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COOLING SINGAPORE

Future Urban Climate Design and Management

The COOLING SINGAPORE Initiative Is an

Integrated and holistic approach to
address the URBAN HEAT CHALLENGE for

Singapore and other cities around the
world

eeeeeeeeeeeeeeeee


mailto:aydt@arch.ethz.ch
mailto:lea.ruefenacht@arch.ethz.ch




Thank you to the
9 Team, Partners,
UHI Workgroup

and NRF







Supercomputing
@ -

Cooling Singapore




Supercomputing
‘ and Data Centres: UHI
Cause and Solution?




e The Existential Threat
of Global Warming
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Global risk of deadly heat by Mora et al.

Sources: Global risk of deadly heat by Mora et al. (2017) and https://maps.esri.com/globalriskofdeadlyheat/



https://maps.esri.com/globalriskofdeadlyheat/

H | h Reduced outdoor activities, reduced
ealt well-being, increase healthcare expenses.

 Reduced productivity, reduced attractiveness
Economy as a destination for investment, reduced liv
Increased occurrence of disruptive flash floods
and falling trees, traffic disruption, etc.

Disruption

Environment Loss of natural capital.



Why Cities Matter
and the Urgency to Act




URBAN HEAT CHALLENGE
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Image Credit: Gabriele Manoli ‘
Caption: Intensity of summertime surface
urban heat islands (AT,) in world cities

. Source data:
https://sedac.ciesin.columbia.edu/data/set

ATS [ C] - . | | - [sdei-global-uhi-2013
2



https://sedac.ciesin.columbia.edu/data/set/sdei-global-uhi-2013

NEGATIVE CONSEQUENCES

EXAMPLE: IMPACT ON ECONOMY - PRE-CORONA

Accumulated economic impacts of global climate change (GCC) and urban heat island (UHI) separately and combined under different
emission scenarios for the 1692 largest cities in the world (including Singapore).

RCP8.5 (Business-as-usual) RCP4.5 (Moderate mitigation)

(1) Combined impact of UHI and GCC

GCC $3.21 x 10° $1.49 x 10 greater than the sum of both (i.e., UHI
[38.9%] (1) [26.9%] () amplifies the effects of GCC).

UHI $1.54 x 10" $1.54 x 10"
[18.6%] [27.5% (2) In some cases, the impact of UHI
(0.48) gD can be greater than that of GCC

Total $8.26 x 103 $5.53 x 10" |
(2.57) 371

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.

Economic losses in cities in terms of GDP could be:
« 2.6times higher than they would be without UHI effects.

« As high as 10.9% due to the combined effect of GCC and UHI.

Source: adopted from 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).



URBAN HEAT CHALLENGE

GLOBAL CLIMATE CHANGE (GCC)

Situation in Singapore:
o Daily mean temperature range (over
239 - 32.3 C reference period: 1981-2010)*

o Expected temperature increase due to
14 - 4.6 C climate change (by 2100)2

° Expected daily mean temperature
285 - 36.9 C range (by 2100 under RCP8.5 scenario
if urban heat island does not
change)

(°C relative to 1986-2005)

Global mean temperature change

1950 2000 2050

Observed
RCP8.5 (a high-emission scenario)
Overlap

RCP2.6 (a low-emission mitigation scenario)

1: Minimum and maximum daily mean temperatures, measured by Changi Climate Station. Source: http://www.weather.gov.sg/climate-climate-of-singapore/

2: Second National Climate Change Study, 2015
Figure: IPPC WG2 AR5 (March 2014) Report: Summary for Policymakers

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


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

NEGATIVE CONSEQUENCES

EXAMPLE: IMPACT ON ECOSYSTEM

Photo: https://commons.wikimedia.org/wiki/File:Aedes_aeqypti.jpg

Higher temperatures may damage or kill some
animals and plants. Examples include: faster
maturation of pests such as mosquitoes, increased
tree stress and risk of failure, disruption to marine
organisms.

Ecosystems are interconnected complex systems.
Changes in one species may have unpredictable
consequences across the system.

We know little about the species-specific impacts
of elevated temperatures on animals and plants
in Singapore.

We know even less about how these individual
effects may scale up and interact to impact
Singapore’s ecosystems as a whole.


https://commons.wikimedia.org/wiki/File:Aedes_aegypti.jpg

NEGATIVE CONSEQUENCES

EXAMPLE: IMPACT ON EMERGING DISEASES

Year 2019

Higher temperatures and increased rainfall will
cause an increase in geographical range and
seasonal duration of waterborne pathogens
(bacteria, viruses) and disease-carrying vectors
(mosquitoes, ticks).

Number of Months

NN NN NN SN OER OO OO BN G NN A Examples:

« Malaria: global temperature rise of 2 — 3°C
increases population at risk by several hundred
million.

» Vibrio (flesh-eating bacteria): infection rates up
iIn warmer coastal waters
» West Nile virus: 2018 outbreak in Europe

Year 2080 — Business as usual

Worldwide distribution of the mosquito Aedes aegypti — which can spread New unk.nowln diseases: C|II’ﬂ§t€I and ecologlcal
dengue fever, Zika virus, Chikungunya and yellow fever — by duration of perturbatlons INCrease CO-SpeCIatIOI"I and host-
time in each region. switching.

Source: Stanford Woods Institute for the Environment. https://news.stanford.edu/2019/03/15/effect-climate-change-disease/



https://news.stanford.edu/2019/03/15/effect-climate-change-disease/

NEGATIVE CONSEQUENCES

EXAMPLE:
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Multi-year droughts L8
in USA and southern [ 1
Canada ) 87 s
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Land subsidence
and land slides in
Mexico City -

Water supply affected by
shrinking glaciers in Andes

Water supply reduced by erosion
and sedimentation in reservoirs in
north-east Brazil

N _,

- YA
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g : ~
%‘ igarﬁage to riparian ;
_~*| ecosystems due to
flood protection F

along Elbe river _

3
Rural water
supply affected
by extended
dry season in
Benin

Area of Lake
Chad declining

Water stress indicator: withdrawal to availability ratio

no stress low stress mid stress high stress very high stress

0 0.1 0.2 0.4

0.8

No/low stress and per capita water
availability <1,700m3/yr

Health problems
due to arsenic
and fluoride in
groundwater in
India

Flood disasters in
Bangladesh (more
than 70% of the
country inundated
in 1998)

IMPACT ON ENERGY-WATER-FOOD NEXUS

I-iuanghe river
has temporarily

A run dry due to
2 precipitation
/4 decrease and
irrigation

/

Damage to aquatic
ecosystems due to
decreased streamflow
and increased salinity
in Murray-Darling basin

Water withdrawal: water used for irrigation,
livestock, domestic and industrial purposes (2000)

Water availability: average annual water
availability based on the 30-year period 1961-90

Water stress map and examples of vulnerabilities of freshwater resources and their

management (IPCC 2007)
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Projected changes in major crop yields at different levels of

warming (IPCC, AR4, WG2, 2007)



NEGATIVE CONSEQUENCES

SPECIFICALLY FOR SINGAPORE

CLIMATE

‘Seawalls and rock slopes already protect over

Between 1975 to 70 % of Singapore's coastline.’ strait Times, 28 May 2017 Sealevel 1.2-1.7mm

2009, the sea level

in the Straits of
Singapore rose at the
rate of 1.2mm to

OBSERVED 1.7mm per year
CHANGES

Increase each year
|| from 1975 to 2009

Sea levels are
projected to rise by
up to about 1 metre

FUTURE
CLIMATE
PROJECTIONS

Source: https://www.straitstimes.com/singapore/as-sea-levels-rise-singapore-prepares-to-stem-the-tide, NCCS 2015, https://www.nccs.gov.sg/climate-change-and-singapore/national-circumstances/impact-of-climate-change-on-singapore



NEGATIVE CONSEQUENCES

SPECIFICALLY FOR SINGAPORE

SINGAPORE’S

CLIMATE

R B - = e o AN

‘2019 poised to be really hot year’
Strait Times, 22 March 2019

!

From 1948 to 2016,
annual mean
temperatures rose
at an average rate of
0.25°C per decade

Daily mean
temperature are

! projected to

~ increase by 1.4to

"\ 6236
| &gi—
o

f @ 4.6 degreein 2100

Daily mean
temperatures are
projected to increase
by 1.4°Cto 4.6°C

Source: https://www.straitstimes.com/singapore/environment/2019-poised-to-be-really-hot-year, NCCS 2015, https://www.nccs.gov.sg/climate-change-and-singapore/national-circumstances/impact-of-climate-change-on-singapore



NEGATIVE CONSEQUENCES

SPECIFICALLY FOR SINGAPORE

SINGAPORE’S YA
CLIMATE J

‘Half a month's rainfall in two hours’
From 1980 to 2016, Strait Times, 30 June 2018 Annual average

annual total rainfall . .

roseat an averge rainfall increased by
600mm from 1980 to

2014

per decade

The contrast between
the wet months
(November to
January) and dry
months (February and
June to September) is
likely to be more
pronounced. Intensity
and frequency of
heavy rainfall events is
expected to increase as
the world gets warmer

Feb & Jun-Sep Nov-Jan

Source: https://www.straitstimes.com/singapore/environment/half-a-months-rainfall-in-two-hours, NCCS 2015, https://www.nccs.gov.sg/climate-change-and-singapore/national-circumstances/impact-of-climate-change-on-singapore



SINGAPORE'’S
URBAN HEAT

ISLAND



SINGAPORE’S
LAND SURFACE
TEMPERATURE



/

13 September 1989 >3
10:42 am

Surface temp. (C)

[<ss
[ ss-34
[aa-3s
[ss-36
[ss-37
[ar-s
[ Jss-30
[ls9-40
[lao-a
[la-a
[ la2-43
[ J4s-4a
[las-4s
[]4s-4
. [Ta6-47
3 [ 47-48
[ 48-49
[ 4950
B s0-5:
s
| BN
->53

25 December 2003
10:55 am

8 May 2018
11.16 am

This is work in progress. The surface temperature map can be used as an
initial indicator to understand the impact of the building mass.
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This is work in progress. The surface temperature map can be used as an
initial indicator to understand the impact of the building mass.
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Passive and Active
ANTHROPOGENIC
HEAT



(Mostly Passive)
ANTHROPOGENIC
HEAT



CLIMATE
RESPONSIVE
DESIGN
GUIDELINES
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CLIMATE-RESPONSIVE DESIGN GUIDELINES (CBD AREA)
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(Mostly Active)
ANTHROPOGENIC
HEAT



2016 Singapore Energy Flow Diagram

Domestic Use Petajoules PJ, based on IEA data

Energy Consumption Energy Consumption

Energy Imports Energy
and Production Transformation by Sector by Sub-Sector
18 =
Other industry EF¥

116

<28 Natural Gas

Electricity
172

Buildings JRIer4 Commercial and other buildings

Power Stations

\Re Sidentim

Total: il i
S Crude oil import

Export and other uses



ENERGY

EXAMPLE: SINGAPORE ENERGY CONSUMPTION

: rrFossil fuel based
"""""""""""""" electricity generationis
inefficient and generates
waste heat and pollution.

Industry is a major energy
consumer. However, we do

not exactly know how much
waste heat it produces.

"'w?
=
<08 Natural Gas %
[ Electricity
g 172
3
<
Biomass
234

Oil products import

Export

Total: AlA
2047 Crude oil import
[0}

: : . oz | Export and other uses

Units: Petajoule [PJ]

Figure: 2016 Singapore energy consumption; based on IEA data.

Other industry IIII

Chemical and petrochemical

Buildings Commercial and other buildings

Industry 44

Air conditioning is Residential [IEY
the primary source
for building energy Rail

consumption.

Road

Internal combustion

engine vehicles are

highly inefficient and
emit heat, noise and
pollution.




Singapore Anthropogenic Heat Sources
2016 ktoe

) End U Anthropogenic Heat
Transformanon n S€ Approx. 20344 ktoe

Heat and electricity losses
5354 (26%) Allocated heat from electricity

—" Anthropogenic heat

Domestic
Supply
oEIectricity
Waste+Biomass+Other Generation 255 %Jndustry
1193
N 1756
Coal Industry
11931 ktoe
Stock Exchange
53 oss (59%)
PNG 7419 4436
Matural Gas

123 .
Gross Electricity Produced

LNG Regasification e Buildings 2800
we I == —; o
toe

153 natural gas (26 % )

103 petroleum products

Petroleum Products 12418

o Transport
227 e
2o P Transport
3289 259 2620 ktoe
(13%)
Qil Demand wio AH i
Misc.
561 ktoe
(3%)

Human Metabolism

Primary source: Energy Market Authority
Secondary source: International Energy Agency




URBAN HEAT ISLAND

ANTHROPOGENIC HEAT OF
TRANSPORT

Spatial distribution of heat allows us to identify hotspots. The spatial map can
also be done on a vehicle class level.

RESULTS TO DATE

Produced a spatial-temporal heat
map for:

- Base case scenario

- Full electrification scenario

Produced a temporal energy
demand for:
- Full electrification scenario

Confidential. Please do not distribute. 43



TRANSPORT

EXAMPLE: SWITCH TO ELECTRIC VEHICLES

Road transport consumes
88 PJ worth of gasoline
(see Sankey diagram)

After losses at the drive train, road
16.7 PJ transport consumes 16.7 PJ at the
wheel.

91.7 PJ

_ 81% losses at
4% losses at the refinery. drive train.

Heat, noise and pollution is emitted where the
cars are driving (i.e., across the entire island)
due to the internal combustion engines.



TRANSPORT

EXAMPLE: SWITCH TO ELECTRIC VEHICLES

Assumption: electric vehicles require the

16.7 PJ same amount of energy at the wheel as
the internal combustion vehicles: 16.7 PJ
(see previous slide).

56.8 PJ

25% losses at 20% losses at

51% losses at charging station electric drive
power plant. train.

Electric vehicles generally produce
significantly less heat, noise and
pollution. Emissions are mostly at the
power plants and not across the entire
city (as is the case with legacy vehicles).



Singapore Views
Cooling Singapore
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HOW CAN
SCIENCE, DESIGN
AND INCLUSION
HELP?



INVESTIGADORES EXPLICAN EL
CRECIMIENTO LINEAL DE LAS
CURVAS DEL COVID-19 [SPANISH]

Cronica de Cantabria, Aug 25, 2020

PUBLICATION

M. Kugler, S. Thurner
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NEWS Aug 24, 2020

WHY COVID-19 INFECTION
CURVES BEHAVE SO
UNEXPECTEDLY [EN, D]

COMPLEX SYSTEMS AND THEIR ANALYSIS [D, EN]

in: H. Androsch, W. Knoll, A. Plimon (Eds.), Discussing Technology—Complexity,
Vienna (2020) Holzhausen (German / English)

NEWS Aug 3, 2020

CRAZY IDEAS, BRILLIANT MINDS,
GOOD TIMES!

NEWS Jul 29, 2020

CORONA | HOW FAR WE MOVE
JUNE & JULY]
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SINGAPOREANS’
HEAT MITIGATION
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What mitigation strategy
would you like to see
iImplemented In your

neighbourhood?



Case Studies

(Example Outcome Phase 1)

SOCIAL CAMPAIGNS

Willingness To Pay (WTP)

Population Survey
Campaign
(1,882 participants)

12.27% more

Three
times higher

46% more

Highest:
20-29 yrs

Postgraduate
double as
bachelor

50.4% more
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‘ % HDB: HIGH-RISE | SHOPS
% HDB: HIGH-RISE | GREEN

Recewved geometry (382 objects)

What would you like to design?

Place HDB and condos of different height and Place housing blocks, shops and parks to make Place trees, benches and fountains to create your

shape in the future residential area your perfect neighbourhood perfect public place



Digital Urban Climate Twin
Vision



DIGITAL URBAN CLIMATE TWIN
What-if Scenario Analysis

SCENARIO 1

District Cooling ‘

SCENARIO 2

Solar Panels ‘

SCENARIO 3

Electric Vehicles ‘

MICRO- &
MESOSCLE
SIMULATION

WHAT IF
SCENARIO

DIGITAL
TWIN

REAL
WORLD

Image: Lea Riufenacht (January 2020)



DIGITAL URBAN CLIMATE TWIN
Vision

Applications

High-Performance Simulation and Computation

Users Groups

Government Agencies DeC|S|on Support System Complex Simulation Workflows Surrogate Models
URBAN ) selec 'CASE -
REDEVELOPMENT ggy%ﬁ“o%ﬁlcm iy B
AUTHORITY BOARD 7 . 2 v
Collect design estimate 3 " *
[ WEATHER gata } { SCENARIOS } { AH. profile J H
S & >150 scenarios | AH. i g
7 weather types | (3d modets) temporal profile H
PARKS L g Simple model - multiple linear regression
- Climate % o)~y
] g variables — = ﬂl
S Data extraction Data extraction ] Personal
\ Land Transport Authority [ & conversion ] [ & conversion ] variables —— ;" D(PET FET) ~ 0
NEA L .
Strategy Specification and Evaluation i PET =3 oo+ 3 o
Aspect Ratio “sdowaik e Hoight rofile "seva . Green-grey ratio "park _Podium typology ‘sdensie/park L poTTmmm T T %
Academia ‘ ' o) [ et | [t ) [ )1 E
(SEC) 5| "GAPOR E 'ETH 3 DESIGN Cost Banafit Decision Support E
c E N Tn E : GUIDELINES Analysis. Tool :

Current workflow of OTC modelling

i SMU__ z T
SIVAIR] T ICHASES
TUMCREATE

Industry

Variety of Modelling and Computation Tools

.
g
y B4
ENVI X A

FLUENT C

City Energy Analyst MATLAB
A CltyMoS

AUTOCAD' 2018 python

Images and logos: various members of CS and respective organisations.



Digital Urban Climate Twin
Technical Design



DIGITAL URBAN CLIMATE TWIN

Principal Components

Data Flow

Model/
Tool

Data
Object

User
Interface

(Apps)

What-if Scenario Federation of Models

Parameters

Urban
Master
Plan

Electricity

Decision Support

Demand
(E-Vehicles)

Road

Infrastructure
Data

Traffic
Demand
Data

Vehicle

Properties

Building

Geometry /
Properties

W eather
Data

Urban

Geometry /
Properties

System
e e e e e e e e e e e e e e e e e e e e e e e = = = = = =g i______..
i I
Land-use L;gﬁle(ilcrggt)e Meteorological | |
Model . Data* | 1
. Map I 1 I
- -~ Model/Tool: . |
el | e ¥ !
Model developed ; ' 1 I 1
' |
Power Anthropo- Mesoscale Climatic ! 1 |
Plant genic Heat Urban Climate Data 1
Model (AH) Profile Model (Mesoscale) | |
! |
Electricity I | |
Demand 1 |
(E-Vehicles) 1 I
I, i |
Traffic Interaction: Interaction: | I |
Model micro-meso meso-micro | . |
(Mesoscale) | [Adaptation I
! | I Mitigation :
| |
Model/Tool: I 1 |
CityMoS —— I 4
. Climatic | |
! Boundary I | I
Traffic Conditions I I
Model 1 I
(Microscale) 1 I |
Building / Anthropo- Microscale Climatic | I I
Energy P/ genic Heat Urban Climate Data |
Model (AH) Profile Model (Microscale) I 1 |
\ L A A I 1 |
Model/Tool: Models/Tools: | 1
CEA |
IEM, ENVI-met, |
ANSYS Fluent 1 1
Vegetation I 1 |
Geometry / |
Properties* | 1 I |

P e mm mm o e o O Em Em Em e Em e

- o e o N o e e e e e e o e e e o o e e e e e o e o e e e = = o

*) part of what-if scenario parameters but shown here for conciseness.



DIGITAL URBAN CLIMATE TWIN
Design Choices

Federation of Models vs. Monolithic Model Parametorg. oo 0! Medels Srctom PPor
f e —— A A

* Multiple specialised models

Local Climate

« Different technologies , X . e : :
Multiple owners i ¥ — l Sav, WA ¥
/Lr»
: —}‘:——"' Model Model (Mesoscale) [ :
i " 4 ' L
i it ¥
Loose Coupling vs. Tight Coupling | ¥ . ! l
- Tight coupling: needed if models affect each other | [ii— [MH‘” - Ineration: ineracton: ¥
« DUCT mostly one-way flow of data : ¥ T : :
«  Light coupling does not preclude tight coupling i il osertor 4 | ! ]‘
; R ]_, | |
5 [in L[] oo [ ] [oeezme, [ 1 o [y
Distributed Deployment vs. Centralised Deployment ¥ ¥
- Centralised: single organisation operating all models | e Models oo, } ‘ :'
- Distributed: multiple organisations operate their models . ; e |

» Distributed: more flexibility and granular control A T, o o o

*) part of what-if scenario parameters but shown here for conciseness.



SIMULATION-AS-A-SERVICE INFRASTRUCTURE
Prototype: Basics

What-if Scenario Federation of Models Decision Support

Simulation-as-a-Service (SaaS) Parameters System

——————————————————————————————————————————————————————————————

Think of executing simulations just like any other web service.
Send a request, and get a response. Every model component
should be realised as a service.

A}
I
I
I
I
I
I
1
1
I
I

-—1—» J—v L —»

scalability of/between services and applications across the
internet.

| ) 4 i E
Choice of Technology: RESTful Web Service ; - o
REpresentational State Transfer (REST) is a software architectural .
style to be used for creating web services and to provide e X 1
interoperability between computer systems on the internet. : l |
Web services have been designed to facilitate interoperability and ) . | . .J

P e e e

REST is widely used and there is a lot of support and up-to-date =~ Each model component of the federation of models will be

standard software available. ‘wrapped’ with a RESTful service and provide a standard
interface to facilitate interoperability with other components.



SIMULATION-AS-A-SERVICE INFRASTRUCTURE
Prototype: Design Principles

Specialisation vs. Generalisation

» Tailored to satisfy the requirements of a DUCT

* No intention to develop general-purpose middleware
(similar to HLA for tight coupling)

Simplicity vs. Complexity
* Provide the features that are really needed
* Avoid unnecessary functionality

SaaS vs. M&SaaS (Modelling & Simulation-as-a-Service)
* DUCT: a few well-defined use cases and set of validated models
* No need for users to develop own models (not a good idea anyway)
« Domain experts can still add new models and workflows

(modelling is just not supported as far as the user is concerned)



SaaS| POC Demonstrators



DEMONSTRATOR 1 —= WORKFLOW AUTOMATION
Introduction

Air Temperature at 2 meters (in °C)

24 25 26 27 28 29 30 3|1 32 33 34 35 36 37 38

LCZ Map WRF Heatmap
/ (Urban) / wPS 1 Package / WRF I’ (T2, hourly)
2016-04-01_ Date/Time
00:00:00 (From)
2016-04-03 Date/Time
00:00:00 (To)
LCZ Map WRF Heatmap
/ (AllGreen) / ’ wpPs 7 Package WRF (T2, hourly)

UHI Heatmap o
Calculation (UHI, hourly)

v

UHI Intensity (in °C)

-8 0 8 16 24 32 4 4.8

Air Temperature at 2 meters (in °C)

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 Images: Omer Mughal



DEMONSTRATOR 1 - WORKFLOW AUTOMATION

Deployment

Host: node3.fcl.sg
Processor Service:

WRF

W orkflow

CPUs: 72

RAM: 188 GB

Storage: 27 GB +<2.8 TB
Usage: exclusive (-storage)
Config: fixed

TN

SaaS Inspector

1/O Diagram Data Object

Explore processor interfaces that are provided by a host. The processor and its input/output interface are shown
below.

Address: | node3.fc!.sg:5000 | Lookup | Supported Processors: |workfiow  v| Load

Available Jobs: 1 (finished) v [ Refresh | Inspection: | Start | Stop

oot o ] fima] [ ] fom]
[=]

= | EN

Host: 1ocalhost
Processor Service:

SaasS Inspector:
yes

\ 4

Host: instance-wps
Processor Service:

WPS

CPUs: 1

RAM: 16 GB

Storage: 50 GB + 500 GB
Usage: exclusive

Config: flexible



DEMONSTRATOR 2 — DSS INTEROPERABILITY
Introduction

Climate }/ariable: PET CIimateVVariabIe: Wind

W hat-if U_rban Climate Spatial
) Climate
Scenario Data Map
Model

AlA

Scenario (“Action”):
Podium on ground

Mean
Variance
Score

Exposure
Map

Podium elevated,

Decision Support System

Images: Ye Cong



DEMONSTRATOR 2 — DSS INTEROPERABILITY

Deployment

I/Q Diagram

et )

Host: instance-
saas-small-1
Processor Service:

o3 H

SaaS Inspector

Data object ‘'mean_variance_score' is dynamic and requires further parameterisation:

{
X "optional®: {
Explore processor interfaces that are provided by a host. The processor and its input/output interface are shown “d_function": [
below. “identity",

Address: [34‘87‘47.161:5000 ] Lookup | Supported Processors: | aia v| Load |

Avawlablanbs:[d(ﬁnished) v | Refresh Inspscllan:

]
][] o

"range:lower_limit,upper_limit",

"step:limit_0,limit_1,limit_2,value_0,value_l,value_2,value_3"
e
“wt_selection”: [

"wo",

"wl",

"w2",

"wW3",

"wa",

ety

g

1

}e
"required": {
"e_selection": [

— o

2,
3

1+

"z_cat": [
Tatt,
et
"pet”,
"rhe,
edie”,
g

Host: 1ocalhost

Processor Service:

Saas Inspector:
yes

\ 4

AlA

CPUs: 1

RAM: 1.7 GB
Storage: 10 GB
Usage: exclusive
Config: flexible



Digital Urban Climate Twin
CS 2.0 R&D



DIGITAL URBAN CLIMATE TWIN

Back-end DevelOpment What-if Scenario Federation of Models Decision Support
Parameters System
l i N Em,EmFEEmEEEEEEEEEEEEEEEEEEE__—_—_—— N m -
|
Urban 11 Local Climate . 1
Master La'\;;d(—julse Zone (LCZ) Metegrct)Icigmal I |
Plan " ode . Map ata ! I
11 Industry - -~ Model/Tool Models/Tools: 1 I
S . Model Tobe SINGV, WRF 1
Define interface (input/output) and data 1 developed ; Iy
ObjeCt SpeCificationS. - 1 Power / Anthropo- Mesoscale Climatic I |
Electricity 11 Plant »] genic Heat Urban Climate Data ]
(ED\?;?:Iis) 1 Model (AH) Profile Model (Mesoscale) |
-Vehi

Integrate existing CS models (industry,
power plant, traffic, building energy, meso-
/micro-scale urban climate).

11
Electricit
Fuel 11 Dernan dy
Price 1 (E-Vehicles)

11
11 Traffic

|
|
|
|
|
|
|
|
|
|
|
|
|
|
. SINGV (with CCRS and NUS) e T .
|
|
|
|
|
|
|
|
|
|
|
|
|

1
: 1
: 1
: 1
: 1
. Road Interaction: Interaction: 1 I
Integrate third part components: irasoad " Viodel | micro-meso meso-micro Iy (adaptation
esoscale
! | I Mitigation

 IEM (with A*STAR IHPC) Tatic ] 11 Modeiool: L

Demand CityMoS —~ | I A

Data 1 . Climatic 1
! Boundary |
] ) Traffic Conditions | I
Vehlcl.e L1 Model | I
Properties 11 (Microscale) 1 I
Building i Building / Anthropo- Microscale Climatic | I
Geometry / H Energy »/ genic Heat Urban Climate Data
Properties 1 Model (AH) Profile Model (Microscale) I 1
T \ L A A I |
Wgaiher 1 ggiel/ Tool: Models/T ools: I |
aa IEM, ENVI-met, |
11 ANSYS Fluent |
User Urban 1 Vegetation I |
—_— Model/ Data Interface Geometry / Geometry / I
Data Flow Tool Object (Apps) Properties 11 Properties* [ | I
| Qe— PN o o e e e = e e e e e e = e = e e = e = e = = = = J == -

*) part of what-if scenario parameters but shown here for conciseness.



DIGITAL URBAN CLIMATE TWIN
Front-end Development

Inspector Tool

I/O Diagram Data Object

Explore processor interfaces that are provided by a host. The processor and its input/output interface are shown
below.

Address: | node3.fcl.sg:5000 | Lookup | Supported Processors: [workflow  v| Load

.
Avallable Jobs: [1 (finished) v [ Refresh | Inspection: [ Start | Stop |

e s f flmml ) e f Jemeel
IE= [T =1
, ¥ pamvper S v
| |

Needed for developing, debugging, and operating the DUCT
with its many components.

Development will be driven by the needs of the developers
and technical users.

Decision Support System

DSS is the front-end the end-users are supposed to use to
interact with the DUCT: define scenarios, analyse scenarios
(visually), export data (e.g., for further use in GIS software).

Development will be driven by the needs of the end-users and
researchers..




DIGITAL URBAN CLIMATE TWIN
Deployment

Back-end (SaaS Infrastructure + Model Components)

Depending on the needs of the individual components, they will
be deployed in a corresponding environment.

High Performance Computing Environments

@ National

S " (+ others)
upercomputin

NSCC Ceﬁtre PEs

Cloud Computing Environments

Y Google Cloud ¢ oters

Front-end (DSS + SaaS Inspector)

Combination of standalone and web-based applications. It will
also depend on what is better for agencies to use.

Standalone

(+ more?)

MR



Digital Urban Climate Twin
Opportunities for HPC



DIGITAL URBAN CLIMATE TWIN
Urban Climate Design and Management

“‘Urban climate design and management refers to ability to
understand the climate science, to modify and maintain the
urban climate (temperature, humidity and air-flow) on different
urban scales (e.g., island-wide and building-scale), and to
comprehend the social science of risks and mitigation to set
targets and desired conditions accordingly.”

Provide planners and decision makers with a tool (== Digital
Urban Climate Twin) that allows them to experiment with what-
if scenarios in order to make better-informed decisions.

This will require a lot of computational power...

€D TRANSLATE
- SCENARIOS

IMPLEMENT

REPEAT

Y SIMULATION <

PROCESS

~ @ simuLAaTE

€£) ANALYSE
& MODIFY

Source: H. Aydt (2020). Cooling Singapore — Towards Urban Climate Design and
Management in Indicia 03, editors: S. Cairns and D. Tunas (forthcoming)



DIGITAL URBAN CLIMATE TWIN
Limits to Scalability

Need more speed? Assumption: if we double the computational
resources (e.g., processors) then performance will also double (=
linear speedup).

Unfortunately, that’s not the case... Problem: communication
between parallel processes cause overhead resulting in sub-linear
speedup (see Amdahl’s Law and Gunther’s Universal Scalability
Law).

Speedup

130

120

110

100

S0

80

70

60

50

40

30

20

10

10

20

30

40 50 60 70 80
Number of Processors

= Sub-Llinear = = = Linear

90

100

110

120



DIGITAL URBAN CLIMATE TWIN
Limits to Scalability

You have 100 processors and 100 what-if scenarios. What to do? 130
a) Run 100 what-if scenarios with 1 processor each concurrently; or 120 e
b) Run 100 what-if scenarios with 100 processors each sequentially. 110 It

100 ,,”

90 ’,”
The Bad L 80 /,’
The speed up we can achieve for a single simulation run is limited. § 70 /,"

& 60 -7

The Ugly 50
Marginal increase in performance, not only wastes a lot of 0
computing resources but also energy!! ©

20
The Good 0
Different what-if scenarios are independent from each other and .
can run Concurrently. 0 0 20 30 40 50 60 70 8 90 100 110 120

Number of Processors

= Sub-Llinear = = = Linear



DIGITAL URBAN CLIMATE TWIN
Opportunities for HPC

HPC in Science

» Researchers use HPC for carrying out simulation experiments.

» Users work directly with the HPC.
*  “One-off” experiments.

HPC for Urban Climate Design and Management

« HPC has to be seamlessly integrated into operational
processes.

» Users shouldn’t be bothered with the technicalities of HPC.

* Recurring use and on-demand simulations experiments.

Cooling Singapore 2.0 has the ambition to build an
operational Digital Urban Climate Twin (TRL6).

The goal is not to deliver a perfect solution (because we
know that can’t be done) but a solution that planners and
decision makers will find useful and intuitive to use.

For this purpose, we are planning to work closely with
NSCC (and others) to ensure HPC resources can be
seamlessly integrated.

First step towards this goal is to discuss the deployment
of SaaS Infrastructure components in the HPC
environment.



COOLING
SINGAPORE 2.0



URBAN CLIMATE DESIGN AND MANAGEMENT  =ionmen

Water
Features

Material
Surfaces

COOLING

Energy %3 \ - Urban
; ] \ - Geometry

Costs

Shading

The temperature of 34 degree is based on MSS data where 30.0°C is indicated as the highest monthly mean temperature! plus additional up to 4.6 degree (°C) temperature increase through to climate change?
1: Highest Monthly Mean Temperature (°C) / 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



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

‘ AREAS TO FOCUS ON:
URBAN SOCIAL SCIENCES
Winston CHOW



CASE SPECIFIC STUDY

VULNERABILITY MAP
Conrad PHILIPP

PRELIMINARY RESULTS

+ Urban Heat Vulnerability (UHV) map for Tmin (7am) and Tmax (2-4pm)

URBAN HEAT VULNERABILITY (UHV) =
[((exposure to environmental hazard temperature) + (1 - NDVI)) / 2]
X [(sensitivity indicator) + (adaptive capacity indicator) / 10]

* UHV map separated into 5 classes: based on natural breaks
(see Jenks-Caspall-Algorithmus)
* Very low
* Low
* Moderate
* High
* Very high

» Spatial and temporal coverage
» 28 of 55 planning areas assessed for Tmin and Tmax
» 98.8% of the local population covered
* 449% of the land area assessed
* Year of investigation: 2015

Urban Heat Vulnerability across Singapore, 2015 (7am, Tmin)
I Very Low (0.027 - 0.068)
I Lov (0.068 - 0.148)

Moderate (0.148 - 0.223)
I High (0.223-0.315) b
I Very High (0.315 - 0.400) o /

Unassessed Planning area

1:240,000

A ervice (MSS) 2010-2019,
URA Master Plan 2014 boundaries, Singstat - General Household Survey 2015,
ArcGIS ESRI 2020, GooleEarth 2020

Source: Cooling 2020,

PUNGGOL

COLDEST HOUR

7 AM

8 16

I
24

Urban Heat Vulnerability across Singapore, 2015 (2-4pm, Tmax)

Il Very Low (0.018 - 0.071)
B Low (0.071-0.138)
Moderate (0.138 - 0.204)
I High (0.204 - 0.263)
I Very High (0.263-0.318)
ﬁ Unassessed Planning area

1:240,000

Source: Cooling 2020, Service Sil (MSS) 2010-2019,
URA Master Plan 2014 boundaries, Singstat - General Household Survey 2015,
ArcGIS ESRI 2020, GooleEarth 2020

HOTTEST HOURS

2-4 P

M

8 16

24

103

Confidential.
Please do not
distribute.



WHAT OTHER CITIES
‘ AND COUNTRIES
ARE DOING
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Heat records broken In June 2019 at 27 Iocatrons |n SWITZERLAND

e
WE D S :
Source: https://lenews.ch/2019/06/26/heat-records-broken-at- nearly -30-locations-in- swrtzerland/
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+= Cooling Zlrich

<34 Heat island effect in Zurich during the heat wave in June

%ﬁl 2017: Zurich “heat map” with modelled mean air
=% , temperatures two meters above ground at 6 AM on 22
\es:” 4 June. The largest building below the center of the image
_ Is Zurich’s main station. The light-green open space at the

'ﬁf.'_*ti bottom is Lake Zurich. (Source: Empa / ETH Zurich /
gl Gianluca Mussetti)
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URBAN CLIMATE ACTION
IMPACTS FRAMEWORK

Focused acceleration:

A strategic approach to climate
action in cities to 2030

OPPORTUNITY 2030:
BENEFITS OF CLIMATE
ACTION IN CITIES

INTERNATIONAL PROGRAMMES

e.g. Intergovernmental Panel on Climate
Change (IPCC), World Health Organization
(WHO) UN-HABITAT orienting cities towards
concrete, comprehensive climate action.

The EUROPEAN UNION has set itself targets
for reducing its greenhouse gas emissions
progressively up to 2050 to achieve the
transformation towards a low-carbon economy
as detailed in the 2050 long-term strategy.

The C40 CITY NETWORK provides
comprehensive support to cities to develop
ambitious and equitable climate action plans in
line with the objectives of the Paris

Agreement. Status Singapore: Observer City



The Network News Focus Areas)» Events

Reports Consultancy Advertising AboutUs)» Contact O searc

Framework Programmes

Science|Business journalists and experts in
Brussels, together with our partners in the
Science | Business Network, are closely following
developments of the EU's research framework
programmes, Horizon 2020 and Horizon Europe,
which aim to boost innovation in Europe until
2020 and beyond.

Bookmark this page and register to our
newsletter to follow developments closely - with
Science|Business reports, events and news. For
more information about how to get involved with
the Science | Business Network and help to
maximise the value of the Framework
programmes, contact Maryline Fiaschi.

The Network

The unique forum convening public and private
sector leaders for networking, intelligence and
debates on research and innovation.

More info »

24 Aug 2020 | News

Paint the town green: Horizon Europe moonshot draws up ‘fast and
radical’ plan for sustainable cities

Research, city governance and citizen engagement will play a crucial role in EU mission that aims to make 100 cities in
Europe climate neutral by 2030

By Goda Naujokaityté

One of Horizon Europe’s five new research missions will strive to make 100 European cities climate-neutral by 2030, applying a cocktail
of research, governance and citizen engagement to become sustainably green and offering role models for other metropolitan areas
to follow.

This will provide a critical input for the EU in reaching its target of net-zero carbon dioxide emissions across the continent by 2050.

The exact details of the how the mission will be organised are still under discussion, but an EU official told Science | Business it will
“necessarily have to go beyond Horizon Europe,” in particular when it comes to the implementation of relevant technologies.



WHERE DO WE
WANT TO BE IN

Design & Inclusion
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f Less Noise
Renewable Energy
Circular Economy :




EVERY CITY HAS ITS OWN DNA

Prof Gerhard Schmitt, ETH Zlrich and Slngapore ETH Centre SEC
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WILLINGNESS
TO PAY

Which mitigation strategy would you like see implemented first?

Green Streetscapes Renewable Energy Cool Bus Stations

If the government implements these mitigation strategies, how
would you allocate the funding?

Renewable Energy Green Streetscapes Building Voids

1800 participants

Source: Cooling Singapore, Natalia Borzino (2018 / 2019)

more
children

Men

12.27%
more

Self-employed

50.4% more

information

46% more

higher
the income




Singapore can
reduce 1ts Urban
Heat Island Effect

This will significantly increase Outdoor
Thermal Comfort and air quality, reduce noise
and CO, emissions, AND contribute to
reducing climate change while improving
urban health. Supercomputing will play a
crucial role in the process.
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