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WUDAPT is an international community-generated urban canopy information and modeling
infrastructure to facilitate urban-focused climate, weather, air quality, and energy-use

modeling application studies
Ching et al. (2018)



WUDAPT?

WUDAPT Levels 0, 1 & 2 features and their potential applications.

Product

Level 0

Level 1

Level 2

Coverage

Data source

Resolution
Format
Applications

Over 120 cities and regions

Landsat + Google Earth + local data &
expert evaluation

100-500 m

kml, tiff

Environment and Energy (Weather
Research and Forecasting (WRF)
Modeling, Urban heat island)

Urban and Regional planning
(population density)

Data gathering methods; and testing to refine Level 0 based
on crowdsourcing APPS and Buidling Typology approaches as
in MApUCE

Landsat + Google Earth + local data & expert evaluation

100-500 m

GIS shapefiles

Environment and Energy (weather and climate, urban air
flows, urban radiation, mean radiant temperature, urban
energy consumption, air pollution, CO2 and GHG emission)
Ecology (biodiversity)

Urban and Regional planning (master plan, land use plan,
green master plan, new town plan)

Any city by using our new 3-D
mapping technology, DSC

World-view Stereo Data + Terra-
SAR data

2m

GIS shapefiles

Environment and Energy (building
energy cost)

Building and community design
(visibility analysis, building
development)

Disaster and risk management
(Flooding, heatwave)

Pedestrian and citizen's mobility
(walkability, thermal comfort)
Public health (polluted areas)

Ching et al. (2019)
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World-view Stereo Data + Terra-
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GIS shapefiles

Environment and Energy (building
energy cost)

Building and community design
(visibility analysis, building
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Disaster and risk management
(Flooding, heatwave)

Pedestrian and citizen's mobility
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Public health (polluted areas)
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Local Climate Zones (LCZs)?

Built types Land cover types

Compact highrise Dense trees

Heavily wooded landscape of deciduous and/or

segnzy evergreen trees. Land cover mostly pervious (low
; . ".V‘ plants). Zone function is natural forest, tree
PEalsY

cultivation or urban park.

Dense mix of tall buildings totens of stories. Few

or no trees. Land cover mostly paved. Concrete,
steel, stone, and glass construction materials.

Scattered trees

Compact midrise
Dense mix of midrise buildings (3-9 stories). Few
or no trees. Land cover mostly paved. Stone,

2 brick, tile, and concrete construction materials.

Compact lowrise

Lightly wooded landscape of dedduous and/or

evergreen trees. Land cover mostly pervious (low

B plants). Zone function is natural forest, tree
cultivation, or urban park.

Lasiy D Open arrangement of bushes, shrubs, and short,

J woody trees. Land cover mostly pervious (bare

‘ %b, soil or sand). Zone function is natural scrubland

or agriculture.

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

Low plants

Open arrangement of tall buildings totens of Featureless landscape of grass or herbaceous

s!lories. Abundance of pervious land cover (low plants/crops. Few or no trees. Zone function is
plants, trees). Concrete, steel, stone, and glass natural grassland, agriculture, or urban park.
construction materials.

LOCAL CLIMATE ZONES FOR
URBAN TEMPERATURE STUDIES

sy |. D. STEWART AND T. R. Oke

AARHIRHE = s Sasteiear-

“local climate zone” (LCZ) classification system provides a

Open midiice Open arrangement of midrise bukdings (3-9

+ stories). Abundance of pervious land cover (low
5 e b plants, scattered trees). Concrete, steel, stone,
- and glass construction materials.

Bare rock or paved
Hsluvdu,\m pe of rock or paved cover

or no trees or plants. Zone function is
ruluta\ desert (rock) or urban transportation,

research framework for urban heat island studies and standardizes
the worldwide exchange of urban temperature observations.

Bare soil orsand
Open mm’“ o;lworlse b“:::rs (1-3 Featureless landscape of soil or sand cover. Few
stories). Al nce of pervious land cover (low o no trees or plants. Zone function is natural
plants, scattered trees). Wood, brick, stone, tile, desert or agriculture.
concrete construction materials. _/

Lightweight lowrise
ig gh Dense mix of single-story buildings. Few or no

trees. Land cover mostly hard-packed.
Lightweight construction materials (e.g., wood,
thatch, corrugated metal).

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

Large lowrise VARIABLE LAND COVER PROPERTIES
Open arrangement of large lowrise buildings (1~
B e e e o e e Variable or ephemeral land cover properties that change significantly with 1
paved. Steel, concrete, metal, and stone synoptic weather patterns, agricultural practices, and/or seasonal cycles.
construction materials. /!
b.bare trees Leafless deciduous trees (e.g., winter). Increased l}4
sky view factor. Reduced albedo. H
Sparsely built r

§ &goq, Sparsearrangement of small or medium-sized X Snow cover >10 am in depth. Low admittance.
buildings in a natural setting. Abundance of High albedo.
pervious land cover (low plants, scattered trees).
d.dry ground Parched soil. Low admittance. Large Bowen ratio.
Increased albedo.

Heavy industry w. wet ground Waterlogged soil. High admittance. Small Bowen

Lowrise and midrise industrial structures
ratio. Reduced albedo.

rd (towers, tanks, stacks). Few or no trees. Land
:I 0 cover mostly paved or hard-packed. Metal, steel,
and concrete construction materials.

Stewart et al. (2012), Demuzere et al. (2020)

LL

he study of urban heat islands (UHIs) impli€ates two of
the most serious environmental issues of the twentieth
century: population growth and climate change. This
partly explains why the worldwide stock of heat island
studies has grown so remarkably in recent decades: From
Cairo to Tokyo, London #@Dallas, and Delhi to Nairobi, cit-
ies of every cultural and physical description have been the
focus of a formal heat island investigation. The global reach
of this literature reflects both the widespread repercussions
of the heat island effect in all urban areas, and the scientific
curiosity about a phenomenon so seemingly simple.
“Urban heat island,” a term first coined in the 1940s (e.g.,
Balchin and Pye 1947), refers to the atmospheric warmth of a
city compared to its countryside. Heat islands occur in almost
all urban areas, large or small, in warm climates or cold. The
traditionally described heat island is that which is measured
at standard screen height (1-2 m above ground), below the
city’s mean roof height in a thin section of the boundary,



LCZ maps?

SAGA

System for Automalted Geoscientific Analyses
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+ This method is universal, simple and objective

It requires the download of large satellite images, and lacks an automated quality control and sufficient
resources to keep dissemination up-to-date

Bechtel et al. (2015), Fenner et al. (2017)
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Demuzere et al. (2019a)



Continental-scale LCZ maps

12345678 910ABCDETFG
LCZ class

More LCZ maps: hittps://www.wudapt.org/lcz-
maps/

Demuzere et al. (2019b, 2020)


https://www.wudapt.org/lcz-maps/
https://www.wudapt.org/lcz-maps/
https://www.wudapt.org/lcz-maps/
https://www.wudapt.org/lcz-maps/

LCZ database?

/ New { Create |
L was Classify &

_|Bootstrapping

post-process "| (see Figure 4)
/.New ‘| Create [: 1 e
Requires user / 'Mmage /= 1| Hash | (non)-filtered /5 7%
osend T e LCZ map A o
. . C re Hash 7 RE:
information with Database LA <
Y : .
wudapt core Create Create |. =~ Create metadata Time-
team Thumbs datasheet | ! af?d ?lfferent consuming
7 I le formats manual
i ? WUDAPT LO — assessment
- Datasheet / | | Manual Review by wudapt
— core team
— Assign Label: required

Store LCZ map
in database and
WUDAPT portal

Major

Automatic up-link to ingest data in
portal is missing.

Fig. 2. The LCZ production and quality assessment workflow. Bechtel et al. (2019a)



User input

LCZ classification &
quality control

Output

Personal information

First Name
Last Name
E-mail Address

Training area information

Continent

Country

City Name

Upload training area file
Representative Date
Reference

Remarks

yve training area data

25 bootstraps - - - &

TA data EO input

Lo 3F HNMENONEOOCDUOWL D

Compressed results (e-mail)

Factsheet
LCZ map
QGIS/ArcGIS colormaps

data/

o ID.kml
ID_TA_statistics.csv
ID_auto_qc_polygon.shp
ID_auto_qc_point.shp
ID_cm_average_formatted.csv

O

[e]

O
figures/

O

O

O

(e]

ta_freq.png
Icz_map.jpg
Icz_oa.jpg

Online submission table

Demuzere et al. (2021)
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al, |LCZ Generator Home

Welcome to the LCZ Generator!

Fast and easy Local Climate Zone mapping

d Getting started:

. Read Demuzere et al. (2021) it serves as the primary user guide
. Download the Training Area Template kml file

1
2

v 3. Create your Training Areas following the guidelines
4, Once finished, use the submission form to submit your file.
5

. Fill out the fields in the submission form; fields with an asterisk (*) are required.
» Show detailed information

' : s
et

£
On

Submit the form. If you see a green box appear on the top of the page after clicking the submit button, your submission was successful
and will be processed. If a red box appears, there was a problem with your Training Area file. Check out the FAQ for more information.

o

You will be notified via email once the processing has finished. Depending on the current load of the system it should take ~20 minutes.

o]

. After you received the email, your submission is also available in the submission table.

Submit your Training Area Show generated LCZ maps

Please cite the tool using:

Demuzere, M., Kittner, J., Bechtel, B. (2021). LCZ Generator: a web application to create Local Climate Zone maps. Frontiers in
£ Environmental Science 9:637455. https://doi.org/10.3389/fenvs.2021.637455

Privacy Note Terms of Service @ RUB Climatology . WUDAPT 3 Twitter O Create issue on Github
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ah, |CZ Generator

Download Selected

City

Barcelona
NANJING
Salt Lake City
SAO PAULO
Piatra Neamt
Bhubaneswar
Sao Paulo
nanjing

Sao Paulo

Yazd

“ . Showing 11to 10 of 2,175 entries

Show best submissions

Country

Spain, Kingdom of
China, People's Republic
of

United States of America
Brazil, Federative
Republic of

Romania

India, Republic of

Brazil, Federative

Republic of

China, People's Republic
of

Brazil, Federative
Republic of

Iran, Islamic Republic of

Continent

Europe

Asia

North

America

South
America

Europe

Asia

South
America
Asia
South

America

Asia

Search:

Date
Submitted

2022-06-08
07:26:11

2022-06-08
00:26:51

2022-06-07
17:53:05

2022-06-07
14:42:41

2022-06-07
11:58:14

2022-06-07
11:40:03

2022-06-07
11:00:13

2022-06-07
01:53:29

2022-06-06
16:31:53

2022-06-06
15:48:24

Author

Majdi Hunter-Batal

Yokey Tang

Natalie White

Sara Lopes De Moraes

Dragos Butnaru

Sara Lopes De Moraes

Yokey Tang

Sara Lopes De Moraes

Accuracy

0.69

0.81

0.52

0.65

0.70

0.43

0.65

0.82

0.65

0.69

First Prewous“Z 3(4|5

Show Factsheet

Show Factsheet

Show Factsheet

Show Factsheet

Show Factsheet

Show Factsheet

Show Factsheet

Show Factsheet

Show Factsheet

Show Factsheet

218 Next Last
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Global map of LCZs

12345678 910ABCDETFG
LCZ class



LCZ maps ~ climate modelling?

Table: LCZ-class specific urban canopy parameter values

LCZ Ap A Ay H SVF AHF IMD
1. Compact high-rise 40-60 40-60 <10 >25 0.2-0.4 50-300 >80
2. Compact midrise 40-70 30-50 <20 10-25 0.3-0.6 <75 >70
3. Compact low-rise 40-70 20-50 <30 3-10 0.2-0.6 <75 >60
4. Open high-rise 20-40 30-40 30-40 >25 0.5-0.7 <50 50-80
5. Open midrise 20-40 30-50 20-40 10-25 0.5-0.8 <25 50-80
6. Open low-rise 20-40 20-50 30-60 3-10 0.6-0.9 <25 40-90
7. Lightweight low-rise 60-90 <20 <30 2-4 0.2-0.5 <35 >60
8. Large low-rise 30-50 40-50 <20 3-10 >0.7 <50 >70
9. Sparsely built 10-20 <20 60-80 3-10 >0.8 <10 10-40
10. Heavy industry 20-30 20-40 40-50 5-15 0.6-0.9 >300 >40
A. Dense trees <10 <10 >90 3-30 <0.4 0 <20
B. Scattered trees <10 <10 >90 3-15 0.5-0.8 0 <20
C. Bush, scrub <10 <10 >90 <2 0.7-0.9 0 <20
D. Low plants <10 <10 >90 <1 >0.9 0 <20
E. Bare rock or paved <10 >90 <10 <0.25 >0.9 0 >90
F. Bare soil or sand <10 <10 >90 <0.25 >0.9 0 <20
G. Water <10 <10 >90 - >0.9 0 <20

+ Radiative and thermal properties such as emissivity, albedo, heat capacity, heat conductivity etc ...
Stewart & Oke (2012); Demuzere et al. (2019a, 2022)



LCZ maps ~ climate modelling?

The global LCZ map describes all the cities of the world,
in the same, universal language,
but interested users can read it in their own dialect

Demuzere et al. (2022)



Applications
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Applications
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Fig. 11. Average SUHI intensity in K for all cities and LCZ compared to LCZ D for different acquisition times and sensors. Black with white x (LCZ 7)
indicates that the LCZ type is not present in the study. Bechtel et al. (2019b)



Applications
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Future planning policies can be translated into

LCZ 1 LCZ2 LCZ3 LCZ5 LCZ6 LCZ38 LCZ9 LCZA LCZB LCZD

LCZ maps, that in term can serve as boundary Iﬂ My S G S A S

conditions to model intra-urban heat risk
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Applications

“This study compares three different .‘”’""sphe’ B COSMO-CLM
approaches to define the urban canopy Articte

parameters for Moscow (Russia), using the ijlnol’da:ltlgg ‘TJ;'Z:;;“E‘I‘:EK TParameters on a Megacity's
COSMO numerical weather prediction and

climate model coupled to TERRA URB urban
parameterization”

Mikhail Varentsov 234*®, Timofey Samsonov #® and Matthias Demuzere > ©

“ ... for the summer period, the LCZ-based

and ‘Reference’ urban parameters show
almost similar performance in terms of the
modelled thermal environment, and provide
noticeable improvements with respect to
default urban description.”

Temperature anomaly [°C]




Applications
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Generate LCZ map (L0 data)

» Generate LCZ training data
» Classify your city

Use WUDAPT data in models

« WRF
« COSMO-CLM
« UMEP

Generate Urban Canopy Parameters

» Convert cityGML and sealing data to UCPs (by Sebastian Schubert


https://www.wudapt.org/tools-overview/
https://www.wudapt.org/tools-overview/
https://www.wudapt.org/tools-overview/

Summary, gaps, potential?

Local Climate Zone (maps) can serve as a first-order proxy describing the heterogeneity of
urban areas, which in turn can serve as boundary conditions for urban parameterizations
embedded within climate models. Various tools are available / being developed to facilitate this

process.

PR, I Data-driven reading of LCZ map in local dialect (= Level-1 and -2 information)?

|I..Q

Improve representation of informal settlements?

%, Collaboration to explore this big dataset!



Contact

Urban Climatology group, Ruhr-University Bochum (RUB), Germany
Z  https://www.climate.ruhr-uni-bochum.de/

I Benjamin.bechtel@rub.be / matthias.demuzere@rub.de

W RUBclim / mdemuzere
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