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Foreword

The late Jason Ching’s seminal paper (Ching et al. 2009) titled “National Urban
Database and Access Portal Tool (NuDAPT)” published in 2009 established the
theoretical framework of using high-resolution urban morphological features in
meteorological, air quality, and other modeling systems for urban application. This
was followed by Iain Steward’s Local Climate Zones (LCZ) for urban temperature
studies, which established a comprehensive, and yet simple to reference, classifica-
tion system of urban features (Steward and Oke 2012). Subsequently, in 2018, Jason
followed up with WuDAPT — The World Urban Database and Access Portal Tools
(Ching et al. 2018). WuDapt basically combines the theoretical framework of
NuDAPT and LCZ. Since then, scholars all over the world have made use of
WuDAPT for their urban climate related studies.

The book by Wang et al. is timely for the very reason that the world’s cities are
rapidly urbanized and densified. The world has more than 35 megacities, and the
number is increasing (UN 2018). These cities house millions of inhabitants. The
book starts with a general introduction of LCZ and its technicalities. It then moves
on to how the learning may be applied to the study of urban heat island, the wind
environment, energy consumption, carbon emission, thermal comfort, and so on. To
me, the most important chapter is 13 as it tries to relate the scientific understanding
to planning strategies. In short, “doing is more important than knowing.”

As T am writing this foreword, the world has just experienced the hottest July
ever. UN Secretary-General Anténio Guterres calls it, “The era of global boiling has
arrived.” Scientists have warned that there is now a 66% chance that we will pass the
1.5 °C global warming threshold between now and 2027 (WMO 2023). At least 10
countries and territories saw severe flooding in just 12 days in September 2023
(CFR 2023). All the signals have warned us that: the need to do something shifty,
proactively, and diligently for our cities is now more urgent than ever. Let’s get on
with it.

Hong Kong, China Edward Ng
7 October 2023
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Foreword

The pace of urbanization changed so rapidly in the twentieth century that the world
population living in cities now exceeds those in rural areas, and by the end of the
twenty-first century, it is estimated that 80% of the world’s population will be urban.
In the interim, cities are modified and new ones arise to accommodate urbanization.
The form and function of these built environments will modify their local climates;
given rapid changes to climate, globally, there is a great need to understand, predict,
and assess the impact and risks at the local scale on the quality and ability to sustain
life in cities. The beginnings of this millennium saw advanced schemes that link
numerical descriptions of the urban landscape (urban canopy parameters, UCPs) to
atmospheric responses and first introduced into Mesoscale Meteorological Models
(MMMs). These urbanized models have provided opportunities to conduct research
on weather-related topics that are impacted by cities (including the urban heat island
phenomena, urban precipitation effects, and air quality). However, a major barrier
to the application of these urbanized models has been a general lack of UCP infor-
mation on cities impeding progress on urban climate science and the development
of multi-scale weather/climate modeling. The World Urban Database and Access
Portal Tool (WUDAPT) project was created to overcome this data gap by generating
climate-relevant urban data that are publicly available. WUDAPT was launched at
the 8th International Conference on Urban Climate (ICUCS) in Dublin (Ireland) in
2012 (Ching et al. 2018) to acquire information on aspects of form and functions of
cities relevant to climate studies, make accessible such data in a geographic frame-
work that is searchable and widely accessible with portal tools to extract parame-
ters, and analyze urban properties for cross-urban comparison and model building.
WUDAPT takes its inspiration from the NUDAPT project (Ching et al. 2009),
which generated gridded UCP data for several cities in the USA using detailed
municipal data on building footprints and heights, and road networks, for example.
However, to generate useful UCP data at a global scale, a different approach is
needed as urban geospatial data is either not available or does not exist. WUDAPT
employed the Local Climate Zone (LCZ), a climate-relevant universal framework,
to describe land usage in urban areas. This scheme categorizes urban landscapes
into one of ten types alongside an additional seven natural types (Stewart and Oke

vii



viii Foreword

2012). Each LCZ type is associated with a range of values for a set of fundamental
urban canopy parameters (e.g., impervious surface cover, building data and street-
level view factors, etc.), which are applicable at a local scale (<1 km?). In the
WUDAPT project, the LCZ classification for cities was derived using remote sens-
ing techniques and GIS mapping methods (see Bechtel et al. 2015) that subsequently
evolved to generate continental scale and global LCZ maps (Demuzere et al. 2022).
These geospatial databases of LCZ types are also maps of UCP values that can be
incorporated into a suite of models (e.g., SUEWS and WRF). The development of
the LCZ mapping tool and the creation of large-scale LCZ (and UCP) maps is a
major achievement of the first decade of WUDAPT. Like NUDAPT, each member
parameter of the set for each grid in urban domains has a unique value; this is prop-
erty of urban canopies that is the bases for intra-urban scale modeling in mesoscale
models such as WRFE.

WUDAPT had its beginnings in Hong Kong. Gerald Mills, Iain Stewart, Chao
Ren, myself, and other contributors to WUDAPT and to this book participated in the
Croucher ASI (Advanced Study Institute) on “Urban Climatology for Tropical and
Subtropical Regions” held at the Chinese University of Hong Kong on 5-10
December 2011. At this ASI, fresh from his PhD defense of his Local Climate Zone
scheme, Iain inspired us to the potential merits of this climate relevant universal
approach for describing land cover and usage in urban areas anywhere in the world.
Gerald Mills and I presented a proof-of-concept demonstration using LCZs in WRF
for Dublin at the IAUC’s 8th ICUC Symposium in Dublin. The IAUC subsequently
initiated the WUDAPT project as a strategic gap filling approach to urban climate
science. The subsequent decade has yielded a capability to generate city specific to
global mapping of LCZ achieved through this international urban community col-
laborative activities. Challenges due to expected exacerbations of climate change
and urbanization issues in this Anthropocene, WUDAPT is proposing a path for-
ward strategic TESTBEDS collaborative approaches. The concept of TESTBEDS is
to identify and test various “Fit for Purpose” science-based study prototype applica-
tions and approaches using LCZ-based advanced urban data, generating capabilities
to problems of predicting intra-urban impacts of weather extremes, air quality and
exposure studies, and human comfort at intra-urban scales by collaborating teams of
interested urban climate science specialists.

This book is written by many inspired by their first exposure to the LCZ concept
at Croucher ASI2011. It is an important segue to these highly significant WUDAPT
milestones and path forward approaches that address challenges of the Anthropocene,
marked by climate change induced largely by the release of various greenhouse
gases from aggressive urbanization and now impacting the growing numbers of
urban dwellers. It begins with a global view of urbanization, climate science, basic
concepts, methodology, and techniques of LCZ data developments. It follows with
various applications presenting systematically the latest LCZ applications by taking
Asian high-density cities as examples of LCZ demonstrated in practice including
application to urban heat island, land use and land cover analysis, wind environ-
ment, energy consumption, thermal comfort studies, and so on. It draws heavily
upon the Asian experience where urbanization is so pronounced evident by the rapid
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numbers of new megacities emerging in this region. It is an important testimony to
the global impact of LCZ and will serve the global community with example tem-
plates applicable everywhere else. Lastly, this book concludes the progress, chal-
lenges, limitations, and future work of LCZ-related studies.

These past fifty years, I have been fortunate to have had the opportunity to be
engaged in environmental research and methods development with a primary focus
on urban science issues. I am so honored to provide the Foreword to this important
book and have personally benefitted from collaborations with most of its authors.

Chapel Hill, USA Jason Ching
14 August 2023
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Preface

There have been over ten years since the putting forward of the Local Climate Zone
(LCZ) classification scheme by Stewart and Oke. Numerous studies employing
LCZ have been published worldwide in the fields of classification algorithms, urban
climatic modeling, urban heat islands, wind environment, air pollution, outdoor
thermal comfort, land use and land cover, urban morphology detection, energy con-
sumption, carbon emission, etc., and there is still an increasing trajectory of research
publications on LCZ. The applicability, suitability, and effectiveness of the LCZ
scheme to urban climate and environment research have been confirmed by the ris-
ing popularity of its application among researchers. Hence, here we came out the
idea for preparing this book. We noted that it is time to summarize the progress of
LCZ-based studies, review the state-of-the-art of developed technology and meth-
odology, and discuss potential solutions for how to integrate LCZ into planning
practice.

When preparing this book, we cannot imagine that the era of “Global Warming”
has ended although we all have experienced more frequent and intensified heat-
waves over the last decades. Particularly, these extreme high-temperature events
occurred in regions with non-tropical/subtropical climates, like North China. Not
surprisingly, academia, government, commercial, and other sectors show less confi-
dence in the 1.5 °C temperature increase set by the Paris Agreement. In July 2023,
the United Nations Secretary-General said, “The era of global boiling has arrived.”
With sustained climate change in the future, a deteriorated living environment for
city dwellers can be foreseen. Under such circumstances, urban climate science and
its application in planning practice become urgent. LCZ, thanks to its characteristic
of “morphology language” understood by planners and architects, is one suitable
bridge to link scientific understandings and planning/design practice. We invited a
number of experts with rich experiences of LCZ applications from a range of diverse
disciplines, all of whom recognize the importance of scientific evidence-based plan-
ning and attempt to contribute to building a sustainable and comfortable living envi-
ronment from various aspects, including wind, temperature, energy consumption,
public health, and so on.

xi



Xii Preface

This book aims to illustrate the development of urban datasets with detailed
urban morphology and metabolic information and their applications in different
urban climatic and environmental fields. The book consists of 13 chapters arranged
over four sections. The first section introduces the general background of rapid
urbanization and urban climatic issues in high-density cities. The second section
shows the technical details of LCZ classification with both fundamental and
advanced methods. The third section presents a wide range of LCZ applications in
Asian high-density cities to indicate how the LCZ scheme can improve urban cli-
matic studies at a fine scale in a complicated urban context. The final section pro-
poses possible ways of combining climate knowledge into urban planning. We
sincerely hope that this book could serve as a useful reference for environmental
scientists, climatologists, geographers, and researchers in other relevant fields, as
well as professionals in planning and design, urban management, and policy-
making. No doubt, this book is also suitable for undergraduates and postgraduates
with a general interest in urban climate science and climate-sensitive planning.

Tianjin, China Ran Wang
Wuhan, China Meng Cai
Liverpool, UK Yuan Shi
Hong Kong, China Chao Ren

October 2023
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