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| thought this storm was coming in three days.
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You know weather guys.
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" Homes are damaged after Hurricane Irma struck in Phlllpsburg, on the Dutch Caribbean |sland
- of St Martln on Sept 6 2017 Netherlands Mlnlstry of Defense via AFP Getty Images




The most recent report from the
Intergovernmental Panel on
Climate Change (IPCC) notes the
dearth of information on urban

alreas.

(The IPCC Special Report on Extremes, 2012)
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23.0%

Other urban Smallest cities Small cities
Fewer than 300,000 300,000 to 500,000 500,000 to 1m
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http://www.economist.com/node/21642053, https://esa.un.org/unpd/wup/
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E M| OF CITIES TOGETHER

New Urban Agenda

Quito Declaration on Sustainable Cities and Human Settlements for All

Quito Implementation plan for the New Urban Agenda

Transformative commitments for sustainable urban development
from: social, economic and environmental dimensions



How data science and analytics can contribute
to sustainable development?

(11 USTAINABLE CITIE ®
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ACTION

Combining satellite imagery,
crowd-sourced witness
accounts and open data can
help track deforestation

SUSTAINABLE ﬂ
DEVELOPM ENT
G:ALS

Q

Satellite remote sensmg
can track encroachment
on public land or spaces
such as parks and forests

!




Urban Data Challenges at Global Scale

Some examples of global scale data for the city of Delhi, India

AVHRR Tkm*1km MODIS GLCF 5*5° ESA Globcovei Tkm*1km
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[ | Wooded grassland B urban/Builtup || Rainfed croplends
Closad shrubland [ ] Mosaic croplands
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[ Grassland [ | Close to open grasslands
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The Question is
how to make a cross-comparison among City A, City B, City C.....?
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 Few or no-data available globally on cities

Urban Data A.V?'.Iab'“ty (Global South and rural / peri-urban areas especially in developing countries,
& Accessibility regions and cities)

e No consensus of urban data for climate related studies

Censuses of Urban Data (The dearth information of urban areas)

No standard classification to represent land use and land cover of

cities and surroundings landscapes
(Densities, heights, functions and natural coverage for distinction)

Data Standardization
& Harmonization

Offer multiple properties on urban morphologies and landscapes

Properties (Morphologies, geometrics, thermal / physical information, surface cover...)

e Applicable globally and transferable to each city
Applications (Transdisciplinarity for scientific research, urban planning, disaster & risk
management, health impact analysis and response...)



ocal Climate Zone’ Scheme

(Stewart & Oke, 2012)

Built types

Definition

Land cover types

Definition

|. Compact high-rise

4. Open high-rise

e

5. Open midrise

Dense mix of tall buildings to tens of
stories. Few or no trees. Land cover
mostly paved. Concrete, steel, stone,
and glass construction materials.

Dense mix of midrise buildings (3-9
stories). Few or no trees. Land cover
mostly paved. Stone, brick, tile, and
concrete construction materials.

Dense mix of low-rise buildings (1-3
stories). Few or no trees. Land cover
mostly paved. Stone, brick, tile, and
concrete construction materials.

Open arrangement of tall buildings to
tens of stories. Abundance of pervious
land cover (low plants, scattered
trees). Concrete, steel, stone, and
glass construction materials.

Open arrangement of midrise buildings
(3-9 stories). Abundance of pervious
land cover (low plants, scattered
trees). Concrete, steel, stone, and
glass construction materials.

Open arrangement of low-rise buildings
(1-3 stories). Abundance of pervious
land cover (low plants, scattered trees).
Wood, brick, stone, tile, and concrete
construction materials.

Dense mix of single-story buildings.
Few or no trees. Land cover mostly
hard-packed. Lightweight construction
materials (e.g., wood, thatch,
corrugated metal).

Open arrangement of large low-rise
buildings (1-3 stories). Few or no
trees. Land cover mostly paved.
Steel, concrete, metal, and stone
construction materials.

Sparse arrangement of small or
medium-sized buildings in a natural
setting. Abundance of pervious land
cover (low plants, scattered trees).

Low-rise and midrise industrial struc-
tures (towers, tanks, stacks). Few or
no trees. Land cover mostly paved

or hard-packed. Metal, steel, and
concrete construction materials.

A. Dense trees

B. Scattered trees

D. Low plants

_

E. Bare rock or paved

y 4

F. Bare soil or sand

G. Water

Heavily wooded landscape of
dﬂciduous and)‘or evergmen trees.
Land cover mostly pervious (low
plants). Zone function is natural
forest, tree cultivation, or urban park.

Lightly wooded landscape of
deciduous and/or evergreen trees.
Land cover mostly pervious (low
plants). Zone function is natural
forest, tree cultivation, or urban park.

Open arrangement of bushes, shrubs,
and short, woody trees. Land cover
mostly pervious (bare soil or sand).
Zone function is natural scrubland or
agriculture.

Featureless landscape of grass or
herbaceous plants/crops. Few or
no trees. Zone function is natural
grassland, agriculture, or urban park.

Featwreless landscape of rock or
paved cover. Few or no trees or
plants. Zone function is natural desert
(rock) or urban transportation.

Featureless landscape of soil or sand
cover. Few or no trees or plants.
Zone function is natural desert or
agriculture,

Large, open water bodies such as seas
and lakes, or small bodies such as
rivers, reservoirs, and lagoons.

VARIABLE LAND COVER PROPERTIES

Variable or ephemeral land cover properties that change
significantly with synoptic weather patterns, agricultural practices,

and/or seasonal cycles,

b. bare trees

5. SNow cover

d. dry ground

w. wet ground

Leafless deciduous trees (e.g., winter).
Increased sky view factor. Reduced
albedo.

Snow cover >10 cm in depth. Low
admittance. High albedo.

Parched soil. Low admittance. Large
Bowen ratio. Increased albedo.

‘Waterlogged soil. High admittance.
Small Bowen ratio. Reduced albedo.



The World Urban Database and Access Portal Tools (WUDAPT)

The most recent report from the Intergovernmental Panel on Climate Change (IPCC) notes
the dearth of information on urban areas. The goal of the WUDAPT initiative is to fill this
demand

‘Greate LCZSW|th Landsat

: -4

) Use freelyﬁvailable Land%t tmageryto creaIe a Loca-l Chrnate Z&’ne LCZ) classrﬁcatlon of

Create LCZ Training Areas Classify your City View LCZ maps

Follow the simple steps outlined here to creste Follow the step-by-step instructions to create an Access LCZ maps for different cities around the
LCZ training areas for your city LC2Z classification of your city world using Geopedia



Objective 1

Objective 2

Two Objectives

e Acquire and make accessible
coherent and consistent descriptions
and information in the aspects of
FORM And FUNCTION of cities
relevant to climate studies on
WORLDWIDE basis.

e Build Portal (tools) that will EXTRACT
relevant urban parameters and
properties for models and for model
APPLICATIONS at appropriate scales
for various climate, weather, Urban
Planning purposes.
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3 Levels of WUDAPT Products

Level O

e Cities are mapped using the Local Climate Zone scheme (Stewart & Oke, 2012).
Each LCZ type is described in terms of the typical appearance of each in ground-
based and aerial photographs and is linked to some urban parameter values.

Level 1

e The LCZ maps are used to sample urban landscapes to provide more information
on the aspects of form and function in greater details.

Level 2

e This is the highest level and it refers to urban data gathered at a specified spatial
scale (e.g. 250 m) across the entire urban area (‘wall-to-wall’ coverage).

(Ching, et al., 2016)
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Urban Data Challenges

Some examples of global scale data sets compared to a WUDAPT level 0 map for the city of Delhi, India

AVHRR Tkm*1km MODIS GLCF 5*5° ESA Globcover Tkm*1km _Landsat 100m*100m
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Collaboration Partners & Supporters
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CUHK team’s work and efforts



Beijing
Shanghai
Wuhan
Guangzhou
Changsha
Dali

Gua

Han When you later work on urban climate study in China,
" you don’t need to worry about its urban morphological data.

Nan
Qing
Shar.g..c.
Shenyang
Tianjing
Xi’an
Xiamen

Kilgmeters
—
0 B8 16 24 32 40 48 56 64 T2

By Jun 2016, we have finished the LCZ mapping work for 57 all provincial capital cities and
major economic big regions.




Historical Urban Data Bay Area Of Hong Kong-Macau-Guangdong

pure urbanization impact on local urban climate (1980-2010)

LCZ 1 Compact high-rise
LCZ 2 Compact mid-rise
LCZ 3 Compact low-rise
LCZ 4 Open high-rise
LCZ 5 Open mid-rise
LCZ 6 Open low-rise
LCZ 7 Lightweight low-rise
LCZ & Large low-rise
LCZ 9 Sparsely built
LCZ 10 Heavy industry
LCZ A Dense trees
LCZ B Scattered trees
LCZ C Bush, scrub
LCZD Low plants
. LCZ E Bare rock or paved
LCZ F Bare soil or sand
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by Adopting Multi-source Satellite Images

e Patented technology

e High accuracy (70-90%)

e Low-cost;

* Fast development;

* Large coverage;

* Easy to update and manage;

e Suitable for weather and climate
modellings

B 1 (Moderate)
2 (Slight)

B 3 (Neutral)
[14 (Slight warming])
15 (Moderate warming)

I 6 (Moderately strong) | i T

7 (Strong)
| 8 (Very strong)

Urban climatic map using satellite data
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Open data for global multimodal land use classification
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it ¥ : il IEEE GRSS Data Fusion Contest 2017
i o ;‘. @ ﬂ GED_-:?:‘- Open data for global multimodal land use classification
ud : LIART i Get exciting data - classify the world - Win an NVIDIA GPU

orid

The 2017 IEEE GRSS Data Fusion Contest was organized by the IADF TC in collaboration with WUDAPT and GeoWiki.
Over 800 Submissions were received!

We are Top 4!

Authors: Yong Xu, Fan Ma, Deyu Meng, Chao Ren, Yee Leung

(The Chinese University of Hong Kong and Xi’an Jiaotong University, China)
https://www.grss-ieee.org/community/technical-committees/data-fusion/2017-ieee-grss-data-fusion-contest-results/


http://www.wudapt.org/
http://www.geo-wiki.org/

Other on-going Collaborations and Applications



‘Atlas of the Human Planet’
Collaboration with GEO, European Commission

* *
* *
*
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Atlas of the Human Planet

European

Commission
|
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‘Global Human Settlement Layer (GHSL)’ vs WUDAPT Data

ID|LABEL NAME ID2 | LCZNAME WUDAPT GHP WUDAPT GHP
|l no data - |not available k : 1 o
1 -

2 |Ice and permanent snow -
3 |Bare soil and rocks F [bare soil or sand
4 C
5 B
6 |Ran Cropland D
7 |Irrigated Cropland D
8 A
9 =

10 G

11

12 |Built-up with highly reflecting roof 8

13 |Very light built-up 9

14 |] 6

15 5

16 3

WA Strong built-up, midrise AN compact midrise

IR.3 Strong built-up, highrise j N compact highrise

IR Strong built-up, very highrise -

7 lightweight lowrise
4
10 :

Bechtel, B., et al. (2016). TOWARDS CONSISTENT MAPPING OF URBAN STRUCTURES — GLOBAL HUMAN SETTLEMENT LAYER AND LOCAL CLIMATE ZONES. Paper presented at the The
International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Prague, Czech Republic



‘Global Carbon Atlas Project’  futur@rthciosac(carson|&

research for global sustainability [TASA
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‘Healthy City Development for Latin American Cities’

University of California
at Berkeley

Drexel University

Washington University in St Louis

Institute of Nutrition of Central America and
Panama (INCAP), Guatemala City

Instituto Nacional de Salud
Publica, México City A

Universidad de los Andes, Bogota

Universidad Peruana Cayetano
Heredia, Lima

Oswaldo Cruz Foundation (Salvader Bahia)
Federal University of MinasGerais, Belo Horizonte

Oswaldo Cruz Foundation (Rio de Janeiro)
Universidad de Chile, Santiage

Pontificia Universidad Catdlica de Chile,
Santiago

Comision Economica para America Latina y
el Caribe (CEPAL), Santiago

T Instituciones

NacionEs UNIDAS

CEPRL

5 UNIVERSIDAD PERUANA

UFmG
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Urban Health Network for Latin America and the Caribbean

UNUinternational Institute for Global Health
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(UNU-IIGH) United Nations University
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‘Digital Belt & Road’ Initiative On-going Projects&ColI?boEations
& %4 4 §%

Collaboration with the Chinese Academy of Sciences

RUSSIA
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Britain became the

One Belt, One Road

China has experienced unprecedented growth, going from an inward-looking
agriculural country to a global manufacturing powerhouse. ‘One Belt, One Road
creates a land and maritime link to China's developing neighbours and beyond
and their demand for Chinese-made products and materials.
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Collaboration between WUDAPT and Google Earth Engine



The Development of Global WUDAPT Level 0 Data

WUDAPT’s innovative method, technologies and expertise + Google (data mining+ satellite images resources+ online system)

I,_a.r_ld. ?I?‘-’?f i’ Ajm.ugpher!C Urban Morphology

.
ohCove NOAA NCEP, et

Terrain



The Development of Global WUDAPT Level 1+2 Data
Mobile to Cloud pipeline

\[ ODK Aggregate

https.//rs-collective_appspot.com

App Engine é
‘\-[Earth Engine

| https://code.earthengine.google.com/

Fusion Table

Get Blank Form

ODK
Collect

http.//anomapix_ appspot.com/

Google Earth Engine https://opendatakit.org/




GeoODK (Field-based app)

& Google Earth Pro -
File Edit View Tools Add Help i i

¥ Search [= IEIES

Search Google Parcel Search (APH) I

dublin Search

&x: 3725.818' N, 122 05.35' W

Get Directions History

* Geo-Wiki / LACO-Wiki

* Geopedia

* Geo-Wiki Pictures

* Cropland Capture / Picture Pile

* FotoQuest Go

* GeoODK

* Bespoke website for entering data
or link to OSM

B wuoapT coll.. )

| -l
¥ Places
# V(D Chicage

System for Automnated
ses-

& [ Primary Database
# L& Earth Pro (US)
+ O Yovager
* O Borders and Labels
O & Places
* 00 2 Photes
= Roads

App to Gather Information from
Photos: Type 1

B wuoapTcoll.. [

P WUDAPT Coll..

Street address

If you weren't able to record your location,
please provide the street address of your
current location,

Building use
How is this building used?
Residential ® >
P from different
28 sources (e.g. Flickr,
lllllll Commercial ® Classify the Picture by Building Material Crowsourcing,
- Streetview)
* User would identify
building materials
and roof types

* Automatic
translation to UCPs
for each LCZ

* App could also be
used to take
pictures and classify
buildings and roof
materials

Please record your location

GPS coordinates can only be collected when
outside.

* Geotagged pictures

ot Tl WIS

Record Location

.....

B

Industrial ®

@ N German (] - Agricultural ®

a W (e R T Z U M fo (P D

- Other ®
= S S Al b bt Unknown (?)

4 Y XCVBNMS @

.
oe B




The Development of Historical Urban Data
using Google Earth Tlmelapse Technology

Carnegie Mellon

CREATE Lab

TIMELAPSE

- . dacades of antallite photoagraphy
Pictured: The megacity of Dubai grows in the desaent, from 1984 1o today




Air
Pollution

Climate

&
Weather

Urban
Planning

Develop Data Science and Informatics Technology
Conduct Applications & Implementations

Make Policy Changed

Link People together

Improve Urban Environment and Living Quality
Change People’s Life

Have a Better Future for all



Data Science in Lime, Data Science in Space

We have an Idea.
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Time

* day
* season
| _ Weather
City Iocatlon * Wind
» climate * Sloud
. topolgraphy | Temperature
rural surroun S Urban . Radlation
& Climate &
City metabolism . -
« energy/water use « material & fabric
 waste & emissions Cit size : tS)théit#grecover
*Anthropogenic - sizye * |land use

* density of land uses

‘Fixed’ — Location Oke, 1980, unpubl.

‘Modulators’ — Time, Weather

‘Manageable’ (policy, planning, design) — Size, Form, Metabolism
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