
Sponsors: 
National Aeronautics and Space Administration (NASA) 
NASA Goddard Space Flight Center (GSFC) 
NASA Goddard Institute for Space Studies (GISS) 
NASA New York City Research Initiative (NYCRI) 
Contributors: 
Stuart Gaffin, Ph.D., Cynthia Rosenzweig, Ph.D. 
Michael Ferrebee, High School Teacher 
Lawrence Brazin, Undergraduate 
Brittany Hsu, High School Student 
Reid Jenkins, High School Student 
Lowell Brazin, High School Student	
  

NYC’s Urban Heat Island—A Study of Various Thermal 
Temperatures, Albedos, and Infrared Emissivities 

 
Brittany Hsu, Reid Jenkins, Lawrence Brazin, Michael Ferrebee, Dr. Stuart Gaffin 

In  this  project  we  considered  three  areas  of  study  investigating  the  mitigation  of  the  Urban  Heat  Island  Effect.  The  first  
task  compared  the  interior  cooling  effects  of  a  controlled  dark  roof  with  a  green  roof.    Without  being  able  to  control  
variables,  we  were  unable  to  establish  clear  cooling  benefits  in  green  roofs.    The  second  task  was  to  find  materials  that  
could  replace  the  dangerously  hot  black  mats  in  playgrounds.    Sand  and  gray  mats  were  tested  and  shown  to  be  cooler.    
The  final  task  involved  developing  a  methodology  for  using  handheld  equipment  to  determine  emissivities  on  various  
urban  surfaces.      Through  field-­‐‑testing  we  produced  a  working  procedure  for  accurately  determining  emissivities.    
These  studies  provided  invaluable  insight    into  the  difficulties  associated  with  this  relatively  new  field  of    Urban  Heat  
Island  research.    Future  studies  include  doing  a  before  and  after  comparison  to  allow  for  beHer  control  of    the  variables  
in    green  roof  buildings,  studying  different  types  of  playground  mats,  and  testing  emissivities  for  a  variety  of  different  
materials  in  urban  seHings.  	


Abstract	


The  results  for  these  experiments  and  field  work  are  extremely  
applicable  and  inexpensive  to  implement.  They  would  be  
interesting  projects  for  educators  to  introduce  into  the  classroom.	

Materials  used  in  urban  seHings  provide  insight  into  the  urban  
heat  island  and  other  climate  change  issues  that  city  residents  
should  be  aware  of.  Conducting  these  types  of  experiments  
requires    permissive  weather,  adequate  timing,  extensive  
preparation/planning  and  will  power  to  pursue  completion  of  the  
experiments.	


Discussion  &  Conclusion	


The  Urban  Heat  Island  Effect  (UHI)  is  the  tendency  for  cities  and  other  urban  areas  to  heat  up  more  than  adjacent  
suburban  areas.    This  must  be  mitigated  to  avert  detrimental  environmental  and  human  health  effects.  NYC  tends  
to  heat  up  significantly  as  opposed  to  surrounding  suburban  areas.  A  typical  NYC  rooftop  is  a  flat,  black  coated,  
heat-­‐‑absorbing  platform  that  aHributes  to  tribulations  such  as  climate  change,  storm  water  run  off  pollution,  and  
the  urban  heat  island  effect.  Plants  on  green  roofs  have  a  significant  effect  on  the  climate;  foliage  protects  the  
building  from  winds,  solar  radiation,  and  can  reduce  the  temperature  in  an  indoors  environment.  Lowering  air  
temperatures  can  help  reduce  energy  costs  and  atmospheric  pollution.    Similarly,  mats  found  in  children’s  
playgrounds  can  reach  very  high  temperatures  on  a  hot  day.  This  can  be  extremely  dangerous  and  lead  to  skin  
burns  if  a  child  comes  in  contact  with  the  mat  without  any  protection.  Additionally,  emissivity  is  an  interesting  
property  that  measures  a  material'ʹs  ability  to  radiate  absorbed  energy  which  can  affect  the  heating  on  hot  surfaces.	


Introduction	


Emissivity	
 Green  Roofs  and  Internal  Cooling  Effects	
 Albedo  and  Temperature  Experiments	

Problem:  The  emissivity  of  any  material  is  the  ratio  of  thermal  
energy  radiated  by  that  material  to  the  energy  radiated  by  a  black  
body  at  the  same  temperature.  It  may  be  challenging  to  measure  
with  handheld  devices.	

	

Hypothesis:  Emissivity  can  be  measured  using  a  handheld  sensor.	

	

Methods:  Contact  probe  was  used  to  measure  surface  temperature  
of  typical  urban  surfaces.    Another  thermosensor,  with  an  
adjustable  emissivity,  was  used  to  measure  the  surface  
temperature.    Emissivity  was  fine-­‐‑tuned  until  two  temperatures  
agreed.	

	

Results:	

	

	

	

	

	

	

	

	

	

	

	

	


Problem:  Black  roofs  in  cities  are  extreme  heat	

sources.  They  are  probably  contributing  	

significantly  to  internal  heat  loads  in  buildings.	

	

Hypothesis:  Green  roofs  eliminate  the	

surface  high  temperatures  of  black  roofs.  Can  we  	

detect  temperature  benefits    internally?	

	

Methods:  Using  thermosensors,  we  went  to  	

various  buildings  on  the  Columbia  University  	

campus  to  measure  temperatures  floor  by  floor	

	

Challenges:  The  primary  challenge  to  these  experiments  were  
controlling  the  variables,  between  different  buildings.  Variables  such  
as  air  conditioning,  sunlight,  windows,  time  of  day,  air  temperatures,  
varying  locations,  and  building  orientation  can  distort  the  results.	

	

Results:  For  this  experiment,  we  were  unable  to  detect  clear  cooling  
benefits  internally  from  green  roofs  because  it  was  difficult  to  find  an  
accurately  controlled  building.  To  achieve  beHer  results,  it  is  necessary  
to  do  a  before  and  after  comparison.  	

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
	


Problem:  Are  children  playground  mats  	

too  hot  to  handle?  Many  children  have	

reported  geHing  burnt  on  dark  NYC	

playgrounds  mats.	

	

Hypothesis:  Lighter  colored  or  natural  	

products  would  be  beHer  materials  for	

playground  use.	

	

Results:    July  2009	
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Green Roofs vs. Standard Roofs

Average temperature change 
0.598

Average temperature change 
0.563
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Material Dark Gray Mat   Material Concrete 
Bench 

Probe 111   Probe 86.6 
Surface Temp 119.8   Surface Temp 86.4 

Emissivity 0.95   Emissivity 0.76 
Real Emissivity 1   Real Emissivity 0.74 

          
Material Brick   Material Grass 
Probe 101.1   Probe 87.6 

Surface Temp 100.9   Surface Temp 82.5 
Emissivity 0.45   Emissivity .98 (~ 1) 

Real Emissivity 0.59   Real Emissivity .975-.986 
          

Material Pink Marble   Material Wood 
Probe 100.3   Probe 90 

Surface Temp 99.8   Surface Temp 89.5 
Emissivity 0.98   Emissivity 1 

Real Emissivity 0.95   Real Emissivity 0.91 
IR=εAσT4 

Emissivity Equation 


