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An Introduction to the WUDAPT project 



WUDAPT 
World Urban Database and Portal Tool 

Objectives 
1. Gather data: Acquire information on aspects of form 

and functions of cities relevant to climate studies.   
2. Database: Store the data in a geographic framework 

that is searchable and widely accessible. 
3. Portal: Build tools to extract parameters and analyse 

urban properties for cross-urban comparison and 
model building. 



1. Introduction: what is WUDAPT and why is it needed? 
2. Urban climate science: what is the relevant information? 
3. Operation & status: gathering urban data 
4. Conclusion and Prospects 

Cities (>1 million) over a 
map of global climates 
sourced from 
http://koeppen-geiger.vu-
wien.ac.at/.  

http://koeppen-geiger.vu-wien.ac.at/
http://koeppen-geiger.vu-wien.ac.at/


Introduction: What is WUDAPT? 
1. An IAUC supported initiative to gather information on cities worldwide to support 

urban climate science. 
2. A community-based approach to gathering spatially detailed information on cities in 

a consistent manner. 
3. Employs data and tools that are freely available and gathers these in a data 

depository that is publically available. 
4. The database (and data acquisition) will be structured in a hierarchical format. 

Urban  Property Parameter Effect 
Form 
The physical 
geography of the city 

Surface cover Percent paved Runoff 
Fabric Albedo Surface temperature 
Geometry Building density Airflow 

Function 
The economic/human 
geography of the city. 

Transport Traffic intensity Vehicular emissions 
Buildings Energy demand Waste heat 
Industry Material input Waste materials 

Examples of properties, parameters and effects associated with the geographies of urban form and function. 
Parameters are those variables that are measureable and can be altered. Form and function are related and 
together cause the urban climate effect.  



Global CO2 emissions and population 
at 1 deg. Grid. Sources: CDIAC and 
CESIN data. 

Form and function in Hong Kong 



Links between climate and energy use and between urban population density 
of transportation energy use. Source: Oke et al., 2016. 



Urban effect 
on climate. 

MITIGATE 

Climate impact 
on urban areas. 

ADAPT 

Individual city Aggregate global cities 

Cities are an important but, until recently, largely ignored scale in global 
climate change studies. They are concentrated areas of energy use and 
emissions (mitigate) and occupy specific geographical settings that have risks 
(adaptation).   

Global climate changes 

Cities-Global climate links 



Currently available global urban databases provide information on the limits 
of cities with no internal character. These data have limited value for climate 
studies. 

Why is WUDAPT needed? 
 

The Global Knowledge Gap 



Urban mitigation highlights key knowledge gaps including:  
• There is little scientific understanding of the magnitude of the emissions reduction 

from altering urban form, and the emissions savings from integrated infrastructure and 
land use planning.  

• There are few evaluations of urban climate action plans and their effectiveness.  
Source: IPCC, 2014 AR5 III 

Cities in the IPCC 5th Assessment Report AR5 

Urban adaptation identifies several key uncertainties and research priorities, including: 
• the limits to understanding and predicting impacts of climate change at a fine grained 

geographic and sectoral scale; 
• inadequate knowledge on the vulnerability of the built environment … to the direct 

and indirect impacts of climate change and of the most effective responses for new-
build and for retrofitting; 

• serious limitations on geophysical, biological and socio-economic data needed for 
adaptation at all  geographic scales, including data on nature-society links and local 
(fine-scale) contexts and hazards. 

Source: IPCC, 2014 AR5 II 



• One of the impediments to progress on examining the urban climate effect 
and the global climate affect on settlements is the absence of useful 
information on cities.  

• This data needs to use a coherent and consistent description of cities 
that can be applied internationally. This information can be used to 
compare cities and transfer knowledge more effectively. 

• Adopting a common framework for data acquisition, storage processing 
and dissemination will help to advance urban climate studies. 

• Including local urban experts in the process will add greatly to the value of 
WUDAPT by creating a global community of developers and users.  

http://www.wudapt.org/ 

2 pm May 27 2008 Hong Kong. Courtesy of Yang and Li 



Extra-urban 
effects mixed 
downwind. 

At this scale it is the UBL that 
of interest, which integrates the 
effects of the urban ‘surface’ 
below. The UBL is advected 
downwind as an elevated 
plume that is gradually diluted.   

Image of Dallas, taken by Giovanni 
Paccaloni, January 2009 

Scale matters: urban scale 

2. Urban Climate science 



Distinctive urban ‘neighbourhoods’ in Chicago. Note 
the change from impervious to vegetated and from 
tall to low buildings. 

Urban heterogeneity can be managed 
as most cities can be characterised by 
distinct neighbourhood types where the 
land cover exhibits the same internal 
variations. Each neighbourhood has a 
distinct impact on the overlying air 

Scale matters: neighbourhood (local) scale 



The micro-scale environment is governed by 
the dimensions of individual roughness and 
their radiative and thermal properties. The 
airflow at this level creates a deep roughness 
sub-layer where observations display great 
variation over short time periods.  
 
The urban canopy layer (UCL) is the zone of 
human occupation.  

Complex patterns of light and 
shadow in a Hong Kong street. 

Temple Bar, Dublin 

Scale matters: urban micro-scale 



Measuring the effects of a simplified city 
on the atmosphere using an outdoor 
model; scaled model (1/5) used for 
establishing form-climate links. The 
Kanda Lab Japan. 

Managing heterogeneity 

Progress in the field of urban climatology has been achieved by 
controlling aspects of urban form and examining the atmospheric 
response through models and measurement.  



The nature of the urban effect can be 
related to a number of descriptors of 
the urban form: these include 
information on the radiative and 
thermal properties of materials, and 
measures of the geometry of the urban 
surface (such as street dimensions) and 
the surface cover (vegetated, 
impervious, etc.) 
 
These descriptors are examples of 
urban canopy parameters (UCPs) that 
can usefully be employed to seek 
causal relationships in measurements 
and to parameterise models. 

Oke et al (2016) in preparation 

Descriptors of urban form 



Urban form can be linked with climate outcomes. Source: Oke et al, 2017 
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3. WUDAPT: Operation and Status 



The Local Climate Zone (LCZ) 
classification provides a scheme for 
describing the basic physical geography 
of cities suited to further data 
gathering. It can be used as a sampling 
frame to gather more detailed urban 
data (e.g. building materials, cooking 
fuel, etc.) at more detailed spatial 
scales. 
 
The Local Climate Zone approach 
developed by Iain Stewart and Tim Oke 
builds on other approaches and 
provides a classification scheme for 
urbanised and natural landscapes that 
can be used to describe 
neighbourhoods within cities. 

Level 0 data: LOCAL CLIMATE ZONES  

Source: Stewart and Oke. 



Sendai, JAPAN 

 CLASSIFYING  LCZs 

LCZ 1 
Compact high-rise 

 

 
Visual Clues 
Few if any trees 
Little or no green space 
Tightly packed buildings 
10+ stories tall 

Diurnal temperature range:          small              medium             large 

Source: Iain Stewart. 



Medellin, COLOMBIA 

 CLASSIFYING  LCZs 

LCZ 3 
Compact low-rise 

 
 

Visual Clues 
Few if any trees 
Little or no green space 
Tightly packed buildings 
1 – 3 stories tall 

Diurnal temperature range:          small             medium             large 

Source: Iain Stewart. 



LCZ 
Type 

SVF 
Canyon 
Aspect Ratio 
(H/W) 

Mean 
Height (m) 

Terrain 
Roughness 
Class 

Building 
Surface 
Fraction 

Impervious 
Surface 
Fraction 

Pervious 
Surface 
Fraction 

Surface 
Albedo 

QF 
(Wm-2) 

1 0.2- 0.4 >2 >25 8 40-60% 40-60% <10% 0.10-0.20 50-300 

2 0.3-0.6 0.75-2 10-25 6-7 40-70% 30-50% <20% 0.10-0.20 <75 

3 0.2-0.6 0.75-1.5 3-10 6 40-70% 20-50% <30% 0.10-0.20 <75 

4 0.5-0.7 0.75-1.25 >25 7-8 20-40% 30-40% 30-40% 0.12-0.25 <50 

5 0.5-0.8 0.3-0.75 10-25 5-6 20-40% 30-50% 20-40% 0.12-0.25 <25 

6 0.6-0.9 0.3-0.75 3-10 5-6 20-40% 20-50% 30-60% 0.12-0.25 <25 

7 0.2-0.5 1-2 2-4 4-5 60-90% <20% <30% 0.15-0.35 <35 

8 >0.7 0.1-0.3 3-10 5 30-50% 40-50% <20% 0.15-0.25 <50 

9 >0.8 0.1-0.25 3-10 5-6 10-20% <20% 60-80% 0.12-0.25 <10 

10 0.6-0.9 0.2-0.5 5-15 5-6 20-30% 20-40% 40-50% 0.12-0.20 >300 

A <0.4 >1 3-30 8 <10% <10% >90% 0.10-0.20 0 

B 0.5-0.8 0.25-0.75 3-15 5-6 <10% <10% >90% 0.15-0.25 0 

C 0.7-0.9 0.25-1 <2 4-5 <10% <10% >90% 0.15-0.30 0 

D >0.9 <0.1 1 3-4 <10% <10% >90% 0.15-0.25 0 

E >0.9 <0.1 <0.25 1-2 <10% >90% <10% 0.15-0.30 0 

F >0.9 <0.1 <0.25 1-2 <10% <10% >90% 0.20-0.35 0 

G >0.9 <0.1 N/A 1 <10% <10% >90% 0.02-0.10 0 

Each LCZ type is associated with typical urban canopy parameter values  



Urban expert uses 
GoogleEarth to  digitise 

neighbourhoods that 
typify LCZ types; these 

are exemplar areas 

SAGA software uses the 
exemplar areas as 

training areas to classify 
LANDSAT image into LCZ 

types. 

Urban expert reviews 
output, refines training 

areas and repeats 
process. The final map is 
tested for its robustness 

LCZ map is submitted to 
portal Level 0 Workflow Model.  

Generating WUDAPT level 0 data 



Example: São Paulo 



Sao Paulo 



Milan 



Courtesy of Ren Chao, Chinese University of Hong Kong 



Obtaining Level 1 and level 2 data 



Example One: GeoWIKI 

GeoWiki describes a host of computer applications that use available 
technology to acquire spatial information. The above geowiki was 
developed to provide plan area fractions of urban land-cover that are 
compatible with many desired UCP variables. Note that it is based on 
a top-down view and cannot provide any information on the 3D urban 
landscape (heights, dimensions, materials, etc. 



Next steps: Available data 

We are currently exploring the use of other sources of 
information (e.g. google street view) to acquire 
information on building height, street width, vegetation 
types, etc. 



Next steps: Crowd source information 
Mobile phone technology 

Application developed for mobile phone to allow information to be gathered on the 
material properties of buildings and the indoor thermal settings. 



4. Conclusions and prospects 

The WUDAPT database will be formally 
launched in Hong Kong this December. At that 
time we should have level 0 data (LCZ maps) 
for the largest cities on the planet that have 
met quality standards. 
 
We will also have rudimentary tools for the 
extraction of information. 
 
The process for gathering level 1 data on the 
details of urban neighbourhoods: the house 
types, their heating and cooling systems, etc. 
has just started. 
 

Currently about 100 cities have been 
processed to level 0 



Level 0 WUDAPT data describes the 
urban landscape in terms of LCZ types, 
which are linked to ranges of urban 
canopy parameter (UCP) values.  
• These maps can be used to compare 

urban landscapes in terms of their 
local climate effects (≥ 1 sq.km) and 
may provide guidance for the 
selection of UCP values for use in 
climate models.  

• They may also be used to place 
weather stations in their local 
context (station metadata) and can 
be used to estimate the likely effect 
of the urban landscape on local air 
and surface temperatures. 

• LCZ maps can be used to guide 
planning decisions and to assess 
vulnerability of urban areas to heat 
waves, intense precipitation events 
and sea-level rise.  

The value of WUDAPT level 0 data 

Beijing 
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1 Compact highrise 0 0 0 0 0 122 4 60 0 6 10 0 210 72 12 6 

2 Compact midrise 20 24 82 4 175 34 0 40 62 92 15 0 218 185 28 19 

3 Compact lowrise 0 0 45 21 14 79 8 497 1012 42 540 398 28 170 70 46 

4 Open highrise 0 0 5 0 161 609 65 246 0 181 364 505 121 221 105 177 

5 Open midrise 58 115 390 0 526 70 19 156 0 35 51 583 288 124 251 108 

6 Open lowrise 341 544 321 451 309 2071 338 697 0 129 369 753 375 72 70 52 
7 Lightweight 
lowrise 0 0 0 0 0 0 0 169 0 3 2 0 74 41 0 272 

8 Large lowrise 46 540 271 94 299 425 94 337 181 38 164 951 361 100 495 287 

9 Sparsely built 30 168 247 346 1588 2173 197 1839 0 2110 1778 0 0 282 0 0 

10 Heavy industry 92 0 0 0 0 143 0 89 0 0 100 198 168 35 224 67 

Area (km) 587 1391 1361 916 3072 5726 726 4131 1255 2636 3392 3387 1842 1304 1255 1035 
                                  

High rise 0 0 0 0 5 13 10 7 0 7 11 15 18 23 9 18 

Mid-rise 13 10 35 0 23 2 3 5 5 5 2 17 27 24 22 12 

Low-rise 66 78 47 62 20 45 61 41 95 8 32 62 45 29 51 63 

The value of WUDAPT level 0 data: Not all cities are built in the same way! 



There is an urgency about the project given the lack of useful 
data and the rate of urbanisation. If these data are to be used to 
inform urban policy, estimate local and global impacts, decide on 
mitigation/adaptation strategies, etc. then it is imperative that 
WUDAPT is successful.  
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