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Agenda

Introduction to Cooling Singapore
Urban heat mapping (mitigation strategies)
Urban heat assessment

To To To I»

Technology use for climate informed decisions (DUCT)
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Cooling Singapore Timeline

Project end:
30 Sep 2020
Cooling Singapore 1.0
Cooling Singapore 1.5
I

Cooling Singapore 2.0

I I
2017 2018 2019

Project Start:
01 Jan 2021

!
2020

I
2021

Project start:
1 Sep 2020

I
2022

!
2023

Project end:
31 Aug 2023
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The Cooling Singapore Initiative

Cooling Singapore 1.0 Cooling Singapore 1.5 Cooling Singapore 2.0

Jan 20171 Dec 2018 (24 months)
NRF T CREATE Program
4 research partner institutions

26 team members (incl. PIs)

Apr 20191 Sep 2020 (18 months)
NRF 1 Virtual Singapore Program
5 research partner institutions

29 team members (incl. PIs)

Sep 20207 Aug 2023 (36 months)

NRF 1 Urban Solutions and
Sustainability Program

6 research partner institutions

29 team members (incl. PIs)

COOLING
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Cooling Singapore Is aresearch project

o[Te[[oF:1iIomfeBd eveloping solutionste;
address the [geEltmEEIREUERE N

Singapore.

Source (mg) dt(2020)C oling Si gp I Tow d Urban Climate Design
and Managem Indicia 03, editors: S. Cai dD as (forthcoming) 6
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Urban heat mapping
(mitigation strategies)



Urban Heat Challenge

Climate Change Urban Heat Island

239 .|. 3 2 . 3 E rrec-t;dailymean femperature 7 Q @/Iaximum UHI intensity measured on

g€ 17 May 2003, 22:00 at Orchard Road?
. xpgsted increase due to climate . . _—
14 | 4 . 6 éhzg@e (by 2100)2 5 . 4 e:ur@wt maximum mean UHI intensity

253136 . 9 rEé)ee gii(%)mean temperature UHI depends on various factors (e.g., population size, urban
gensy design, energy consumption, etc)

14

© North American cities 4—— N America
o)
12 O European cities _

4 Tropical hot/dry cities o° L a

Europe
x Tropical hot/wet cities /
10 =
xa
A A
8 o / \
.D \Tropical
o o, x 4 \ hot/dry
[u] (m] x
6 o et
o A A

\ Tropical
o =] x hot/wet

T ! " " " oC o © Singapore
1900 1950 2000 2050 2100 7.07 °C

—— Observed

== RCP8.5 (a high-emission scenario)

B Overlap

&== RCP2.6 (a low-emission mitigation scenario)

(°C relative to 1986-2005)

Global mean temperature change
(°C relative to 1850-1900, as an
approximation of preindustrial levels)

UHIyx(°C)

Population (log scale)

1: Minimum and maximum daily temperatures, source: http://www.weather.gov.sg/climate-climate-of-singapore/ 3 and Figure: Chow, W.T. and Roth, M., 2006. Temporal dynamics of the urban heat island of Singapore. International
2: Second National Climate Change Study, 2015 Journal of climatology, 26(15), pp.2243-2260.
Figure: IPPC WG2 AR5 (March 2014) Report: Summary for Policymakers 4: Model-based estimation.



http://www.weather.gov.sg/climate-climate-of-singapore/
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Singapore Views
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Cooling Singapore

Increased Urban Heat Island
Effect
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Increased Public Health Risks
and Heat Stress
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The Urban Heat Island (UHI) effect in Singaporeis up to 7°C
UHI threatens liveability, health and economic performance

Mitigation strategies can be effective with a roadmap for science,
agencies, industry, and citizens



The UHI effect has a negative impact on the Economy

Accumulated economic impact (in $) on the 1692 largest cities in the world under RCP 8.5 and RCP 4.5:
A UHI can have a greater impact on the economy than global climate change.

A UHI amplifies global climate change.

Table 1] Accumulated economic impacts of global climate change (GCC) and urban heat island (UHI) separately and combined
under different emission scenarios.

RCP8.5 (Business-as-usual)

RCP4.5 (Moderate climate change mitigation)

GCC

UHI

Total

$3.21 x 1013
[38.9%]

$1.54 x 10
[18.6%]
(0.48)

$8.26 x 10"
(2.57)

Combined impact of
UHI and GCC greater
than the sum of both
(i.e., UHI amplifies).

$1.49 x 10

[26.9%]

$1.54 x 103

[27.9%]
(1.03)

$5.53 x 10"

(3.71)

In some cases, the impact of
UHI can be greater than that of
GCC.

Figures in brackets represent the present value of losses due to GCC/UHI as a percentage of the present value of the total losses. Figures in parenthesis represent the present value of the losses due to
UHI/Total as a fraction of the present value of the losses produced by GCC alone. The symbol $ denotes US dollars. A 3% discount rate was used. Figures are rounded to three significant digits.

Sources: Estrada, Francisco, WJ Wouter Botzen, and Richard SJ Tol. "A global economic assessment of city policies to reduce climate

change impacts." Nature Climate Change (2017).



Cooling Singapore

Partnhers:
ETH + MIT + TUM + CARES + SMU + NUS

PRODUCTS AND OUTPUT

Reports and Guides
A UHI Position Paper

A OTC Position Paper

A Mitigation Strategies Catalogue

A Tools for Cooling Singapore Report
A Cooling Agents Report

Visualisation and Mapping of Heat and
Enerqgy
A UHI maps (city scale)

A Assessment of OTC strategies (local scale)

A Tempo-spatial energy flux i Transport
A Tempo-spatial energy flux i Buildings

Campaigns
A Populations survey campaign

A Citizen engagement campaign
A Climate measurement study
A ESUM+ campaign

Applications
A Mitigation strategy app

A Digital Urban Climate Twin (DUCT) <




Urban heat assessment
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Mapping the UHI / Local Outdoor Thermal Comfort (OTC)
SPATIAL SCALES

AT
S 3
K

N
)
3
g
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o

Singapore | mesoscale 300x300m microscale 3x3m (vertical 2m/telescopic)




Mapping the UHI

Sensors
Local Sensor network / Crowdsourced ~ Remote Sensing
(based on portable sensors for 9pm local time) (; (based on Landsat-8 satellite image for 11am local time)
()
-
°
v
o
£
(O]
|_
<
V Measure climate variables N
V Isolated information (discrete points) V Measure surface temperature (but not air temperature and convection)
V Need to do spatial interpolation V Covers the entire island

V Data quality (spatial/temporal resolution) depends on satellite characteristics

No sensor-based method sufficient to map the UHI in its entirety.



Mapping the UHI
Land Use

Is the First step to evaluate near surface air temperatures

Local Climate Zones (LCZs) is a classification scheme that
comprises 17 zones based on:

V properties of surface structure (building and tree height

and density) and,
V properties of surface cover (pervious vs. impervious).

Current Land Use (LCZ) Scenario for Singapore

URBAN

LZ1 Compacthighise LZ5  Openmiderise LZ9  sparselybuilt

1Z2  Compactmidise LCZ10  Heavy Industry

ek

LZ3  Compactiow-rise LZ7  Lightweight low-ise

T

Lcza  Openhigh-ise LCZ8  Large lowerise

b

P

7 \/>

o k.
o2 O i~
0 S P <% <

NATURAL

LCER Low plants LCZF Earesoll or sand

< @

LCZE  Bare rock or paved LZG  Waler

LCEC Bushand serub

Urban and rural LCZs (Local Climate Zones)

Local Climate Zone [LCZ]

‘
B
1 2 3 4 5 6 7

8

9 10 A B C D E F G



Mapping the UHI
Additional sources of heat

Anthropogenic
Impacts

Urban area

Traffic

The mesoscale climate model (WRF/BEM) was e

modified to include AH emissions (near Power plants
surface and elevated sources) *

Mesoscale climate model: WRF v4.2

Ajr conditioning
{heating)

Industry

=

* Publication: Si ngh et
Science of the Total Environment 806, https://doi.org/10.1016/j.scitotenv.2021.150534

Building Energy Model
(BEM)

Air conditioning
(cooling)

Ventilation

Heat conduction l I

{through walls)

Indoor heat sourcegeCy B i
(occupants activity,
equipments)

Gridded AH profile
(traffic + power plants)

et it

r
e g et [We |
- L0 490,01+ 35,000.00

RN ikt -
* " LU BRDE S0 - 181NN

Alumericél arialgs2s)of thefimpact of anthropogenic emissions on the urban environment of Singaporen

(through windows)

Incoming Solar radiation l

Results:
1-Urban climate evaluation
2-Contribution of sources to
urban heat

7.00%)

6.010.13%)

5.0(4.89%)

4.0116.38%]

3.0123.45%)

2.0(26.83%)

1.0128.33%)
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Mapping the UHI

Scenario evaluation

UHI Intensity Map =

Output: Temperature Maps

Model (based on Local Climate Zones) Urbanised i All_Green

Snapshot at 02:00 Snapshot at 14:00

Urbanised Scenario

Hypothetical All
Greend6 Scena
(used as baseline
for calculating the
urban heat island in
Singapore)

Air Temperature at 2m (in eC)

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38




Mapping the UHI
WRF mesoscale model

UHI Intensity Map 24h Timeseries of Average Air Temperature at CBD
(snapshot at 4am) (based on simulation results of both scenarios: urbanised and all-green)
340
~,33.5°C
1°30'N 33.0 I
320
31.0
1°25'N 100
5 22¢ Sconario.
g 280 i/ uHi=10c
] i (min)
£ 20 26 Urban Heat
1°20'N ° ; ‘ Is[asg Ef?eact
2o EUHl:aa"c
E(max)
260
| All Green
“ B2¢ Scenario
1 51 5'N 250
24.0
23.0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Time of Day [hours]
103°35'E  103°40'E  103°45'E  103°50'E  103°55'E 104°E 104°5'E ’

UHI Intensity (°C)

-.8 0 .8 1.6 24 3.2 4 4.8



Mapping the UHI
Some of the Goals

Estimate the current level of UHI Intensity

Singapore Views

Cooling Singapore

Estimate the impact of A.H. on the UHI effect and OTC
- A.H. from buildings

A.H. from transportation

A.H. from power plants

A.H. from industry

Assess the impact of selected UHI mitigation strategies . "



Mitigation strategies

MATERIAL / ™ / | WATER
SURFACES it £ =

A\

COOLING

ENERGY GEOMETRY

Ay 30°C (A Urenn

VEGETATION ~ TRANSPORT

The temperature of 34 degree is based on MSS data wher é plsaddiogaCup tosh6 degreei (A)atempatatuie sncrease dhrobgh tplelenste chamgeht h1 y mean

1: Highest Monthly Mean Temperature (AC) / 1929-1941 and since 1948, average over all MSS Climate Station http://www.weather.gov.sg/climate-historical-extremes-temperature/
2: https://www.nccs.gov.sg/climate-change-and-singapore/national-circumstances/impact-of-climate-change-on-singapore

temperature


http://www.weather.gov.sg/climate-historical-extremes-temperature/
https://www.nccs.gov.sg/climate-change-and-singapore/national-circumstances/impact-of-climate-change-on-singapore

Urban heat intensity

Evaluation of current UHI intensity in Singapore.

A Modification of WRF/BEM to include AH emissions
(near surface and elevated sources).

A Maximum UHI intensity during April 2016 (including
building, traffic and power plants current AH emission)
is 5.0AC during the morning period (6:00 to 8:00).
Over the whole Singapore mean spatial UHI intensity
reaches 1.9 /AC.

A During the early morning, 20.3% of the area has UHI
intensity more than 3.0AC (center, south of the island).

Cp-gir [AC]
Hour: Between 0600 to 0800 Hour
Max Min Spatial Mean

Whole Singapore < < "
region 5.0/C 0.1/C 1.9AC
Only urban area 5.0/C 0.3/C 2.7/C

0, 0, 0,

Percentage of urban 1% 10% 25%

area 04 K6 03 A9 03 Ac3

UHI over Singapore Between 0600 to 0800 Hour
UHImax=5.02°C UHImean=1.88"C

1.5°N

[0.01%]

[4.28%]

1.4°N

[16.04%]

[22.95%]

[27.72%]

1.3°N

[29.01%]

[0%]

103.6°E 103.7°E 103.8°E 103.9°E 104°E 104.1°E i [0%]
/o

Image: Spatial distribution of average UHI intensity including buildings, road traffic and power plants over Singapore
region between hour 6 to 8 (early morning), with percentage of area in each range | Cooling Singapore, 2020

Data: output of power-traffic simulation, and climate data received from the National Environmental Agency (NEA) of

Singapore.
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Urban heat intensity

Contribution of AH generated by power plants and road transport
(current situation)

Based on local maximum qol

A Current power plants AH emission has a maximum contribution of
0.4 AC during the evening period (15:00 to 17:00). it is a very localized
impact. Only in 1.2% of the area of Singapore, the impact of power
plants is higher than 0.3 AC

A Current traffic AH emission has a maximum contribution of 0.9 AC
during the morning period (9:00 to 11:00). In 4.6% of the area of
Singapore, the impact of traffic is higher than 0.4 AC

Image: Impact of power plant (between 1500 to 1700 Hours) and traffic (between 0900 to 1100 Hours) on air temperature (baseline

scenario) | Cooling Singapore, 2020 COOLING
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