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1.	
  Characterizing	
  urban	
  heat:	
  The	
  UHI Index
A	
  UHI Index	
  was	
  computed	
  for	
  each	
  census	
  tract	
  in	
  40	
  California	
  
urban	
  areas:
§ Developed	
  for	
  Cal/EPA	
  per	
  AB	
  296
§ Advanced	
  modeling	
  systems

§ uWRF,	
  uMM5 (+CMAQ,	
  CAMx for	
  AQ)
§ Modified	
  model	
  and	
  data	
  ingestion
§ Customized	
  input	
  data	
  and	
  parameterizations

§ AREAMOD,	
  mod-­‐UCM,	
  mod-­‐BEP
§ Thorough	
  systematic	
  performance	
  evaluation

§ Per	
  modeling	
  community	
  benchmarks

UHII tiles configured relative to
top 10% and 20% census tracts
in CalEnviroScreen 2.0.

WRF modeling domains / grids: 27, 9, 3,
and 1 km resolution

Sacramento	
  UHII domain
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Urban	
  Heat	
  Island	
  Index	
  (UHII)
A	
  cumulative	
  temperature metric

Per AB 296: UHI Index must be defined to
include both UHI severity (magnitude) and
extent (duration), thus units are DH.

In this study:
• Time-­‐varying (hourly wind direction)

upwind reference points
• Census-­‐tract resolution (3 – 1 km)
• No temperature thresholds
• UHI Index is calculated only when urban

temperature is higher than that at non-­‐
urban reference points

Sacramento	
  region



Urban	
  Heat	
  Island	
  Index
Modeling	
  levels
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e.g.,	
  ~1-­‐3	
  km

Each	
  level	
  produces	
  a	
  different	
  spatial	
  pattern	
  (map)	
  of	
  the	
  UHI

Increased	
  resolution	
  desirable

e.g.,	
  ~500	
  m

First	
  stage	
  completed
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Types	
  of	
  UHI /	
  UHII (examples)
Fresno

(single-­‐core	
  UHI)
Stockton-­‐Manteca-­‐Tracy

(multi-­‐core	
  UHI)
Los	
  Angeles	
  region

(urban	
  climate	
  archipelago:	
  embedded	
  UHI signals)
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Sacramento	
  region	
  UHI /	
  UHI Index

0.5°C

2.5°C

1.7°C

Level-­‐I
UHI Index

Ø Background	
  (map):	
  Model	
  UHI Index
Ø Dots:	
  Mesonet observed	
  averaged	
  temperatures

Levels 2-­‐4 UHII modeling needed to asses local
generation versus transport, optimal deployment
(up/downwind), and mitigation of UHI Index

El	
  Dorado	
  Hills

Auburn

Roseville

North	
  Highlands

1.5	
  m	
  s-­‐1 (3.4	
  mph) 3.0	
  m	
  s-­‐1 (6.7	
  mph)

Inscribed	
  square	
  is	
  downtown	
  area;	
  small	
  arrows	
  
are	
  wind	
  vectors;	
  white	
  lines	
  are	
  major	
  highways.



8

Effects	
  of	
  warmer	
  weather

§ DHPD:	
  Degree-­‐hours	
  per	
  day	
  /	
  UHII bin
§ Blue	
  lines	
  and	
  arrows	
  :	
  Cooler	
  period
§ Red	
  lines	
  and	
  arrows:	
  California	
  heat	
  wave	
  (July-­‐August	
  2006)

Ø Warmer weather (in the short term, e.g., a
heat event, or in the long term, e.g.,
because of potential climate change)
exacerbates urban heat.

Ø Warmer weather shifts the UHI Index from
lower to higher temperature bins.

For example, in the Sacramento region:

Bins of 70, 80, and 90 DHPD have zero
census tracts in them in CP, but 19%, 3%,
and 1% of the tracts, respectively, in the
HW period
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Measure Health-­‐relevant	
  pathways	
  
(Heat	
  and	
  Air	
  Quality)

Cool	
  roofs	
   • Decreased	
  surface,	
  air,	
  and	
  apparent	
  temperatures
• Decreased	
  anthropogenic	
  and	
  biogenic	
  emissions
• Reduced	
  photochemical	
  reaction	
  rates

Cool	
  pavements	
   • Decreased	
  surface	
  1,	
  air,	
  and	
  apparent	
  temperatures
• Decreased	
  anthropogenic	
  and	
  biogenic	
  emissions
• Reduced	
  photochemical	
  reaction	
  rates

Urban	
  forests	
   • Increased	
  deposition	
  of	
  pollutants
• Increased	
  cooling	
  (evapotranspiration	
  2)	
  and	
  shading
• Decreased	
  anthropogenic	
  and	
  biogenic	
  emissions
• Reduced	
  photochemical	
  reaction	
  rates	
  3

Solar	
  photovoltaics	
   • Increased	
  effective	
  albedo	
  4
• Decreased	
  surface,	
  air,	
  and	
  apparent	
  temperatures

Green	
  roofs	
  /	
  walls	
   • Decreased	
  surface,	
  air,	
  and	
  radiant	
  temperatures
Anthropogenic-­‐heating	
  
control	
  

• Decreased	
  air	
  and	
  apparent	
  temperatures
• Decreased	
  anthropogenic	
  emission	
  rates	
  
• Reduced	
  photochemical	
  reaction	
  rates

Runoff	
  /	
  surface-­‐water	
  
control	
  

• Decreased	
  air	
  temperature	
  2
• Decreased	
  anthropogenic	
  and	
  biogenic	
  emissions
• Reduced	
  photochemical	
  reaction	
  rates

1 Can	
  increase	
  radiant	
  heat	
  if	
  not	
  implemented	
  properly
2 Increases	
  atmospheric	
  moisture	
  to	
  some	
  extent
3 Low-­‐emitting	
  species	
  assumed
4 Unless	
  implemented	
  on	
  highly-­‐reflective	
  roofs	
  or	
  surfaces

2.	
  Mitigation	
  of	
  urban	
  heat
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Figure  9.3(e)  Largest  impacts  (C)  on  air  temperature  for  scenarios  13M  (left)  and  13H  (right)  in  the  
Sacramento  region  

  

     
  

Figure  9.3(e)  Largest  impacts  (C)  on  air  temperature  for  scenarios  13M  (left)  and  13H  (right)  in  the  
Sacramento  region  

  

     
  

cool	
  roofs	
  +	
  cool	
  pavements

cool	
  roofs	
  +	
  vegetation	
  cover

cool	
  roofs	
  +	
  solar	
  PV	
  sce 15

cool	
  roofs
cool	
  pavements	
  +	
  solar	
  PV	
  sce 15
cool	
  pavements
moderate	
  cool	
  roofs	
  +	
  moderate	
  cool	
  pavements

moderate	
  cool	
  roofs	
  +	
  moderate	
  veg.	
  cover

DT	
  =	
  -­‐0.8	
  °C

DT	
  =	
  -­‐0.4	
  °CLevels 2 – 4 UHI Index modeling needed to:
o identify optimal start locations
o distribution (uniform vs. targeted)
o up/downwind and transboundary effects

Reasonable high-­‐ and moderate-­‐
control regional simulations (4 km):
Coarse-­‐level assessment of uniform
deployment.

Sacramento	
  region
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Temperature difference (°C) at 1500 PDT on 1
August for cover 17.9% -­‐> 20.6%

Temperature difference (°C) at 1500 PDT on 1
August for cover 17.9% -­‐> 23.5%

DT	
  max	
  =	
  -­‐1.1	
  °C DT	
  max	
  =	
  -­‐1.5	
  °C

Example:	
  urban	
  vegetation-­‐cover	
  increase
Sacramento	
  region;	
  1-­‐km	
  resolution
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