


Strategies for Sustainability

Spatial Planning and Sustainable Development



Strategies for Sustainability

The series focuses on implementation strategies and responses to environmental problems at the local, 
national, and global levels.

Our objective is to encourage policy proposals and prescriptive thinking on topics such as: 
sustainability management, sustainability strategies, lifestyle changes, regional approaches, 
organisational changes for sustainability, educational approaches, pollution prevention, clean 
technologies, multilateral treaty-making, sustainability guidelines and standards, sustainability 
assessment and reporting, the role of scientific analysis in decision-making, implementation of 
public-private partnerships for resource management, regulatory enforcement, and approaches to 
meeting inter-generational obligations regarding the management of common resources.

We favour trans-disciplinary perspectives and analyses grounded in careful, comparative studies of 
practice, demonstrations, or policy reforms. This largely excludes further documentation of problems, 
and prescriptive pieces that are not grounded in practice, or sustainability studies. Philosophically, we 
prefer an open- minded pragmatism – “show us what works and why” – rather than a bias toward a theory 
of the liberal state (i.e. “command-and-control”) or a theory of markets. We invite contributions that are 
innovative, creative, and go beyond the ‘business as usual’ approaches.

We invite Authors to submit manuscripts that:

 – Prescribe how to do better at incorporating concerns about sustainability into public policy and pri-
vate action.

 – Document what has and has not worked in practice.
 – Describe what should be tried next to promote greater sustainability in natural resource management, 

energy production, housing design and development, industrial reorganization, infrastructure plan-
ning, land use, and business strategy, and organisational changes.

 – Develop implementation strategies and examine the effectiveness of specific sustainability 
strategies.

 – Focus on trans-disciplinary analyses grounded in careful, comparative studies of practice or policy 
reform.

 – Provide an approach “…to meeting the needs of the present without compromising the ability of 
future generations to meet their own needs,” and do this in a way that balances the goal of economic 
development with due consideration for environmental protection, social progress, and individual 
rights.

Themes covered in the series are:

Sustainability management
Sustainability strategies
Lifestyle changes
Regional approaches
Organisational changes for sustainability
Educational approaches
Pollution prevention 
Clean technologies
Multilateral treaty-making
Sustainability guidelines and standards
Sustainability assessment and reporting
The role of scientific analysis in decision-making
Implementation of public-private partnerships for resource management
Governance and regulatory enforcement
Approaches to meeting inter-generational obligations regarding the management of common 
resources

More information about this series at http://www.springer.com/series/8584



Ying Long • Enjia Zhang

Data Augmented Design
Embracing New Data for Sustainable Urban 
Planning and Design



ISSN 2212-5450     ISSN 2452-1582 (electronic)
Strategies for Sustainability
ISSN 2522-8463     ISSN 2522-8471 (electronic)
Spatial Planning and Sustainable Development
ISBN 978-3-030-49617-3    ISBN 978-3-030-49618-0 (eBook)
https://doi.org/10.1007/978-3-030-49618-0

© Springer Nature Switzerland AG 2021
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Ying Long
School of Architecture and Hang Lung 
Center for Real Estate, Key Laboratory  
of Eco Planning & Green Building by 
Ministry of Education
Tsinghua University
Beijing, China

Enjia Zhang
School of Architecture
Tsinghua University
Beijing, China



v

Main Contributors

Zhejing Cao (Chap. 4) School of Architecture, Tsinghua University, Beijing, China
Jingjia Chen (Chap. 5) School of Architecture, Tsinghua University, Beijing, China
Xinyue Gan (Chap. 7) School of Architecture and Urban Planning, Shenzhen 

University, Shenzhen, China
Wanting Hsu (Chap. 9) School of Architecture, Tsinghua University, Beijing, 

China
Pai Li (Chap. 8) School of Architecture, Tsinghua University, Beijing, China
Zhaoxi Zhang (Chap. 10) Big Data Centre for Environment and Health (BERTHA), 

Department of Science and Technology (Environmental Science), Aarhus 
University, Denmark



vii

Other Contributors

Choyan Chu Academy of Arts and Design, Tsinghua University, Beijing, China
Jingxuan Hou School of Architecture, Tsinghua University, Beijing, China
Zhidian Jiang College of Architecture and Urban Planning, Tongji University, 

Shanghai, China
Lian Lei Urban Planning Society of China, Beijing, China
Huihui Luo College of Architecture and Urban Planning, Tongji University, 

Shanghai, China
Cong Nie Investment Department, Cifi Group, Shanghai, China
Ziyu Ran School of Architecture, Tsinghua University, Beijing, China
Yuwei Su School of Urban Design, Wuhan University, Wuhan, China
Ziyi Tang Department of Architecture, University of Pennsylvania, Philadelphia, USA
Yuhui Wang College of Architecture and Urban Planning, Tongji University, 

Shanghai, China
Yaxin Wu School of Architecture, Tsinghua University, Beijing, China
Hanting Xie Department of Architecture, University of Pennsylvania, Philadelphia, 

PA, USA
Yuxin Yang Commercial Planning Institute, Wanda Group, Beijing, China
Dongyu Zhang School of Architecture, Tsinghua University, Beijing, China
Shujie Zhang School of Architecture, Tsinghua University, Beijing, China
Shida Zhu School of Architecture, Tsinghua University, Beijing, China



ix

Biography of Main Contributors

Zhejing Cao is the PhD candidate in School of Architecture, Tsinghua University. 
Her current research interest is how urban configuration can be optimized with bet-
ter integration of public transit network and new urban mobility. Her prior research 
includes various topics: data-driven urban design and planning, walkability and 
built environment, land supply and urban planning system, water management in 
spatial planning. She has the overseas visiting and exchange experience with 
Massachusetts Institute of Technology in the USA, Singapore-MIT Alliance for 
Research and Technology, Tokyo Institute of Technology in Japan, Kanazawa 
University in Japan, the University of Hong Kong, and National University of 
Singapore. She used to be trained as researcher, planner, and architect in China 
Sustainable Transportation Center (Beijing), Tsinghua University Planning and 
Design Institute (Beijing), and Pencil Office Architect (Singapore).

Jingjia Chen is a master student in the Department of Urban Planning, School of 
Architecture, at Tsinghua University. Directed by A. Prof. Ying Long, her study and 
research focus on quantitative urban studies and the impacts of new technology 
development on cities.

Xinyue Gan is an assistant professor in the School of Architecture and Urban 
Planning at the University of Shenzhen. Her research interests focus on urban design 
and urban regeneration. She received her bachelor’s degree from Chongqing 
University and PhD degree from Tsinghua University. Her most recent research 
efforts focus on understanding Chinese informal settlements and its regeneration 
from the lens of informality. The research has been sponsored by Urban Development 
and Land Policy Research Center, Peking University-Lincoln Institute of 
Land Policy.

Wanting Hsu is a master student in School of Architecture, Tsinghua University, 
Beijing. She received her B. Eng. from the Dept. Urban Planning in National Cheng 
Kong University. Her main research interests are city science, quantitative urban 



x

space research, and spatial econometrics. She is currently focusing on the following 
research subjects: future urban design, housing, and travel behavior.

Pai Li is a research assistant in School of Architecture, Tsinghua University, China. 
She received her master’s degree from Arizona State University. Her research inter-
ests are in spatial analytics and urban design. She has been involved in a wide range 
of projects in China, mainly includes several master plans of Chinese cities and 
data-mining and analysis for governments and business companies.

Zhaoxi Zhang is a PhD candidate in Big Data Centre for Environment and Health 
(BERTHA), Department of Science and Technology (Environmental Science), 
Aarhus University, Denmark. She received her bachelor’s degree in Architecture 
from Xi’an Architecture and Technology University (2010–2015) and master’s 
degree (Architecture and Urban Design) from Tongji University (2015–2018), 
China. She was working as research assistant in Tsinghua University (2018–2019). 
Her research interests focus on the influence of urban environment on people’s 
behavior, health, and perception, including daily activities, physical condition, and 
mental health by means of new data and advanced computer technology and device.

Biography of Main Contributors



xi

Preface

With the booming of information and communications technology (ICT), “Big 
data” such as mobile phone signal traces, public transportation smart card records, 
and “open data” from commercial websites and government data portals jointly 
promote the formation of the “new data environment,” which provides a novel and 
supplementary perspective for planning and design and stirs up their methodology 
transition in essence. The concepts traditionally associated with healthcare architec-
ture, such as evidence-based design (EBD), and other concepts like data-driven 
design and design with data are being integrated into urban planning and design. 
Quantitative data is encouraged to be used to find the right problems/opportunity 
areas, understand urban activities, and help decision-making and design process.

In such a condition, we have proposed a new planning and design methodology 
termed data augmented design (DAD) to highlight data (science) in and for design 
(Long and Shen, 2015).1 Empowered by emerging big and open urban data, together 
with quantitative spatial analysis and statistical approaches and cutting-edge tech-
niques like artificial intelligence and ubiquitous sensors, DAD provides a support-
ing platform for the whole (urban) design process, ranging from field investigation, 
existing condition analysis, future forecasting, scheme design, operation evaluation 
and feedback. It is hoped that the application of DAD in urban design practice could 
(and should) improve the scientific level of planning and design and inspire the 
creativity of planners and designers. Based on our understanding upon supporting 
tools for planning and design, the proposed DAD belongs to a new planning and 
design support form after CAD (computer-aided design), (S)DSS ((spatial) decision 
support system), GIS (geographical information system), and PSS (planning sup-
port system). In the past several years, we have been working on continually improv-
ing its application in design teaching and project practice. This book will discuss the 
main body of DAD and review its applications in design practice.

1 Long Y and Shen Y (2015) Data Augmented Design: Urban Planning and Design in the New Data 
Environment. Shanghai Urban Planning Review, (02): 81–87 (in Chinese with English abstract).
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DAD provides supporting tools covering the whole urban design process from 
investigation, analysis, and project design to evaluation and feedback. Typically, 
there are three main types of applications of DAD that aid site design—those that 
seek to understand the elements of the site, those that learn from other excellent 
cases, and those that embrace the most advanced technology and the future built 
environment. This book is organized at a conceptual and methodology level. 
Competitions and projects are divided into three parts according to their concepts 
and methods to adopt the DAD.

Part I is the overview of DAD, in which its definitions, dimensions, performance, 
and applications are introduced. Before that, conditions of contemporary cities in 
transition and some significant trends are illustrated to interpret the background of 
the proposal of DAD. Moreover, to better describe the merit of DAD in micro-space 
field, human-scale urban form and its applications in DAD are also presented in 
this part.

Part II is the first type of DAD applications, which aim to objectively understand 
the elements of a site to better design a site. In details, DAD can be applied to 
redevelopment-oriented design, which helps find problems via an existing condition 
analysis based on multidimensional data, and quantitatively evaluate the implemen-
tation of designs after site operation. Based on this method, three teams using DAD 
in urban design competitions have been supervised and received very good out-
comes. In these three works, DAD as a methodology for urban design provided 
different methods for analyzing big and open data in different dimensions.

Part III is the second type of DAD applications that is learning from other cases 
to better design a site. In this part, DAD can be applied to the expansion-oriented 
design, which helps to extract spatial indexes from existing cases to form a classi-
fied “gene pool” for quantification and a reference index system for new designs. 
Based on this method, DAD has been successfully applied in the projects of the 
subcenter of Beijing and Xiong’an New District in China, proving the applicability 
of the type of DAD.

Part IV is the third type of DAD applications and the most future-oriented one. 
We describe it embracing advanced technologies and transitioning of cities to better 
design sites. As we illustrate in Part I, we live in an era of very rapid development 
and change that is driven by various forms of technologies, which have the potential 
to change the way we live, work, and play. Only by embracing the most advanced 
technology and transitions in cities can a better future be created. This concept 
reflects on two previous projects. One is about the future form of settlement and the 
other one focuses on the future form of an island.

Moreover, in the appendix, we have listed the related data for readers to better 
understand and utilize the framework of DAD, and we also collected the related 
research centers/labs and their representative projects for readers to gain further 
knowledge related to data science and data-driven urban design. Besides, in our 
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opinion, educating graduate and undergraduate students, most of whom are the 
future urban planners, with a sense and knowledge of DAD is important as well for 
advancing its further application. As a result, established courses in colleges and 
universities around the world are also listed in the appendix as well.

Beijing, China  Ying Long 
Beijing, China   Enjia Zhang 
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