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Centre Khmer Studies, Build for People Project

Urban climate what for?

Scientists give answer (Ren Chao HKU, Lutz Katzschner Sebastian Kupski INKEK, Bunleng Se, Nyda Chhin
RUPP)




R reztilusa lor
e N INKEK 525
in the anergy siralagies

City

aseigpeinumedgmanpnipmae - BUILDAPEOPLE @

nmamans - Work Packages

1. memeigrafuntrs
Behaviour Change
2. amitiarmedigimn

Sustainable Building
3. nunyiiuannedimn

Sustainable Neighbourhoods
4, fpetumn
Urban Green
5. mmmqima
Urban Climate
6. m:gm}ai!mnmmhym
Sustainable Urban Transformation
7. manoppsogges, madmbdan Ba me
Ajgdpo
Coordination, Communication & Dissemination

Source: Build4People



reueial Mllll)lly
m. of Education
and Research

B4P Capacity
Development

o Mo o
| S
SRHRRUEREN WS SMUMA Aitsejni I SH
nutEmu) 1 abnpiBsenwnspuimisiwngnigns
fusyA® juy) iSufds@uwnpiiufis Swuf s ginds)
,10 improve urban comfort here, you have to catch the wind.
Important is therefore not to stop thinking at the boundaries. You

need to look far beyond and invite the wind into your areas!”
Lutz Katschner (INKEK, University Kassel)



Main Issues:

Urban heat island

Ventilation for city design and energy
Thermal comfort and quality of live
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Design for Changing Climate

Dr. Chao REN
Faculty of Architecture
The University of Hong Kong



Urban Climatic Map Study for Hong Kong

Urban Climatic Map and Standards for Wind Environment (]

Planning Department
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Feasibility Study
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http://www.pland.gov.hk/pland_en/p_study/prog_s/ucmapweb/index.htm

Key Issues

.y A

* Sub-tropical Climate

« High Density Urban
Development

 Urban Heat Island
Effect Intensifying



Key Issues

Accelerating Increase in
1= Urban Temperatures
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Key Issues

L ) . °
Increase in Energy Consumption

EPD’s Project:

Provision of Service for Characterising the Climate Change Impact in Hong Kong
Increasing electricity Temperature mcrease by
dema'md percentage 1°c e 3°C
per year
Domestic 9.02% 16.15% 30.97%
Commercial 3.13% 6.26% 9.38%
Industnal 2.64% 5.28% 7.91%
Total 4.53% 9.52% 14 98%

Table 3.4 Percentage Increase of Energy Consumption due to

‘ ig% Ava:a_o-efotlnno a1 www sCencedirect com
Tem perature Ri ;ﬁﬁ *.* ScienceDirect ENERGY
IJ,Si;\'lliR Encrgy 31 (2006) 26232637 ——————————————
Review

Impact of urban temperature on energy consumption
of Hong Kong
W.Y. Fung®, K.S. Lam™*, W.T. Hung®, SW. Pang”, Y.L. Lec"”

Ivparonent of Cutl and Soucaw d Engowering Tie Hong Kong Polvwcime Unmersiry. Hang Ho, Kowloon. Hong Reng
b Managomuns Growp. Encirosscntal Provection Doporoment HEKSAR 13 1 F Recerse Tower, 3 Giowcester Road Wan Chatl. Hong Kowg



Hong Kong is well endowed with wind.
It only needs to be optimized by planners and
designers with better designs, achieving better wind
environment and reducing Urban Heat Island effect.

At pedestrian
level hourly
Hong Kong Observation Station Name mean ( m/s)
Hong Kong Observatory 1.57
Sha Tin 1.84
Tseung Kwan O 1.12
Sai Kung 2.09
Wong Chuk Hang 1.75
Tsing Yi Shell Oil Depot 1.66
Cheung Sha Wan 1.62
Kai Tak 451
Kowloon Star Ferry 2.44
North Point 2.24
Central Pier 2.27
Tuen Mun Government Offices 1.63

“The pedestrian level hourly mean wind speed is exirapolated
based on the observations of selected HKO urban stations.
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Background

2005

 Completion of ‘Feasibility Study on Establishment
of Air Ventilation Assessment (AVA) System’ (AVA
Study)

2009
« Technical Expert Workshops conducted on the
methodology of the Urban Climatic Analysis Map

2010

* Sustainable Development
Council’'s 51 recommendations
include the UCMap




Study Objectives

-Formulate Urban Climatic Maps
Establish a Wind Performance Criterion

‘Refine the Air Ventilation Assessment System

URBAN CLIMATE

| Wind Heat :” A
: (Dynamic Potential) (Thermal Load) | Other

| Factors

I[ Human Thermal Comfort ]I \_ Y
I




Urban Climatic Maps

URBAN CLIMATIC MAPS

Urban Climatic
Analysis

Map
(UC-AnMap)

Urban Climatic

Recommendations
Map (UC-ReMap)

Planning

Climate Atlas for
Stuttgart
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- - Urban Climatic MAap' ‘Stljdies in Tokyo
L 1 B

International Application of UC Map

Ren, C., Ng, E. and Katzschner L. (2011) Urban Climatic Map Studies: a Review, International Journal of Climatology. 31 (15): 12 2213-2233. DOI: 10.1002/joc.2237.



Urban Climatic Maps

Urban Climatic Map for better
planning — early Urban Climatic Map &
efforts in

Nachbarschaftsverband Stutigart

KLIMAATLAS

THE URBAN
CLIMATIC MAP
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*Ng, E., & Ren, C. (2015). The urban climatic map: A methodology for sustainable urban planning [Book]. https://doi.org/10.4324/9781315717616



The Study

Objectives
For an urban climatic (District) level of understanding:

« Establish a strategic understanding of the urban climate of Hong Kong for district planning (Urban Climatic Analysis
Map & Urban Climatic Planning Recommendation Map)

Methodology

Meteorological ) Wind Tunnel Modelling
data (HKO) MMS5 Wind
Modelling ¢
I CFD Simulation
- v
Planning v Site wind availabilit
i i > . ; ite wind availabili
information » Urban Climatic Analysis y —
(PlanD): land Map
use, building <
height, greenery, — v
etc. -
Benchmarking of
Urban Climatic Planning existing Urban
Recommendation Map Conditions
Planning policy
and framework |
Field Measurement
User Urban Thermal Comfort Studies ¢
Survey <
Wind Standards, refined AVAS
_| Other Considerations >




Examples and References

] ] a) Mesoscale Urban Boundary Layer B__
What influences Urban Climate? = ——"=*= <=
T| me PBL - - UBL Mlxmjg . P
¢ day = . -l-l |III|I|:||. -Surfa:celayer/ /R”Ea'“
e Season i Urban : Rural
W e ath e r b) Local scale A A o) Microscale
: —- T
C|ty |0cat|0n  Wind Urban Canopymkayer. """ - | -
* climate * Cloud — . 1 Roughness sub Iayer

b s, oy

L
2 \:lﬂ(,YUDD

| Modlfled after Oke (1997) |

* Temperature
*RH
» Radiation

» topography
e rural surrounds

Every city is different, for
sub-tropical climate,

City metabolism L )
y material & fabric  Optimising the city

- energy/water use : .
. Waste & emissions L * structure environment for human
«Anthropogenic City size * building cover -
oY sz - land use thermal comfort in the
« density of land uses summer months and

| Oke, 1980, unpubl. |

providing urban air
ventilation are essential

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

‘Fixed’ — Location

‘Modulators’ — Time, Weather




Examples and References

What is Urban Climatic Map?

Urban Climatic Map integrates urban climatic factors and town planning considerations.
It provides a strategic information platform and urban climatic planning framework
to planners for making informed planning decisions.

Urban Climatic Map has 2 components:

* The Urban Climatic Analysis Map
* The Urban Climatic Planning Recommendation Map




T MBIl Austria
Sweden sz HEE EiEm Czech
Norway. - ZIS : Hungary %
odlf, BE . 2o s
Germany b% i Korea
: Portugal - 5 — > . Japan
Switzerland ® Of ® J .
Greece = — | O -Xlan China(starting)
. Holland(starting) — T - ‘ n Hong Kong(on going)
A . - Macau(starting)
: ©Thailand
Salvador, Brazil E 7 ~ - Singapore (starting)

Many countries around the world, more advanced in Germany and Japan, have already
formulated their Urban Climatic Maps.



Urban Climatic Analysis Map

: - - Translatin
Urban Climatic Climatopes Urban Planning Climatopes

X
Presentina l

Thermal Load + Dynamic Potential + Wind Information | Groupingl

----—-----------------------1 EE I I O O O . -----_-1

DATA: Synthetically evaluating all relevant planning parameters Urban Climatic Planning Zones,

Urban Parameters Building Volume, Ground Coverage, Natural

Landscape, Topography, Green Space, Proximity to Openness Air Movement,

Air Paths and Breezeways

255

Planning Recommendation and Guidelines

Climatic Parameters Wind Information, Solar Radiation, Air
Temperature, Humidity

| | Technical Studies data MMS5/CALMET wind simulation, user
| | survey, field measurements, wind tunnel studies, CFD studies

2550 o SRR Y., T i A




The draft HK Urban Climatic Analysis Map

Theconceptof _ N (e
Physiological Equivalent Temperature (rer)

as the synergizing variable for the HK Urban Climatic Analysis Map

Humidity, solar radiation and Survey on Thermal

other physiological factors Sensations
PHYSIOLOGICAL %
AR EQUIVALENT AR
VENTILATION TEMPERATURE TEMPERATURE

Dynamic potentials Thermal load

PET
-

Human Thermal Comfort evaluated
;:}‘ (%
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Urban Climatic Analysis Map (PET)

T L
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T,=30°C, T,yy=60 °C, RH = 50%, v =1.0 m/s, PET = 43°C

Intarnal hast production: 258 W Respiratory heat loss: -27 W

Mean skin temperature: 36.1 °C Imperceptable Perspiration: <11 W
Body core temperature: 37.5°C Sweat evaporation <317 W
Skin wettodness: 53 % Convection -143 W
Water loss: 526 g/ Net radistion. +240 W

Body Parameters:1.80 m, 75 kg, 35 years, 0.5 clo, walking (4 km/h)

*note*

Physiological Equivalent Temperature
(PET) is the temperature of a reference
environment based on a heat balance
model that combines various climatic and
physiological variables including air
temperature, relative humidity, solar
radiation, air movement, clothing and
metabolic rate to give a synergetic
indication of human thermal comfort. It is
an index widely used to understand the
thermal comfort environment



The draft HK Urban Climatic Analysis Map
Layer structure of UC-AnMap
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Hong Ké g Urban Climatic Analysis Map - Wind Information Layer
Summer\onthun-Aum

Legend
} City climate, SW ventil
CZ City clima of inland-area, weakly ventilated
- Cnycllma , SE ventilated
€4 City climate, various i
A

D Area with imp lownhill wgemams for HK Island

V. Main airvemila\ﬁ?d ‘?nnﬁis/

SE Areas with winds fmr‘l ye‘southeasterly quadrant C\

% xTX
E  Areas with winds from the easterly quadrant 2

= —~
s _ Areas with winds from the southerly quadrant(i/

Key Wind Directions
(summer months most frequent
wind directions of the areas)

Channeling Wind in both direction:

H
\ 4
‘ Sea Breeze ?

10 KM
1 | 1 J
Disclaimer:
N . X . The map is created based on an evaluation of summer months (Jun - Aug) of Hong Kong Observator
v E ¢ Urban Climatic Map and Standards for Wind Environment - Feasibility Study P (HKO) and MM5 model simulation (60 m above ground) wind data. It gives a generic wind informatior
@ Planning Department, HKSARG understanding at the territorial land of Hong Kong.

The map is part of Hong Kong Urban Climatic Analysis Map (UCAn-Map). It should not be used for

Copyright reserved - reproduction by acknowledgement of Planning Department, HKSARG @ 2009 e A T B T A o



Urban Climatic Maps

UC-AnMap

UC-ReMap

UC-AnMap
8 Urban

Climatic Classes

Urban Climatic Analysis Class
Moderate negative Thermal Load
and Good Dynamics Potentials

Some negative Thermal Load and
Good Dynamics Potentials

Impact on Thermal
Comfort
Moderate

Slight

Urban Climatic Planning
Zone (UCPZ)

Urban climatically valuable
area

Low Thermal Load and Good
Dynamics Potentials

Neutral

Some Thermal Load and Some
Dynamics Potentials

Moderate Thermal Load and Some
Dynamics Potentials

Slight

Moderate

ucPz2 :]

Neutral urban climatically
sensitive area

UCPZ3

Moderate urban climatically
sensitive area

Moderately High Thermal Load and
Low Dynamics Potentials

Moderately strong

High Thermal Load and Low
Dynamics Potentials

Strong

ucPz4

Highly urban climatically
sensitive area

Very High Thermal Load and Low
Dynamics Potentials

Very strong

|

Very highly urban climatically
sensitive area

UC-ReMap
5 Urban Climatic
Planning Zones

Wind Information




Urban Climatic Maps

UC-ReMap

g Kong Urban Climatic Planning Recommendation Map (100m x
N ( based on the 2009 version of building data)

m“."wl..

Cay chmate of inlang &rea. weakly ventilated -

Cay chmate. SE rorblotec r___w\

cqav“ 8 ventiation systems

Areawith mportant domrll aw Jnmm

Main i vontilated channels -

Areas wat winds fom the scuthersy quadrant

Koy Wit Dyl

12 KM  Urban Climatc Map and Standards for Wind Envionment -
Planning Depariment, HKSARG Lk
Copyright reserved @oproduction by acknowledgement of Planning Depanment, HKSARG @ 2011




Urban Climatic Maps

UC-ReMap

Application:-
*|dentifies appropriate planning and design measures to improve urban climate

*Provides a strategic urban climatic information platform for guiding the planning

and development process for future development, e.g. the location of new development
areas in UCPZ 2

*Provides an urban climatic planning framework for reviewing statutory town plans
and formulating suitable planning parameters

Understanding
Reference should also be made to strategic and district considerations and site circumstances




Urban Climatic Maps and HK’s Planning Framework

Urban Climatic

Wind information

J
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Urban Climatic Planning

Provide boundary conditions and

mendation Map

inform

RERRRRE
Territorial Development Strategy

SREMER
Statutory Plan

background understanding ¢

for

Detail further additional studies:

Micro-climatic and AVA

FARBIRRRARR
Hong Kong Planning Standards & Guidelines

BEXAE

Outline Development Plan

1 Layout Plan




3 AT 5E A % U RF A 7 ik B 4R
o B R BB R R + BRI A TR

HOUSING, PLANNING AND LANDS BUREAU TECHNICAL CIRCULAR
NO. 1/06 ENVIRONMENT, TRANSPORT AND WORKS BUREAU
TECHNICAL CIRCULAR NO. 1/06 (version 2, 2012)

hih  mude . HONG KONG PLANNING STANDARDS
’ W_.,.E-%E;; AND GUIDELINES

Ch11 Urban Design Guidelines

11. Guidelines on Air Ventilation & Urban CLimate



http://www.pland.gov.hk/tech_doc/hkpsg/english/ch1/ch1_text.htm
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NOTIONAL MASTER LAYOUT PLAN
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Kwun Tong Town Centre redevelopment: Buildings are adequately spaced out to maximise views and air ventilation.
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Urban Climatic Maps - OZP Reviews

UC-ReMap

UCReMap & Planning Advices
for the OZPs of H1, H3, H4,
H24 & H11

Legend

Wind Infoemation

5 Crammetng Wind
+

‘ Koy Wind Curections

l S Browrs
l Dowrhel A Movwmmets Yo Lvties Areass
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Urban Climatic Maps -

OZP Reviews
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Urban Climatic Maps — NDA Reviews
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HKGBC Guidebook on

Urban
Microclimate
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Eco - Planning of Kaohsiung City by Using Urban Climatic Map

Chao REN , Edward NG
School of Architecture

The Chinese University of Hong Kong
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K ‘Q‘{“|ﬁl7 2 ‘_ Introduction
Recently, facing the global climate change, climatic adaptation and
sustainable development are the two main targets for the Kaohsiung
government. Our study aims to create the eco-planning by using Urban

" Climatic Map, which provides a synthetic evaluation on current climatic

* Introduction and environmental conditions and strategic planning recommendations

of Kaohsiung city.
* Problems & Challenges gety
Achievements of the Study

e Urban Climatic Map * An Urban Climatic Map has been created to guide better eco-planning
to improve the living quality of Kaohsiung

* Study & Design Concept (A TR M T SRR B, B RIS BT B 0 )
» The Urban Climatic Map acts as a platform for international

* Methodology collaborations of topical issues of global concern on climate change

(RS BB AT 6, BEERH AR Ik B2 ki)
» Strategic sustainable development recommendations have been
proposed for the politicians, governors and the general public to focus
their efforts to create a world-class city of Kaohsiung

(e SR Ak P AT SR L R, 4 v TS ) R B AL A 11 )

* Urban Climatic Map

* Planning Recommendations
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Problem & Challenge

Kaohsiung City is a coastal city with a high population density situated
in the sub-tropical climate region with hot and humid summers. It went
through a period of major urbanization in the last half century. Recently
Kaohsiung is facing several problems and challenges, which degrades
living quality and threatens public health.

1. Air temperature goes up faster since the 1970s.
2. Air pollution problem needs to be improved.

3. High urban density exists.

4. Population continues to increase.

5. Urban Heat Island intensifies people’s discomfort.

Thus, there is a need to optimize the urban planning so as to achieve a
more comfortable and healthier urban living environment.
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Study & Design Concept

The study focuses on four urban climatic and environmental aspects to
analyze and to make design strategies.

means the urban climatic information, especially wind and
)% urban heat island information.

#Z means the water system including rivers, ponds, lakes and
sea.

g;‘% means the greenery, forest and open space.

Prcd means the urban context and structure information, including
l/)‘ (, the land use and planning information.

Thermal and Air Ventilation Environment will be the focus and
subject of the study. They are particularly in relationship to the Thermal
Stress and Dynamic Potential of the urban environment. They are two
significant urban climatic factors for town planning and urban design in
Kaohsiung.



Methodology

Data Collection & Evaluation

* Meteorological Data from Taiwan Central Weather Bureau

+ Land use and Planning Data from Urban Development Bureau, Kaohsiung Gov.
* Population Data from Department of Budget, Accounting & Statistics, Kaohsiung Gov.

+ Simulated Climatic Data from Reports on INTA and Kaohsiung Gov." website

Thermal Stress Dynamic Potential Wind Information

* Topography
_ _ * Natural Landscape » Prevailing Wind Information
* Population Density

» Land Use )
) * Sea & River * Land & Sea Breezes Effect
* Urban Heat Island Intensity

Develop Basic Input Layers

Evaluation & Analysis

Kaohsiung Urban Climatic Map & Planning Recommendations



Class 1: 0-150 m
Class 2: 150-300 m
I Ciass 3:>300m

051 2 3

P
== mmmm  Kilometers (Each Grid:500m X 500m)\>‘/

Topograical Height (mPD)

Thermal Stress - Layer 1 : Topography

The whole area of Kaohsiung city is almost flat. There are only two
small mountains. So the topographical cooling effect is limited in
Kaohsiung.

» Banpingshan: 233m
» Shoushan (Chaishan): 356m

The classification of this layer is based on the topographical height.

R T R
>N
P
o
4
W




Thermal Stress - Layer 2 : Population Density

The population density (PD) of Kaohsiung city is about 9,900 persons per
km2. According to the population data from the Dept. of Budget, Accounting &
Statistics of Kaohsiung Gov, it could be found that Singing District has the
highest population density of above 28,000 persons per km? .

The classification of this layer is based on the population density.

District Nanzih Zuoying Gushan

PD 6.614 9.746 8.581

(B1¥l&, 2009) (ESE, 2008)

Class 1: 0-5,000
Ao St

Class 2: 5,000-10,000
Class 3: 10,000-15,000 g 5
| Class 4: 15,000-20,000 —R
1| Class 5: 20,000-25,000 — l'"l
I ciass 6: 25,000-30,000 Bl <>

B Class 7: >30,000

051 2 3 v/
= mmm  Kilometers (Each Grid:500m X 500m

W 1995~2005
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Land Use Classification ! ]| ! |l

- Industrial Areas 11 1) ] B
Commerical / Business Areas 15 e e ] O
Residential Areas
Warehouse & Storage, Airport
Greenerys / Agricultural Land
Woodland / Shrubland
Lakes / Fish Ponds.

© Military Areas

015288 3
= mmm  Kilometers (Each Grid:500m X 500m

Thermal Stress - Layer 3 : Land Use

According to the Land use and Planning Data from Urban
Development Bureau, Kaohsiung Gov., the layer of Land Use could be
created as a raster map.

Each grid is a unite as climatope (Klimatope).

The classification of this layer is based on their similar urban climatic
characteristic of different land uses, such as thermal capacity, surface
roughness, and anthropogenic heat release.

e
MWL O - ¥tk
CREESES 1)

RBEAMIRE
KEARAHAT AT AN

(FHEZ 2000, 5 EEF H B BR. 2009)



Urban Heat Island Intensity
B Very High

Thermal Stress - Layer 4 : Urban Heat Island

According to the previous study conducted by Taiwanese researchers, it
could be found that the Urban Heat Island Intensity in Kaohsiung city is
about 2.5-3.0 degree C; this effect is much stronger in nighttime than in
daytime.

The classification of this layer is based on the summer UHI intensity from
the result of the field measurements and CFD simulation.

Temperatu:
32.0000¢
31.5625(
31.1250¢
30.6875¢

= 30.2500¢
29.8125¢
29.3750(
28.9375(
28.5000(
28.0625(
27.6250(
27.1875(¢
26.7500(
26.3125¢
25.8750(
25.4375(
25.0000(

4

ty Heat Env. Summer

(Z=@MEE, 1999; EEZM 2009; SiEHFFHEER, 2009)



Dynamic Potential - Layer 5 : Natural Landscape

Greenery and vegetation have a cooling effect to the surrounding
neighborhood areas. The percentage of greenery is 4.5m?/person in
Kaohsiung (i ili /3[4 b 25 % 5 },2003), which is lower than the Taiwan local

standard.
The classification of this layer is based on the greenery coverage and type.
No vegetation: Very Low; Low vegetation: Low;

Agricultural Land / Military area / Grass Land: Medium;
Large Urban Parks: High; Forest/ Large Woodland: Very High;

Greenery Coverage
Very Low
Low

© Medium

I High

I Very High

OIS 203 v

mmmm— Kilometers (Each Grid:500m X 500m)" - EE, 2007))

(B, 2007, SHEEPTH 2B, 2007); (After( TEOIE) 2B ¥ 2 REMAEFAETHR



Dynamic Potential - Layer 6 : Water System

Kaohsiung city has a long coastline. Love river runs through the central
urban area. Lianchih Pond is also located at the inland area. Some
paddy fields and fish ponds are located at the north part of Kaohsiung
city. There are two small canals, the Yansheigang Canal and Cianjhen
Canal. All these water systems have a cooling effect on the waterfront
areas.

The classification of this layer is based on the type of water system,
including sea, river, lake and fish pond. Its resolutionis 500m.

RERIARA 5 R B |

RHR B2 —

Water System
No
Seafront

B River

B Lake !/ Fish Pond

051 2 3
= mmm— Kilometers (Each Grid:500m X 500m)

(R4, 2007 BIESHHRES, 2007)



PrevailingWind Directions
‘ Annual Wind Arrow

SummerWind Arrow

0.51 2 3
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Wind Information - Layer 7 : Prevailing Wind Direction

According to the long-term meteorological record, it could be found that the
mean wind speed in Kaohsiung city is quite low, around 2.7 m/s throughout the

whole year.

Annual prevailing wind direction is mainly from the N, WNW, NEN, S and SES;

Summer prevailing wind direction is mainly from the WNW, W, ENE, E and

SES.
Mean Wind Speed (m/s)

Station Name Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Kaohsiung 30 28 26 24 25 29 32 29 27 22 23 26 27
Siaogang 30 34 33 28 26 31 34 30 27 23 24 28 30

Prevailing Wind Direction

Station Name Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Kaohsiung N N N NE S S E Ez E E N N N
Siaogang N N N NE S S £ B E E N N N

2

/4

Winter

(SIEREE—, 2008 BRFX, 2006; BB HRSRS, 2009

\ \ f }
\[|// . \ )
\\! |/ / \\\L\ / G\ /
Ao —s / N\ /
=y A : N
’ \ :%,,;Y\(l\'
Spring Summer Autumn

(SHEHSEREE, 2008)




I

Summer Nighttime ! e S (N Summer Daytime
V=1.93m/s 3 : oy V=2.83m/s

Wind Velocity in night time Wind Velocity in day time

(FZ 5, 2009a & 2000b; AT 45/ Sy, 2009)

Wind Information - Layer 8 : Land &Sea Breezes

Since Kaohsiung is a coastal city, the phenomenon of land & sea
breezes could be observed, which can be used to improve the urban
thermal environment.

During the night time, land breezes come from the ENE, N and SES
directions, so the high wind velocity areas focuses on the inland
areas, such as the east part of Zuoying District and Cianjhen District.

During the day time, sea breezes come from the WNW, W and S
directions, so the high wind velocity areas focuses on the waterfront,
such the outlet of Love river in Cianjin District.

Land and Sea Breeze Regimes

Low Pressure g\CA/I)/%
( . ey,
\ \ High Pressure 7

>> - Sea Breeze
Warms During 7

Daylight
-~ 3
High Pressure . =
l l l * Low Pressure

Land i
Cools After
Dark

s

Ocean Surface

(Military Geography , 1998)
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Thermal Stress 7

pra—

Urban Climatic Map for Kaohsiung
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Dynamic Potential

Wind Information
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Industrial / Airport / Storage / Harbour Areas
B o Thermal Loas

I Medum ThemiLoss I o Cooling Eftect
Low Thermal Losd | Macium Cooing Efect
Milltary Arsas Low Cooling Efect

0500 2

3
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Residential / Education Areas.

(Each Grid:500mx500m)

Urban Climatic Map & General Recommendations for 11 Districts

Menu of Effective Control Measures

District Urban Climatic and
The Level of Plan Action Name Environmental Greenery Shading Cool An-Heat Air Air
Characteristics Albedo Release Exchange Pollution
Mitigation Action Necessary Cianjin High to very high thermal AA A A vy AA v
stress and low dynamic
Some Action Required potential due to h{gh AA A A vy AA v
Yancheng ground coverage, high
Anthropogenic Heat (An-
Heat) Release, various
Preserve & Enhance Sinsing T T TR T AA A A vy A v
low greenery coverage;
“12 Lingya High to medium thermal AA AA A vy AA v
/\'\Ajj stress and low to
ré medium dynamic
® Sanmin potential due to low to AA A A v A vy
¥ medium ground
; coverage, medium An-
Cianjhen | Heat Release, some | A4 A AA vy A vy
commercial activities,
! lots of industrial activities
® ® } o and low greenery AA A A A vy A vy
00 : 1a0gang | coverage;
g o ¢
yﬁ g Zuoying Medium to low thermal A AA A v AA v
“ ©/ stress and medium to
Naidt = s . high dynamic potential
\” g\\“ Nanzih due to low to medium A A A A Y V. A VS
% ground coverage, low
() \ An-Heat Release, some
P 4 Cijin commercial and A A A v AA -v
Milortod Aon Necomery industrial activities and
e Gushan medium to high greenery - - - -

coverage;

A - Recommend to improve the existing condition;

¥ : Recommend to mitigate the existing condition;

= Maintain or Protect the existing condition,

A A Strongly recommend to improve the existing condition;

WV ¥ : strongly recommend to mitigate the existing condition;
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Menu of Effective Control Measures

Kaohsiung Map Level of Urban Climatic and District Cool An-Heat Air Air
Plan Action Environmental No. Name i Albedo Release Exchange Pollution
Characteristics Greenery  Shading 9
High to very high thermal stress @ Cianjin A A A A vy AA \ 4
and low dynamic potential due
Mitigation to high groun_d coverage, high
Action Anthropogenic Heat (An-Heat) @ A A A A vy A A v
Necessary Release, various commercial Yancheng
activities and low greenery
coverage, © AA A A vy A A
Sinsing
@ Lingya AA AA A vy AA v
High to medium thermal stress
and low to medium dynamic
Some potential due to low to medium @ Sanmin AA A A v A \ A 4
Action ground coverage, medium An-
Required Al Relgalse, some | —
commercia é}C-tI-\lItIeS, ots of @ Cianjhen AA A A A vy A vy
industrial activities and low
greenery coverage;
@ Siaogang AA A A A vy A vy
Zuoying A A A A v AA v
Medium to low thermal stress
and medium to high dynamic "
BrEsEE @ potential due to low to medium @ Nanzih A A A A vy A vy
T ground coverage, low An-Heat
Release, some commercial and
industrial activities and medium Cijin A A A A v AA -V
Mitigation Action Necessary to h|gh greenery coverage;
Some Action Required Gushan —_ A —_ —_ A —_

Preserve & Enhance

A : Recommend to improve the existing condition;

condition;

¥ : Recommend to mitigate the existing condition;
- . Maintain or Protect the existing condition,

A A : Strongly recommend to improve the existing

V¥ V. Strongly recommend to mitigate the existing condition;



Recommendation on
Wind Aspect

1. Respect the cooling effect from
the Eastern Chanshan; minimize
the development’s impact; and
form air path from hillside to

downtown areas.

2. Respect the cooling effect from
the river; Building blocks with
various height to allow the
penetration of cooling effect from
riverside to inner urban areas;

3. Respect the sea  breeze
penetration; Do not form the Wall
Effect Buildings at the Harbour

front;

4. N-S orientated main roads are
important major air paths;
Buildings should be orientated
with respect to the major air

paths (annual & summer).

5. W-E orientated main roads are
important minor air paths, esp. in
summer; Building should be
orientated with respect to the

minor air paths.

After (FZFR, 2009a & 2009b; ZiE&PHERF . 2009)
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Cooling Linkage
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Recommendation on
Water Aspect

1. Respect the cooling effect from : ;
water systems, including river, v e N ft_:;—_’/
lake, ponds & seafront; ; =25
minimize the development’'s
impact at waterfront and
landscape the waterfront.

Expansion Cooling
Effect from Waterfront

2. Form cooling branches along
major  transportation  links
highlighted in light blue color in
the right map; appropriate
greenery or landscape designs
along these branches are
strongly recommended.

3. Link the Lian Chinh Pond,
Jinshih lake and Chengcing
Lake by using greenery or
vegetations to benefit the
surround areas of these water
bodies and mitigate the urban
heat island intensity;

e Expension Coofing Effect from waterfront
Cooling Branches
w=w=s  Cooling Linkage

i) 2@
= mmm Kilometers




; g Green Belt Green Rail Track
L4 &

Recommendation on
Greenery Aspect

1. Green rail track can be adopted
to mitigate the anthropogenic
heat release and air pollution
along railways in dense urban
areas;

Green Circle in Central
Urban Areas

2. Form green circles in the central
urban areas to mitigate urban
heat island intensity and
anthropogenic heat releases.
Provide shading at pedestrian
level to create comfortable
walking systems.

.
",
.
.
"

3. Form green circles around the
industrial areas to mitigate the

distribution of air pollution; Green Circle surrounding

the Industrial Areas
4. Create Green linkage between

Chanshan, Lianchih Pond and
Banpinshan to maximize the
cooling effect;

Green Line Along
Major Roadside

5. Develop Green Fingers to let the
cooling effect from Chanshan
East hillsides to high-dense
centre urban areas;

(TR rough

EREE  GreenCi dustrial Al
4==+  Greenery Linkage

© . Greenery Finger

© GreeneryBelt

6. Create Green Belt to bring sea
breezes to inner areas and
improve the air exchange,;

050 2 8
= wmm— Kilometers
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Our Vision

“Towards quality urban living,
for now and for the future”

Better planning and building design to improve urban air ventilation and urban
climate for healthier and more comfortable and sustainable urban living
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CLIMATE CONDITIONS FQA
INKEK &22x...
PP has a tropical climate, with distinctive wet and dry s s

seasons, which is hot year-round with only minor
variations.

PP experiences the heaviest precipitation from
September to October with the driest period in January
and February.

Precipitation in the city comes with southerly or
southwesterly monsoon circulation.

PP experiences seasonal monsoon floods and
sometimes river overflows its banks leading to bank
erosion as well.
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WIND DIRECTIONS AND WIND CHARACTERISTICS

Incoming winds

(main wind direction)

=

precominate direction

weaker incoming wind

SN

thermal induced pattern
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METHODS FOA
The UHI intensity (Oke 1973, Steeneveld et al. 2011): INKEK &22x...

0 '
UHI = Tyrpan — Tsuburban (1) IS e e s

The UHI rate (Ma et al., 2009; Wolberg, 2006):

UHIg, = {8UA9) @)

The diurnal VUHI (DV) and the seasonal VUHI during daytime (5V,, ) and

nighttime (SVy;4n¢) (Sun et al., 2019):

DV = UHIlyq, — UHIlign, (3)

SVaay = UHIIGY — UHIIYE, (4)
d

SVnigne = UHIL; 2 — UHILYSh (5)

build4people.org
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TEMPERATURE DIFFERENCE FO A

or sustainability

INKEK &z,
» Temperature difference between urban and sub-urban areas: "
| bt

» CBDs (Boeung Keng Kang (FFl)): » Suburban (Pou Senchey (RUPP2)):

Max: 15.1°C Max: 13.1°C
Min: 2.9°C Min: 2.2°C
Mean: 10.1°C Mean: 8.9°C

build4people.org
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UHI INTENSITY AND RATE FO

esearch for sustainability

nstitute for
chmate and
energy strategies

= cks Cce:!er for Khmer Studies

ntre d'Etudes Khméres

» The increased intensity and rate of the UHI between the CBDs
and suburban areas on average:

Intensity = 1.3°C
Rate = 0.15%

build4people.org

CKS-B4P Webinar “Urban Climate in the Planning Process”: Conceptualization of urban climate condition in Phnom Penh | Bunleng Se & Nyda Chhinh | 21 April 2022



[ ] @ ﬁ‘[,‘['mﬁ s &j’& ﬁij t_lj"['umﬁ e DEF 2019-2021 SPONSORED BY THE
Build4People Project i mmrmsicnn

* F?cézral Ministry
= o & t
SRSt REISI R PR EInRT=a I R&:D 2021-2025 | and Research

Enhancing Quality of Life through Sustainable Urban Transformation in Cambodia [FiH snSSisnmisSisgm

VARIABILITY OF THE UHI (VUHI) FONA

Researc h for sustaina bility

nstitute for
chmate and
energy strategies

» Maximum and minimum daytime temperature difference:
e CBDs (Boeung Keng Kang (FFI)): 15°C and 2.7°C
e Suburban (Pou Senchey (RUPP2)): 12.9°C and 2.4°C

» Maximum and minimum night-time temperature difference:
 CBDs (Boeung Keng Kang (FFl)): 9.1°Cand 0.7°C
e Suburban (Pou Senchey (RUPP2)): 9.6°C and 0.2°C

build4people.org
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VARIABILITY OF THE UHI (VUHI) FO sssssssss A
: s INKEK 5.,
» The diurnal variability of the UHI (VUHI) on average: .-
* CBDs (Boeung Keng Kang (FFI)): 5.1°C R

e Suburban (Pou Senchey (RUPP2)): 3.7°C

» Daytime and night-time UHI intensity in dry season (November-April) on
average:

 CBDs (Boeung Keng Kang (FFI)): 10.3°C and 5.6°C
e Suburban (Pou Senchey (RUPP2)): 8.7°C and 5.7°C

» Daytime and night-time UHI intensity in wet season (May-October) on average:
 CBDs (Boeung Keng Kang (FFI)): 9.3°C and 3.8°C
e Suburban (Pou Senchey (RUPP2)): 8.0°C and 3.7°C

E build4people.org CKS-B4P Webinar “Urban Climate in the Planning Process”: Conceptualization of urban climate condition in Phnom Penh | Bunleng Se & Nyda Chhinh | 21 April 2022
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VARIABILITY OF THE UHI (VUHI) FOA
| _ INKEK ..
» Seasonal VUHI during daytime: s
* CBDs (Boeung Keng Kang (FFI)): 1.0°C .

e Suburban (Pou Senchey (RUPP2)): 0.8°C

» Seasonal VUHI during night-time:.

 CBDs (Boeung Keng Kang (FFl)): 1.9°C
e Suburban (Pou Senchey (RUPP2)): 2.0°C

build4people.org
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VENTILATION FONA

Researc h for sustaina bility

| INKEK=:2..
» Ventilation plays a crucial role to reduce the

| . |
: : : : IO <o T lomirs.
intensity of UHI in the city scale. nﬁﬁmj@fm B

» Weather data observations indicated that more ,

urbanizing areas are very low wind blow,
compared to suburban areas. W r, Sy

'anﬁmA

Boeung Keng Kang (FFI)

Pousen Chey (RUPP2)
4:27 PM (10/01/2021)

4:27 PM (10/01/2021
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VENTILATION FO ‘‘‘‘‘‘‘‘ A
INKEK &

» Southwesterly winds can mitigate the intensity .
I s s
of the UHI

» The high, dense buildings in the CBDs may
reduce inflowing winds => an increased
intensity of the UHI.

build4people.org

CKS-B4P Webinar “Urban Climate in the Planning Process”: Conceptualization of urban climate condition in Phnom Penh | Bunleng Se & Nyda Chhinh | 21 April 2022



[ ] @ ﬁ‘[,‘['mh s &j’& ﬁij tj['umﬁ e DEF 2019-2021 SPONSORED BY THE
Build4People Project i mmrmsicnn

* F:(é(:jral Ministry
= o & t
SRSt REISI R PR EInRT=a I R&:D 2021-2025 | and Research

Enhancing Quality of Life through Sustainable Urban Transformation in Cambodia [FiH snSSisnmisSisgm

VENTILATION FO ,,,,,,,,, A
: : INKEK &22x...
» Wind velocity between CBDs and sub-urban »
ICKS G Etudes xoméres.
areas:

» CBDs (Boeung Keng Kang (FFl)):
 Max:3.1 m.s?

* Min: 0.4 m.s?
» Suburban (Pou Senchey (RUPP2)): : ‘ .
* Max: 7.8 m.s? ﬁjﬁ ~1
* Min: 1.4 m.s? et B D0 el g"
» Thus, the difference in wind velocity rate was
1.8 m s~ton average.
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VENTILATION FONA

Researc h for sustaina bility

) INKEK e
» Wind flow at the CBDs:

e dry seasons (November—April) is North and Northwest direction, but it has
changed to South and Southwest direction during February and March.

* wet season (May—October) is North and Northwest direction, but it has changed to
South and Southwest during August.

. ks Center for Khmer Studies
-C Centre d'Etudes Khméres

» Wind flow at the suburban areas:
* dry season are North and Northeast direction, but it has turned to South and
Southwest direction during March and April.
* wet season at the suburban areas South and Southwest direction, but it has
turned to North, Northwest and Northeast direction during September and
October.
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CONCLUSION: KEY FINDINGS FONA

Researc h for sustainability

. INKEK 5.
» Temperature difference:

 CBDs (Boeung Keng Kang (FFl)): 10.1°C

e Suburban areas (Pou Senchey (RUPP2)): 8.9°C

» The increased intensity of UHIs between CBDs and suburban areas is 1.3°C.
» The increased rate of UHIs between CBDs and suburban areas is 0.15%.
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CONCLUSION: KEY FINDINGS FONA

Researc h for sustaina bility

nstitute for
chmate and
energy strategies

» Maximum and minimum daytime temperature difference:
 CBDs (Boeung Keng Kang (FFI)): 15°C and 2.7°C
e Suburban (Pou Senchey (RUPP2)): 12.9°C and 2.4°C

» Maximum and minimum night-time temperature difference:
 CBDs (Boeung Keng Kang (FFI)): 9.1°C and 0.7°C
e Suburban (Pou Senchey (RUPP2)): 9.6°C and 0.2°C
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CONCLUSION: KEY FINDINGS

» The diurnal variability of the UHI (VUHI) on average:
« (CBDs (Boeung Keng Kang (FFl)): 5.1°C
e Suburban (Pou Senchey (RUPP2)): 3.7°C

» Daytime and night-time UHI intensity in dry season on average:

e CBDs (Boeung Keng Kang (FFl)): 10.3°C and 5.6°C
e Suburban (Pou Senchey (RUPP2)): 8.7°C and 5.7°C

» Daytime and night-time UHI intensity in wet season on average:

« CBDs (Boeung Keng Kang (FFl)): 9.3°C and 3.8°C
e Suburban (Pou Senchey (RUPP2)): 8.0°C and 3.7°C

* F:(é(:jral Ministry
t
R&D 2021-2025 | gnd Rl:!(;i;??h

Research for sustainability

nstitute for
chmate and
energy strategies

. ks Center for Khmer Studies
-C Centre d'Etudes Khméres
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CONCLUSION: KEY FINDINGS FOA
| _ INKEK ..
» Seasonal VUHI during daytime: s
* CBDs (Boeung Keng Kang (FFI)): 1.0°C .

e Suburban (Pou Senchey (RUPP2)): 0.8°C

» Seasonal VUHI during night-time:

 CBDs (Boeung Keng Kang (FFl)): 1.9°C
e Suburban (Pou Senchey (RUPP2)): 2.0°C
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VENTILATION FONA

Researc h for sustainability

_ INKEK 5.
» Wind flow:

IR o o e e
e CBDs came from almost the same direction as North and
Northwest during dry and wet seasons.

e suburban areas moved from North and Northwest

during dry season and South and Southwest direction
during wet season.
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CONCLUSION: KEY FINDINGS FO A

or sustainability

INKEK &z,
» Wind velocity between CBDs and sub-urban areas:
e CBDs (Boeung Keng Kang (FF1)): 1.8 m.s™
e Suburban (Pou Senchey (RUPP2)): 4.6m.s

» Thus, the difference in wind velocity rate was 1.8 m s~ on average
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Research for sustainability

institute for
chimate and
energy strategies

kscmu for Khmer Studies
.c Centre d'Etudes Khméres
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