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List of abbreviations
WUDAPT: World Urban Database and Access Portal Tools
SDGs: Sustainable Development Goals
IPCC: Intergovernmental Panel on Climate Change
WRF: Weather Research and Forecasting
PRD: Pearl River Delta
GE: Google Earth
LCZ: Local Climate Zone

UHI: urban heat island

Background and challenges

We are living in an urbanised world, yet we know very little about most cities on the
planet, especially how they are built (urban form) and occupied (urban function). Urban
residents are especially vulnerable to current and future climate hazards because of the
concentration of people, infrastructure and social-economic activities in landscapes that
are exposed to sea-level rise, river flooding, storms, heatwaves and so on (UN-Habitat,
2011; WHO and UN-Habitat, 2016; WMO, 2003, 2016). In addition, the character of
urban development (e.g. extensive paving) and the attendant emissions of pollutants
have profoundly altered the natural setting and exacerbated natural hazards, These
changes have led to a series of urban environmental problems, such as the urban heat
island effect, the pollution of rivers and seas, air pollutant effects and air quality degrada-
tion that directly impact urban citizens (Mills, 2007; UN-Habitat, 2016a).

Moreover, the emissions of greenhouse gases (GHG) globally are concentrated in cit-
ies; although less than 3% of global land-cover can be described as urban, over 75% of
human-sourced CO, arises from these places. Thus, there is an increasing international
focus on cities as a nexus for many global problems, including urban environmental
conditions, living quality and human well-being, the challenges and risks for human
population health in cities, and global climate change (Cleugh et al., 2009; Corburn,
2015; UN-Habitat, 2016b; WHO, 2010; WHO and UN-Habitat, 2016). The 2016 United
Nation’s HABITAT-III conference adopted the New Urban Agenda to focus on sustain-
able urban development. According to the Quito Declaration, the agenda focuses on
‘Sustainable Cities and Human Settlements for All’, and one of the main objectives is to
create urban resilience (UN-Habitat, 2016b) to mitigate extreme weather events. Various
models and simulations can be applied to understand the future urban environment and

to review the effects of past urbanisation. The UN also calls for using data science and

analytics to achieve 17 Sustainable Development Goals (SDGs) — especially for SDG 11

sustainable cities and communities and SDG 13 climate action — by using satellite imag-

ery and remote sensing technology.
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Most cities operate like management systems that respond by mitigating the action
that cause undesirable changes and then adapting the system to cope with enviro t i
hazards. Since cities have different capacities to respond based on their politica) mllltin .
economic base, socio-cultural make-up and so on, there needs 1o be 2 ccf}mmon Izllgu;egi

devise solutions to aid architects, designers, and municipal governments (i.e. City Planni

De-partments, Public Works Departments, Zoning Board.s, Transportation (-)t-'fices) in d: mlg
Ol.ng evidence-based design guidelines for best practices of mitigation and ada tatio 1V i ;
climate change (Cleugh et al., 2009). However, a consistent database on global citei at s;ale:

represent the intra-urban morphological variation and differences.

The World Urban Database and Access Portal Tools (WUDAPT, Www.wudapt.org) j
e.ct. has grown out of the need for better information on the urb;m fort:n andpfu.ncii' pm];
cities globally (Bechte] et al., 2019; Ching et al.,, 2018). Figure 7.1 shows the com ;O'n .
among well-established land use land cover databases and the newly developed WB[:;?’I;

Table 7.1 Problems and needs of urban data
Problems & needs Facts

Urban d ilabili
rban data availability & Few orno data sets available globally on cities, espedially for rapicly

wat - j g
acce Sb ty grow; g places econo caydeveop gcoutesadegos
i @

C ate eleva tuba data NO consiste Cy In exis g Jba da abaSeSO Spatial a d
= pora leS()IJ‘() a dt € variables t 1
b S 1O characte se t euba
a dSCape

Data standardisati

harmonizaﬂorilsanon & No ;t.andard classification to represent land use and land cover
of cities and surroundings landscapes (e.g. densities heights
functions and natural coverage for distinction) '

Modell
ing needs Need a glopal database that offers multiple properties on urban
morphologies _and landscapes (e.g. morphologies, geometrics
thermal / physical information, surface cover.. ) '

Applicati
Plication needs Shoul;l Lje.app_)hcabie globally and transferable to each city (e.g
tlransdlsophnarrty for scientific research, urban planning, disaster & ‘
risk management, health impact analysis and response, etc.)

Source: Oke (20064, 2006b); Stewart and Oke (2009)
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The WUDAPT project started in 2011 and is still under development. The current
me studies have explored the

stage focuses on urban data extraction and development. So
PT data. Cities are described

potential possibility of different applications of the WUDA
using Local Climate Zones (LCZ) (Stewart and Oke, 2009), which are associated with a

climate model parameters and thus can serve as inputs to high res-

range of key urban
The LCZ scheme has 17 standard

olution urban climate models (Bechtel et al., 2019).
types, including two subsets: 10 built types and 7 land cover types. The WUDAPT is

designed to be universal, simple and objective, with the aim to be part of a global proto-
col to derive information about form and function of cities. It uses free satellite images
and the free software of Google Earth (GF) and SAGA-GIS and applies globally available
Landsat satellite images as input data in urban climate and climate change modelling

(Cai et al., 2016).

The urban data gap

From a climate perspective, we need to capture urban information on the spatial character
of aspects of urban form and function (Batty, 2009; Raven et al., 2017). The form of a city
can be described in terms of:

Land surface cover, including vegetation, soil, water and impervious/paved surface
cover. Surface cover is related to, e.g., the ability of the landscape to intercept, store and

dispose of water.

Construction materials, including concrete, steel, brick, glass, asphalt, etc. used to build

2
the city. These fabrics have distinctive properties related to their ability to absorb, store
and release heat.

3 Urban morphology, including the dimensions of individual buildings and their position

in relation to each other. Morphology creates a complex three-dimensional geometry
that controls access to daylight and sunshine, modiifies the flow of air and traps pollutants

at street level.

The function of a city describes the residential, commercial, industrial activities and all

that these entail (i.e. water, materials, food and energy requirements). Together these

capture the metabolism of a city, that is, the throughput of resources and wastes needed
to sustain its operations and maintain and extend its buildings and infrastructure (Batty,

2009; Mills, 2005). The form and functions of a city are strongly correlated, for example,
international evidence indicates that cities that are more densely built and occupied
have lower transportation costs (Betanzo, 2007; jaillon and Poon, 2008; Ng, 2012; Smith,
1984). High-density cities such as Singapore and Hong Kong, through compact and
mixed-land use design conserve valuable land resources, reduce people’s daily transport
distance, and thus, the energy needed (Ng, 2009). Ideally, information on the form and
functions of cities should be collected and analysed at multiple temporal and spatial scales

to meet different needs and to tackle cause-and-effect problems (Raven et al., 2017).
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Figure 7.1 i
Land use challenges at city level. Currently available global scale data: Delhi

Source: ESA GlobCover 2009 project; Jackson et al. (2010)
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World Urban Database and Access Portal Tools
(WUDAPT)

; TS
The WUDAPT project seeks to acquire and store urban data using a comn;on fram t
i i is and for curren
i ilable methods for climate analysis
work and to link these data to avai o
and what-if scenario development. Present global-scale urban data and IS?Sd gzﬂé ;1 o
- AVHRR, MO :
i i i lobal land cover data sets, e.g. s
city level is derived from g B T v
i i inly range from 1 km to m
GlobCover. Their resolutions main . il
i i timate or underestima
lt-up areas, which may overes : .
use category for urban/bui : e
{ i t representing the actual situa
forms and functions as well as no act e T ot
g i ia by using different existing land co .
ows the case of Delhi in India by ‘ . o
:; final map in this sequence shows how the WUDAPT product improves spaial de
. . i space
le from the German Aerosp
ilable global urban layers availab
There are other newly availab . Pk g e
tprint) and the Joint Researc
ency (DLR) (Global Urban Foo R | .
}C\Jim{rz;ssion (Global Human Settlement Layer), but similarly, they show only one u
tegory of built-up areas. ‘ t
N Tghe }\/NUDAPT initiative is a global, bottom-up, self-organised effort that attemp:ltis; ie(:
fill the data gaps to address the global challenges of sustainable cities and cmmlnu2 o
1 i i 4 . - .
and to act as a guide to facilitate climate-based actions (Mills et al., 2015; See et t:: -
: Atons,
[t builds upon innovative approaches, employs community-based collabora é n
utilises existing and publicly available data where it exists (Ching et z;ll., 20(116).t dn; -
i h, WUDAPT has adopte -
data to support climate research, :
ol i f detail (see Figure 7.2).
i data according to the level of de
tic approach to structuring these .
’[lfu:Jllc 7 gpshows the detail of the WUDAPT products, such as their coverage, data sources,
able 7.

resolution, applications and potential users.

Figure 7.2 WUDAPT level 0, 1 and 2 products
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Table 7.2 WUDAPT Levels 0, 1 and 2 data and their potential applications

WUDAPT data

Product

Level 0

Level 1

Level 2

Coverage

Data source

Resolution

Format

Applications

Potential Users

Over 120 cities and
regions

Landsat + Google
Earth

100-500 m
kml, tiff

Environment and
Energy (Weather
Research and
Forecasting (WRF)
modelling, urban
heat island)

Urban and Regional
planning (population
density)

Anyone
Education institutions

Researchers &
Scientists

Data gathering methods
testing based on building
information

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, CO, and GHG
emission)

Ecelogy (biodiversity)

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

* Researchers & Scientists

(Environment scientists,
Climatologists,
Meteorologists)

* Engineering consultant

companies and design
firms

* Education institutions
* NGOs

¢ Urban designers, town

planners

¢ City government

(planning departments,
transportation

office, public works
departments, zoning
boards, ete))

-

Any city by using our new
3-D mapping technology

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 citizens’
mobility (walkability,
thermal comfort)

*  Public health (polluted

areas)

® Researchers &

Scientists

* Engineering consultant

companies and design
firms

* NGOs
® Education institutions

Architects, urban
designers, town
planners

City government
(planning departments,
transportation

office, public works
departments, zoning
boards, infrastructure
facilities, etc)
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An important component of WUDAPT is the develometnt of ‘p(.}rtal tools whl:csi;zl;:
data to be extracted in formats suitable for climatic analysis. This includes sop 1k o
models such as the Weather Research and Forecasting (WR'F) model (Skax?mrolzﬁn aii
2008), a widely employed community-based model that. is caPable Zf ls.iun:fe Chagnge
the parameters of climate and, depending on the setu?, air quality a!.'l ct [ms e chnse
scenarios (Ching et al., 2018). In fact, the major impediment to applying the
which represent decades of research knowledge - is the lack of data.

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
© 0Z7 Lightweight low-rise
 LCZ 8 Large low-rise
LCZ 9 Sparsely built
LCZ 10 Heavy industry
LCZ A Dense trees
| LCZ B Scattered trees
! LCZ C Bush, scrub

LCZ D Low plants
l LCZ E Bare rock or paved
LCZ F Bare soil or sand

H Loz g water

i i hows how parts of the urban
i .3 Generating LO data. The top image s .
lFlg: l:; 7:jme identified according to LCZ type. These data are used to automatically
c?:ss;fygn entire urban region into common LCZ types (lower map)

.
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The WUDAPT approach is underpinned by a community-based approach and relies on

freely available data and tools. The lowest level of detail (LO) consists of decomposing urban

(and surrounding landscapes) into common Local Climate Zone (LCZ) types using local
expertise, Landsat remote sensing data and software tools (Figure 7.3) (Ching et al., 2018).
The net result is an LCZ map of an urban region where each LCZ type is associated with a
universal range of values that describe aspects of urban form and function. Currently, L0 data
are available for more than 120 city regions across all continents. LO data can be used as a
sampling framework to gather more detailed information on cities (L1 data).

Level 2 (L2) data provide complete coverage of the urban landscape and include
information on individual urban elements (e.g. buildings, trees), and Figure 7.4 pro-
vides an example of 3-dimentional urban morphology (Xu et al,, 2017). Ideally, this
information would be supplemented by information on the occupation patterns of
buildings (commiercial, residential, mixed use) and on their m

aterial composition.
While the morphology can be acquired through remote sensing, other properties

require a more holistic approach that may need traditional census data and crowd-
sourced information.

Figure 7.4 Level 2 product: 3D urban morphological data of Kowloon Peninsula,
Hong Kong, based on innovative technology (under patent) which can extract and
detect 3-dimensional urban morphological data by adopting multi-source satellite
images. The overall accuracy of developed level 1 data can reach to 70-90%. This new
technology has a low cost and a large spatial coverage, which can be updated efficiently

Collaboration and application: the Pearl River Delta
(PRD) megalopolis project

Since jts inception, the WUDAPT project has established working relationships with a
Mumber of organisations. We have a close association with the International Association
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for Utban Climate (IAUC), which has a diverse (e.g: architects, de:;1§1ervz;tatr11(iln1_t)$2:::r;;

i logists and meteorologists) and globally distributed 'member.s ip ' .
e g tal issues, weather/climate prediction, air pollution and risk mana'g
e Minygafihe local ex ,erts that we draw upon to provide city-specific information
e o Ionczddigon WUDAPT has established strong collaborations with the
o IAUCI’EEIeItﬂ;:iZative, the G{obal Carbon Project (GCP) and the Digital Belt and Roaz
l}i:ilizi?ve (DBAR). With funding from the Research Grant Ccn%ncﬂt ;f Vl;i{({)}r;\l{();l:ﬁ,e tah_

ive studv of the Pearl River Delta has been undertaken using : e
o Also, informal collaboration with the World Meteorological Organizatio
?\?\f(;\l/fg?isisri,ie?‘:v;; to provide supporting infrastructure to support their recent Urban
e pr?’m:rllnfi::? ;Zlizrf(l}c;{b) includes the Hong Kong Special Administrative

T'he Glile;;t;i;) ihe Macao Special Administrative Region and the Pearl River Delta (I;figl

o (' Zone 1n Guangdong Province. The GPRD region is located at the moutp o

ECOHD[?HC Otuar where the river enters the South China Sea. The PRD Economic Zone,

e Rl"iiiee[dels)y Gimgdong Province, includes nine municipalities, namely l()iuangzalllsoz;

g i, and the urban are

Foshan, Jiangmen, Zhongshan, Zhuhai, a
i{ti:;:zn;nzozr;}gagol;igg (HK Government, 2015) (Figure 7.5). It is onelof tlzvl:l}:)s:ii(e:ss;x
ised regions in the world. With China’s relnarkable. economic gr . -

”rb‘_““s_e fg the country’s reform period in 1978, urbanised areas have increase . Y

zef;'lrz;gnzally,eﬁsing from 1,068.7 km? in 1979 to 4,617.16 km? in 2008. The rapidly

® Sracgan

GUANGDONG

(Frgynan

Figure 7.5 Map of the PRD region
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expanding urban areas have emerged into one large region and formed a megaregion
and urban agglomeration. Given these dramatic land use changes, it is not surprising
that the GPRD has experienced noticeable regional climate changes. The Guangdong
Meteorological Administration reported that the GPRD witnessed great temperature
change of averaging +0.3 °C every 10 years (Guangdong Government, 2007). Guangzhou
is located in the south of China with a total area of 7,434 km? (He et al., 2010). It is
one of the most urbanised cities in GPRD and megacities not only in China, but also
on earth. During its rapid urban expansion, the previously dispersed built-up areas
have been integrated to a large extent and spread into the adjacent cities like Foshan
and Dongguan (Mu et al., 2007). In addition, Guangzhou has a high people, of about
8.5 million people, greatly increasing the anthropogenic heat emissions (Xu, 2012).
Therefore, the urban heat island (UHI) phenomenon is a significant, moreover immedj-
ate, problem of Guangzhou and the GPRD that requires research investigation.

Despite being the most densely populated and urbanised region in the world, urban
expansion and intensive development in the PRD will continue according to The PRD
Region Reform and Development Plan (2008-2020). In the past urbanisation process, the
whole region has created unique compact and dense urban morphological forms. Its
local urban climatic conditions have also been inevitably and gradually changed. Thus,
understanding the urban development impact on local urban climatic changes from the
1980s to the 2010s will allow planners to gain insights into the future.

Data

A proper land-surface model is particularly important in the simulation, especially
because the objective of this study is to analyse meteorological changes due to rapid
urbanisation in the PRD region. Landsat 8 Level 1 images of the PRD with the resolution
of 30m were downloaded from the USGS (U.s. Geological Survey). Urban morphology
information, including the building and land cover was derived trom Google Earth (GE).
Figure 7.6 shows the training samples in the PRD region. They are evenly distributed
10 get a better classification result. There are in total 17 categories defined for the LCZ
classification and 10 represent urban categories; but the simulation model used in this
study does not currently support the LCZ classification as input data, so it is necessary to
femap these data in the USGS land-cover classification. However, the USGS land-cover
classification has only one land use code to represent urban area, which is not represent-
ative in this study due to the heterogeneous nature of urban areas in the PRD region. As
such, two more urban categories are defined to further differentiate urban areas into areas
with low-rise, mid-rise, and high-rise buildings. After modifying the USGS land-cover
classification, the categories in the LCZ classification are then remapped to follow the
classification of USGS land-cover. The remapping results are shown in Figure 7.7 (only
urban categories are shown). Moreover, a portion of the land use data was corrected man-
ually via subjective analysis, especially when urban areas appeared on the sea. Such false
classifications may occur due to poor data quality (Wang et al., 2018).
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Figure 7.6 (a) Screenshots of training samples of Guangzhou from GE; (b)
Screenshots of training samples of GPRD from GE

Source: Google Earth, Data collected on 16 August 2016

Main research steps
This study firstly collects historical Landsat images and detects land use land cover
and urban morphological data representing the 1990s, 2000s and 2010s. This clas-
sification standard follows the guidelines of land use classification from WUDAPT
(Bechtel et al., 2019). Secondly, referring to the USGS land use category, the WUDAPT
level 0 product could be re-classified. For the urban category, three sub-categories of
high-roughness, mid-roughness, and low-roughness are developed and their corre-
sponding settings in the WRF simulation model are updated and redefined. Thirdly,
the WRF simulation with the default setup for the year 2010 is run for the summer
period and its results serve as the benchmark. Two new WRF simulations, using the
WUDAPT products as input data, are conducted and their results are then compared
with the first benchmark to establish the pure urbanisation (1980-2010) impact on
local climate conditions in the summertime.

In this study, four simulation domains are configured (Figures 7.8a and 7.8b). The
horizontal grid resolution for domains 1, 2, 3 and 4 are 27km, 9km, 3km and 1km,
respectively. The fourth domain is the area of interest for this study, where there
are numerous mountains with height ranging between 150m and 750m located at
Jiangmen, Hong Kong, Shenzhen, and Huizhou respectively. The estuary of the Pearl
River is a low lying plain. The asymmetric convective model (Pleim, 2007), which is
a non-local planetary boundary layer scheme, was chosen as the physics scheme for

the WRF model.
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In this study,

the volumetric heat capacities and roughness lengths of the urban land

uses are updated accordingly after changing the land-cover classification. The volumetric
heat capacity of low-rise, mid-rise, and hj gh-rise urban areas are consistent with the concrete
materials used in buildin gs. Another changed parameter is the roughness length. The rough-

ness lengths of the low-rise, mid-rise, and high-rise urban land use are set at 0.5m, 1.0m and
1.8m, respectively. These values refer to the

the Noah-LSM have also been used to capture

Since the study period includes the sum;
tion from the observation data due to the |
is divided into four-day WRF simulations
the simulation is used as the model spin

the initial and boundary conditions are provi

the urban effect (Liu et al,, 2006).

ner season (June to August), to avoid devia-

Centers for Environmental Prediction Final Operation Global Analysis data by the

National Center for Atmospheric Research. Because the initial and bound

ary conditions
999 and 2010 land use data are all the same, the
e effects of urbanisation
action with other physical parameters, such as the southern war
mass and solar irradiance, on the local climate.

for the different simulations with 1988, 1

changes could be interpreted as purely th and its associated inter-

m and moist oceanic air

Results and analysis

This section focuses on seasonal diurnal variation, F

are defined as 1400 to 1600 local standard time
respectively,

or ease of analysis, ‘day’ and ‘night’
(LST) (UTC + 8) and 0200 to 0400 LST,
[effect are common at these times. The

ghout the aforementi
corresponding to the simulation years (1988, 1999 and 2010), with 1

reference year to evaluate changes since the be
region. Moreover, using the avera

because urban effects such as the UH

data presented in this section are averaged throu oned time periods

988 chosen as the
ginning stages of urbanisation in the PRD

ged data, three fundamental climatic variables were
investigated: 2-m air temperature, 10-m wind
U.S. National Weather Service,

Figures 7.9a and 7.10a
the hottest areas in 1988 a

speed, and the heat index developed by the

show that parts of Guangzhou and Foshan were already
nd became the warm centre because of pre
areas, In 1999 and 2010, more areas saw temperature increases fros
and some areas saw a 2 °C increase from 1988 (Figure 7.9¢). The warm
intensified, but also expanded and covered considerable areas in the
the PRD. Similar results were found for ni
7.10e also show that

-existing urban
n urbanisation,
centre not only

western part of
ghttime temperatures. Figures 7.10d and
the urbanised areas experienced the greatest increase in tem-
Perature at night. Apart from the urbanised areas,
€Xperienced a slight temperature rise, which can
from urban areas.

their surrounding rural areas also
be attributed to the heat diffused
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The higher temperature in urban areas can be explained by the change of physical
characteristics due to urbanisation. First, together with the reduced surface albedo due to
urbanisation, buildings in urban areas allow a larger amount of energy to be absorbed during
the day than those in rural areas. The absorbed energy is released at night, so higher tempera-
tures are maintained throughout the night (Taha, 1997). Second, due to the reduction of soil
moisture and vegetation in urban areas, there is a general increase in sensible heat flux and
decrease in latent heat flux during the day to maintain the surface energy balance (Rizwan
et al., 2008; Taha, 1997). When compared with the year 1988, most of the urbanised areas
in 2010 have an increase of around 300Wm™ in sensible heat flux and the same amount of
decrease in latent heat flux; while there are no significant changes for most of the rural areas
as they remain undeveloped. Overall, as the sensible heat flux in urban areas is strengthened,
the temperature is also increased correspondingly.

The differences in the seasonal average of wind speed during the day and at night
are generally weakened when compared to 1988, as seen in Figure 7.11. The result is
consistent with the observation data from Hong Kong, which suggests that the wind
speed in urban areas is declining due to urbanisation (HKO, 2016). As the urbanisa-
tion process will result in more buildings in urban areas, the corresponding surface
roughness is increased. Consequently, the magnitude of wind speed is reduced.

The heat index aims to model the human-perceived equivalent temperature by
accounting for various meteorological variables to evaluate the associated risks. The heat
index model developed by the U.S. National Weather Service (Rothfusz, 1990) was cho-
sen for this study. It uses an empirical formula associated with 2m relative humidity (R)
and 2m air temperature (T) to determine the Human-perceived equivalent temperature in
shaded areas and light wind conditions, which is shown below.

HeatIndex=c, + ¢, T+ ¢, R+ ¢, TR+ ¢, T?+ ¢, R? + ¢, T?R + ¢, TR* + ¢, T?R? (7.1)

We adopted the above formula to estimate the potential heat stress on the human body
which could be caused by the changing climate. In the formula, c is a constant for 1 <i <9.
This formula is obtained by a multivariate fit to a model of the human body. The value
calculated in the formula can be placed into four categories, as summarised in Table 7.3.
Because most areas in the PRD fall into the ‘Extreme Caution’ category (> 32 °C),
the focus is on the comparison of the heat index. Figures 7.12a and 7.12b show that
the increase in heat index is widespread during the day in both urban and rural areas

Table 7.3 Classification of heat index value

Classification Range (°C)  Effect on the body
Caution 27 t0 32 Fatigue possible with prolonged exposure and/or physical activity
Extreme caution 32 to 41 Heat stroke, heat cramps, or heat exhaustion possible with

prolonged exposure and/or physical activity

Danger 41 to 54 Heat cramps or heat exhaustion likely, and heat stroke possible
with prolonged exposure and/or physical activity

Extreme danger QOver 54 Heat stroke highly likely

DA f 7
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Conclusion

The PRD region is the youngest and biggest mega urban region- in _the f/vo;Ild.P'll;l;s[Zn;s;f
demonstrates the climatological changes caused by rapid urbanisation in t eb 1ging
between 1988 and 2010. Land use data for different decades were .cree.uted y e;llle Zim_
machine learning techniques to classify the land use based on satellite lmages. 1 ned !
ulations were then performed with the WRF model with tt‘u? correspondm}g}g ahan .
data, while maintaining the same initial and boundary COl’l.d]tICtﬂS to lallowlv t'ke ctk gm
to be investigated. After completion of the simulation, clfmat]c' variables li eh Sleaﬁal
air temperature, 10m wind speed, and heat index were investigated through sp
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Cross-comparison and statistical analysis. It is expected that the results of this study could
serve as a reference for the local planners, especially with the future development of the
Guangzhou-Hong Kong-Macao bay area by the Chinese government, Through under-
standing of the impact of urbanisation, governors can plan correspondingly to alleviate
its negative impact, for example, the UHI effect,

The lessons learned from this study can provide local policymakers and planners with a
quantitative understanding of the urban development of the PRD region. It also can serve
as a useful reference for developing countries in sub-tropical climate regions which are also

of WUDAPT data, the findings can inform documents such as The environmental performance
assessment guide of urban ecological development of Ching (Trial Version) and The PRD Region
Reform and Developsnent Plan (2008-2020) (Guangdong Government, 2008).

The WUDAPT initiative has attracted a fast growing community to work together on
urban data development and its application into urban climate and urban meteorology
related studies. Now more than 150 cities” data are available online. This global initia-
tive would not only develop a new set of standardised urban data, but also encourage

cross-disciplinary collaborations on urban morphology, urban climatology and public
health impact,
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