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Stadte - Smart Cities - Hitze

Stadte sind gleichzeiltig
Verursacher des Klimawandels,
aber oft viel starker Opfer der
lokalen Hitze (Urbane
Warmeinseln).



Hitze In der Stadt

» Urbane Warmeinseln gab es immer

* Sie entstehen durch «passive» und
«aktive» anthropogene, durch
Menschen verursachte Eintrage



Temperature profile
of UHI’s ‘Peak’
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T. R. Oke, "City size and the urban heat island," Atmospheric Environment (1967), vol. 7, pp. 769-779, 1973.
T.R. Oke, "The energetic basis of the urban heat island," Quarterly Journal of the Royal Meteorological Society, vol. 108, pp. 1-24, 1982.



Chettinad, Tamil Nadu, Indien: Villen der Kaufleute
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NEGATIVE CONSEQUENCES

SPECIFICALLY FOR SINGAPORE

: i L3 LT e e . v S VAN e
SINGAPORE’S L ¥ ! L
CLIMATE ® ‘ i ,
2019 poised to be really hot year
Strait Times, 22 March 2019 .
From 1948 ta 2016, I ' _ Da||y mean

annual mean
temperature are

temperatures rose
at an average rate of

a——— AR SIPESCEN projected to
CHANGES | : . increase by 1.4to
| | g 4.6degreein 2100
0 4
Daily mean

temperatures are
projected to increase
by 14°Cto4.6'C
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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
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Urban Climate specIFICALLY FOR SINGAPORE

SINGAPORE’S
CLIMATE

From 1980 o 2016,
annual total rainfall
rose at an average
rate of 100mm

per decade

> &

D
‘u
The contrast between
the wet months
(November to
January) and dry
months (February and

June to September} is
likely to be more

proncunced, Intensity

S ROJECTIONS and frequency of - --u“\\\i\; o~
Mirtosntnivios i s heavy rainfal events is - N -
expected to increase as -—
the world gets warmer

feb & Jun-Sep Now-lan

o, REE TN

‘Half a month's rainfall in two hours’
Strait Times, 30 June 2018

Annual average
rainfall increased by
600mm from 1980 to
2014

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



NEGATIVE CONSEQUENCES

SPECIFICALLY FOR SINGAPORE

CLIMATE

‘Seawalls and rock slopes already protect over
Brtamentante. 70 % of Singapore's coastline.’ strait Times, 28 May 2017 Sea level 1.2-1.7mm
' p = % Increase each year

In the Straits of
from 1975 to 2009

Singapore rose at the
rate of 1.2mm to
1.7mm per year

B

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

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



Stadte — Ansprechpartner

« Schweiz: Burger:innen kontrollieren mehr als
die Halfte der Emissionen (= Ansprechpartner:
verantwortungsbewusste Burger:innen)

 Singapur: Industrie und Handel verursachen
mehr als 2/3 der Emissionen (= Ansprech-
partner Industrie und Regierung)



Startpunkt

* Erzahlungen alterer Menschen
* Anpassung — Adaption — an das
heisse und feuchte Klima Singapurs
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Botanischer Garten, Singapur: Villa des Direktors
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Daten

 Historische lokale Klimadaten

* Aniruddh Shrivastava I.I.T Bombay,
Praktikant am Singapore-ETH
Centre 2013

*NUS, NTU, MIT, SMU



e “COOLER CALMER SINGAPORE"- Final Documentation of Internship

work (15T May to 15% july, 2013)

Contents (ctri+click to directly reach the topic)

TEMPERATURE and CLIMATE DATA COMPILATION

NOISE DATA SINGAPORE

NOISE SIMULATION MODELS and SOFTWARE

REPLACING PALM OIL PLANTATIONS with PV ARRAYS

ELEVATOR SIMULATIONS

Thank you very much Professor Schmitt (really can’t thank you
enough!) and Dr. Mattiaz Berger (hope you are honoured with your
post doctorate soon!) for the opportunity and the constant
guidance!

It was a huge learning experience, and hopefully, my work has
contributed something to “cooler calmer Singapore”

Regards-

Aniruddh

10
13



SINGAPORE’S LAND
SURFACE
TEMPERATURE
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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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Singapore Anthropogenic Heat Sources s i
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Global/Regional Climate Change Effect on Temperature in Singapore courtesy Prot. Yuan chao, NUS
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Temperature Increment in Future (°C) under RCP 8.5 scenario compared to 2010s (27 (°C)

GCM 2020s 2030s 2050s 2080s

NorESM1-M 0.2 0.6 1.2 2.3
HadGEM2-ES 0.2 0.6 1.6 3.8

MPI-ESM-MR 0.6 0.4 1.6 3.1 ﬁ

{

/

[

/| | ‘,/\
Future | |

Pulau Ubin at the rural area is chosen to
exclude the urbanization effect

- Qbserved at Pulau Ubin

wee NOrESM1-M RCM downscaled
HadGEM2-ES RCM downscaled
MFI-ESM-MR RCM downscaled

72010 2020

2030 2040 2050 2060 2080 2090 2100

Year

2070

Research methods and data applied in the projection:

Global Climate
Model (GCM)

Regional Climate
model (RCM)

Downscale
Method

Observe data
Scenario

Calibrated Period

Projection Period

I. MPI-ESM-MR Il. HadGEM2-ES IIl. NorESM1-M

using RegCM4.7 downscaling (CORDEX-SEA)
(Resolution 25 * 25 km)

Quantile mapping (QM) bias-correction

weather station (Pulau Ubin — reference station)
Representative Concentration Pathway (RCP) 8.5

2010-2019

2020-2099

Southeast Asia

Pulau Ubin

Singapore



Klimamodelle Singapur

* Mikro-, Meso- und regionale
Klimamodelle

» Aktive und passive anthropogene
Eintrage



CCS PILOT STUDY

In FCL1, we worked together with TUM CREATE on a pilot study.
The focus of this study was modeling and simulation of heat
emissions by traffic. The CCS Impact Project will continue this work.

Site 1 — AYE: Located at AYE Site 2 — CBD: Located at Finlayson
between Clementi Ave 6 and Green which is next to Equity Plaza
Clementi Ave 2 flyover




TTT—
TUM CREATE - EVA TAXI TU MCR EATE

EVA — Singapore’s First Electric Taxi

» Completely purpose-built for taxi-
usage in Singapore

» Design to Full Vehicle in 4 years

» Super-fast charging capability
(200km with 15 min charge)

+ Sophisticated cooling system

optimized for Tropical Weather
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CCS IMPACT PROJECT

Part 1: Computational Model

&

<X NVIDIA.

Part 2: Design Loop Tool Part 3: Towards Policy Making

(or parts of it) as input for the computational
model.

2 Simulati_on: use generated 3D model of city E S rl C | ty E N g | ne i'i

(1) City Specification: use City Engine to

! generate a city according to design what-if
| scenarios.

|

(3) Visualisation/Interaction: use 3D game
engine (e.g., Unreal) for visualisation, and
interactive exploration of space.

PHYSX

Idea: use 3D large-scale particle simulation
instead CA model.

(4) Analysis: analyse the results, revise
design what-if scenarios, and guide policy
makers by providing them the necessary
facts and figures.
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Klimamodelle Singapur

* «Federation of Models»
* «Digital Urban Climate Twin (DUCT)»



DIGITAL URBAN CLIMATE TWIN
What-if Scenario Analysis

SCENARIO 1
District Cooling ‘

s ""'T‘-f- '_." v
g r“iy ’
SCENARIO 2 SCENARIO 3

Solar Panels .

Electric Vehicles .

MICRO- &
MESOSCLE
SIMULATION

WHAT IF
SCENARIO

DIGITAL
TWIN

REAL
WORLD

Image: Lea Rufenacht (January 2020)



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...

@ TRANSLATE
© SCENARIOS

£) ANALYSE
& MODIFY

IMPLEMENT

S ) REPEAT
SIMULATION <
PROCESS

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



What is a Digital Urban Climate Twin?

CONTRIBUTORS TO

RAPIATION
AR : A THE URBAN HEAT \
A Digital Urban Climate Twin ISLAND (UHI) EFFECT  Locaaist PoweR /

STopAce
(DUCT) is a digital urban twin
specialised for urban climate.

-

Cooling Singapore is building a
DUCT for Singapore.

TRANSPORY
L& TRAFFIC CONDITIONING

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

COOLING
Image: |dea Ink (2020) 43 SINGAPORE

https://www.thegpsc.org/sites/gpsc/files/cooling_singapore_-_digital_urban_climate_twin.pdf



DIGITAL URBAN CLIMATE TWIN
Back-end Development

Define interface (input/output) and data
object specifications.

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

Integrate third part components:
* SINGV (with CCRS and NUS)
* |EM (with A*STAR IHPC)

User
Interface
(Apps)

Model/
Tool

Data

Data Flow Object

ey

What-if Scenario Federation of Models

Parameters
{ -------- T T T T T T T T T T T T T T T TS ST E ST T EEEEE S S S S
Urb, " Local Climat
1 rban 1 : ocal Climate .
1 Master La’\;‘gdje Zone (LCZ) Meteg;?;o*gucal
I Plan 1 So Map
1 1 S
| T B T B et Model/Tool: .
. h Industry To be Models/Tools:
h Model — SINGV, WRF
1 1 developed :
1 1 \ 4 H
1 — 1 Power Anthropo- Mesoscale Climatic
! Electricity 1 R Plant -»/ genic Heat Urban Climate Data
! Demand T » Model / (AH) Profile Model (Mesoscale)
1 (E-Vehicles) N
1 1
1 —
. Fuel 1 Electricity
Price Demand
: 1 (E-Vehicles)
N
1 1
: Road h o Traffic Interaction: Interaction:
| oa ' Model micro-meso meso-micro
Infrastructure (Mesoscale)
! Data N T
I 1 i
1 . 1
1 DTrafﬂc f ' Model/Tool:
1 eman 1 CityMoS ——
1 Data . : Climatic
1 | : ! Boundary
1 ) Iy Traffic Conditions
1 Vehicle g
) +r ' Model
1 Properties .
[N (Microscale)
1 1 \ 4
! Building [N Building Anthropo- Microscale Climatic
: Geometry / - —> Energy genic Heat Urban Climate Data
\ Properties : 1 Model (AH) Profile Model (Microscale)
I 0 ! . 5 3
1 Weather Model/Tool: Models/'i’ools‘
' Data I CEA IEM, ENVI-met,
. ! ANSYS Fluent
| Urban . ! Vegetation
1 Geometry / 1 : Geometry /
1 Properties 1 Properties*
\

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

Decision Support

Adaptation

Mitigation




URBAN CLIMATE DESIGN AND MANAGEMENT  fronmen
MITIGATION AND ADAPTATION {%@.‘; ‘% y.°

Water

Economy
Features
\
COOLING
30°C
Urban
Geometr

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.sa/climate-historical-extremes-temperature/
2: https://www.nccs.gov.sa/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
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Anthropogenic Heat Dispersion at Urban Areas courtesy prof. Yuan Chao, NUS

Map of Air Temperature Increment by Anthropogenic Heat Emission from Residential Buildings (°C)

Time: 00:00 - 01:00
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Unsteady state modelling --- Time scale study at the city
scale Resolution: 200m x 200m

Results at Newton as the example

Phtrady aesigton (W)
- - o

N L .
Trwe Gt
—— Llectricity comsumplion (ocigieal duta)
~ = = Electricty comumption (casine lnctson fiating)

e Y0 lurme aged 29 temp clevation

I <o0.01 <0.10

B <0.02 W <0.15

B <0.05 N <0.20 _l
<0.08 M <045 W

0 25 5 Kilometers
1 |

45



Singapore Views

Cooling Singapore ‘
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COOLING SINGAPORE

Gerhard Schmitt & Heiko Aydt

CS

COOLING SINCAPORE

CREATE * @™ iis:™ QUARE TUMCREATE FENUS
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Cooling Singapore

(SEC) SINGAPORE-ETH

Cooling Singapore is a multi-disciplinary research project dedicated to de- CENTRE

veloping solutions to address the urban heat challenge in Singapore.

Cooling Singapore
* About

> Partners

> Research

» Publications

» Journal & conference papers

Team

Lead Principal Investigator

» Dr Kristina OREHOUNIG

Principal Investigators
7 Prof. Winston CHOW
2 Prof, Markus KRAFT

2 Prof. Matthias ROTH

Fahrut Azm¢, Unsplash



Zusammenfassung

* Das Kuhlen von Stadten iIst eine
politische, planerische, finanzielle,
technische und wissenschatftliche
Herausforderung
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Zusammenfassung

 Das Kuhlen von Stadten ist eine

pOI|t|SChe planerische,

fi n a.n Z I e I I e y technische und wissenschatftliche
Herausforderung






Stadtklima und Gesundheit

Beste Wirkung durch Sektorenkopplung:
Entkarbonisierung, integrierte Mobilitat als
Service, lokale Energie-Gemeinschaften,
intelligente Heiz/Kuhlsysteme, urbane

Lebensmittelproduktion



Stadtklima und

Weniger Abgase, weniger Larm, weniger Hitze,
bessere Elektrizitatsnetz-Nutzung, weniger

Transportverkehr,
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Abteilung Bauten 18. Dezember 2006



Project in‘operation 2019 |
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Future Urban Systems:

Liveable
Generative
Responsive



