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ABSTRACT

Inspired by the fast take-up of data analytics and
modelling in urban planning and design in Chinese
cities, this paper aims to address a serious
knowledge gap in terms of using data to deliver
better policy outcomes rather than technical
outputs. Such a knowledge gap is discussed

in the wider context of smart city development
where technology deployment failed to deliver the
expected policy benefits. Lessons thus can be,
and should be, learnt from early experiments to
prevent the data revolution in planning and design
in Chinese cities from repeating the same failure.
One of the key arguments is that, in order to
leverage the potential power of data and analytics
for the urban planning and design industry, a wider
theoretical framework is required for rethinking
the core role as well as core competence of the
planning profession in China. It entails a diversion
from the purely technical discourse and the
disciplinary / professional silos, towards a socio-
technical perspective. A series of propositions are
proposed to evoke more critical discussion about
the digital agenda for urban planning and design.
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1 Introduction

We are living through the “Fourth Industrial Revolution,” moving
from a period of relative data scarcity to an era of “digital
abundance.” The sheer size of investments and efforts for building
“smart cities” across the globe has epitomized the inspiration

for future better cities in this digital era. Some industries such

as transport, health, and retail have already begun reaping

the benefits of data for developing innovative solutions and
improving consumer experience. However, in the UK context,

it has been observed that the active use of big data analytics is
rather less for planning and design processes''. Recent progress
includes the digitalization of planning application process', the
UK Government’s mandate for applying Building Information
Modeling for all public contract”, and the realization of the
life-cycle information value chain from design, construction to
operation through the use of data and digital tools'.

In China, the rise of using data and digital technology for
urban planning and design is remarkable. For example, the
urban data research network “Beijing City Lab”® established
by Long Ying has become a leading network of researchers,
promoting and sharing quantitative urban research for Chinese
cities!. In a manifesto paper by Shen Yao and Long Ying'®, the
concept of “data augmented design” (DAD) was proposed, which
distinguished itself from early data applications in planning and
design (e.g., the planning support systems and the parametric
design). It emphasizes the instrumental role of data in knowledge
production, as opposed to merely collating and visualizing
data. Their thought-provoking paper addresses a fundamental
question regarding the intellectual role of data analytics in urban
planning and design. One limitation of the DAD concept however
is its excessive focus on how data may enable a methodological
improvement to design outputs while ignoring the inherent
differences between design outputs and policy outcomes — a
wider theoretical framework is thus required to investigate the
link between urban data analytics and modelling (as the means)
and better, more sustainable cities (as the ultimate goal for urban
planning and design).

The trend changes observed in the society further complicate
our goal of building better cities through urban planning and
design. These changes relating to the future of work and lifestyle
are likely to have profound socio-economic and environmental
impacts, which call for new empirical data and theories for
understanding the inner mechanisms and the implication for
urban planning and design. Emerging urban design concepts such
as the “slowing city” are aspirational but the theoretical and
policy substance of these concepts is not clearly defined yet. It is
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expected that data and digital technology will play a significant
role in driving the transformative changes hence lessons from
the early initiative i.e. the smart city movement may be useful
for guiding the new aspirations.

Smart city development has made great strides in China'”,
while a serious knowledge gap remains between its means and
goals. It relates to critical research questions such as what is
the intended and actual role of technology in creating better
and smart(er) cities, what lessons can be learnt from early
smart city initiatives, and what are the limitations of a purely
technology-driven approach for delivering improved policy
outcomes. Investigation into these questions will help prevent
the use of data in urban planning and design from repeating
the failures of early smart city initiatives. This paper represents
a preliminary study to address the gap.

2 Literature Review

The “smart city” concept first appeared in the 1990s
as a supply-driven agenda for deploying engineering and
information technologies to support the socio-economic
development in cities'®. The smart city narrative has been,
and still is, dominated by the idea that technology can create
interconnected and intelligent (i.e., smart) cities by collecting,
sharing, analysing and implementing of “data”"”’. Producing
data through hardware deployment thus has become the
primary focus for early smart city initiatives.

Rorbert G. Hollands"” argued that it is mistaken to assume
that hardware connectivity would naturally transform citizens,
businesses, and governments into a connected whole. The
criticism is based on the observation that many smart city
pilots have ended up with one-off technology demonstrators,
without discernable contribution to specific policy goals. A
more recent global review of smart city initiatives'' further
confirmed that links between technology deployment and
policy outcome remain obscure and indirect. Given that smart
city initiatives are often driven by technology suppliers, existing
initiatives tend to be based on where sensors, networks, and
computers can be deployed and sold, rather than being based
on any distinct theory of how smart cities could and should
function in different places around the world"*. The loose
link between technology deployment and policy outcome is
particularly relevant in the urban planning and design sector,
where most of the urban policy issues (e.g., traffic congestion,
air pollution, and housing shortage) are complex and chronic.

A new, progressive perspective for examining the smart
city agenda is provided by Timea Nochta et al."*' who
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cogently argued that the use of data and digital technology
for smartening cities need to be understood as a socio-
technical process, rather than a static goal. This socio-technical
perspective, as an established theoretical framework in social
sciences, sheds a new light on applying data analytics and
modelling for urban planning and design purposes. First,

the new data environment and the advent of advanced data
analytics (e.g., machine learning) is not a mere technical
improvement for the planning and design profession. As
pointed out by Shen Yao and Long Ying'®, it represents a
methodological shift in how we examine, understand, and
subsequently plan cities. This is not suggesting that urban
planners and designers are at risk of becoming obsolete, but
emphasizing the need to rethink and redefine the core role
and the core competence of the profession in lights of the data
revolution.

Second, technology deployment without addressing the
socio-political context is unlikely to deliver desired policy
outcomes. To tackle “wicked” urban challenges such as
traffic congestion and housing affordability issue, it requires
a comprehensive policy package, incorporating not only data
and technology, but also other policy instruments such as
price-based disincentives / incentives. For urban planning and
design, it calls for the integration of technology with existing
urban theories and policy tools.

Third, socio-political forces including the legacy policy
making processes may also resist the technological change.
Backlash from planners, citizens, and policy makers may
occur if the data-driven approach fails to demonstrate the
capability of contributing to informed decision making.
Studies into historical major technological transitions!*""¢!
show that positive interactions between technology and social
environment would speed up the technology adoption through
a self-reinforcing loop and ultimately reconfigure the entire

71 To foster the positive interaction,

socio-technical systems
data analytics and modelling should consider incremental
changes e.g. gradually upgrading and expanding existing tools
and processes in planning and design, rather than a complete
replacement of existing approach.

The concept of DAD proposed by Shen Yao and Long

¢I8 represents a timely and active response of urban

Ying'
planners and designers to the new data era. The key
characteristics of the DAD lie in the use of emerging, multi-
source data to improve the rationality, originality, and
elasticity of design / planning decisions!"*’, It implies not
only a technological improvement but also an “ontological

shift” where context-specific data becomes an additional and
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perhaps more effective lens for discovering and understanding
the complexity of cities. The DAD thus contrasts to the early
approaches of studying cities through spatial abstraction
and generalization. It can integrate different spatial scales'"!
and link both the bottom-up and top-down approaches for
planning.

Despite of the novelty, the DAD concept has the following
limitations. First, the discussion is predominantly confined
by professional / disciplinary silos. Data can indeed augment
the technical outputs of urban planning and design, but
what should be augmented is the policy outcomes, e.g., less
congestion and air pollution and better social equality. The role of
data thus must be examined beyond the professional / disciplinary
silo and direct links should be explored and elaborated
between the application of data analytics and policy outcomes.
Second, from a governance perspective, the DAD is closely
associated with the concept of evidence-based policy making,
which has been widely adopted in OECD (Organization for
Economic Cooperation and Development) countries since the
1990s!"”!. The practice since then has shown that technological
advancement, though enabling better evidence base in some
cases, does not guarantee better utilization of evidence in
planning decision making®”. Actual policy making processes
involve a variety of actors with different backgrounds,
perceptions, and interests, which incurs an inherent challenge
for agreeing on what is the right evidence to be collected and
used. In the rather extreme yet not unusual cases, the evidence-
based policy making may turn into policy-based evidence
making — bigger data is hence not equivalent to better
evidence, and even better evidence does not necessarily lead to
better policy outcomes. In other words, lack of data might not
be the root cause for the failure of conventional city planning
and design in China'"".

Long Ying et al.”"), Wan Li and Jin Ying””, Wan Li et al.”’)
and Long Ying and Shen Zhenjiang"”* discussed the analytical
tools that potentially support the use of data in urban planning
and design. In particular, the “big model,” i.e., fine-scale urban

and regional models for a large geographical area”"!

, represents
an early proposal of applying urban modelling techniques in
the big data era. Despite the untapped potential, the big-data-
driven approach is subject to a few technical challenges. First,
existing data analytics for urban planning and design tends to

[25]~[27]

focus on activity pattern recognition and classification

8I2812%] The research findings, albeit

of geographic features
revealing interesting spatio-temporal dynamics of people and
the geography, are mainly descriptive thus see limitations

in providing causal explanation of the identified patterns.
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To investigate the causality, it is necessary to consider the
underlying behavioural mechanisms, which in turn require
multi-source data and the combined use of data and causal
models. Predictions based on correlation rather than causality
are also problematic, particularly for medium- to long-term
policy forecasts.

Second, compared with conventional data sources, e.g.,
structured surveys, urban big data is prone to sampling biases
and measurement errors”*’"!, While some biases are amenable
to statistical corrections, some are difficult to identify and
may result in significant analytical errors. Linking data from
multiple sources is an effective way to detect and potentially
correct data biases””’!, Another useful approach is to
combine big data analytics with urban system models. Wan
et al.”" demonstrated the complementarity of urban big data
with system modelling through the case study of estimating
commuting flow in Beijing.

Third, existing urban data analytics and modelling exercise
in Chinese cities tends to follow a data-first strategy in the
sense that the thematic focus, methodology, and the scope
of the research is defined by whatever data that is available,
rather than the nature of the policy question. There is a
fundamental risk associated with this approach — policy
implications drawn from it are not based on the appropriate
data input from representative samples, thus are less useful or
even misleading for policy making. It also leads to a critical
question in terms of what data is required given a specific
policy question. It will be discussed shortly in the next section.

It is worth noting that the development of the DAD
concept is progressive. As demonstrated in the study by Long
Ying et al.””!, the DAD concept and its various applications in
design practice have been explored and tested through a series
of professional, academic, and educational programmes in
China, such as the annual DAD conference in China and the
newly-established “big data and urban planning” postgraduate
course at Tsinghua University. It seems that the DAD initiative
is gaining traction and starts to drive positive changes (e.g.,

a revival of evidence-based decision making) across the
urban planning and design industry. Recent policy initiatives
in China to improve the national planning system through

a unified territorial and spatial planning scheme is another
driver of change: it includes a mandate for local governments
to develop territorial data platforms by integrating multi-
source geographical data and applying advanced information
technology for policy analysis and monitoring. The new data
platform, if properly established and managed, can create a
shared evidence base for improving policy coordination in
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spatial planning. The DAD concept, as an early attempt to use
big data in urban planning and design, is expected to provide
useful insights for implementing the territory spatial planning

scheme.
3 Propositions

Based on the literature review, the authors propose five
propositions about advancing the use of data analytics and
modelling in urban planning and design for Chinese cities.
These propositions are inspired by the observation of the
recent surge of big data in the planning industry in China and
are further explored through the socio-technical framework"®'.

(1) Deliver policy outcomes rather than technical outputs

The role of data in urban planning and design should aim
at delivering better policy outcomes, rather than technical
outputs; a socio-technical perspective is thus required for
examining how data is generated, analysed, interpreted, and
utilized in planning policy making and implementation.

The first proposition relates to the selection of an
appropriate theoretical framework for examining the use of
data and modelling in urban planning and design. Lessons

) suggest that a purely

from early smart city initiatives
technical perspective, i.e., merely focusing on implementing

the technology without explicitly addressing the socio-
political environment, remains a major methodological
drawback in utilizing the full potential of data analytics. In
order to make a real policy impact, urban data analytics and
modelling must be accompanied by institutional changes

in the governance structure and processes. The relationship
between data analytics and urban governance features a two-
way interaction: Urban data analytics and modelling require
and drive institutional changes so that the analytical power
can effectively support policy making and implementation; The
development and application of urban analytics and modelling
should address specific characteristics of the governance system
while proactive policy measures are required to regulate the
use of data and mitigate possible risks.

In the context of urban planning in China, the emerging
data capability has made a discernible impact on how we
study, plan, and manage cities — more and more city plans
incorporate inputs from urban big data sets. On one hand, for
improving planning policy outcomes, the technical outputs
of urban data analytics need to be translated into robust
policy insights into specific urban challenges. On the other
hand, institutional changes (for example, changes on the

administrative procedure of urban planning and on regulating
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the use and share of personal data) are required to exploit
the new capability of data. The socio-technical perspective
provides a useful framework for investigating the two-way
interaction between data analytics and urban governance.

(2) See the promotion of planning technology with a
developing perspective

The integration of data analytics and urban planning /
design is a progressive process; technical apparatus and policy
making process must co-evolve with each other.

This proposition is about the intellectual relationship
between data analytics and the social system that builds
and uses it. It addresses a fundamental question — what
intellectual value urban data analytics and modelling can offer
to the planning profession and the society. On one hand, our
existing knowledge about cities defines how well we could
use and evaluate the analytical outputs of urban data; on
the other hand, the emerging data sciences, particularly the
application of Artificial Intelligence (AI) could potentially
produce new knowledge that complements or even surpasses
ours. Therefore, there is a possibility in theory that computer
algorithms, empowered by AL could tell us how to plan and
manage our cities before we know how. But perhaps we
should not get too excited by the alleged prospect that Al
could solve city problems “automatically” for two reasons.
First, urban planning is a public policy making process where
evidence-based debate over complex trade-offs is essential.
Al or other analytical tools can facilitate, but should not
replace stakeholder debates. Second, the advancement of Al
applications in urban planning and design relies on the inputs
and cooperation among planners and designers. Presumably,
the majority of planners / designers recognize the power of
data, but a consensus of how to integrate data analytics with
existing plan-making processes is not necessarily evident. The
technology adopted from computer sciences to urban planning
seems promising, as reflected in numerous Al applications in
cities, but planners and designers should not consider urban
data analytics a means to solve urban issues as the end. The
application of data analytics thus must co-evolve with the
plan-making processes, as well as the core competence of
urban planning and design professionals.

(3) Apply policy-oriented approach

To better inform planning policy making, a strategic
transition is required from using whatever data available to
ethically collecting appropriate data to address specific policy
1ssues.

It has been observed in urban data research and practice
that the aim and scope of exercise is often explicitly defined by
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data availability, rather than the actual needs of answering
or informing a specific policy question. Some urban big
data analytics use whatever data that is available and
subsequently explore how the findings may be relevant to
certain policies (namely a data-first approach). It contrasts
to a policy-oriented approach where data requirement is
defined and progressively refined according to the policy
questions of interest. A useful analogy perhaps is the weather
forecast modelling in meteorology, where the advancement
of forecast modelling is driven not only by the increasing
computing power and the amount of data collected but also
by a progressive understanding of what data is required to
improve the prediction.

The issue of data-first approach in planning research
is particularly relevant in developing countries, where
regulation on the collection and use of data is relatively
loose. Sometimes, data is collected without an explicit policy
purpose or privacy / safety considerations. The value of
data for informing policy making may be compromised by
using illegal, unethical, or partial (though relevant) data.
The strategic transition from the data-first approach to the
policy-oriented approach is thus critical. More research is
required for identifying the right data inputs given specific
policy issues, and developing an ethical and coordinated
approach for collecting and sharing data.

(4) Strengthen risk assessment of planning decision
making

To help solve complex urban challenges, a realistic use of
urban data and modelling is to identify system-level risks and
inefficiencies by promoting trans-disciplinary / professional
collaborations, as opposed to through a singular model-based
optimization.

Policy challenges, particularly those pertaining to cities
are cross-cutting and require a systematic, inter-disciplinary
approach. Urban data analytics and modelling, once
purposefully constructed and validated, provides a useful
policy simulator for exploring the strengths and weaknesses
of alternative policy options. Furthermore, analytics and
modelling may reveal system-level risks and inefficiencies
which are usually caused by the lack of coordination in
policy making. System-level optimization, though being a
typical selling point of commercial data services, may be not
an effective approach to those “wicked” urban problems.
One of the reasons is that data analysts, given their technical
background, often do not have enough understanding of
the non-technical factors (e.g., the hierarchies of decision
making, institutional constraints, implicit trade-offs faced by
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policy makers). These non-technical factors are usually highly
influential but tend to be very difficult to be incorporated in
the analytical model. A model-based optimization which does
not consider such non-technical constraints would have little
meaning. Thus, a realistic use of urban data and modelling
helps identify major risks and inefficiencies in policy making.

(5) New possibilities, but not a panacea

Data analytics and modelling do not necessarily provide
direct solutions to city problems, and certain problems do not
lend themselves to a digital solution.

Although the emerging data sources open up new
possibilities for planning and managing our cities, it should
not be seen as a panacea for all policy challenges. For city-
scale policy making, urban modelling provides a useful
simulation environment to test various policy options, which
is rarely possible in real world. Nonetheless policy design
is likely to remain a task for humans in the foreseeable
future, even if the AT embedded in the model algorithm may
eventually be able to propose policy designs. For some urban
challenges, such as social inequality and housing crisis, a
digital solution tends to be less effective as it does not directly
address the underlying socio-political causes. In fact, these
issues may simply not lend themselves to a digital solution.
The investment on digital technology and data, albeit
being helpful in terms of collecting evidence, should not
overshadow the efforts of investigating the inner mechanism

and root causes of the issues.

4 Conclusion

Inspired by the fast take-up of data analytics and
modelling in urban planning and design in Chinese cities,
this paper aims to address a serious knowledge gap in terms
of using data to deliver better policy outcomes rather than
technical outputs. In fact, such a knowledge gap has emerged
in early smart city development across the globe where
technology deployment failed to deliver the expected policy
benefits. Lessons thus can be, and should be, learnt from
early experiments to prevent the data revolution in planning
and design in Chinese cities from repeating the same failure.

The papers on the DAD by Shen Yao and Long Ying''®!
represent a timely response from Chinese urban planners and
designers. Despite of being aspirational, some limitations
as well as technical challenges of the DAD concept are
discussed in the paper. One of our key arguments is that,
in order to leverage the power of data and analytics for
the urban planning and design industry, a wider theoretical
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framework is required for rethinking the core role and the
core competence of the planning profession in the data era.
It entails a diversion from the purely technical discourse
(i.e., data being the panacea for all city problems) and from
the disciplinary / professional silos, towards a socio-technical
perspective. To address the knowledge and practice gap, a
series of propositions are proposed to evoke more critical
discussion about the digital agenda for city planning and
design in Chinese cities.

The paper also criticizes the tendency of a data-first
approach in urban planning research and practice. It leads to
a fundamental risk that policy implications drawn from it are
not based on the appropriate data input from representative
samples, thus are less useful or even misleading for policy
making. It calls for a policy-oriented strategy — given the
nature of the policy question of interest, collecting the right
data at the appropriate spatial-temporal scale and managing /
sharing the data in an ethical and coordinated manner.

In terms of suggestions for future research, it seems
important to re-identify best practice across Chinese cities
where discernable policy contributions are made by effective
use of data through a purposely streamlined planning system.
It may be also beneficial for planners and designers to reach
out to other urban disciplines, e.g., Geography, Economics,
Ecology, Management, and Politics, the established
methodology and theoretical frameworks from which may
contribute to a truly inter-disciplinary approach for exploring
novel design concepts such as the “slowing city” in the
digital era. LAF
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