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BACKGROUND

China is the most rapidly urbanizing country in
the world. Chinese cities have accommodated
more than 700 million people and are attract-
ing another 30 million annually. Consequently,
China’s urbanization has attracted extensive
attention from academia, government, industry
and the general public.

Despite this attention, gaining a solid and un-
biased understanding of China’s urbanization
has been difficult due to a lack of information.
In the past, urban data were mainly produced
and maintained by government departments and
these reports were usually not accessible to the
public or to academic researchers. Now things
have changed a lot due to both the government’s
awareness of the importance of openly providing
data, and the emergence of new data sources to
related the development of information and com-
munication technologies (ICT). The collection of
ICT sources, such as cell phone call records, big/
open data collections has been identified as an
important complement to conventional survey
data and data collected by various administra-
tive departments. These new data sets facilitate
the understanding of both urban form and func-
tions (Jia and Jiang, 2010; Goetz and Zipf, 2012;
Crooks et al., 2014). As a result, urban big/open
data, which a thought to correspond well to the
human-oriented “New Type Urbanization” in
China, have become a hotspot of Chinese urban
research. Furthermore, big/open urban data have
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been recognized as a viable and cost-efficient
option for collecting urban feature as the data
infrastructure in developing countries is quite
insufficient comparing with developed countries.
The application of big/open data has opened up
important development opportunities for urban
studies, planning practice and commercial con-
sultancy in China.

Before further discussion, we would like to
provide a definition of big/open urban data to
be used in this report. The types of data should
meet two criteria: first, it would characterize cer-
tain aspects of urban form and functions (Crooks
et al, 2014); and, second, it is openly access-
ible to the public. In terms of data sources, there
are generally three overlapping though different
sources of such data. The first are official data
portals, enabled by the recent open government
initiatives which grant public access to previously
non-accessible data sources. The second are ICT-
based big data initiatives, generating data from
mobile phone activities, vehicle trajectories, pub-
lic transit smart card data, business catalogues, as
well as other smart city programs (Batty, 2012).
Such data enables researchers to capture urban
dynamics at very fine spatiotemporal scales and
therefore gauge urban dynamics at finer spatial
and temporal scales (Kitchin, 2014, Yue et al.,
2014). The third source is Volunteer Geographic
Information (VGI) and Crowdsourcing (Goodchild
2007; Crooks et al., 2014), which allows the gen-
eral public to contribute to the urban data pool in
a ‘bottom-up” approach. Examples of such data
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type include collaborative VGl mapping platforms,
such as OpenStreetMap (OSM), and geo-tagged
social media applications, such as Foursquare,
Twitter, and Flickr (Liu et al., 2015).

Despite these positive changes, there are also
several challenges related to the use of big/open
data applications in urban studies and planning
in China. First, most of data sets were collected
for a given single city which makes them insuffi-
cient to formulate knowledge on the universal
laws of Chinese cities. Second, visualization has
been highlighted for research using instant or
short-term big/open data, but very few studies
are for understanding cities using big/open data
accumulated for a long time, like two years. Third,
some studies aggregate spatial units into grids
and data are then reported using these grids. This
practice leads to the loss of the granularity. Lastly,
most studies have not been benefitted by includ-
ing crowdsourcing in the designing and execution
of academic studies nor have these data sources
been used to validate results.

In response to these challenges, we set up the
Beijing City Lab (BCL, http://www.beijingcitylab.
org), an online research network to produce and
store data about Chinese cities. The Beijing City
Lab (BCL) is a virtual research community dedi-
cated to studying, but not limited to, China’s cap-
ital Beijing. The Lab focuses on employing inter-
disciplinary methods to quantify urban dynamics,
generating new insights for urban planning and
governance, and ultimately to the discovery of
the science of cities required for sustainable urban
development. The lab’s current mix of planners,
architects, geographers, economists, and policy
analysts lends unique research strength. Through
the endeavor of the core research team led by Dr.
Ying Long, BCL has been developing rapidly and
drawing a lot of attention from the urban plan-
ning community both in China and overseas.

BCL lays much emphasis on urban model-
ing and quantitative urban research at multiple
scales. Moreover, the research conducted by BCL
focuses on the living quality of human settlement
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in China and aims to provide both comprehen-
sive measurement and the monitoring of China’s
urban development. Our research is expected to
support related policy decision making. Further-
more, BCL also works on spreading messages on
China’s quantitative urban research in the inter-
national research community. It has now become
one of the major gateway for foreign colleagues
to learn about the latest progress in urban re-
search in China.

Besides publishing Chinese scholarly works and
data in international journals and platforms, BCL
also brings in the words of foreign scholars. For
instance, an interview about the past and pros-
pect of urban modelling with Prof. Michael Batty,
the director of Centre of Advanced Spatial Analy-
sis (University College London), was conducted
by BCL in 2013. Another event was the interview
with Sir Peter Hall to discuss China’s New Type
Urbanization.

Through the works of BCL we have identified
four major transformations of urban studies in
China under the above mentioned technological
and institutional background, which are trans-
formation in spatial scale, in temporal scale, in
granularity, and in methodology. The transforma-
tions are further illustrated below.

MAJOR TRANSFORMATIONS
OF URBAN STUDIES IN CHINA

Transformation in Spatial

Scale — The Mega-Model

Existing Chinese urban and regional research
can be generally categorized by the scale of
study. The first type is in-depth research on a
single city, for instance, the study of poverty
in Guangzhou City (Yuan et al., 2008) or the
study of the distribution of public facili-
ties in Beijing. The second type is analysis on
the regional scale, which covers several prov-
inces or the entire country and uses province
or county as the basic unit of analysis. An ex-
ample of this type of research would be a na-
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tional macroeconomic study. Most existing re-
search is not able to achieve both regional scale
coverage and high spatial resolution. In other
words, the wide coverage of the study area is
usually achieved by sacrificing details, while in-
depth studies usually cover a relatively much
smaller area.

To resolve this problem, we have developed
a methodology capable of maintaining both
a fine resolution and the capability to con-
ducting research at the national or regional
scale (Long & Shen, 2014). Termed the mega-
model (or big model), this method is an effect-
ive tool for quantitative research, driven by the
availability of big/open data and implemented
through straightforward modelling approach
(Long et al,, 2014b). The resulting capability
presents a new paradigm of urban and regional
study (Hunt et al, 2005; Wegener, 2004; He et
al,, 2012). The subjects of mega-modeling are
usually urban systems containing several cit-
ies, but by using this modeling method we can
examine both the development of individual
cities within the larger study area as well as the
networking among cities.

Here we present two applications of the
mega-model methodology. The first is the
MVP-CA (Mega-Vector-Parcels Cellular Au-
tomata) Model which has produced detailed
estimates of urban growth of all Chinese cit-
ies at the parcel scale. The full Model simulates
the growth of all 654 cities in China in the next
five years under various developmental scenar-
ios (Long et al., 2014).

The second application of MVP-CA gener-
ated land use maps for 297 cities using street
maps and POl (Point of Interest) data. This
project was undertaken to overcome the un-
availability of open land use data in China. It
aims to provide free and open land use data for
researchers. The layouts, land use functions,
urban boundaries, densities, and degrees of
land use mix are all identified as a result of the
modeling (Long & Liu, 2013; Long & Shen, 2014;
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Long & Liu, 2015).

In our methodology, OpenStreetMap data
are used to identify and delineate parcel
geometries, while Points of Interest are gath-
ered to infer land use intensity, function, and
mixing at the parcel-level. To be more specif-
ic, five steps are involved. First, parcel bound-
aries are delineated with OSM. Second, land
use density is calculated as the ratio between
the counts of POls in/close to a parcel to the
parcel area and then standardized to a range
between o and 1. Third, urban parcels are iden-
tified from all generated parcels with a vec-
tor-based constrained cellular automata (CA)
model. Fourth, urban function for individual
parcels is identified by examining dominant
POI types within the parcels, which refers to
the POI type accounting for more than 50%
of all POIs within the parcel. The last step, the
results are validated against both conventional
manually collected parcel data and Ordnance
Survey data.

Transformation in Temporal Scale
Another breakthrough is the dynamic analy-
sis of urban development. The data sources
of conventional urban study and planning are
mainly governmental statistic annals and self-
conducted surveys, both of which are cross-
sectional data at a single time-point. More-
over, due to the limited sampling technique,
the spatial coverage of data is also limited.
On the contrary, big data, such as bus/met-
ro card records and taxi GPS traces, are able
to reflect the dynamics of the urban system
in minutes and seconds, which are obvious-
ly advantageous in consistency, wide cover-
age, and comprehensiveness. By combining
these big data sets the limits of conventional
urban study and research are solved (Long et
al., 2012; Bagchi & White, 2004; Joh & Hwang,
2010; Jang, 2010; Roth et al., 2011; Zhou et al.,
2007; Dong et al., 2009; Peng et al, 2007;
Yang et al., 2009).
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After being accumulated for a certain per-
iod, big data also can reflect the long-term
changes and trends of urban development and
life style over time. For instance, Long (2012)’s
research on a week’s bus card record of Bei-
jing residents involves more than 10 million
card holders and more than 100 million rec-
ords, with which the commute pattern and the
urban structure of Beijing are identified. The
research indicates that more than 95% of full-
time jobs are longer than six hours a day and
99.5% of people start their daily travel from
their own homes. It also demonstrated that
the influential area of the CBD is much larger
than either the Shangdi technological cluster
(a high tech boom town part of Beijing) or the
“Financial Street” in Beijing. A further com-
parison of the records in 2008 and 2014 shows
that the total bus trips are reducing and being
replaced by metro rail trips. Moreover, having
identified lower income people, from related
socio-economic surveys, we found that they
usually spend more time on bus and that they
are more transient than expected. For ex-
ample, 80% of these people move their homes
within six years and 87% change jobs, which
means that they live quite an unstable life. It
therefore reminds us to give more considera-
tion towards this group of people in “urban vil-
lage” regeneration, public housing design, and
urban design.

Transformation in Granularity

Previously, lots of conventional urban planning
and policy making was “building-oriented”,
which led to various social, economic and en-
vironmental problems caused by over-de-
velopment. In response to this situation, many
Chinese cities have put forward plans of smart
growth and replaced the large expansion pro-
jects with small-scale urban regeneration and
redevelopment projects. In such circumstance,
planning techniques that function at large spa-
tial scale are less useful, which gives rise to the
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need to develop planning information at finer
scales. This new type of urbanization is defined
to be human-oriented urbanization, which lays
much emphasis on the human scale and the
granularity of research.

An example of research with higher granu-
larity is our study of the dynamics of nation-
wide population density at the town/sub-dis-
trict scale. Our study reports that one third of
the country’s land is sparsely populated, due
to the aggregation towards big cities and city
centers. Besides the well-known phenomenon
of decaying village (Liu et al., 2009), we also
found a trend of declining populations in 180 of
the 654 Chinese cities. This finding is informa-
tive for planning practice in China, which has
always assumed that population growth would
continue. With the recognition of this declining
trend, the goal of planning in those 180 cities
should no longer be land expansion, but the en-
hancement of residents’ living quality. Another
related issue is the so-called “ghost city” ef-
fect in several Chinese cities where large newly
constructed areas remain vacant as a result of
over-construction. Such places can be identi-
fied by evaluating the intensity of internet ac-
tivity on Baidu map (Chinese version of Google
map) and Weibo (Chinese twitter). The hous-
ing vacancy rate can be thus calculated for all
cities with big data, from which the influencing
factors and certain rules of urban development
can be derived for use in policy making.

Another study reliant on big data found that
50% of all developments in Beijing are informal
or illegal, with no planning permission; while,
on the other hand, 95% of people’s activity and
mobility is still within the planning boundary. It
indicates that the planning control is quite ef-
fective in the social sense, despite of its in-
effectiveness in the physical sense.

The third example is a nationwide sub-dis-
trict-scale analysis on the exposure to PM,
pollution’. We relate satellite-based Aero-
sol Optical Depth (AOD) retrievals to ground-
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based PM, _observations. We use the sub-dis-
trict level population data to estimate and map
the potential population exposure to PM, _pol-
lution in China at the sub-district level, the
smallest administrative unit with public demo-
graphic information. During April 08, 2013 and
April 07, 2014, China’s population-weighted
annual average PM, _ concentration was near-
ly 7 times the annual average level suggested
by the World Health Organization (WHO).
About 1,322 million people, or 98.6% of the
total population, were exposed to PM, " at lev-
els above WHO's daily guideline for longer than
half a year.

Transformation in Methodology

Similar to the trend of crowdsourcing in data
collection (VGI), there is also a trend to use
crowdsourcing to conduct urban research.
For instance, it is almost impossible for a sin-
gle research group to conduct detailed field
work to measure socio-economic and spa-
tial transformation changes in all 180 shrink-
ing Chinese cities. Therefore, we propose the
use of crowdsourcing as a new research para-
digm. BCL has proposed several crowd-sourc-
ing projects including the field survey in shrink-
ing cities and counties, and the verification of
the urban growth simulation by MVP-CA.

CONCLUDING REMARKS
AND DISCUSSION

In this short report, we present several ma-
jor changes and challenges in assembling big/
open urban datasets for Chinese cities, and
showcase our attempt to apply big/open
urban data to understand China’s urbanization.
This new data environment has been drawing
more and more attention from both research-
ers and planners, since it enables detailed ob-
servation of individuals® activities in the urban
space. These detailed data could be applied to
provide helpful information for the decisions
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on heated topics such as urban regeneration,
shrinking city, public participation, etc., as well
as provide new developing opportunities for
urban study, planning and design, construc-
tion, and commercial consultancy, which cor-
respond to the human-oriented development
strategy to the central government’s New
Type Urbanization policy.

Several Chinese urban research and planning
institutes have started to conduct quantitative
urban research using this new information, in
addition to work underway at Beijing City Lab.
Recognizing that the new data are able to
cover large geographic area in fine resolution,
we proposed the mega-model, a new region-
al and urban research paradigm. Meanwhile,
we have also identified four transformations
in quantitative urban research, namely trans-
formation in spatial scale, in temporal scale, in
granularity, and in methodology, which are all
centered on the improving people’s quality of
life. However, there are also several issues that
we need to pay attention to.

Dealing With Data Bias

This issue has been repeatedly discussed since
the emergence of big/open data. For instance,
the studies on urban residents’ happiness using
geotagged Weibo are suffering from data bias
on several aspects, including the duplicity of
Weibo senders, the limitations of natural lan-
guage processing technology, the representa-
tiveness of Weibo senders, and the black box
of Weibo API, all of which bring doubts about
the reliability of such Weibo-based studies.
There are a few strategies to tackle this prob-
lem. The first strategy is to make use of the
data bias. For instance, recognizing that low-
income people are more likely to travel more
frequently by bus, we studied the travel be-
havior and the change of residence and work
locations of low-income people from 2008 to
2010 with smart card data (SCD). The second
strategy is to study the behavior of special
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groups, such as our study on the travel be-
havior of university students and four ex-
treme social-economic groups in Beijing. The
third strategy is to combine these big data
with other data types to improve the stability
of research results. For example, we combined
SCD, travel survey data, social website check-
in data, and taxi GPS data in our study Beijing
which found that more than 95% people con-
duct their daily life within the planning bound-
ary. The last strategy is to use more than one
dataset to complement each other, thus de-
picting the whole urban system.

Short-Term Data Visualization

vs. Long-Term Data Exploration

Most data used in current research are col-
lected in less than one week instead of years.
Moreover, some research is merely data vis-
ualization. Comparing with the new data, con-
ventional data, such as yearbook data, can re-
flect the transformation of the urban system
over the years. However, the situation would
change a lot with the accumulation of new
data, which could lead to quite different re-
search results. For example, one-day records
of credit cards can be applied to identify the
patterns of consumption, one-month’s rec-
ords might help identify the influence of fes-
tivals, while a year’s records can further mani-
fest the impacts of technological progress on
consumption. Such a research trajectory is re-
flected in our research with SCD from 2008
to 2014.

ENDONOTE

1 PM, refers to fine particulate matter in the air with diameters less
than 2.5 micrometers. These fine particles are believed to present the
greatest health risk
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Current Situation Analysis

vs. Future Planning Support

Up to now, there is more existing research
aiming at analyzing the current situation
of urban systems than evaluating their fu-
ture development. This situation needs to be
changed. In order to provide effective guid-
ance to urban planning and design with the
new data and research methods, we have pro-
posed a new methodology named Data Aug-
mented Design (DAD).

DAD is a planning and design method based
on quantitative urban analysis, which pro-
vides whole-process tools for field survey, in-
formation processing, design, and short-term
and long-term evaluation. DAD aims at en-
hancing the scientific base of design, to guide
the creativity of planners and designers. To
be more specific, DAD is a new design meth-
od that emphasizes the inspiration power of
quantitative analysis. We expect DAD to re-
duce the working load of designers and thus
let them focus on creative instead of repeti-
tive work, and at the same time improve the
measurability of design. Moreover, DAD is
simple and straightforward, which makes it
convenient to be generalized but also sensi-
tive to the specialty of each project.
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