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Cooler Calmer Singapore CCS - Facts 
 
Over the last 35 years 

•  Rising temperature 
•  Increasing noise 
•  More flooding 
•  Increasing density 
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Climate	
  Singapore	
  /	
  Paya	
  Lebar	
  from	
  1954	
  to	
  2012	
  
Data	
  reported	
  by	
  the	
  weather	
  staLon:	
  486940	
  
(WSAP)	
  
LaLtude:	
  1.36	
  |	
  Longitude:	
  103.91	
  |	
  AlLtude:	
  18	
  
Weather	
  Singapore	
  /	
  Paya	
  Lebar	
  
h)p://www.tuLempo.net/en/Climate/
Singapore_Paya_Lebar/486940.htm	
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  Temperature	
  anomalies	
  of	
  Singapore	
  

Glob	
   NHem	
   EQU-­‐24N	
   Singapore/paya	
  lebar	
  

Temperature	
  anomaly:	
  	
  The	
  
term	
  temperature	
  anomaly	
  means	
  a	
  
departure	
  from	
  a	
  reference	
  value	
  or	
  long-­‐
term	
  average.	
  (	
  h)p://www.ncdc.noaa.gov/
cmb-­‐faq/anomalies.php)	
  	
  
Base	
  period:	
  1951-­‐1980	
  
Reference	
  value	
  	
  Singapore	
  :	
  26.5523	
  
degree	
  Celsius	
  
Data	
  Source:	
  	
  h)p://data.giss.nasa.gov/
gistemp/tabledata_v3/NH.Ts.txt	
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Leq	
  values	
  	
  at	
  different	
  loca9ons	
  and	
  heights	
  (year	
  2004)	
  	
  

Low	
  floor(1st	
  or	
  2nd	
  storeys)	
   Mid	
  Floor	
  (5th	
  to	
  7th	
  storey)	
   High	
  Floor	
  (11th	
  or	
  12th	
  storey)	
  

55	
  dBA	
  (annoyance	
  level)	
  

65dBA	
  (adverse	
  health	
  effects)	
  

Leq:    Equivalent  Continuous  Sound  level    is  the  preferred  single  value  8igure  to  describe  Sound  Pressure  levels  that  carry  over  time  and  would  produce  
the  same  Sound  Energy  that  would  be  produced  over  the  stated  period  of  time  ‘T’.    (http://www.acousticglossary.co.uk/leq.htm)



Data  Source:  STUDY  OF  TRAFFIC  NOISE  LEVELS  IN  SINGAPORE,    H.T.  Chui(1),  Raymond  B.W.  Heng(1)  and  K.Y.  Ng(2),  (1)  Shef8ield  Hallam  University,  
United  Kingdom,    (2)  School  of  Design  &  The  Environment,  Singapore  Polytechnic,  Singapore,    http://whqlibdoc.who.int/hq/1999/a68672.pdf
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Annual	
  Frequency	
  of	
  Days	
  with	
  Intensity	
  >	
  40mm	
  in	
  
Singapore	
  (1980-­‐2010)	
  

40mm/hour	
  Rainfall	
  Trend	
  Line	
  Showed	
  an	
  Increase	
  from	
  50	
  in	
  1980	
  to	
  65	
  in	
  2010	
  (30%)	
  

40mm/hour	
  =	
  95th	
  Percen9le	
  of	
  Hourly	
  Rainfall	
  Totals	
  



 
Cooler Calmer Singapore CCS - Goals 
 
In the next 20 years 

•  Lower temperature 
•  Reduce noise  
•  Reduce flooding 
•  Increase quality of life 
 

 



 
Cooler Calmer Singapore – Facts 
 
Contribution to Heat Flux in Singapore 
 
•  Industry (60%) 
•  Transportation (22%) 
•  Buildings (17%) 
•  The existing Urban Planning model 
 



Comparison	
  of	
  
the	
  Energy	
  Landscape	
  
in	
  Switzerland	
  
and	
  Singapore	
  



Image	
  courtesy	
  of	
  Swiss	
  Federal	
  Office	
  of	
  Energy.	
  

Energy	
  flows	
  in	
  TJ	
  	
  
for	
  Switzerland	
  

PopulaLon 	
  8’014’000	
  
Energy	
  dem. 	
  852’330	
  TJ	
  
Area 	
   	
   	
  41’285	
  km2	
  

Density 	
   	
  194/	
  km2	
  

GDP(PPP)	
   	
   	
  340	
  bil.	
  US$	
  

Total	
  Primary	
  
Energy	
  Supply	
  

(TPES)	
   [ ]
dE Q W

J
δ δ= +

=



Energy	
  flows	
  in	
  TJ	
  	
  
for	
  Singapore	
  

PopulaLon 	
  5’312’400	
  
Energy	
  dem. 	
  531’055	
  TJ	
  
Area 	
   	
   	
  712.4	
  km2	
  

Density 	
   	
  7126/	
  km2	
  

GDP(PPP) 	
   	
  315	
  bil.	
  US$	
  

Total	
  Primary	
  
Energy	
  Supply	
  

(TPES)	
   [ ]
dE Q W

J
δ δ= +

=





Singapore:	
  715	
  km2	
  	
  
Mean	
  temperature:	
  27°	
  C	
  
	
  
Lake	
  Geneva:	
  580	
  km2	
  	
  
Mean	
  temperature:	
  11°	
  C	
  
	
  
Singapore	
  energy	
  demand:	
  
531000	
  TJ	
  
	
  
Swiss	
  Energy	
  demand:	
  
852000	
  TJ	
  
	
  
Imagine:	
  2/3	
  of	
  Swiss	
  
energy	
  supply	
  to	
  be	
  
released	
  on	
  Lake	
  Geneva	
  



dE Q Wδ δ= +

Burning	
  energy	
  results	
  into	
  ambient	
  heat.	
  

W	
  is	
  the	
  work	
  done	
  by	
  the	
  system	
  (energy	
  exiLng	
  the	
  system	
  as	
  work),	
  
Q	
  is	
  the	
  heat	
  put	
  into	
  the	
  system	
  (heat	
  energy	
  entering	
  the	
  system),	
  



Work	
  results	
  as	
  well	
  into	
  ambient	
  heat.	
  

dE = δQ+δW

W	
  is	
  the	
  work	
  done	
  by	
  the	
  system	
  (energy	
  exiLng	
  the	
  
system	
  as	
  work),	
  
Q	
  is	
  the	
  heat	
  put	
  into	
  the	
  system	
  (heat	
  energy	
  
entering	
  the	
  system),	
  



Interlude:	
  	
  
From	
  Energy	
  
to	
  Power	
  Density	
  
or	
  Heat	
  Flux	
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TranslaLng	
  annual	
  
energy	
  demand	
  
into	
  heat	
  flux	
  

energy power
time

⎧ =⎨
⎩

power power density
surface

              heat flux         

⎧ =⎨
⎩

=

Countries	
   Energy	
  density	
  
in	
  W/m2	
  

Mongolia	
   0.0027	
  
Switzerland	
   0.866	
  
Bahrain	
   16.4	
  
Singapore	
   24-­‐61	
  

Mtoe:	
  Million	
  tons	
  of	
  oil	
  equivalent	
  



The	
  Urban	
  
Heat	
  Island	
  
Effect	
  (UHI)	
  



The	
  background	
  values	
  (shown	
  in	
  black)	
  of	
  the	
  energy	
  fluxes	
  are	
  based	
  on	
  observaLons	
  for	
  2000–05	
  (Trenberth	
  et	
  al.	
  2009).	
  

Global	
  
energy	
  balance	
  	
  

in	
  W/m2	
  



T.	
  R.	
  Oke,	
  "City	
  size	
  and	
  the	
  urban	
  heat	
  island,"	
  Atmospheric	
  Environment	
  (1967),	
  vol.	
  7,	
  pp.	
  769-­‐779,	
  1973.	
  
T.	
  R.	
  Oke,	
  "The	
  energeLc	
  basis	
  of	
  the	
  urban	
  heat	
  island,"	
  Quarterly	
  Journal	
  of	
  the	
  Royal	
  Meteorological	
  Society,	
  vol.	
  108,	
  pp.	
  1-­‐24,	
  1982.	
  

Temperature	
  profile	
  
of	
  UHI’s	
  



Providence,	
  	
  
Rhode	
  Island	
  

PopulaLon 	
  178’042	
  
Area 	
   	
  

	
  48	
  km2	
  

Density 	
   	
  3710/	
  km2	
  

Metro 	
   	
  1’630’956	
  



InsolaLon	
  &	
  Climate	
  
(natural	
  cause)	
   Urban	
  heat	
  island	
  effect	
  causality	
  

Cause	
   Energy	
  density	
  	
  	
  
in	
  W/m2	
  

city	
  centers	
   25	
  
urban	
  area	
   15	
  
maximal	
   75	
  
Chicago	
   53	
  
CincinnaL	
   26	
  

LA	
   21	
  
Fairbanks	
   19	
  
St.	
  Louis	
   16	
  

Manha)an	
   117-­‐159	
  
Moscow	
   127	
  
Montreal	
   99	
  
Budapest	
   43	
  
Osaka	
   26	
  

Vancouver	
   19	
  



Theory:	
  
UHI	
  in	
  Singapore	
  

Source:	
  A	
  study	
  of	
  Urban	
  Heat	
  Island	
  (UHI)	
  in	
  Singapore	
  by	
  Dr.	
  Wong	
  Nyuk	
  Hien	
  

•  Taking	
  spaLal	
  
temperature	
  profiles	
  

•  Enhancing	
  	
  wind	
  flow	
  
through	
  wind	
  tunnel	
  
and	
  CFD	
  studies	
  

•  Cooling	
  surfaces	
  by	
  
greenery	
  and	
  color	
  
change	
  (albedo)	
  

•  Built	
  arLficial	
  sun	
  
shading	
  



«Through	
  the	
  satellite	
  image,	
  the	
  ‘hot’	
  spots	
  are	
  
normally	
  observed	
  on	
  exposed	
  hard	
  surfaces	
  in	
  the	
  
urban	
  context	
  during	
  dayLme.	
  It	
  is	
  suggested	
  that	
  
these	
  exposed	
  hard	
  surfaces	
  should	
  be	
  strategically	
  
shaded	
  by	
  greenery	
  or	
  arLficial	
  sun-­‐shading	
  devices.»	
  
	
  
«Air	
  condiLoning	
  condenser	
  units	
  spaced	
  widely	
  
apart	
  doesn’t	
  contribute	
  much	
  to	
  the	
  heat	
  build	
  up	
  
[…]	
  as	
  long	
  as	
  there	
  is	
  some	
  wind	
  flow.	
  […]	
  The	
  effect	
  
of	
  traffic	
  is	
  not	
  found	
  to	
  be	
  very	
  significant.»	
  
	
  
As	
  well	
  suggested:	
  be)er	
  cooling	
  by	
  enhanced	
  wind	
  
flow,	
  wind	
  tunnel	
  experiments	
  

Source:	
  A	
  study	
  of	
  Urban	
  Heat	
  Island	
  (UHI)	
  in	
  Singapore	
  by	
  Dr.	
  Wong	
  Nyuk	
  Hien	
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Infrared	
  radiaLon	
  

≠	
  
Surface	
  temperature	
  Surface	
  temperature	
  

≠	
  
Air	
  temperature	
  Air	
  temperature	
  

≠	
  
Heat	
  Heat	
  
≠	
  

Heat	
  flux	
  

Infrared	
  radiaLon	
  

Band	
  1	
  Visible	
  (0.45-­‐0.52	
  µm)	
  30	
  m	
  
Band	
  2	
  Visible	
  (0.52-­‐0.60	
  µm)	
  30	
  m	
  
Band	
  3	
  Visible	
  (0.63-­‐0.69	
  µm)	
  30	
  m	
  
Band	
  4	
  Near-­‐Infrared	
  (0.77-­‐0.90	
  µm)	
  30	
  m	
  
Band	
  5	
  Near-­‐Infrared	
  (1.55-­‐1.75	
  µm)	
  30	
  m	
  
Band	
  6	
  Thermal	
  (10.40-­‐12.50	
  µm)	
  60	
  m	
  
Band	
  7	
  Mid-­‐Infrared	
  (2.08-­‐2.35	
  µm)	
  30	
  m	
  
Band	
  8	
  PanchromaLc	
  (0.52-­‐0.90	
  µm)	
  15	
  m	
  	
  	
  	
  
	
  	
  	
  	
  	
  



5.2%	
  of	
  total	
  
energy	
  demand	
  

Electricity	
  and	
  	
  
gas	
  consumpLon	
  	
  
in	
  Singapore	
  



InsolaLon	
  &	
  Climate	
  
(natural	
  cause)	
   Urban	
  heat	
  island	
  effect	
  causality	
  

Cause	
   Energy	
  density	
  	
  	
  
in	
  W/m2	
  

incoming	
  solar	
  radiaLon	
   341	
  
reflected	
  radiaLon	
   102	
  
outgoing	
  longwave	
   239	
  

thermals,	
  ground	
  to	
  air	
   17	
  
evapotranspiraLon	
   80	
  

radiaLon	
  from	
  ground	
   396	
  
gas	
  turbine	
   100000000	
  
CD-­‐player	
   1000	
  

tornado	
  or	
  thunderstorm	
   1000	
  
peak	
  traffic	
  density	
   700	
  

monsun	
   100	
  
growth	
  of	
  trop.	
  Forrest	
   1	
  
soil	
  erosion	
  global	
  mean	
   0.05	
  

global	
  energy	
  use	
   0.03	
  



Case	
  Study:	
  
Ghim	
  Moh	
  Valley	
  
HDB	
  estate	
  



Image	
  courtesy	
  of	
  the	
  Housing	
  &	
  Development	
  Board	
  (HDB)	
  Singapore.	
  

Site	
  plan	
  of	
  	
  
Ghim	
  Moh	
  Valley	
  



Image	
  courtesy	
  of	
  the	
  Housing	
  &	
  Development	
  Board	
  (HDB)	
  Singapore.	
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Comparison	
  of	
  	
  
anthropogenic	
  	
  
heat	
  release	
  and	
  	
  
natural	
  insolaLon	
  



M.	
  Ono,	
  T.	
  Igarashi,	
  E.	
  Ohno,	
  and	
  M.	
  Sasaki,	
  "Unusual	
  thermal	
  defence	
  by	
  a	
  honeybee	
  against	
  mass	
  a)ack	
  by	
  hornets,"	
  Nature,	
  vol.	
  377,	
  pp.	
  334-­‐336,	
  1995.	
  
H.	
  Käfer,	
  H.	
  Kovac,	
  and	
  A.	
  Stabentheiner,	
  "ResLng	
  metabolism	
  and	
  criLcal	
  thermal	
  maxima	
  of	
  vespine	
  wasps	
  (Vespula	
  sp.),"	
  Journal	
  of	
  Insect	
  Physiology,	
  vol.	
  58,	
  2012.	
  

The	
  “unusual	
  	
  
thermal	
  defence	
  	
  
by	
  a	
  honeybee	
  [...]”	
  



InsolaLon	
  &	
  Climate	
  
(natural	
  cause)	
   Urban	
  heat	
  island	
  effect	
  causality	
  

Anthropogenic	
  
(cultural	
  cause)	
  

(consequence	
  of	
  interdependent	
  causes)	
  

interdependence	
  



Whitepaper	
  
	
  

	
  Cooler	
  
	
  Calmer	
  
	
  

Singapore	
  
	
  



Cooler	
  calmer	
  Singapore	
  is	
  an	
  FCL	
  synergy	
  project	
  involving	
  partners	
  such	
  as	
  TUM-­‐
CREATE,	
  NUS,	
  NTU,	
  and	
  A*Star.	
  Researchers	
  will	
  invesLgate	
  the	
  degree	
  to	
  which	
  we	
  
can	
  reduce	
  anthropogenic	
  heat	
  and	
  noise	
  generaLon	
  through	
  technical	
  methods	
  and	
  
policies,	
  and	
  whether	
  there	
  is	
  a	
  link	
  between	
  the	
  two.	
  
	
  
The	
  goals	
  are	
  to	
  reduce	
  the	
  urban	
  heat	
  island	
  effect	
  and	
  noise	
  polluLon,	
  ulLmately	
  
increasing	
  the	
  quality	
  of	
  life	
  and	
  lowering	
  energy	
  consumpLon	
  for	
  a	
  sustainable	
  
Singapore.	
  
	
  
FCL	
  Leads	
  	
  
Prof.	
  Gerhard	
  Schmi)	
  
Dr.	
  Ma)hias	
  Berger	
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WP4	
  E-­‐Vehicles/	
  Traffic	
  
TUM-­‐CREATE,	
  RP5	
  
Dr.	
  Heiko	
  Aydt	
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WP2	
  ComputaLonal	
  Fluid	
  Dynamics	
  
NTU,	
  Thermal	
  and	
  Fluids	
  Engineering	
  	
  
Prof.	
  MarLn	
  Skote	
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WP1	
  Climate	
  modelling	
  	
  
NUS,	
  Geography	
  
Prof.	
  Ma)hias	
  Roth	
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WP3	
  Urban	
  Planning/	
  Computer	
  Science	
  
SEC,	
  FCL	
  
Prof.	
  Gerhard	
  Schmi)	
  
A*Star,	
  IHPC	
  
Dr.	
  Terence	
  Hung	
  



 
Cooler Calmer Singapore – Scenarios 
 
In the next 20 years 
 
•  Moving heat sources out of the city 
•  Decentralize Production of electricity 
•  Increasing efficiency of industry (60%) 
•  Electrification of transportation (22%) 
•  Increasing efficiency of buildings (17%) 
•  Use Urban Planning to achieve the above 
 



Cooler	
  
Calmer	
  

Singapore	
  
FCL	
  

WP1	
  Climate	
  modelling	
  	
  
(Env	
  Sci,	
  Climate	
  Sci)	
  
• NUS,	
  Geography:	
   	
  	
  	
  
Prof.	
  Ma)hias	
  Roth	
  

WP2	
  ComputaLonal	
  
Fluid	
  Dynamics	
  
• NTU,	
  Thermal	
  and	
  Fluids	
  
Engineering:	
   	
   	
  	
  	
  
Prof.	
  MarLn	
  Skote	
  

WP3	
  Urban	
  Planning	
  /	
  
Computer	
  Science	
  
• SEC,	
  FCL:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Prof.	
  Gerhard	
  Schmi)	
  
• A*Star,	
  IHPC: 	
   	
  	
  	
  	
  	
  	
  
Dr.	
  Terence	
  Hung	
  

WP4	
  E-­‐Vehicles/	
  Traffic	
  
• TUM-­‐CREATE,	
  RP5:	
   	
  	
  	
  	
  	
  	
  
Dr.	
  Heiko	
  Aydt	
  

Singapore	
  Agencies	
  
• NEA	
  
• URA	
  
• LTA	
  
• EMA	
  
• ...	
  

NUS/	
  ERI	
  
NTU/	
  EOS,	
  ERI@N,	
  
NEWRI,	
  Complexity	
  



 
Cooler Calmer Singapore –  
Scenario 2030 
 
Next Steps 
•  White	
  Paper	
  to	
  be	
  submi)ed	
  to	
  NRF	
  in	
  mid	
  June	
  2013	
  
•  Pre-­‐study	
  on	
  data	
  availability	
  and	
  on	
  CFD	
  obstacles	
  

throughout	
  Summer	
  2013	
  
•  Submission	
  by	
  Leading	
  House	
  SEC	
  in	
  late	
  Autumn	
  2013	
  
•  Start	
  in	
  January	
  2014	
  
•  Project	
  duraLon:	
  5	
  years	
  





Dynamics and Transformation of Singapore’s Topography from 1924 to 2012 

Simulation of the transformation of topographic surface from 1924 
to 2012 based on digital elevation models of two years and coast 
lines of 12 separate years reconstructed from topographic maps. 
The simulation is based on a modified geo-morphing algorithm. The 
digital elevation data has been used in the synergy project 
"Transforming Topographies", together with Module III Professor 
Uta Hassler and assistant Professor Milica Topalovic. The National 
Archives of Singapore and the Mapping Unit of the Ministry of 
Defence are gratefully acknowledged as data sources. 















Map	
  of	
  Exis9ng	
  and	
  Poten9al	
  Future	
  Liveable	
  Ci9es	
  
	
  
By	
  following	
  the	
  link	
  below,	
  you	
  get	
  access	
  to	
  the	
  map	
  of	
  “ExisLng	
  and	
  potenLal	
  Future	
  Liveable	
  
CiLes”.	
  This	
  map	
  gives	
  you	
  the	
  possibility	
  to	
  explore	
  and	
  get	
  informed	
  of	
  both	
  today’s	
  most	
  liveable	
  
ciLes	
  and	
  the	
  fastest	
  growing	
  ciLes	
  in	
  the	
  world.	
  On	
  the	
  one	
  hand	
  the	
  map	
  shows	
  the	
  most	
  liveable	
  
ciLes	
  in	
  the	
  world,	
  according	
  to	
  four	
  official	
  rankings	
  (Monocle´s	
  Most	
  Livable	
  CiLes	
  Index,	
  The	
  EIU´s	
  
Liveability	
  Ranking	
  and	
  Overview,	
  Mercer	
  Quality	
  of	
  Living	
  Survey,	
  The	
  Global	
  Liveable	
  CiLes	
  Index),	
  
where	
  liveability	
  is	
  defined	
  by	
  a	
  number	
  of	
  criteria,	
  the	
  weighted	
  sum	
  of	
  which	
  in	
  the	
  end	
  
characterizes	
  a	
  city	
  as	
  liveable	
  or	
  not.	
  On	
  the	
  other	
  hand,	
  the	
  fastest	
  growing	
  mega-­‐ciLes	
  are	
  also	
  
presented	
  on	
  the	
  map.	
  This	
  way,	
  the	
  user	
  is	
  able	
  to	
  detect	
  the	
  differences	
  among	
  these	
  ciLes	
  and	
  the	
  
previous	
  ones,	
  derived	
  from	
  the	
  comparison	
  of	
  their	
  Factors	
  of	
  Liveability	
  characterisLcs,	
  and	
  in	
  the	
  
end	
  recognize	
  which	
  of	
  these	
  ciLes	
  can	
  eventually	
  become	
  liveable,	
  and	
  how	
  this	
  goal	
  can	
  be	
  achieved.	
  
	
  	
  
h)p://www.n.ethz.ch/~gkonosc/Layout/Layout.html	
  	
  
	
  
Auszug	
  aus:	
  „20140919_Light_Version.“	
  iBooks.	
  	
  





Information Architecture of Cities - Support 

 
•  The MOOC – Massive Open Online Course 

–  https://www.edx.org/course/ethx/ethx-fc-01x-future-cities-1821  
•  The BOOK – Basic Open Offline Knowledge 

–  Information Cities 


