of design, construction, and operation; natural
optimizes ventilation and thermal comfort; intelligent
advances the operation and monitoring of the smart facility
platform; flexible encourages possibilities in layout design and
assembles of health units.

ARCHITECTURE 1]

Y
PUsBLic  Low-CArBON NATURAL  INTELLIGENT ~ FLEXIBLE PQL

To achieve ARCHITECTURE ADAPTABILITY, this matrix provides specific qualitative and quantitative

sub-target guidance from above six goals.

Descriptions of Key ADIs Qualitative/Quantitative Controls

AR-LO-01 Local

Continue the neighborhood style, inherit
the lifestyle and memory

Translation of typical scales and spatial
relationships

AR-PU-01 Public

Improve building accessibility and
resilience of space boundaries

Over B0% accessibility of non-air-
conditioned areas; flexible division of
space interfaces in different periods

AR-LC-01

Promote thermal comfort and energy
savings in construction and materials

Passive Ultra-Low Energy Building
Standard

Low-carbon

AR-LC-02

Refine operation and management of
low/zero carbon buildings

Full life cycle energy management
intelligent system

Natural

Improve ventilation and thermal comfort
via materials, structures and equipment

In line with the indoor air quality
standard - GB/T 18883-2002

Intelligent

Advance the operation and monitoring
of the smart facility platform

Over 50% coverage of smart facilities, of
which core performance more than 80%

Flexible

Enhance possibilities in layout design

Replacement formulas for the space to
have 2-3 functions in special periods

Encourage assembles of healthy living

Scale, form & flow of public health units

Figure 10. Three-level ADI system for architecture
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Architecture ADI system conducts qualitative and
quantitative scoring across four categories: height, structure,
flat type, and base. Based on the criteria in Figure 10, this
paper compares and contrasts the 16 sub-categories, and
assesses adaptability on a subframe level, as outlined in Table
4. Similarly, the scores are derived from a synthesis of
literature research and questionnaire data collected from
residents, detailed in Table A4 in Appendix C. The scoring
system uses a 5-point rating scale (1=poor; 5=exceptional),
with scores rounded to the nearest multiple of 0.5.

After obtaining the scores for the four subframes within
each subcategory, these scores are weighted and summed
according to the weights of the architecture in Table 2 to obtain
a comprehensive adaptive rating for each subcategory. The
detailed calculation formulas and outcomes can be found in
Table A5 in Appendix C. Summarizing the results in Figure
11(a), multi-story (A1-2), wood (A2-1), point-block (A3-1),
and 1000m*> (A4-3) samples rank highest in respective
category in the case of Sha Tou Kok. Within category, a higher
score indicates that the subcategory is more adaptive.

Furthermore, based on the scores of adaptive samples and
self-configuration requirements, this study deduces the
optimal collocations for residence-oriented, industry-oriented,
commerce-oriented, and service-oriented buildings in Sha Tou
Kok (see Figure 11(b)). Additionally, this study suggests
combining block samples into composite ones, since Jason
Barr’s research shows that built-up areas generate a "scale
return" in greenhouse gas emissions. A 10% increase in
building area results in an approximately 7.1% increase in
emissions [41]. On a per capita basis, larger buildings can
reduce the average carbon footprint.

COVID-8 PANDEMIC 20% | ENERGY & CARBON 50% LOCALIZATION 10% FUNCTION 20%

HEIGHT:

Table 4. ADI evaluation for architecture categories

Sub-  PandemicEnergy & CarbonLocalizationFunction

Category Category  20% 50% 10% 20%
Al-1
Low-rise 4 4 ! 2
Al-2
Multi-story 3.5 35 3 4
Height Al-3
High-rise 25 3 3 4
Al-4
Super 25 3 1 4.5
High-rise
Woos  NIA 5 20
A NA 3 35 3
Structure A2-3
RC* N/A 25 4.5 4
sl A 4 3.3
A3-1
Point-Block N/A 4 4 25
A3-2
Al Panel-Block N/A 3 3 35
at Type A3-3
Point + Panel N/A 35 3 4
A3-4
Complex NIA 2 4 4
wom= 35 25 33
som= 4 3 b8
Base
A4-3
1000 m= 35 4 3 4
2000m=__ 25 45 2 ¢

* BC is the abbreviation of Brick Concrete; RC is the abbreviation of
Reinforced Concrete.
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Figure 11. Adaptive architecture samples: (a) Samples based on ADI controls; (b) Optimal collocations with function-oriented

2.3 Assembly of ADI samples

After obtaining adaptive samples, this study refines the
operating procedures of the ADI system from a broader
perspective. Taking the pilot sample of the Sha Tou Kok, the
study further introduces the self-organizing assembly model of
ADI within the group-neighborhood-region network.
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2.3.1 Operating procedures

The ADI methodology aims to explore a local-based,
generalizable, and timing model for evaluating and developing
adaptive planning and construction in three dimensions:
group, neighborhood, and region. On this basis, the application
of ADI methodology should start with background
adaptability analyses, then supplement issues and goals and



broaden the connotation of the metrics and the derived samples
(see Figure 12) to refine the multi-level ADI system, thereby
better assembling and creating adaptive urban systems.

2.3.2 Function-oriented groups

Selecting codes and samples from the ADI library, this
study derives three examples of adaptive development types
(see Figure 13): industry-led development type, balanced
development of job and housing, and residence-led
development type. The study also calculates the adaptive
parameters of parking, open space, and transportation.

In the industry-led development scenario, it aligns with
several ADI indicators, including LF-LO-02, TR-FL-01, OS-
LC-02, CO-IN-01, AR-NA-01, etc. Regarding land use and
function, the FAR stands at 5.51, falling within the range of
5.5-6.5 for industrial adaptability, as depicted in Figure 5(b).
This typifies a mixed-use profile characterized by a
combination of podium and high-rise buildings, of which the
proportions of industry, commerce, public service, and
residence are 67%, 7%, 11%, and 15%, respectively. For
transport, the scenario offers 1,320 parking spaces, 60% tidal
lanes, and ensures convenient access to public transportation
stations within 500 meters. In terms of open space, the plan
includes 45% open space and no less than 10% fully open

Conduct Background Analyses

¥
Supplement Local Concerns
{Issues & Goals)

¥

Madify Multi-level ADI System -

space. At the community level, this scenario showcases the
most adaptive peripheral layout. Regarding adaptive
architecture, it adopts the 'Best Choice for Industry-oriented'
configurations, including multi-story buildings, point + panel
flats, and bases of 500 or 1,000 m2.

In the scenario of balanced development of job and housing,
it adheres to various ADI indicators, such as LF-PU-02, TR-
LC-01, OS-NA-01, CO-PU-01, AR-LC-02, etc. Regarding
land use and function, the FAR registers at 4.58. This shows a
mixed use characterized by connected podium and high-rise
buildings, of which the proportions of industry, commerce,
public service, and residence are 23%, 15%, 15%, and 49%,
respectively. For transport, the scenario provides 1,160
parking spaces, 50% tidal lanes, and an increased number of
commuter bike stations within 500 meters. Open space
allocation comprises 50% open space with a minimum of 10%
fully open space. At the community level, the scenario
displays the slightly less adaptive aligned layout. Concerning
adaptive architecture, it follows the 'Best Choice for
Residence/Industry-oriented' configurations, including multi-
story or high-rise buildings, point + panel flats, and bases of
1,000 or 2,000 m?.

Adjust ADI Evaluation Metrices

L

Tocal Adaptability Mo
Fully Broadened?
Yes
Derive & Generate Prototypes R
{(ADI Library) )
No

Locally Based?

Yes

Assemble Adaptive Urban System

¥

Develop Staged Adaptability Promation

¥

Adjust Spatial/Strategic Parameters

Figure 12. Schematic diagram of the operating procedures for ADI methodology
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Figure 13. Samples of adaptive development types

In the residence-led development scenario, it aligns with
various ADI indicators such as LF-LO-01, TR-PU-02, OS-FL-
01, CO-LC-01, AR-FL-02, etc. Concerning land use and
function, the FAR stands at 5.00, falling within the range of
5.0-6.0 derived from residential adaptability in Figure 5(b).
This shows a targeted mixed-use type where the proportions
of commercial, public service, and residence are 3%, 10%, and
87%, respectively. Regarding transport, this scenario offers a
total of 1,390 parking spaces, 40% tidal lanes, and a more
convenient commuter bike service within 500 meters. Open
space allocation comprises 55% open space with no less than
15% fully open space. At the community level, the entire
scenario shows a peripheral layout. In terms of adaptive
architecture, it adheres to the 'Best Choice for Residence-
oriented' configurations, including high-rise buildings, panel
flats, and bases of 1,000 or 2,000 m2.

2.3.3 Neighborhood sample

This study re-screens codes and samples on a group basis
and systematically integrate them into a neighborhood sample.
As shown in Figure 14, since the neighborhood is positioned
as a balanced development of job and housing, it presents a
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Scenario II pattern illustrated in Figure 13. This adaptive
neighborhood applies various ADI indicators, such as OS-IN-
01, TR-PU-01, CO-LC-01, CO-NA-01, CO-FL-01, AR-LC-
01, etc. Specifically, the open space adaptability strengthens
the system connection and optimizes the ecological circulation.
Transport adaptability envisages right-of-way changes and
road safety caused by driverless driving and proposes smart
parking. Community adaptability aims to improve group
layouts for health and well-being. Architecture adaptability
advocates passive ultra-low energy consumption buildings and
spatial redundancy and flexibility during the pandemic.

2.3.4 Regional development framework

Due to the replicability of the ADI approach, this study
expands the regional development framework for more
extensive application. The framework first counts the plot
scores, categorized by issue, through a weighted analysis of
subframes. It then verifies the evaluation weight of each issue
to calculate the adaptability value per plot. This adaptability
value forms the foundation for progressing the adaptive
process in stages, as illustrated in Figure 15. Furthermore, the
study also furnishes analysis reference for each step.
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Figure 15. Regional development model: A: Method steps; B: References

3. DISCUSSION

The ADI methodology encompasses a comprehensive
approach to urban adaptability planning and evaluation by
integrating frameworks, samples, and applications. Compared
to assessing the adaptability of specific urban systems, this
systematic approach offers a framework that supports the
adaptive transformation of cities. It surpasses the mere
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interpretation of macro-level adaptive trends by delving
deeper into adaptive goals and issues through spatial and
strategic samples. This approach consistently deduces
adaptive indicators and samples and depicts the bottom-up
assembly into the urban system, showcasing the entire process
from methodology to practice in the ADI study.

Urban adaptability aims to optimize the urban system to
improve the ecological living environment. Reviewing the



ADI methodology, the study echoes Mouratidis’s research
[20] that the role of transport and land use, urban nature, public
space, facilities and services, housing, and information and
communications technology in quality of life in cities was
transformed during COVID-19. Based on research by Sharifi
and other scholars [6], the study highlights thematic gaps and
other critical issues that need to be addressed by urban scholars
to accelerate the transition toward sustainable and resilient
cities. Meanwhile, references are made to the new health-
based design guidelines for promenades in Jeddah [42],
resilient university campus in COVID and post-COVID era in
Italy and Poland [43], and “Climate Village” plan [44] to
enhance community contribution in addressing climatic
hazard impacts with five indicators of resilience, mobility,
community, perspectives, and digitalization. By integrating
and expanding adaptive experiences within urban studies, the
ADI measures possess enhanced capabilities to serve as
buffers against social, economic, and physical shocks and
pressures.

This study holds considerable implications for the
development of adaptive urban policies in Sha Tau Kok and
the broader Northern Metropolis. It suggests refined indicators
for land use control, proposing adaptive FAR values within the
ranges of 5.0-6.0, 5.5-6.5, 1.5-2.0/5.0-6.0, and 0.6-1.5 for
residence-oriented, industry-oriented, commercial-oriented,
and service-oriented zones, respectively. In the realm of
transport, the study recommends a strategic emphasis on
connectivity, dynamics, and intelligence to foster the adoption
of sustainable modes. Addressing open spaces, adaptive
strategies should concentrate on implementing multi-level
slow systems facilitated by intelligent mechanisms,
concurrently prioritizing microclimate enhancement through
seamless integration with natural landscapes. Community
policies geared towards adaptability should extend support to
semi-open enclosures, 200m block scales, and peripheral
group layouts. Architectural controls, designed for
adaptability, focus on parameters encompassing multi-story
height, wood structures, point-block flat types, and 1000m=
bases. Furthermore, the study provides targeted guidance for
optimal function-oriented building collocations and advocates
for composite forms, referencing the ‘"scale return”
phenomenon in greenhouse gas emissions. Significantly, the
scalability inherent in the proposed framework enhances its
applicability, thereby augmenting theoretical and practical
relevance, particularly in crisis-affected regions across the
global north and south.

Several limitations should be noted in this study. As a
versatile approach, the ADI method enables preliminary
adaptive planning and design for any site by incorporating
contextual information into an iterative and recursive
evaluation framework. However, this versatility means that
there is a lack of detailed description of the multi-level ADI
system in terms of layering, scoping, and cohesion. For
example, the calculation results for the same indicator may
vary among communities of different sizes and spatial
divisions. Additionally, it is crucial to note that certain
pertinent factors, such as industry [45, 46], are not
encompassed within the ADI evaluation framework. This
study further argues that adaptability should be augmented by
incorporating indicators related to psychological [47, 48] and
social values [49-51] to optimize the equilibrium between
livelihoods and economic development. Furthermore, the ADI
study highlights the dynamic nature of adaptability. Cities are
intricate and ever-evolving systems, where changing social
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needs consistently reshape the built environment [52].
Consequently, the ADI evaluation framework should
continually adapt its goals, supplement issues, modify
evaluation indicators, and implement relevant quantitative
controls to align with the requirements of the time. Hence, the
dimensions and indicators proposed in this article are expected
to be applicable until 2040, with a recommended adjustment
every two years.

Future studies are required to further enhance the
consistency, replicability, and breadth of the ADI
methodology. Addressing these concerns, the methodology
holds the potential to evolve into an ADI information platform,
and refine specific methods and devices for data collection,
providing strong support for data availability and consistency
in building adaptive indices and blueprints. ADI objects, the
components that make up an ADI platform, are intelligent,
have geometry, and store data. If any element is iterated, the
ADI library will update the indicators and samples to reflect
that change. With site datasets, the platform conducts metric
analysis, sample collection, and system pairing in accordance
with ADI-based procedures. These functionalities enable the
platform to standardize, synthesize, and synchronize the entire
ADI process, fostering a more collaborative environment for
users, monitors, planners, policymakers, designers, project
managers, and contractors.

4. CONCLUSIONS

The study explores how the ADI system can pioneer a
deeper sustainability paradigm in contemporary crises. The
ADI methodology not only offers a structured approach for
assessing and enhancing urban adaptability but also
contributes to the construction of cities that are more
sustainable, resilient, and prosperous. The derived adaptive
samples in this paper showcase larger building volumes,
diversified land use patterns, optimized connectivity and
naturalization of open spaces, higher community energy
efficiency, and a broader array of green transportation options.
By integrating framework, samples, and applications, the ADI
methodology transcends traditional macro-level analyses,
delving deeply into adaptive goals and issues through spatial
and strategic samples. This comprehensive perspective
enables a bottom-up integration into urban systems,
highlighting the significance of methodology and practice
within ADI research.

The innovative ADI evaluation framework presented in this
paper encompasses quantifiable SMART targets (Specific,
Measurable, Achievable, Relevant, and Time-bound),
measurement indicators, verification samples, and key spatial
assumptions. By considering cultural, public, and blended
uses, the complex adaptive system flexibly matches or
supplements appropriate framework and samples in the
assessment, planning, design, and operation of cities, thereby
achieving higher levels of replicable adaptability. Importantly,
this ADI framework systematically expands the scope of
adaptability by providing standardized methods to evaluate
urban transformations, all while incorporating spatial and
policy dimensions to foster bottom-up adaptive
implementations. Moreover, this study underscores the
importance of health and carbon adaptability, further elevating
its relevance.

The ADI method outlines a blueprint for developing a more
adaptive and healthier city capable of effectively responding



future socio-economic shocks and pandemic challenges.
Urban development is a complex process, and the standardized
ADI method in this study is crucial for successfully navigating
this complexity. On one hand, the multi-level ADI metrics
helps planners and decision-makers in more effectively
evaluating and addressing future strategic and adaptive
planning and design. On the other hand, the comprehensive
methodology  guides  practical implementation and
continuously iterates and optimizes the ADI mechanism based
on real-world feedback. Through this reciprocal feedback
mechanism, the ADI system, equipped with evaluation,
design, and operational criteria, empowers stakeholders to
promote livability, socio-economic inclusiveness, and
environmental sustainability within a more collaborative
environment.
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APPENDIX

Appendix A

As shown in Figure Al, Appendix A supplements the
judgement matrix of the AHP, compares two subframes by
issue, and describes the value range used in the pairwise
comparisons of the AHP. The data of the pairwise relative
importance in the judgment matrix comes from the Delphi
method with university professors, directors of design
institutes and enterprises.

Furthermore, this appendix lists, by issue, the original,
approximate, and corrected values of the subframe weights
calculated according to the AHP (see Table Al). Approximate
values are rounded to the nearest 5% multiple of the original
value, and corrections are made for values where the sum of
the approximate values for each issue subframe does not equal
100%.

Table Al. Raw values, approximate values, and corrected values of subframe weights by issue

Pandemic Energy & Carbon Localization Function

. Original % 19.45 23.1 14.85 42.6
Land Usa&;)Functlon Approximate % 20 25 15 45
Corrected % 20 25 15 40

Original % 9.85 55.2 5.35 29.6
Transport (TR) Approximate % 10 55 5 30
Corrected % 10 55 5 30
Original % 28.55 20.75 17.7 33
Open Space (0S) Approximate % 30 20 20 35
Corrected % 30 20 20 30
Original % 36.5 27.8 12.7 23
Community (CO) Approximate % 35 30 15 25
Corrected % 35 30 15 20

Original % 18.55 53.2 9.7 18.55
Architecture (AR) Approximate % 20 55 10 20
Corrected % 20 55 10 20
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Figure Al. Judgment matrix of AHP and scale of preference between two parameters
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Appendix B

Table A2 in Appendix B presents the reference and
comprehensive ratings of ADI evaluation for various
community categories. The reference data is obtained through
a synthesis of literature research and questionnaire responses
collected from residents. The ratings based on the literature
research reflect the relative importance of the factors
considered. The scoring system uses a 5-point rating scale,
where 1 signifies poor and 5 signifies exceptional.

According to expert opinion, the comprehensive rating
index (CRI) is adopted, with a 40% weight assigned to the
literature study and a 60% weight to the questionnaire data.
Additionally, the scores are rounded to the smaller nearest
multiple of 0.5.

The comprehensive rating (CR) is used to calculate the
subcategory adaptive scores through weighted summation,
with assigned weights in Table 3. The detailed calculation
formulas and outcomes can be found in Table A3.

Appendix C

Table A4 in Appendix C presents the reference and
comprehensive ratings of ADI evaluation for various
architecture categories. The reference data is obtained through
a synthesis of literature research and questionnaire responses
collected from residents. The ratings based on the literature
research reflect the relative importance of the factors
considered. The scoring system uses a 5-point rating scale,
where 1 signifies poor and 5 signifies exceptional.

According to expert opinion, the comprehensive rating
index (CRI) is adopted, with a 40% weight assigned to the
literature study and a 60% weight to the questionnaire data.
Similarly, the scores are rounded to the smaller nearest
multiple of 0.5.

The comprehensive rating (CR) is used to calculate the
subcategory adaptive scores through weighted summation,
with assigned weights in Table 4. The detailed calculation
formulas and outcomes can be found in Table A5.

Table A2. Reference and comprehensive ratings of ADI evaluation for community categories

Category Sub- Factors Pandemic Energy & Carbon Localization Function
Category 35% 30% 15% 20%
C1-1 Lite_rature_ 3 N/A N/A 4
Open Questionnaire 3 N/A 3 5
CRI 3 N/A 3 4.5
C1-2 Lite_rature_ 4 N/A N/A 3
Enclosure Semi-open Questionnaire 4 N/A 4 4
CRI 4 N/A 4 35
C1-3 Lite_rature_ 4 N/A N/A 25
Enclosed Questionnaire 3 N/A 4 3
CRI 3 N/A 4 3
Co-1 Lite_rature_ 4 4.5 N/A 4
400m Questionnaire 3.5 N/A 2.5 45
CRI 35 4.5 25 4
C2-2 Lite_rature_ 4 4 N/A 3
Block Scale 200m Questionnaire 4.5 N/A 4 4
CRI 4 4 4 35
C2-3 Lite_raturg 35 2.5 N/A 25
100m Questionnaire 3 N/A 3 4
CRI 3 2.5 3 3
C3-1 Lite_rature_ N/A 2 N/A 3
Aligned Questionnaire N/A N/A 4 3
CRI N/A 2 4 3
C3-2 Lite_rature_ N/A 3 N/A 4
Group Layout Peripheral Questionnaire N/A N/A 3 45
CRI N/A 4 3 4
C3-3 Lite_rature_ N/A 3 N/A 4
Mixed Questionnaire N/A N/A 4 5
CRI N/A 3 4 4.5
Table A3. Formulas and CR for each subcategory
Category Subcategory Formulas CR
C1-1 Open =3*35% + N/A*30% + 3*15% + 4.5%20% 2.25
Enclosure C1-2 Semi-open =4*35% + N/A*30% + 4*15% + 3.5%20% 2.7
C1-3 Enclosed =3%35% + N/A*30% + 4*15% + 3*20% 2.25
C2-1 400m =3.5%35% + 4.5%30% + 2.5*15% + 4.5%20% 3.85
Block Scale C2-2 200m =4*35% + 4*30% + 4*15% + 3.5%*20% 3.9
C2-3 100m =3%35% + 2.5%30% + 3*15% + 3*20% 2.8
C3-1 Aligned =N/A*35% + 2*30% + 4*15% + 3*20% 2.25
Group Layout C3-2 Peripheral = N/A*35% + 4*30% + 3*15% + 4*20% 2.45
C3-3 Mixed =N/A*35% + 3*30% + 4*15% + 4.5*20% 2.25
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Table A4. Reference and comprehensive ratings of ADI evaluation for architecture categories

Pandemic Energy & Carbon Localization Function
Category Sub-Category Factors 20% 50% 10% 20%
Al-1 Lite'ratu re 4 4 N/A 3
L ow-rise Questionnaire 45 N/A 1 2
CRI 4 4 1 2
A1-2 Lite'rature. 35 35 N/A 3.5
Multi-story Questionnaire 3.5 N/A 3 4.5
Height _CRI 35 3.5 3 4
A1-3 the_ratu re 3 3 N/A 4
High-rise Questionnaire 25 N/A 3 45
CRI 25 3 3 4
Al-4 Lite_ratu re 3 3 N/A 5
Super High-rise Questionnaire 2 N/A 1 45
CRI 25 3 1 4.5
A2-1 Lite'rature. N/A 5 N/A 3
Wood Questionnaire N/A N/A 2 N/A
CRI N/A 5 2 3
A2-2 Lite_ratu re N/A 3 N/A 3
BC* Questionnaire N/A N/A 3.5 N/A
Structure _ CRI N/A 3 35 3
A2-3 the_rature_ N/A 2.5 N/A 4
RC* Questionnaire N/A N/A 45 N/A
CRI N/A 2.5 45 4
A2-4 Lite_ratu re N/A 4 N/A 3.5
Steel Questionnaire N/A N/A 3 N/A
CRI N/A 4 3 35
A3-1 Lite_raturg N/A 4 N/A 3
Point-Block Questionnaire N/A N/A 4 25
CRI N/A 4 4 2.5
A3-2 Literature N/A 3 N/A 35
panel-Block Questionnaire N/A N/A 3 3.5
Flat Type _CRI N/A 3 3 35
A3-3 the_rature_ N/A 35 N/A 4
Point + Panel Questionnaire N/A N/A 3 4
CRI N/A 35 3 4
Literature N/A 2 N/A 4
A3-4 Complex Questionnaire N/A N/A 4 4.5
CRI N/A 2 4 4
Ad-1 Lite_ratu re 4 25 N/A 3
300 m2 Questionnaire 35 N/A 3 3
CRI 35 2.5 3 3
A4-2 Lite_ratu re 4 3 N/A 3.5
500 m= Questionnaire 4 N/A 4 4
Base _ CRI 4 3 4 35
A4-3 the_ratu re 35 4 N/A 4
1000 m= Questionnaire 35 N/A 3 4.5
CRI 35 4 3 4
Ad-4 Lite_ratu re 3 4.5 N/A 4
2000 M= Questionnaire 25 N/A 2 45
CRI 2.5 4.5 2 4
* BC is the abbreviation of Brick Concrete, RC is the abbreviation of Reinforced Concrete.
Table AS. Formulas and CR for each subcategory
Category Subcategory Formulas CR
L(Qvl_'rlise =4*20% + 4*50% + 1*10% + 2*20% 3.3
Height Mu?tijory =3.5%20% + 3.5*%50% + 3*10% + 4*20% 3.55
Hi/;Ill-_fise =2.5*%20% + 3*50% + 3*10% + 4*20% 3.1
Al-4 =2.5%20% + 3*50% + 1*10% + 4.5*20% 3.0
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Super High-rise
A2-1
Wood
A2-2
BC*
A2-3
RC*
A2-4
Steel
A3-1
Point-Block
A3-2
Panel-Block
A3-3
Point + Panel
A3-4
Complex
A4-1
300 m?
A4-2
500 m?
A4-3
1000 m?
Ad-4
2000 m?

Structure

Flat Type

Base

=N/A*20% + 5*50% + 2*10% + 3*20%
= N/A*20% + 3*50% + 3.5%10% + 3*20%
= N/A*20% + 2.5*50% + 4.5%10% + 4*20%
= N/A*20% + 4*50% + 3*10% + 3.5%¥20%
= N/A*20% + 4*50% + 4*10% + 2.5*20%
= N/A*20% + 3*50% + 3*10% + 3.5*20%
=N/A*20% + 3.5%50% + 3*10% + 4*20%
=N/A*20% + 2%*50% + 4*10% + 4*20%
=3.5%20% + 2.5%50% + 3*10% + 3*20%
=4%*20% + 3*50% + 4*10% + 5*20%
=3.5%20% + 4*50% + 3*10% + 4*20%

=2.5%20% + 4.5*50% + 2*10% + 4*20%

3.3

2.45

2.5

3.0

2.9

2.5

2.85

2.2

2.85

3.7

3.8

3.75

* BC is the abbreviation of Brick Concrete, RC is the abbreviation of Reinforced Concrete.
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