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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, uMMS5 (+CMAQ, CAMXx 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

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

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

Urban Heat Island Index

First stage completed

Characterizing the problem

Level 1 —

Level 2 —_—

Level 3

Level 4

UHII computed based on UHI as is

Increased resolution desirable

e.g., ~1-3 km

UHIl as in 1 + weighting by population and technical potential

{e.g., available potential to implement UHI mitigation measures)

UHII as in 1+2 + deduction of advected UHI (based on length scale
/ heattra nsport) (i.e., how much of its UHI is a community actually responsible for)

UHII as in 1+2+3 + full modeling of mitigation potential attainable
per site-specific surface and atmospheric conditions

(i.e., how much of its UHI responsibility can a community actually mitigate?)

e.g., V500 m

Characterizing the mitigation

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

ystratus
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Types of UHI / UHII (examples)

Fresno Stockton-Manteca-Tracy Los Angeles region
(single-core UHI) (multi-core UHI) (urban climate archipelago: embedded UHI signals)
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Sacramento region UHI / UHI Index
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Effects of warmer weather

Sacramento
» Warmer weather (in the short term, e.g., a

l
heat event, or in the long term, e.g, I I I I I I I | I I | I

because of potential climate change) 4 200 2000 A 2ok 30
exacerbates urban heat.
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= Red lines and arrows: California heat wave (July-August 2006)
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2. Mitigation of urban heat

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 o Decreased surface 1, air, and apparent temperatures

Decreased anthropogenic and biogenic emissions
Urban forests

Reduced photochemical reaction rates
Solar photovoltaics . Increased effective albedo 4
Decreased surface, air, and apparent temperatures

Increased deposition of pollutants

Increased cooling (evapotranspiration 2) and shading
Decreased anthropogenic and biogenic emissions
Reduced photochemical reaction rates 3

Green roofs / walls

Anthropogenic-heating o Decreased air and apparent temperatures
control o Decreased anthropogenic emission rates
Reduced photochemical reaction rates

Decreased surface, air, and radiant temperatures

Runoff / surface-water . Decreased air temperature 2
control . Decreased anthropogenic and biogenic emissions
. Reduced photochemical reaction rates

! 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 OStratliS



Sacramento region
0.00 e
020 ; i 8728 2% Reasonable high- and moderate-
e ! Sszz control regional simulations (4 km):

Coarse-level assessment of uniform
deployment.

-0.60

-0.80

-1.00

largest daytime change [C]

-1.20

-1.40

moderate cool roofs + moderate cool pavements
cool pavements

+// moderate cool roofs + moderate veg. cover

cool pavements + solar PV sce 15

cool roofs

cool roofs + solar PV sce 15

cool roofs + vegetation cover
cool roofs + cool pavements \

Levels 2 — 4 UHI Index modeling needed to: : i ‘ AT =-0.4 °C
o identify optimal start locations

o distribution (uniform vs. targeted)

o up/downwind and transboundary effects

al=-0.8°C stratus 10



meteorological model

Finer-scale modeling of urban heat mitigation

Land-use / land-cover analysis and development of cell-specific surface input to

Depending on modeling approach, some 60% - 70% of data is available for
modeling the Sacramento region (in future efforts). The remaining 40% -
30% must be derived indirectly or acquired anew.

Region Il || Region | ]

C
Sacramento

- Drag coefficients / TKE calculations
I_ « Canyon calculations

Analysis plane (e.g., 200x200 m) |

Building PAD, TAD, FAD

Vegetation PAD, FAD, TAD

NUDAPT, Google Earth

Fluxes welghing

Roof area
County bldg. data

Open/Paved areas
Derive
~| NUDAPT

Roof albedo
Remote-sensed data

Building heights

LULC
NLCD, USGS
Local govt.

g |

« Anth. Heat
« Crosswalis

County bldg. data
Google Earth

Tree cover

Quickbird/UFORE

CALFIRE, Google earth
T

« Vegetation fraction
« Shade factor

« Soll molsture

- Canopy albedo

Development of highly cell-specific input to
fine-resolution meteorological models (500 m

or

better) based on fine-resolution urban

morphology and surface characterization
datasets.
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Example: urban albedo increase

Sacramento region; 1-km resolution

Upper-bound scenario modifications in albedo™: Surface
temperature reduction up to 7 °C and air temperature
reduction up 2-3 °C.

PAD (1/m) at 1m AGL
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Air-temperature change resulting Left: Surface-temperature change resulting from increased albedo.
from increased albedo (location RC, Right: building plan-area density at 1 m AGL.

moderate impacts on temperature)

** 104 avg. increase in roof albedo

0.2 avg. increase in paved albedo
0.1 avg. increase in wall albedo
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Example: urban vegetation-cover increase

Sacramento region; 1-km resolution

4 >,
<
3 \
AT max =-1.1°C | AT max =-1.5 °C
Temperature difference (°C) at 1500 PDT on 1 Temperature difference (°C) at 1500 PDT on 1
August for cover 17.9% -> 20.6% August for cover 17.9% -> 23.5%
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Example: albedo increase and O; air quality

Sacramento region; 1-km resolution

Albedo increases by up to 0.4 on roofs and 0.15 on
pavements (cool roofs and cool pavements)

Decrease ozone by up to 5 — 11 ppb (1-hr average,
fine-resolution, localized) during the daytime (note:
historical emission inventories)

Most of the decreases occur during times of 1-hr
peaks, thus most beneficial (between 1200 and 1600

LST) :"..c Min= 0.000 af {1,1). M= 0.098 31(50,2)

Some small increases occur mostly earlier in the

morning because of reduced mixing PAIRED UNPAIRED

OBSs SIM PA OBS SIM
~ 100 88 0.88 100 96

133 108 0.81 133 117

110 97 088 121 101

Equivalent to 2 — 4.5 ppb °C! (non-linear; older,
historical emission inventories)

Produce a relative reduction factor (daily maximum 8-
hour average) of 4% to 9% (historical emission
inventories)

Auguist 22000 150000
Min= 0000 af (L1} Mac= 0901 @i (52.55)
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Suggestions for future modeling of
the Capital Region

Levels 3,4 UHI Index modeling and development of mitigation indicators
Fine-resolutions modeling and advanced urban parameterizations

More recent LULC, urban morphology, vegetation cover, and albedo
Revised / recent emission inventories

State-of-the science local climate change scenarios

¥ ¥ v v v ¥

Revised, plan-specific albedo / vegetation control scenarios

These steps can assist the Capital Region in establishing a target urban heat
reduction, e.g., a target temperature threshold and related spatial attributes
based on the region’s climate, land use, technical potential, UHI Index, and
other factors.

Thank you!
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