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™ 1R E! (Applied Urban Modeling)

* http://www.beijingcitylab.com/projects-1/21-urban-model-course/
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B FLRI75 RIFM: Fragstats

- FRTENESERETE

* Spatial Pattern Analysis Program for Categorical Maps
« i& AT A FE 28 A Rt s R T S 75 /%8 R v RN
* BITESR: Windows
¢ -Fikmi.lt

http://www.umass.edu/landeco/research/fragstats/fragstats.html
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MRIPEM (Planner Agents)

Questi . =) Virtual reality test
uestionnaire
survey =]

Real model

Planningrales = S "
(requirements and
Identlfymg R preferences):
Public facilit
“Nell;h:r:rl ' NPA2 NPA1 NPA3
Natural reserve
Parcel size, form
Block

Subwaysite ~ eeee-
Local conditions

SPAL
G{A — P‘"" dependent vari i | Special Special Special | |
\\\\ Establlshmg the land use pattern E plan 2 plan 1 plan 3 E
Formulating comprehensive ~_ : H

constraints ' i v i g

Special
knowledge

Existing plan archives
[

Planning law
Planning guideline/~ Comprehensive Communication and coordination
i . -
Physical constraints Land use between SPA 1 and EPAs
geographic status
______ pattern 1
Land use pattern | Land use pattern x:e,:‘m ;T;Ws:rnﬂ;r?,:'?,mfam
2 by SPA2 ‘ 3 by SPA3 use pattern 1.
Evaluating land use
patterns
[

EEEE——
SPA2 SPA1 SPA3™

RA evaluation

00000

C+A
Coordinating land use ) Note: the steps, for which the
patterns The ideal land background is gray are considered in

this article.
use pattern
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- Parcel maps are essential for
both planning practices and academic research

* Urban planning and management
 Spatial plans, zoning, building permits
e Urban studies

* Urban form and its impact (travel behaviour, energy consumption, health,
quality-of-life, etc.)

* Applied urban modeling
* Vector-based simulation (CA/ABM/Microsimulation)

* The parcel map
* Geometry, land use type, density



- The parcel map in Beijing (partial)

* Existing parcel map
* Planned parcel map (based on existing one)



- We do not have parcel maps in developing cities!

* Poor developed digital infrastructure
* Big cities
* Beijing, one of the most technologically advanced and rapidly

developing cities in the erstwhile Third World —dated in 2010 (parcel
density limited to six ring road)

* Medium- and small-sized cities:
* Not well prepared / digitalized

* Institutional barriers (according to our interview with over 50 professionals)

* Parcel maps are confidential/classified, and constrained within plan
bureaus and official planning institutes like BICP

* Foreign and private planning agencies, NO

* Professors and students in universities, NO



This condition has limited the progress of
quantitative urban studies, urban planning

compilation as well as in
developing countries in general, and in China in

particular.



- Conventional approaches

* Manual interpretation of remote sensing images,
ordnance maps and field surveys

* Time-consuming, expensive, and labor-intensive,
thus being not easy for longitudinal update

1. E.g.it would take an experienced operator 3-5 hours
to draw parcel geometries and infer their land use for
35-50 urban parcels in 1 km?

2. Many medium and small cities cannot afford in terms
of financial and intelligent resources cost

Expensive building data for calculating parcel density
Land use mix never measured in the parcel level

5. Generally 3-5 years in booming expanding Chinese
cities

W
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- Our open-data solution

* A method for automatic identification and
characterization of parcels (AICP), based on freely-
available Open Street Map (OSM) and crowd-
sourced Point-of-Interest (POI) data

1. Provide quick and robust delineation of land parcels
2. Select urban parcels from all generated parcels

3. Infer urban functions, development density and
mixed land uses for urban parcels



- 654 Chinese cities

* Five levels of cities in China:

* municipalities directly under the Central Government (MD, 4 cities), sub-provincial cities
(SPC, 15), other provincial capital cities (OPCC, 16), prefecture-level cities (PLC, 251), and

county-level cities (CLC, 368) @



- Data

* Total urban land area for each city in 2012 from the Chinese
City Construction Statistics Yearbook 2012

* 5 m POIs gathered from and geocoded by business
cataloging websites

* 9 categories, including commercial, transport, government,
education, residence, green space, etc

* For model validation
* The ordnance survey map with all detailed road networks in China

* Urban area of China interpreted from
* DMSP/OLS (1-km spatial resolution, night light images; Yang et al. 2013)
* GLOBCOVER (300-m spatial resolution; Bontemps 2009)

* Manually generated parcel map for Beijing in 2010 gathered from
BICP



- Increasing OSM in China

Unit: data points

* The OSM dataset contains 481,647 road segments (8.0% of that of the ordnance survey
map) of 825,382 kilometers (31.5% of the ordnance survey map).



- Delineating parcel boundaries

 Raw OSM roads
 Various of road types: primary, secondary, footpath, etc

=



- Delineating parcel boundaries

e Buffer OSM roads
» Buffer width varies from road types (2 - 30 m)



- Delineating parcel boundaries

* Erase road space from the study area
* Road space retained as the land use "Transport”



- Calculating density for all parcels

* Density = (The counts of POls in/close to a parcel) / (The parcel area)
* Other measures (e.g., online check-ins and floor area ratio) can substitute POls
and approximate the intensity of human activities @



- Calculating density for all parcels

Low

T
O
I High

* Density = (The counts of POls in/close to a parcel) / (The parcel area)
* Other measures (e.g., online check-ins and floor area ratio) can substitute POls
and approximate the intensity of human activities @



- Selecting urban parcels using vector cellular automata

The final probability for being selected as an
urban parcel for parcels A, B and C is 0.6
(0.8*6/8), 0.3 (0.6*4/8), and 0.225 (0.9*2/8)
respectively.

t —
B! =(B), (B,
1
1+exp[—(a, + i a.c,)]
Zcon(Sij’ = ul:llyan)

(B)y =

(Pg)y =

Urban for Pl.; > P

t+1 thd

The black border indicates a parcel’s d NonUrban for Py’ <P,
neighborhood, and the number in brackets
reflects the parcel’s intrinsic probability.

* We developed one vector cellular automata model for each city, to allocate the urban area
total in the yearbook into parcels.

* Neighborhood configuration: 500 m radius of each parcel
* Constraints: size, compactness, and POIs density (parameters calibrated using the BICP

parcels) Kappa=78.6% @



- Inferring dominating urban function for urban parcels

m COM
I EDU
B FIR
m GOV
GRE
RES
I TRA
Not classified

* A dominant POI type within a parcel is defined as the POI type that has accounted for
more than 50% of all POIs within the parcel.

* For example, if 31 out of 60 POIs within a parcel are labeled as “business establishment”, the urban function for
that parcel will be assigned as “business”.



- Inferring land use mix for urban parcels

* The mixed index (M) of a land parcel is calculated as M =-sum(pi *In pi) (i=1, ..., n)

* where n denotes the number of POI types, and pi is the proportion of POI type i among all POls in the
parcel. §v<< fv\t



- All generated parcels and urban parcels China
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- A case of “failed” city

Roads (OSM)

Roads (ordnance)

* 297 cities with ten or more urban parcels as “successfully” processed by our algorithm.
* Maximum size of an urban parcel is set as 10 km? according to the parcels in BICP (95%)



- A profile of the results

» 232,145 parcels identified for 297 cities, and 82,645 labeled
as “urban”(total urban area 25,905 km?2).

* The average number of urban parcels for MD, SPC, OPCC,
PLC and CLC cities are 1411, 407, 199, 79 and 26,
respectively.

* 55,728 (67.3%) urban parcels have “dominant” urban
functions, including 16,018 residential parcels, 16,381
commercial parcels, 18,351 firm parcels, and 10,018
government parcels.

* The average land mix degree for all urban parcels in 297
cities is approximately 0.66



- The profile of typical cities



- Validation at the parcel level (limited to Beijing)

Comparison of selected urban parcels in BICP and OSM in Beijing (R=ring road)

Spatial distribution (in terms of area, km?)

Parcels ::;ii' :‘z':r(:ie) ‘?v‘i't‘:';&';ed Within | R2- |R3- | R4- | R5- | Beyond
R2 R3 |R&a |Rs |R6 |Re
OSM 7130 | 17.2 1194.2km2 1 o5 | 720 | 113.4 | 263.5| 666.5 | 519.9
(71.2%)
BICP 57,818 | 2.9 : 486 | 69.7 | 99.8 | 229.5| 687.0 | 544.4
OSM/BICP | 0.12 | 5.93 : 087 | 106|114 | 115 | 097 |095

e 71.2% area intersected
» Spatial pattern (see the above table)
* Size: both log-normal distribution with similar mean value
* Density: the correlation coefficient = 0.858 between density inferred by POIs and calculated

by building floor space
* Function: 56.3% residential parcels by OSM appear in BICP
* Mix, not validated due to no data
* It is worth noting that these online visualizations serve as crowd-source validations for our

method.

=




- Validation at the regional level

* Urban parcels in ORDNANCE were generated and selected using the same
parcel generation and selection methods like “OSM”.
 Among 1,184,524 parcels generated, we successfully selected 350,102
urban parcels in 627 cities in ORDNANCE.

Table 4 The comparison of urban parcels in OSM and ORDNANCE for 297 cities

Urban area Average )
Data (km?) Parcel count parcel/patch size Intersected W|th2
ORDNANCE (km?)
(ha)
OSM 25,905 82,645 31.3 15,053
ORDNANCE 25,670 260,098 10.0 -

The match degree between urban land by OSM and ORDNANCE was
58.1%, calculated as the ratio of the area of overlapping urban parcels
to the area of all OSM-based urban parcels.

The ratio for MC, SPC and OPCC was around 70% and the ratio for
FLC and CLC was around 45%.

=




- Our contributions

1. Propose a robust and straightforward approach to
delineating parcels, identifying urban parcels, and
characterizing parcel features using open data

2. Incorporate a vector-based cellular automata model into
the identification of urban parcels.

3. Applied to hundreds of cities in China, and could possibly
be extended to generate parcel data for other developing
countries.



- Potential applications

1. Urban planning and studies in places where digital
infrastructure development is weak

2. Inter-urban study based on inner-city datasets
* Quality of life

3. As spatial units to incorporate other ubiquitous and
spatially referenced (big) data
» “Big” parcel in the “big data” era

4. Vector-based urban modeling

* Simulating urban expansion in the parcel level for all Chinese cities
using a mega-vector-parcels cellular automata model (MVP-CA)

* Each city, big or small, would have an urban expansion model for
decision making / planning support after this study



- Potential bias

1. OSM data quality is not sound enough for generating parcels in
medium and small cities in China

* Hope time could solve it, thanks for increasing contributors

2. Use POIs as a proxy of urban density

* To enrich by online check-ins, taxi trajectories, and public transport
smartcard records (in progressing)

3. Over-large urban parcels
* Parcel subdivision techniques (Aliaga et al. 2008)
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