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Applied Urban Models and Their
Applications in Urban Planning & Design

1 Urban Models and Planning Support Systems

1.1 Planning support systems in urban planning

1.2 Beijing urban spatial development model families

1.3 Planner Agents: A toolkit for support planning a low carbon urban form

1.4 An applied planning support toolkit including quantitative methods, software and models in China
1.5 Urban micro-simulation for spatial planning

2 Big Models and Quantitative Urban Studies

2.1 Big models: Several fine-scale urban studies for the whole China

2.2 Automated identification and characterization of parcels (AICP) with OpenStreetMap and points of
interest

2.3 Simulating urban expansion at the parcel level for all Chinese cities

2.4 Estimating population exposure to PM, ¢ in China

2.5 Bus landscapes: Analyzing commuting pattern using bus/metro smartcard data in Beijing

2.6 Four changes on quantitative urban studies in the big data era

3 Applications in Urban Planning & Design

3.1 Data augmented design (DAD): Planning & design in new data environment

3.2 Street urbanism

3.3 Evaluation of urban planning implementation: An analytical framework for Chinese cities and case study

of Beijing
3.4 Evaluating the effectiveness of urban growth boundaries with human mobility data
3.5 Shrinking cities in China and the research agenda (.Y ¢ JtEumr o=

3.6 Historical city plans in Beijing BCL.  Beijing City Lab
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Smart card data from public transportation
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Smart card data collected by automated fare collection
systems

— Bus

— Subway

Since 1990’s the use of smart card has become significant
(Blythe, 2004)

Overwhelmingly adopted by Chinese cities
— Over 100 cities in 2007

With precise bus trip information
— (both boarding and getting off)
— A spatial resolution of bus stop
— A temporal resolution of second
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Bus SCD in Beijing

e One week in April 2008 from
— Monday to Sunday
— Subway not included
e 80 million records for 8.5 million
cardholders

— One record for a bus riding of a
cardholder

— 1.3 daily bus ridings per person
e One week bus/metro SCD in
2010, 2013 and 2014

— 100 m records for 10 m
cardholders

e The largest scale in the world
— Singapore, London, Seoul

Anonymous card

*Over 90% bus riders use
smart cards till April 2007
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SCD data structure

Variable Exemplified Values
Card ID “100075100382599117, “10007510150830716”
Card Type 1,2,3,4

Line ID 602, 40, 102

Line Type 0,1

Driver ID 11032, 332

Vehicle ID 111223, 89763
Departure Data 2008-04-08

Departure Time “06-22-30”, “11-12-09”
Departure Stop 11,5, 14

Arrival Time “09-52-05”, “19-07-20”
Arrival Stop 3,14,9
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Bus stops

e 8691 bus stops

e The spatial resolution of
identification

e The average distance
between two stops
- 231m
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Subway
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The Beijing Household Travel Survey
(The 2005 survey)

Conducted in 2005 for the whole BMA
81,760 households/208,290 persons, with 1.36% sampling

rate
— 800 thousand trips

Information included:

— Socio-economic attributes of household and persons

— One-day travel diary of each person
e Mode, purpose (e.g. commute), OD, departure and arrival time, etc.

For setting rules for identifying jobs-housing places and
commuting trips

15
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Identification of housing places
using one-day data

The departure bus stop of the first trip (TRIP1) will be the
housing place of a cardholder.

Grounded on:
— In the 2005 survey, 99.5% person’s first trips start from home

Note that a person is assumed to live around the identified
stop with a maximum distance of 750 m
— Retrieved from walking trips in the 2005 survey

— This could be the spatial resolution of our identification results
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Identification of job places
using one-day data

e An activity of a non-student (except at home) with a
duration longer than 6 hours is assumed to be working.
- If:
e Condition 1: The card type is not the student card
e Condition 2: D,>360

e Condition 3: k<>1
— he/she is sleeping at home when k=1

— Then:
» the k,, place P, will be regarded as the job place of this cardholder

e Grounded on:
— In the 2005 survey, 96% persons work over 6 hours per day.

21



Combining each day’s result
to get more solid housing-jobs places

e One day result might not be stable, e.g.
— A shopping, hospital, or creation activity longer than 6 h
— One night sleeping at a friend’s home

e Periodic pattern of cardholders with identified housing-jobs
results like
- MTWTESS
— aaabaaa(Personl)
— aaabbbc(Person?2)
— aabbccd(Person 3)

22



1,045,785 cardholders (12.2% of all 8549072 cardholders) are
identified with housing places, and 362,882 cardholders (4.2%
of all) are identified with job places.

Cardholder density with an Cardholder density with an
identified housing place identified a job place
23



Commuting trips identification

221,773 cardholders identified with commuting trips

Average commuting time and diStance for each TAZ 24



Bus commuting pattern

* Where to where
+ Extreme commuting
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 Aggregated at the TAZ level
 The head/tail division rule used
* Policy suggestion on BRTs

Inter-TAZ commuting mainstream
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Commutes to main business zones (1)
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Our contribution: A promising solution for
analyzing urban dynamics

e Mining LBS data using conventional conventional surveys
and urban GIS layers with sound validation results

e A decision tree for determining the final one-week result
using periodic information and spatial distribution of one-
day result

e Retrieve Beijing commuting pattern with more accurate
spatial info and more samples in contrast to existing
researches using surveys

— Although limited to bus riders
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— For income of 618 households, 417 are in the level 1, 166 are in the
level 2, 191 are in the level 3, and 8 are in level 4.

. SEEEMEEE
— Among 125 identified frequent riders, 80.8% residents are with the

month income less than 6000 CNY, and most of them (50% of all)
only in the 2001-4000 CNY level.
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SCD in 2008 SCD in 2010

HP WP
in 2008 in 2008

HP WP
in 2010 in 2010

]

CT
in 2010

HP variation
2008-2010

HP in 2010 CTin 2010

WP variation
2008-2010

Classification using four
indicators

Poor degree evaluation

SCD=smart card data
HP= housing place
WP=working place
CT=commuting trip

Analysis and visualization
on each class of
underprivileged residents
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Table 6 Housing place dynamics of FRs during 2008-2010-

Housing place- # cardholders- Ratio (%)« ) Worlkplacee - - L Ca{igg';em Raf;é:ﬁ)“ \

Not changed- 25,492. 22.6- . Not changed- 2203. 20
@ 87,082~ 77.4- a a a 12713« 11.3«

. 42,013- 373 . - 6142- 55

2-5¢ 9,211- 8.2¢ ’ Inward (km)e 52—;[5[; i:;:z 1?:

Inward (km)- 5-10- 9,651 8.6¢ - Working: 10-20+ 2071. 18
10-20- 13,150~ 11.7¢ i >=200 7340 0.7-

Changed- >=20¢ 10,001« 8.9« . ¢ 6571+ 5.8¢
25. 1371 12.

‘ 45,069¢ 40.1- ) Outward (km)s| 5-10 2018. 1.8

2-5¢ 7,990 7.1e - 10-20- 2156+ 19-

Outward (km)- 5-10- 10,139~ 9.0« . >=200 1026+ 0.9-
10-20- 16,400+ 14.6+ . Losing jobe 15909~ 14.1+

>0 Finding a job- 26919« 23.9¢

Tebe . i Iobless- 54830~ 48.7+
Sum.- http://arxiv.org/abs/1409.5839 =

Table 7 Workplace dynamics of FRs during 2008-2010«




Table 8 Commuting distance variation of FRs (with commuting trips both in 2008 and 2010)«

Commuting distance in 2010 - that in 2008 (km)- ## cardholders- |
>=20¢ 436~ ’
10-20- 1,885~ A
5-10- 2,266+ A

2-5¢ 2,419. 4
0-2- 2,647 M
-2-0¢ 1,984.- "
5-(-2)- 1,416+ "
-10-(-5)« 1,069- ’
-20-(-10)- 622« "
<=-20¢ 172+ ]
Sums- 14,916~ '
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e We use the weekday smartcard data from April 6, 2010 to
April 9, 2010 (totally 158,262 transit trips, including bus-
only, bus plus subway and subway-only trips) to identify and
profile the most popular destinations of the student riders
from the “985 universities” and associated transit trip flows
in Beijing.

e There are eight of 39 “985” universities located in Beijing.
We define “popular destinations” as bus and subway
stations where a student transit rider stays longer than one
hour before he starts a second transit trip.









All the transit trips between the campuses and
destinations
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Explorative Analysis on Extreme Travel Behavior in Beijing

EARLY BIRDS, NIGHT OWLS, AND TIRELESS ITINERANTS

48
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First trip < 6AM, more than two days in a week (60%
of weekdays)

last trip (boarding time) > 10PM, more than two days

in a week (60% weekdays)

>= one and a half hours commuting, more than two

days in a week
>= 30 trips in weekdays of a week (>= 6 trips per
day)












Table 4 Selected socioeconomic characteristics of extreme travelers +

EBs~ NOs+~ Tls+ Rls~ ABs+~
DE Extreme travelers~
(676)- (236)- (627)- | (100)- | (116,142)-
% annual household
1~ ] 4,90 4.2¢ 6.7+ 5.0¢ 7.4¢
income>=100 k CNY+
p L % renting house« 11.0+ 17.8+ 20.4+ 16.0+ 16.1+
# average household car
3o ] 0.22¢ 0.21¢ 0.25+# 0.22¢ 0.31+
ownershipe
% higher education
40 14.2+ 18.2¢ 33.5¢ 25.0¢ 21.1+
(undergraduate and graduate)«
o % Beijing Hukou+ 87.0¢ 82.2¢ 74.8¢ 83.0+ 82.4+
6 % public-sector employeess 13.5¢ 7.6+ 15.8+ 7.0s 10.4+
% fulltime workers« 60.9+ 84.7+ 94,4 42.0¢ 45.9¢
Te % fulltime students+ 12.7¢ 2.1s 1.3¢ 1.0¢ 7.3¢
% retireess 20.9¢ 5.9¢ 0.8~ 38.0¢ 29.1»

MNote that numbers in brackets are the total count of extreme travelers.«
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