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Local	  Impacts	  on	  Local	  Climate	  and	  Health	  

Shepherd,	  J.,	  Pierce,	  H.,	  and	  Negri,	  A.	  (2002).	  Rainfall	  modificaSon	  by	  
major	  urban	  areas:	  observaSons	  from	  spaceborne	  rain	  radar	  on	  the	  TRMM	  
satellite.	  Journal	  of	  Applied	  Meteorology,	  41,	  689-‐701.	  

Tan	  et	  al.,	  2010,	  The	  urban	  heat	  island	  and	  its	  impact	  on	  heat	  waves	  
and	  human	  health	  in	  Shanghai:	  Int	  J	  Biometeorol.	  54(1):75-‐84.	  

www.flickr.com/photos/goellnitz/3753698176/	   h"p://www.guardian.co.uk	  

Lincoln	  Pratson,	  Duke	  University	   FEEM	  Seminar,	  Sept.	  13,	  2012	  

Lo
ca
l	  R
ai
nf
al
l/M

ea
n	  
Ra

in
fa
ll 	  



Global	  Impact	  on	  Climate	  Change…?	  

Anomaly	  relaSve	  to	  the	  1961	  to	  1990	  mean	  of	  the	  full	  USHCN	  data	  

Anomaly	  minus	  staSons	  w/	  populaSon	  >30,000	  

Anomaly	  at	  staSons	  w/	  populaSon	  >30,000	  

Anomaly	  at	  all	  staSons	  minus	  anomaly	  at	  staSons	  w/	  populaSon	  >30,000	  

Peterson,	  Thomas	  C.,	  Timothy	  W.	  Owen,	  2005:	  Urban	  Heat	  Island	  Assessment:	  Metadata	  Are	  Important.	  J.	  Climate,	  18,	  2637–2646.	  
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Impact	  of	  Heat	  on	  Residen5al	  Energy	  Use	  

New	  Orleans	  

h"p://www.youtube.com/watch?v=9AEgopYYmtI	  
Reducing	  Urban	  Heat	  Islands:	  Compendium	  of	  Strategies,	  U.S.	  EPA	  

Time	  Lapse	  Infrared	  Images	  of	  House	  Interior	  
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Study	  Objec5ve:	  
Quan5fy	  Impact	  of	  UHI	  on	  US	  Residen5al	  Energy	  Demand	  
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Lincoln	  Pratson,	  Duke	  University	   FEEM	  Seminar,	  Sept.	  13,	  2012	  



www.knaufinsulation.sk 

ConducSve	  Energy	  Loss	  through	  Walls,	  Floors	  &	  Ceilings	  =	  Area	  x	  U	  x	  ΔTemperature	  x	  Time	  
U	  =	  Thermal	  Conductance	  =	  1/R;	  

R	  =	  Thermal	  Resistance	  

Residen5al	  Energy	  Use	  &	  Temperature	  

70°	  F	  
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HeaSng	  Degree	  Day	  (HDD)	  =	  65°F	  –	  Mean	  Temp	  

Cooling	  Degree	  Day	  (CDD)	  =	  Mean	  Temp	  –	  65°	  F	  

Mean	  Annual	  Hea5ng	  Degree	  Days	  over	  the	  US	  in	  thousands	  of	  °F	  

Hea5ng	  Degree	  Day	  (HDD)	  &	  Cooling	  Degree	  Day	  (CDD)	  

ΔTemperature	  
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PRINCIPAL	  EQUATIONS	  

Annual	  Heat	  Need	  =	  24(h/d)	  x	  UAtotal(BTU/h-‐°F)	  x	  HDD(°F-‐d/y)	  

Annual	  Fuel	  Need	  =	  Annual	  Heat	  Need	  /	  (Furnace	  Efficiency	  x	  DistribuSon	  Efficiency)	  

Annual	  Fuel	  Cost	  =	  Annual	  Fuel	  Need	  *	  Fuel	  Cost	  

	  

PRINCIPAL	  INPUTS	  

Urban	  vs.	  Rural	  Temperature	  Records	  

Home	  InsulaSon	  &	  HVAC	  Efficiencies	  

Home	  Areas	  &	  Fuel	  Costs	  

	  

Modeling	  Hea5ng	  (or	  Cooling)	  &	  Fuel	  Demand	  

Lincoln	  Pratson,	  Duke	  University	   FEEM	  Seminar,	  Sept.	  13,	  2012	  



Urban	  vs.	  Rural	  Temperature	  Records	  

Top	  20	  U.S.	  Ci5es	  by	  2010	  Popula5on	  

US	  GHCN	  Weather	  Sta5on	  Data,	  1960-‐2010	  

US	  2010	  Census	  Urbanized	  Areas	  

Urban	  &	  Rural	  Weather	  Sta5ons,	  Top	  20	  US	  Ci5es	  
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Hea5ng,	  Ven5la5on	  &	  Air	  Condi5oning	  (HVAC)	  Inputs	  

US	  DOE	  Climate	  Zones	  
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Housing	  Size,	  Fuel	  Use	  &	  Fuel	  Costs	  

US	  Census	  Regions	  

Frac5onal	  Use	  of	  Space	  Hea5ng	  Fuels	   Frac5onal	  Use	  of	  A/C	  
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Results:	  Tmax	  &	  Tmin	  
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Tmax	   ΔTmax/y	   R2	  
Top	  20	  Urban	   0.02	   0.22	  
Top	  20	  Rural	   0.02	   0.27	  
Lower	  48	  Urban	   0.02	   0.27	  
Lower	  48	  Rural	   0.01	   0.02	  

Tmin	   ΔTmin/y	   R2	  
Top	  20	  Urban	   0.05	   0.71	  
Top	  20	  Rural	   0.04	   0.51	  
Lower	  48	  Urban	   0.05	   0.58	  
Lower	  48	  Rural	   0.03	   0.34	  
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Results:	  HDDs	  &	  CDDs	  

HDD	   ΔHDD/y	   R2	  
Top	  20	  Urban	   -‐9.34	   0.49	  
Top	  20	  Rural	   -‐8.70	   0.42	  
Lower	  48	  Urban	   -‐9.18	   0.42	  
Lower	  48	  Rural	   -‐6.40	   0.17	  

CDD	   ΔCDD/y	   R2	  
Top	  20	  Urban	   3.98	   0.49	  
Top	  20	  Rural	   2.48	   0.26	  
Lower	  48	  Urban	   4.15	   0.38	  
Lower	  48	  Rural	   1.08	   0.04	  
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Results:	  CDD	  Energy	  Use	  &	  Cost	  
Range	  of	  Low	  to	  High	  Insula4on/High	  HVAC	  Efficiency	  
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Results:	  HDD	  Energy	  Use	  &	  Cost	  
Range	  of	  Low	  to	  High	  Insula4on/High	  HVAC	  Efficiency	  

0	   20	   40	   60	   80	   100	   120	  

MSP	  

Detroit	  

NYC	  

STL	  

DC	  

Atlanta	  

SF	  

Houston	  

Riverside	  

Tampa	  

Miami	  

MMBTU/y/Home	  

Space	  Hea5ng	  Demand	  

0	   5	   10	   15	   20	   25	   30	  

LA	  

San	  Diego	  

NYC	  

Boston	  

TOP	  20	  

BalSmore	  

STL	  

Dallas	  

Philly	  

Miami	  

Atlanta*	  

MMBTU/y/Home	  

Rural	  –	  Urban	  Hea5ng	  Demand*	  

$0	   $500	   $1,000	   $1,500	   $2,000	  

BalSmore	  

Boston	  

Atlanta	  

NYC	  

Chicago	  

STL	  

Dallas	  

Houston	  

San	  Diego	  

PHX	  

Miami	  

$/y/Home	  

Space	  Hea5ng	  Expenditures	  

$0	   $100	   $200	   $300	   $400	   $500	  

LA	  

San	  Diego	  

NYC	  

Boston	  

PHX	  

MSP	  

Dallas	  

STL	  

Chicago*	  

BalSmore	  

Atlanta*	  

$/y/Home	  

Rural	  –	  Urban	  Hea5ng	  Expenditures*	  

Lincoln	  Pratson,	  Duke	  University	   FEEM	  Seminar,	  Sept.	  13,	  2012	  

LA	  



Conclusions	  

1.  Tmin	  is	  rising	  at	  roughly	  twice	  the	  rate	  of	  Tmax.	  

2.  HDDs	  are	  declining	  2-‐6	  Smes	  faster	  than	  CCDs	  are	  rising.	  

3.  Rates	  of	  change	  are	  ~1%	  of	  absolute	  difference	  between	  Urban	  &	  Rural	  Temperatures,	  so	  
UHI	  impact	  on	  energy	  use	  dominates	  over	  global	  warming	  impact.	  

4.  UHI	  impact	  on	  energy	  use	  varies	  with	  city;	  from	  negligible	  to	  significant.	  

5.  ReducSon	  in	  urban	  energy	  use	  for	  heaSng	  ~3	  Smes	  the	  increase	  in	  urban	  energy	  use	  for	  
cooling,	  leading	  to	  a	  net	  impact	  of	  reduced	  energy	  use	  by	  urban	  residences.	  

6.  UHI	  impact	  on	  energy	  costs	  depends	  on	  factors	  governing	  fuel	  price	  as	  well	  as	  fuel	  demand.	  
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