CAPITAL REGION HEAT
POLLUTION REDUCTION

Atmospheric Modeling for the Development of a Regional Heat
Pollution Reduction Plan

Technical Project Report

Prepared for

Shelley Jiang
Sacramento Metropolitan Air Quality Management District
777 12" Street
Sacramento, CA 95814

Julia Kim and Helena Rhim
Local Government Commission
980 9™ Street
Sacramento, CA 95814

Prepared by

Haider Taha
Altostratus Inc.
940 Toulouse Way
Martinez, CA 94553
haider@altostratus.com

February 26, 2020

(ratus



ACKNOWLEDGEMENTS

This work wasfunded by the Sacramento Metropolitan Air Quality Management District
(SMAQMD) and the Local Government Commission (LGC) vathSB-1 grant from Caltrans.
The support we received from Caltrans is acknowledged and appreciated.

Primeinvestigators angrojectmanayers Shelley Jiang (SMAQMD), Julia Kim (LGC), Helena
Rhim (LGC) and Joseph Santiago (SMAQMDQe acknowledged for theleadershipin this
project andor the guidance and directiviey providedhroughout the study.

The project Technical Advisory Comittee (TAC)membersareacknowledgedor their support,
providingdirection andeedbacko the project, and defining priorities wiitigationmeasures and
actions. They are, in alphabetical order by last name:

Meg Arnoldi Valley Vision, Kathleen Avei SMUD; Alberto Ayalai SMAQMD; Jerry Barton
I EDC; Adam Baughmarn EDC; Larry Brohmari DOT; Rick Carteri SacamentoCounty,

Matthew Darrowi SacramentoCounty;William Deani Cal/EPA Torin Dunnavani SacTree
Taro Echiburd Yolo County, Jenna Hahn City of SacramentoAlison Hodgkini EDC; Kathryn

Jeanfread EDC; Matt Jones YSAQMD; Donna Keeleii EDC; Kerry Louxi City of Davis;

John Lané Teichert;Karen Olsori SacamentoCounty, Lynnea Ormistori SACOG; Robert
Peters EDC; Sarah Poé SacRT Raef Portei SACOG Uzma Rehmaii DOT; Judy Robinson
T SacamentoCounty, Dan Shoeman SagamentoCounty;Sondra Spaethie FRAQMD; Elena
Torresi SMAQMD; Jason Vargd CDPH; Jennifer Venema City of Sacamento Kimberly

Villa 7 Yolo County, Erik Whitei PlacerCounty, CarrieWhitlock1 City of EIk Grove;andKevin

YountT DOT.

Lratus
Capital Region Heat Pollution Reduction| 2



TABLE OF CONTENTS

EXECUTIVE SUMMARY ...ttt ieee ettt e e e e e s smetssaaeaeeeeeaaeaaaaaeeeessmmmeaeeeas 13
E.O PREAMBLE ..ottt et aeenas bbb e e e e e 13
E.L THE UHIINDEX ...ttt ceeii ittt e e e e e e s emmte e e e e e e e e e e e e e s e s s s s mnne s e e e s 14
E.2CHARACTERIZING URBAN HEAT IN RELATION TO CALTRANS PROJECT.S. 16
E.3 CALCULATING A TEMPERATUREWEIGHTED UHII SCORE........cccccvvvviiiinnnnn. 20
E.4 DEFINING URBANHEAT MITIGATION MEASURES AT THE REGIONAL SCALE
...................................................................................................................................... 26
E.5 QUANTIFYING THE EFFECTS OF HEAMITIGATION MEASURES AT THE
REGIONAL SCALE ...ttt e e e e e e e e e amnnteerseeeeees 27

E.5.1 Insantaneous and averaged effects of mitigation measures in current climate and land
L0 PP 27
E.5.2 Quantifying the impacts beatmitigation measures on outdoor thermal conditions
and heat exposure in CUrrent ClIMAaLe..............uuuuuiiiiccceee e e 31
E.5.3 Ranking the effectiveness of hieatigation measures at the regional scale under
current climate and 1aNd USE..........cooiiiiiiiiiiiie e e e e e e e e e e e e e e e ean 32
E.6 DEFINING HEATFMITIGATION MEASURES AT THE COMMWITY SCALE OR
o O 8 O I I A SRR 37
E.7 IDENTIFYING PROJECT AREAS AT THE COMMUNITY SCALE....................... 38
E.8 ATTAINMENT OF THE UHII AT COMMUNITY AND PROJECT SCALES IN
CURRENT CLIMATE AND LAND USE.......ccccciiiiiiiiiiiiiecieesrivivinieeeeeeeeeeee e eseeeeeeeennn AL
E.9 ADDITIONAL COMMUNITY -LEVEL MEASURES.........coooiiiiiiieieeee e 43
E.9.1 Electrification per SMAQMD ZEV Readiness Plan.............ccccvvvvieeecivivinnnnnee. 43
E.9.2 Installation Of SOIAr PM.......coooviiiiiiii e 45
E.9.3 Smart growth MEASUIES..........coooeiiiiiiieeeeee e 47
E.9.4 CombinationS Of MEASUIES.........uuuiiieiiee e e e ceeeieiee e e e e e e e e e e eeeinrne e e e e e e e e eeeeeeeenees 48
E.O.5 CO0I WIS ... ettt ettt ettt e e e e e e e e e e e e e e e rmmne e e e e e e e e e e 49
E.10 CHARACTERIZING THE IMPACTS OF CHANGES IN CLIMATE AND
URBANIZATION ON THE FUTURE UHIl....cooviiiiiiieie e e 50
E.11 QUANTIFYING THE LOCAL OFFSETS TO THE UHII IN FUTURE CLIMATES
AND URBANIZATION ..cotiiiiee e eeeee et e e e e e e e e e e e e e smnreeeeees 51
E.12 SUMMARY RANKING OF HEAFMITIGATION MEASURES IN FUTURE
CLIMATES AND LAND USE ....cooiiiiiiiiieie et emes e 54
E.13 CONCLUSION AND QUALITATIVE TAKEAWAYS......coooiiiiiiieeeeeeee s eeeevvvnnneeeens 56
1. INTRODUCTION. ..t ittt ettt ettt eeee e st eneess bbbt e e et et e e e e e e s amemseeeeeeeaaaeeeas 58
Lratus

Capital Region Heat Pollution Reduction| 3



2. LAND USE AND LAND COVER ANALYSIS.......coooieem s 64

2.1 OBJECTIVES OF LULC ANALYSIS. .. oot ereee e 64
2.2 SELECTION OF MODELING DOMAINS......cootii i ceeee e emmeeans 64
2.3 LULC AND SURFACEPROPERTIES DATASETS......ccoiiiiiiiieeee e 68
2.3.1 Calculations of urban tree canopy cover based on Earth Define / CAL FIRE.@8ta
2.3.2 Calculatia of canopy cover based on NLCD 2011/ 2016..........cuuuiiiiieiieeeennnns 75
2.3.3 Calculations of IMPErVIOUS COVEL..........ccceiiiiiiiieiieeee e e e eeeeeeeeeeeaeeaa s mmmeeeeeaeneee 79
2.3.4 Calculations of thermhysical parameters...........oooooiiiiiiiice e 84
2.4 DEVELOPMENT OF CROSSWALKS AND URBAN GEOMETRY PARAMETERS89
3. OBSERVATIONAL WEATHER DATA. ...ttt nees s annsssse e 95
3.1 OBJECTIVES OF OBSERVATIONAL METEOROLOGICAL ANALYSIS.............. 95
3.2 OBSERVATIONAL METEOROLOGICAL DATA ... eeeee e 95
3.3 CHARACTERIZATION OF THE OBSERVATIONAL TEMPERATURE FIELD......98
3.4 URBAN HEAT IN RELATION TO URBAN CORE AREAS.........cco i, 108
3.5 OBSERVATIONAL INTRAURBAN TEMPERATURE RANGE..........cccceevvve. 110
3.6 ANALYSIS OF OBSERVED LOCAL TENDENCIES.........cccvvtiiiiiieiiienniveieieeneeee 111
4. BASE ATMOSPHERIC MODELING.....ccouiiiiiiii e eemees et reeee e e 116
4.1 OBJECTIVES OF BASE MODELING........coiiiiiieie e eeeme e 116
4.2 URBAN REPRESENTATIONS IN THE ATMOSPHERIC MODEL.........ccccc........ 117
4.3 INITIAL REGIONAL 2-km SIMULATIONS.....cottiiiiiiieeeeeeeee i 118
4.4 COARSE GRIDS SIMULATIONS (DOL DO3).....ccevveveiirernnnnnesssmmeennennnnnnnnaaeeeeens 120
4.5 RESULTS FROM BASE MODELING OF THEKRN DOMAIN (D04)........cccvvvveeeee. 121
4.5.1 Sample daytime results at 2 Km.............ouuiiiiiiicceeee e 122
4.5.2 Sample early morning resSulLS...........oooi it 124
4.5.3 Model performance evaluation.............cccooiiee i ceeciicicic e eeeen e 124

5. EFFECTS OF MITIGATION MEASURES IN CURRENT CLIMATE AND LAND USE29
5.1 OBJECTIVES OF MODELING MITIGATION MEASURES IN CURRENT

CONDITIONS . ... e eree e e e e e e e e e e e e s s e ene e e e e e e eeeennnrnnes 129
5.2 MODELING CURRENT CONDIIONS: 2m TEMPERATURE FIELD................... 130
5.3 CHARACTERIZATION OF THE UHI INDEX (UHII) IN CURRENT CLIMATE.....134
5.4 UHIlI VERSUS CES 3.0 AND CALTRANS FACILITIES AND ROADWAY PROJECTS
.................................................................................................................................... 138

5.5 DEFINITION OF MITIGATION MEASURES AT THE REGIONAL SCALE (2 km}43

5.6 SELECTING UHIMITIGATION MEASURES: POSSIBLE IMPACTS ON BVOC
EMISSIONS, UV ALBEDO, MIXING, AND THERMAL / VISUAL ENVIRONMENT.. 148

(ratus

Capital Region Heat Pollution Reduction| 4



5.6.1 Albedo increase and UV radiatiOn.........c.oeeueee e 148

5.6.2 Vegetatiotover increase and biogenic hydrocarbonssions............ccccc..evueee. 152
5.6.3 Urban cooling and reduced mMiXiNg..........cccccuuuumimimmmniiiiiiiieeeee e eeereeeeees 156
5.6.4 Reflective materials, glare, and possible pedestrian concerns..................... 157
5.6.5 Cool pavement MAaterialS..........ooooiiiiiiiieeer e eeeee e 158
5.7 IMPACTS OF MITIGATION MEASURES ON WINTERTIME OUTDOOR AIR
TEMPERATURE. ..ottt et ennns bbb e e e e 159
5.8 COOLING EFFECTS AND WIND: ESTIMATION OF A LENGTH SCALE.......... 162
5.9 METRICS AND THRESHOLDS.......cctiiiiiiiiiiiieieeeeee e eeee e 165
IR I Y1 [T PP PP PP PP PPPPPPPPPPPPR 166
5.9.2 TRIESNOIAS ... oo err s 169
5.10 EFFECTS OF MITIGATION MEASURES IN CURRENT CLIMATES AND LAND
USE: INSTANTANEOUS TEMPERATURE DIFFERENCES............ccooiciiiieeee e 170
5.11 IMPACTS OF MITIGATION MEASURES ON THE TEMPERATURE FIELD AND
THEIR RANKING AT THE REGIONAL SCALE ...ttt 173
5.11.1 Impacts on the temperature field at 0600 PDT..............ceiiiiiccmeeeiiinnninnnnn. 173
5.11.2 Impacts on the temperature field at 1300 PDT.............ociiiiiiccceveiiiiieeenn, 177
5.11.3 Impacts on the temperature field during hours 14MWDO PDT........................ 180
5.11.4 Impacts on the temperature fi@tdl500 PDT............ccovvvvimmiiiiiceeeiiiiiineennn 184
5.11.5 Impacts on the dlours temperature field..........cccoooiiiiiiian, 187
5.12 SUMMARY OF RANKINGS ......cottiiiiiiiiiiiiiii ettt errmmme e 191
5.13 IMPACTS OF COOLING MEASURES ON THE URBAN HEAT ISLAND INDEX IN
CURRENT CLIMATE . ...ttt mene e e e e e e 193
5.13.1 Impacts on the UHII at 0600 PDT..........cuvuuiiiiiiiiieeiieeie e eeeee 193
5.13.2 Impacts on the UHII at 1500 PDT.........uuiiiiiiiiiiiiiieeeieeeeeeeeeeee e 195
5.13.3 Impacts on the allours UHII..............ccooiriiiiee e 197
5.14 CHANGES IN TEMPERATURE EXCEEDANCES OVER THRESHOLDS........ 201
5.15 REDUCTIONS IN THE NATIONAL WEATHER SERVICE HEAT INDEX (NWS HI)
WARNING LEVELS ....ooiiiiiiiiiiiiiiee et mmee e an e e e 206
5.16 IMPACTS OF INCREMENTAL INCREASES IN CANOPY COVER.................. 217
5.17 IDENTIFYING GEOGRAMICAL AREAS FOR IMPLEMENTING URBAN
COOLING MEASURES BASED ON THE UHII SCORE........ccccccviiiiiiiiiieeeiiiieeeeee. 223
5.18 COMMUNITY-LEVEL, FINE-SCALE MODELING AND ANALYSIS................... 230
5.19 DEFINITIONS OF PROJEGSPECIFIC AND COMMUNITY-LEVEL SCENARIOS
.................................................................................................................................... 230
5.20 MODELED PERIODS AT 500 M SCALE..........cooi oo 233
Lratus

Capital Region Heat Pollution Reduction| 5



5.21 URBANCELL TRIGGERS FOR THE 5680 MODEL ..........cccovviiiiiiiiiiemeeiiiees 233

5.22 IMPACTS OF MITIGATION MEASURES AT THE COMMUNITY LEVEL......... 237
5.22.1 DOMAIN D05 (Yuba City / Marysville).........cccooeoiiiieiiiiiieeeeie e 237
5.22.2 DOMAIN D06 (WOOIANA)........uuuuiiiiiiiiiiiiiiieaeiiiiiiiiieeeieee e e e s e ee e e e 241
5.22.3 DOMAIN DO7 (SACramMeENLO).......uuurununiiaeeeeeeeeeaininasaaeeeeeeeeeeeeeeinenaaeaeeeeeeeaees 245
5.22.4 DOMAIN D08 (SacramenioRosevillei Granite Bay)........ccccoveeeeeeeeeieiiieennnnn. 249
5.22.5 DOMAIN D09 (Folsoni El Dorado HillS)..........cccuuvuiiiiiiiiiiiieeniiiiiiieeeeeeeceeeene 253
5.22.6 DOMAIN D10 (Placervill& Diamond SPringS).....cccuueeeeeeiaiiiiiiiiieee e 257

5.23 TEMPERATURE SUMMARIES AND ATTAINMENT OF THE UHIL................... 261

5.24 ADDITIONAL COMMUNITY-LEVEL SIMULATIONS ......coooiiiiiiiiiviiviieeenee 263
5.24.1 Impacts of vehicles electrifiCation.............ccccoiiiiieeeiiiieeeee e 263
5.24.2 Solar PhotOVORAICS ......ccvviiiiiiieiie e 269
5.24.3 CombINAtiONS Of MEASUIES. .......viiiiiiiiiiiii ettt 274
I A o To | BT 1| USSR 275

6. EFFECTS OF MITIGATION MEASURES IN FUTURE CLIMATE AND LAND USE 277
6.1 OBJECTIVES OF MODELING MITIGATION MEASURES IN FUTURE CLIMATE

AND LAND USE .....cuiiiiiiiiiiiiiieieee ettt et e e e e e e e e e e s s et e e e e e e e e e e e e s e s e s s s s smnne e e e s e e e annnnns 277
6.2 EMISSIONS SCENARIOS......coiiiiiiiiiii e 277
6.3 PROJECTIONS OF FUTURE URBANIZATION......uuttiiiiiiiiiiiiiis e 278
6.4 MITIGATION MEASURES.........outtitiiiiiiiiiii it ieeeieeeieitee e e e e e e e e e e e e s ammmreeeaaaaaaaaaaaaaaanaas 284
6.5 IMPACTS AND RANKING OF MITIGATION MEASURES IN FUTURE CLIMATE
AND LAND USE ...ttt ettt e e e e e e e e e e e e ammt e e e e e e e e e e e e e e e e s s s mnne e e e e s s e annnes 286
6.5.1 Impact of mitigation measures on 0600 PDT temperature............cceeeeveeeennnn. 286
6.5.2 Impact of smagrowth on 0600 PDT temperature...........cccceeeeeeeeeeeecivnvnneeeennn. 288
6.5.3 Impacts of mitigation measures on 1300 PDT temperature................ccceeuee. 290
6.5.4 Impacts of smart growth on 1300 PDT temperature...........cccoeeeeseeeeevvvnnnnnnnnn. 293
6.5.5 Impacts of mitigation measures on temperature during the period 2000 PDT
................................................................................................................................ 295
6.5.6 Impacts of smart growth on 1402000 PDT temperatute............cccceevvvvvvvueaee.. 297
6.5.7 Impact bmitigation measures on 1500 PDT temperature..............c.coevvvummmnnnn. 299
6.5.8 Impacts of smart growth on 1500 PDT temperature...........ccceeeeeseeeeevvnnnnnnnnnn. 301
6.5.9 Impact of mitigation measures onladlurs average temperature...................... 303
6.5.10 Impacts of smart growth on-hbburs average temperature............ccccceeeeeeeeeen. 305
6.5.11 Summary of measures effiCacieS..........cccceeeeeiiiieeeecii e 307
6.6 IMPACTS OF CLIMATE AND LANDUSE CHANGES ON THE UHII.................. 310

Lratus
Capital Region Heat Pollution Reduction| 6



6.7 IMPACTS OF MITIGATION MEASURES ON THE 1300 PDT TEMPERATURE

FIELD oottt annn 312
6.8 IMPACTS OF MITIGATION MEASURES ON THE UHI AND THE UHII IN FUTURE
CLIMATE .. e e e e e e e e e e e e anee e e e e e e e e e e e e e e e e nnnaae 314

6.8.1 Impact of mitigation measures on the 0600 PDT UHII in future climate........ 314
6.8.2 Impact of mitigation measures on the 1500 PDT UHII in future climate........ 315

6.8.3 Impacbf mitigation measures on the-alburs UHII in future climate................. 316
6.9 CHANGES IN THE NATIONAL WEATHER SERVICE HEAT INDEX (NWS HI)
LEVELS IN FUTURE CLIMATE. .. .ottt emee st e s emme e nnsnneeeae e 318

6.10 IMPACTS OF MITIGATION MEASURES ON THE UHII EXCEEDANCES
RELATIVE TO A SPECIFIEDTEMPERATURE THRESHOLD IN FUTURE CLIMATB29

6.11 IMPACTS OF MITIGATION MEASURES ON TEMPERATURE EXCEEDANCES

(DH) RELATIVE TO SPECIFIB THRESHOLDS IN FUTURE CLIMATE................... 330
6.12 IMPACTS OF SMART GROWTH ON TEMPERATURE EXCEEDANCES
RELATIVE TO SPECIFIED THRESHOLDS.........ovtiiiii e 335
6.13 LOCAL OFFSETS TO THE UHII IN FUTURE CLIMATES............coeiiiiiiiiiis 337
7. CONCLUDING REMARKS AND QUALITATIVE TAKEAWAYS......oiiiiiiiieeeeeeee 340
8. REFERENCES ... ...ttt e e e e e et e e e e eea e e e e e e e e eaeeeeees 342
LIST OF TABLES

Table EST1: Reductions in exceedances (DH) above three NWS HI leveatPDT
(averages over all intervals) in current climate for selected probing locations (P####) defined in
the report. All numbers in the table are percentages..............ooovvvvieeeeeeeeeeeeeeeeeei e 31

Table EST2: Number of consecutive days with NWS HI 10510 °F during three time periods.

TableEST-3: Numerical values (°C) corresponding to the rankings in Figuré BX this table,
€ase02 has been eXCIUARM.........ooo et e e e e e e e e e e e e e s s e e e e e ns 36

Table EST4: Potential of local projects in mitigating the-dburs UHII in current climate and
=TT U PP 42

Table EST5: SMAQMD ZEV Readiness Plan impact on temperature (changes .in.°C)..44
Table EST6: Scenarios of solar PV implementati@ng conversion efficiency; c is cover).45

Table EST7: Changes in neaurface temperatures (°C) within the urban canopy layer resulting
from various solar PV scenarios in the Folsom area. Note that scenarios PV03 and PV30 also
include significant increases in backgnaol albedo, not only installation of solar PV...........45

Lratus
Capital Region Heat Pollution Reduction| 7



Table EST8. All-hours UHII and changes (temperature equivalent in.2C)...........c........... 50
Table EST9: Potential of local projects in mitigating the-aurs UHII in future climate (2050

RCP 4.5) and urban [and USE...........ooovviiiiiiiiicmee e ee e e e e e e e e e e s amennas 52
Table EST10: Potential of local projects in mitigating the-latiurs UHII in future climate (2050
RCP 8.5) and urban [and USE............oovviiiiiiiimmre e er e e e e e e e e e e e amenn s 53

Table 21: Median and range of canopy cover in urban cells ofrB@®mains D05 through D10
(based on CAL FIRE / Earth Define dat&3eThe range in this table is not specified as
difference between maximum and minimum values but, rather, the range of the bulk of the
canopy cover values in the specified domains, as seen in Figure.2..............ccoovvvveeeenn. 74

Table 22: Medians and ranges of canopy cover in urban andirmam cells in 500n domains

D05 through D10 based on NLCD 2011 / 2016 (USFS datasets). The range, in this table, is
specified as difference between maximum and minimum values but, rather, the range of the bulk
of the canopy cover values in the specified domains, as seen in FHgure.2...................... 79

Table 23: Median, bulk ranges, and maxima of impervious cover in urban andrban cells
in 500m domains D05 through D10 based on NLCD 2011 datasets. The range in this table is not
specified aslifference between maximum and minimum values but, rather, the range of the bulk

of the canopy cover values in the specified domains, as seen in Fgjlre.2...................... 83

Table 24: LULC classes in calculation of building geometrical parameters for Sacramento
LO00 11 | 01 Y2 PP 93

Table 41: Condensed summary of MPE for DQ4.............coooiiiiiiiiccee e 126

Table 51: Model temperature range (°C) across tloménties region during various time

11T V7= | 130

Table 52: Upper bounds for realistic surfaspecific increases in albeda......................... 145

Table 53: Housing units in the Capital region COUNLES............uuiiiiiiiiieeeiiiiiiieeeeeeeeeeeeen 147

Table 54. Albedo of selected materials (commercial product names are not given). Based on
Berdahl and Bretz (L1997).......ooooiiiiiiiiieeeieeeii ettt eeee ettt e e e e e e e e e e e e e e rmmne e e 152

Table 55 : BVOC emi ssion rates for species with #fAe
ratings, per Simpson and McPherson (2007), US EPA, and Sacramento Tree Foundation (2015).
........................................................................................................................................ 153

Table 56: Sample of pavement surface types and treatment materials. Abridged from and
simplified based on Levinson et al. (2017).......uuuuiiiiiiii e eeereeee e 159

Table 57: Temperature changes (°C) corresponding to Chartcase02 has been exclud&é8p

Table 58: Reduction in exceedances over 35 °C, current climate, averaged over all intervals and
years (2013 2016) and over urban areas in the givendoimans................ccccevvvvvvvvieeeennn. 203

Table 59: Average reduction in exceedances over 38 °C, current climate, averaged over all
intervals and years (20T32016) .......ccoouiiiiiiiiiiiiiiirrer s eeea bbb e e e e e as 206

Table 510: Changes in the number of hours when the NWS Heat Index exceeds the specified
thresholds for nA@awntgiea.mo..a.n.d..A.Ex.t.r.eme....207

Lratus
Capital Region Heat Pollution Reduction| 8



Table 511: Exceedances (DH) above three NWS Hl levels (1700 PDT averages over all
intervals) in currentlimate for selected probing locations (P####) defined in Figtd2 Al

numbers in the table are percentages. (Note: DH = °F.:.n)ccciiiiiiiiiiiics s 213
Table 512: Number of consecutive days with NWS HI 10510 °F in three time periods.214
Table 513: Definition of canopycover incremental COVEL............ccoevvvivviiiiieeee e, 217

Table 514: Average temperature and change (°C) from incremental increase in canof@i8over
Table 515: Degreehours (°C - hr) and changes from incremental canopy cover over specified

L1 =251 0] [0 =PRI 221
Table 516: Water use equivalents to achieve an area average of 0.5 °C reductidroursl|
AVEIAgE TEMPEIATULE......eeettiii e eeieett i e e et e e e e e e s e e e e e eaa e e e e e ee s smmmr s e e e eeenns 222

Table 517: Changes in temperature as aréde and time averages per given hour or range of
hours (averaged over the 3 intervals defined earlier) for the Titpd Marysville area. In case

of canopy cover and electrification scenarios, a better indicator of the effects is to average Tair
and Tsfc (see text for explanatiQn).............ccuuuiiiiiimmmr e 240

Table 518: Changes in temperature as arnéde and time averages per given hour or range of
hours (averaged over the 3 intervals defined earlier) for the Woodland area. For canopy cover
and electrification scenaripa better indicator of the effects is to average both Tair and Tsfc (see
teXt fOr @XPlanation).........oooii i e e e e a e e e e e as 244

Table 519: Changes in temperatuas areavide and time averages per given hour or range of
hours (averaged over the 3 intervals defined earlier) for the Sacramento area. For canopy cover
and electrification scenarios, a better indicator of the effects is to average both Tair ased sfc (
teXt fOr @XPlanation).........oooiiiiiii et e s a e e as 248

Table 520: Changes in temperature as aréde and time averages per given hour or range of
hours (averaged over the 3 intervals defined earlier) in the SacraimRosvillei Granite Bay
areas. For canopy cover and electrification scenarios, a better indicator of the effects is to
average both Tair and Tsfc (see text for explanation).............cccoovviiccce 252

Table 521: Changes in temperature as aréde and time averages per given hour or range of
hours (averaged over the 3 intervals defiearlier) in the Folsorn EI Dorado Hills. For canopy
cover and electrification scenarios, a better indicator of the effects is to average both Tair and
Tsfc (See text for eXPlanation)...........ccccuuuiiiiiiiieeei e e e e e e e e e e e e e e e e e 256

Table 522: Changes in temperature as aréde and time averages per given hour or range of
hours (averaged over the 3 intervals defined earlier) in the Plac&rialeemond Spring$ El
Dorado aea. For canopy cover and electrification scenarios, a better indicator of the effects is to

average both Tair @nd TSICu......uiiiiiiiii e eneeaeees 260
Table 523: Mitigation potential of local projects vs. regionattablurs UHII........................ 262
Table 524: SMAQMD ZEV measures impacts on temperatahagges in °C)................... 266

Table 526: Changes in neaurface temperatures (°C) resulting from various solar PV scenarios
in theFolsom area. Note that scenarios PV03 and PV30 also include significant increases in
background albedo, not just installation of solar PV...........ccoooiiiiiiiciiiie e 270

‘ratus
Capital Region Heat Pollution Reduction| 9



Table 61. All-hours UHII and changes (temperature equivalent in °C) at eaalegian
(derived from the Xm level for locations of subegions where 56tn domains D0910)... 311

Table 62: NWS HI and changes resulting from Uhitigation measures (case31) at hours 1700
PDT, year 2050, JJAS for RCP 4.5 and RCP 8.5. Cudienate NWS HI and changes are also
(01 g0)VTo [=To I (0] foTe] o « T= Tt <o o 1RSSR 323

Table 63: 2050 RCP 4.5 temperature summaries and attainment of the UHII in future climate

tratus
Capital Region Heat Pollution Reduction| 10



ACRONYMS AND ABBREVIATIONS

AGL
Cal/EPA
CCsM4
CES 3.0
DAC

DH

DH hrt
DOT
EDC
EDCAQMD
FDDA
FRAQMD
JJAS
LGC
MJJAS
modUCM
MTP
NNRP
NO2

Os

PAN
PCAPCD
RCP
SACOG
SacRT
SMAQMD
SMUD
SoCAB
TAC
UCM

UHI

UHII
MPE
WRF
WSP
YSAQMD
ZEV

Above ground level

California Environmental Protection Agency
Community Climate System Model (fourtieneration)
CalEnviroScreen version 3.0

Disadvantaged communities

Degreehours

Degreehour per hour

Department of Transportation

El Dorado County

El Dorado County Air Quality Management District
Fourdimensional data assimilation

Feather River Air Quality Management District
June, July, August, and September

Local Government Commission

May, June, July, August, and September

An Altostratus Incmodifiedversion of an urban canopy model
Metropolitan transportationign

NCERNCAR Reanalysis Project

Nitrogen dioxide

Ozone

Peroxyacetyl nitrate

Placer County Air Pollution Control District
Representative concentration patlywa

Sacramento Area Council of Governments
Sacramento regional transit district

Sacramento Metropolitan Air Quality Management District
Sacramento Municipal Utility District

South Coast Air Basin

Technical Advisory Comniiée

Urban canopy model

Urban heat islan¢also see the Glossary)

Urban heat island indgjalso see the Glossary)
Model performance evaluation

Weather Research and Forecasting model

WSP Global Inc.

Yolo-Solano Air Qualy Management District

Zero emissions vehicles
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GLOSSARY

Albedo:

DH:

DH hr:
DH/15 days
Heat wave:

Reflectivity integrated over a range of wavelengths and over the hemisphere
Degreehours

Degreehour per houftemperature equivalent of UHII)

Total number of degrelours summed up over a period of 15 days

A period of time during which the National Weather Service Heat INdex3HI)
is within or exceeds the values of 10210 °F on atdast two consecutive days.

Probing points:

RCP.

UHI:

UHII

Points of interest added to the analysis in locations where there are no weather
stationsi the goal is to increase the spatial data coverage and bridge the gap in
areas with sparse monitoring networks

Repregntative concentration pathway (defined in detail in the report) is an
indicator to the effects of emissions on future climates. Two scenarios (RCP 4.5
and RCP 8.5) are used in this study. Units are Wimradiative forcing, e.g., 4.5

or 8.5 W n?.

Urban heat island: instantaneous temperature difference between an urban location
and a norurban reference point (e.g., at a single hour). Units are °C.

Urban heat island index: a cumulative (total) temperature difference between an
urban location atha nonurban reference point calculated over a determined time
interval, e.g., several hours or several days, etc. Units are °C - hr.

Time-varying upwind nofrurban temperature reference points

In the approach applied in this study, th@vind nonurban emperature needed
to calculate the UHI or UHIl are obtained froneferencepoints that are
dynamically identified at each hourly or sthourly interval (timedependent)
based on wind approach direction at that fatinterval.

(ratus
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EXECUTIVE SUMMARY

E.O PREAMBLE

Detailed atmospheric modelingvas undertakemn this studywith the goal of informing and
prioritizing the development of a heat mitigation ptanthe Capital regioyincluding the counties
of Sacramento, El Dorado, Plac¥yba, Sutter, and Yoldrhe study, funded by SB (Caltrans)
was carried out to evaluate the effects of various mitigation measures on urbanthesgsix
counties

The modelingvas carried outo characterize and rank several propdsegkmitigationmeasures
in terms of their effectiveness in modifying local microclinsates.,in producingurban cooling.
The study also addressedhe potential negative impagtalbeit smakr, that could arise from
implementation of these measures #ralfactors ta@wonsiderin orderto prevent or minimizany

sucheffects.

An important consideration in this study waslesigrstrategies ofirbarrtheat mitigatiorthat are
reasonable and realistic, i.e., measures that are readily foundpaliddin the region, not
hypothetical or extremkevels ofmodifications Thesemitigation levels and characterizations of

the interactions with the heat island effect were also designed as a refinement to the California
UHI Index developedy Altostratus Incfor the California Emironmental Protection Agency
(https://calepa.ca.gov/2015/09/16/urbanheat/

The mitigation strategiegwhetherin standalondashionor in combinations) evaluated in this
effort were also based on feedback received fratie participating counties, cities, rad
communities in the region. Tmeainmeasuresvere

Cool roofs

Cool pavements

Vegetation canopgover,
Vehicleselectrification/ EV ownership
Solar PV and

Cool walls

Six major taskseach with several subtaskserecompletedn this study.

1. Landuse and lanadover analysigcurrent conditions and future projections);
Observatioal meteorological data analygisiesonet weather data);

Base modeling and model performance evaluation;

Modeling of mitigation measures in current climates and land use;
Modeling of mitigation measures in future climates and land use; and

o gk Wb

Reporting and disseination of results.

(ratus
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Two aspects are discussed in this report. The first is how practices in and modifications to the
transportation system, e.g., pavements, roadways, and heat emissions, can affect the microclimate
of surrounding areas and communities.eTéecond is how practices in urban areas, e.g.,
implementation of cool surfaces, vegetation cover, fleet electrification, and other measures, can
affect the transportation sector, including impacts on roadways and pavements temperatures.

This Executive 8mmary provides brief pointers to characterizations and findings from the
modelingand analysigasks Detailson all taskscan be foundn the ProjectTechnical Report
which follows this summary

E.1 THE UHI INDEX

To begin this discussion of heat mitigation, a distinction betwkertermsfiurban heai and
furban heat islan(UHI) or furban heat island indéXUHII) needsto be made anthe concepts
clarified (see the Glossary)o restatethe obvious, the goal this and similar studies is to design
and implement measures that reduce urban hettirban heat islangser se In other words, the
goal is to cool down the ambient air in any hot urban area, regardless of how much hotter or cooler
it may becomparedo some other urban arear some norurbanreferenceoints(the latter being
the definition of the urban heat islandyhus if so, what is the purpose aharacterizingurban
heat island (or the UHII) in this stud® Thesimple answers that the UHland UHII are just
guantitativeindicatorsor yardsticksthat tell us how much cooling waanreasonably expect to
achieveata certain urban location. In otheosds, the UHI(or UHII) simply is anindicatoras to
how muchcooling is needed to bring tiemperaturata certain tban locatiordownto that of a
nearby norurban area. Thjdy definition, is the amount of cooling that coukhlistically be
expected at that location (of course the actual cooling tlaahievablecould be smaller or larger
thanthe UHI or UHII, as will be shown later in this report).

Having established thgeneraunderstandingf urban heat and the purpose of computing the UHI
or UHII, we cannow proceed with the characterizationusban heain the Capital region.

Based onthe definition oftime-varying upwind norurban temperature reference poiftiseach
area(see the Glossarandthe hourly calculationof temperaturest each model grid cefler
coincident wind direction, the urban heat island index (UHII) waspeded for years (2018
2016), periodsNlay through Septembgrand regions of interest in this study. The UHIl was
calculated for all hours, specific hours, as welfasa range of hours. A graphical example for
the all-hours UHII is shown in Figure EXa where, additionally, several AB7 communities
defined by the Sacramento Metropolitan AQMD are highlighted.

In this example, the UHII is for the period July @1, 2015 for which the aliours averaged
temperature equivalent (DHHris as follows $hown with bold numbers on the figice selected
AB617 communities)A: 3.3°C B: 3.6 °CC:2.1°CD:39°CE:2.1°CG:15°CandH: 2.7
°C. Other UHII temperature equivalerdaring this periodare Davis2.1 °C Woodland: 1.5 °C

‘ratus
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YubaCity: 2.2 °G Placerville: 1.8 °CAuburn: 4.5 °C andRosevilleLincoln: 4.7 °C as seen in
the figure.

In Figure EX1a, the UHII in eaclof the sixtiles (rectangls) is calculated independently from the
othersbased on wind direction and different upaireference pointgven thougtall tiles are
showntogether as a mosaic on the same map. It is to be emphasized that this is a UHIl map, not
an absolute temperature fielchus, inareasuch as Auburn and Lincoln, thiHll can be elevated

at times becaws of day/night variations in temperature thie natural surroundings, higher
elevations, or heat transpdmm upwind urban areas

The same UHII information is provided again in Figure BX but with urban and city boundaries
outlined (with a black lingto provide a visual reference to areas of interest.

Figure EX1a: Composite of UHII tiles, July 181, 2015for dl-hoursaverages isix tiles in the Capifa
region (AT H aresome of theAB617 communitiedn this region. The UHII range in this exan®is 0 to

2176 °C-hr/15 days and each step change in color is equivalent to 155 °C-hr/ITEhéaysmbers in bold
aretheall-hours temperature equivalents (°C) of the UHII at the selected AB617 communities.

Yuba City / Mam

Auburn tile

Placerville tile

Lot

Davis tile

Sacramento tile
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Figure EX1b: As in Figure EX1a,above, but with urban / city boundaries outlined.
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E.2 CHARACTERIZING URBAN HEAT IN RELATION TO CALTRANS PROJECTS

Some attributesf the curreniclimateurban heat and the UHII may be of interest&dtrans local
jurisdictions, cities, transit provid® and communitiegs theycanaffect various aspects of paving,
maintenance of roadways, aging of materials, antrdéimsportation infrastructure in general. The
impacts of UHimitigation measures on surface temperature (that can provide benefits to

pae ment s o

techni

c al

Ine.
)stratus

ni ti al

report.

-terro mairttenamae tandoaging)aaneddiscussed gn the
a qualitative
locationsin relation to the UHII is provided as an initigharacterizatin of areas where urban
cooling measures might need to be introduced first (among other considerations). Those facilities
and roadways that fall within the boundaries of the study domains are superimposed on the UHII
and shown in Figure E&, including loations of airports, Amtrak stations, and state highways
within the UHII tiles modeled in this region.

Her e,
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An important point to keep in mind, one that istezated throughout this report, is that urban heat
indicators (e.g.UHI andUHII) addressed and calted in this study are aiemperaturébased,

not derived from skin surface tempetat st edsasc
assessments based on satellite / rersetsing data or imagery. Hence, the spatial patterns of

urban heat analyzed this study and presented in this report differ significantly from those seen

in satellite imagery.

In Figure EX2, the & -hours UHIIfor July 161 31, 2015, is shown in the background (other years
and intervals provide similar information). The UHII ganin this example is fro@to 2176°C-hr

per 15daysand eactstepchangen color isequivalent tdl55°C-hr per 5 days Considering the
information shown in this figure, a rough, initial ranking of Caltrans facilities can be formulated
based on the UH from highest (most severe) to lowest (less severe)

Airportsrankings (highest to lowest UHil)

0 Auburn Municipal (AUN) Lincoln Regional (LHM) Sacramento McClellan
(MCC), Rio Linda (L36) Sacramento International (SMBacramento Executive
(SAC), Sutter County (O52)Yuba County (MYV) Rancho Murieta (RIU)UC
Davis (EDU) Yolo County (DWA) Placerville (PFV) andWoodland (041);

Amtrak stationgankings (highest to lowest UHII)

0 Auburn (ARN) Rocklin (RLN), Roseville (RSV)Marysville (MRV), Sacramento
(SAC), State Capitol (SC$S)Davis (DAV), Placerville (PCV) and Elk Grove
(EKG);

State highwaysankings (highest to lowest UHII):
o0 65, 80, 244, 50, and 51; and
Rankings based on traffic volurmersus the UHII and the main routes in the regio

tratus
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FigureEX-2: All -hoursaverageJHII (July 16-31, 2015)versus Caltrans roadways andilities
locations. Data sourder facilities and roadway Caltrang2019.
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Figure EX2, continued.

8N\ State highways
h‘r"\ — i -
L =
16
g
U
.‘
.‘o
. * :.
Y
.cI.....
Ine.
Altostratus

Capital Region Heat Pollution Reduction |

19



E.3CALCULATING A TEMPERATURE -WEIGHTED UHII SCORE

The goal of this analysis is to provide additional layers of information neigroclimate datathat
could beused in conjunction witbther datasets, such as CES 8&elp prioritize geographical
areasfor deploymentof UHI mitigation measures.e., to offset the UHIIFor this purposgan
initial scoringof areas was developed based on the modeled UHII at the regional.ecalee 6
counties Capital regionThe first set ofscores(Figure EX3a) is basedsolely on the UHII
regardless of air temperatuie other words, thiscoringmay be used, for example, by Caltrans
and urban planners to develop regional action pldf®vever, thereductions in absolute
temperaturgregardless of the UHIare equally welcomeinh all areas.

Thus, the purpose afcoringvarious geographical areasjch as shown in Figure E3§, is to
provide additional informatioto cities and communitiewhen allocating resource$he figure
shows five tiers based on UHiitervals of 1 °Gncluding for noRurban areas (heat transpoA$

with CES 3.0, the higher tHéHIl score (or tier), the worse the conditions are, i.e., larger urban
heat.To reiteratethis scorings based on climate #ise sole criterion, no sockeconomic factors

are taken into accourit, for example, the UHIkcoreis compared to CES 3.0 scores (last graph
in Figure EX3a), thentheUHII scoreshifts relatively more towards central andtboBacramento,

in areas whee AB617 communities A, B, and Bre locatedwhich occur in UHII Tiers 3 and 4)

as well as community C and it surroundings (which occur in UHII TieA@as near Auburn and
Yuba City / Marysville also have high CES 3.0 seore

With UHII asthe solebass for scoring the areascluding Yuba City / Marysville, Woodland,
Davis, and Placerville occur in Tiers 1 andtl2e lowest and secorid-lowestscores). Most of

north and south Sacramento and @8 communitiesC, E, and G and others nearby occur ierTi

2 (seconascorg. Central Sacramento, AR7 communities A, B, and D, through Folsom and El
Dorado Hills occur in Tiers 3 and 4. Northeast Sacramento, Roseville, Rocklin, Granite Bay,
Lincoln, parts of Folsom, and areas wafsAuburn occur in Tier 4. Rally, an area from Roseville

to Lincoln and a small area over Auburn fall into TidtHe highest score)

However,using only the UHII as an indicator to mitigation prioritee®l scoringarious areasan
provide an overall picture that may be coustduitive. Thus,the scoringdiscussed above and
shown in Figure EX3a can bedone differently, perdata u s e spgcific application or
considerationsFor example, the above charepeated but this timesing both UHII and absolute
air temperature as bagisigure EX3b). The goal is tgrovide relatively more intuitive rankings

or scoring ones that also take into account how hot an area is, not just howtdagghl . This is
discussed idletail inthereport but itis briefly mentionedhere that areas with both large UHII and
high temperatures get a higlseorethan areas with small UHII and lower temperatures. Of course,
a range ofrariouscombinations exists thetween these two ends.

Figure EX3b $rows an example afrbarareascoringbased on both alhlour UHII and alHhour
temperature averages fieyears and intervals modeled in tetsdy. As can be seen, the pattern
differs from that of UHHonly basis(in Figure EX3a).The lowest score (Tiel) includes AB617

‘ratus
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communities D, G, H and surroundings, peripheral areas in Woodland and Davis, small areas in

Marysville, Placerville, and parts of EI Dorado Hills.

The second score (Tier 2) includes south and southeast Sacramento, some western parts of
downtown Sacramento and surroundings, areas to the south of the American River, peripheral
areas in Yuba City / Marysville, northwest Woodland, and central Davis. Some areas in Granite

Bay are also included in this tier.

The nexito-top score (Tier 3) inades AB617 communities A, B, D, north Sacramento and parts
of downtown, and an area extending east to include south Folsom and El Dorado Hills. Also

included in this tier are parts of Lincoln and Auburn.

The topscore(Tier 4) includes parts of AB617 comu ni t y

Folsom, El Dorado Hills, Roseville, Rocklin, Lincoln, central parts of Yuba City / Marysville, and

parts of Auburn.

Appendix D2 provides a larger version of these maps.

FigureEX-3a: UHII scorefor implementingJHI-reduction measures at the regional scale: Tiers 1 through
5 (lowest to highesscores) usingUHII as the sole criterioifhe CES 3.0 score (last graph) is such that
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Figure EX3a, continued.
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Figure EX3a, continued.
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Figure EX3a, continued.

CES 3.0score

BEIB8&8BET
o
=]

Figure EX-3b: TemperaturaveightedUHII score (tiers 1 through Zare lowest to highestcore). The
weighted UHII score, wuSCORE, @ééscussed in the report.
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Figure EX3b, continued.
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E.ADEFINING URBAN-HEAT MITIGATION MEASURES AT THE REGIONAL SCALE

Figure EX3b, continued.
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5: Elk Grove
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UHII-Tair weighted Tier 4: wuSCORE : 2.13 — 2.66
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12 El Dorado Hills

At the courseregional scale, i.e., thed&@unties Capital regigmeasures related to cool surfaces
and vegetatioitanopy cover were defined as followshese were determined based on results
from prior studies indicating the feasibiliznd reasonabilitpf suchmeasures.

caselO:

case20:

case01:

case02:

Smallincrease in albede anincreag of 0.15 on impervious surfaces. At thtale

(2-km resolution),there is no distinctiorbetween roof and pavement albedo
| abel ed

changesDifference between this case and the luass s

Larger increase in albedeanincrease of 0.2 on impervious surfaceBifference
200 .

between thiscase andthebeasse s | abel ed

ndel

idel

A first-level increase in canopy cover (about2®million trees throughout the
countiesCapital region, which isabouta 12% increase in canopy coyee., an
onal 1 2 B couvefed with caeopyDifferenceabreteveen this
caseandthebasase s | abel ed fAdel 010.

addi

This is asecondevel (extreme) increase in canopy cover (~20% cover or adding 5

ti

million trees tmoughout the mtire 6-countiesCapitalregion) i.e., an additional

20 %

tratus
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a

iscceMeredovath canomyTdnis is not arealistic or practical
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scenariacat this time and thus nibused in the combined scenario (casd&dow

or in someof theanalysis in thigeport. This scenario isicludedonly as a test for
potential uppebound effects, per suggestions from local tree organizations
Difference between this case andtheltzssi s | abel ed fAdel 020.

case3l: A realistichigh scenarioof combined albedo and cgmecover increases. The
increase in impervious albedo is slightly larger (Qr8%easg than in case20 and
the increase in canopy cover corresponds to that of caBgf&tence between this
caseandthebasaese s | abel ed fAdel 310.

E.5 QUANTIFYING THE EFFECTS OF HEAT -MITIGATION MEASURES AT THE
REGIONAL SCALE

E.5.1Instantaneousand averagedeffects of mitigation measures in current climate and land
use

A random sample frommnapshat of instantaneous effectd mitigation measures is pried in

Figure EX4. The purposef presenting instantaneous effewsto help formulate a general
impression as to spatial characteristics of changes in the temperatutediaidn be expected to
resultfrom implementing urbagooling measures in tlecountiesCapital regionThus, thiss a

general sketch of the geographical extent, locations, and levels of changes in temperature that
could beanticipatedn the regiomat coarse scale {@n resolution)

In Figure EX4, the instantaneous temperaturgacts of five mitigation measures (defined
Section E.4, aboyeare presented for the random hour at 1300 PDT, July 28, 2015. These
temperaturg@erturbations result from case01, case02, casel0, case20, and case31, regpectively
T E).

For this samplehour, the temperature reductions reach up to 0.7, 1.4, 1.5, 2.4, and 3.9 °C,
respectively, for the measures and scenarios listed abal@re larger for the cases involving
cool surfaces than those with only vegetattower increase (during the daytim@&he spatial
pattern of cooling follows the urban boundaries and the magnitude of cooling increases with built
up density. We note here that the mitigation measures can also inadvertently cause some warming
outside of the modified areagenerally downwinaf the urban land usélowever, the warming

is small compared to the cooling effect both in magnitdeximum of 0.3 °C)and in the
geographicaéxtentaffected by the temperature changesseen in Figure EX

Furthermore, different measures produdtecent spatial patterns of cooling. For example,
vegetation canopy mea®s (casel andcas®2) produce an effect that is somewhat spatially
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uniform throughout the modified urban areafigures A and B, whereas the albedo measures
(casd0 and caseO, figures C and [P produce more distinguishablieaturesor spatially
differentiated patterns in themperature field=or example areasalong theAmerican River and
surroundings(the lightercolored curvedpath seenin figures C and Din the middle 6 the
Sacramento region) do not get as much cooling in the albedo scenarios because of the relatively
smallerbuilt-up fraction in those areas (i.e., less roofs and paved surfaces availabliectio
modifications).

Lastly, the area affected by coolingcreases from the lower scenarios to the higher ones, e.g.,
compare case3figure E) to any other of the graphs. Thisciaused not only bthelargerlocal
temperature reductions batso by the increasedtransport of codr air downwind from the
modified urbanareas (this igsliscussedn detailin thetechnicalreportfollowing this summary.

To provide a different perspective, Figure EX shows the alhours average impacts from
mitigation measures for a period of interekir(ei September2013-2016) The areas of Davis,
Sacramento, Woodland, and Yuba City see larger cooling effects and also thantarggiartile
ranges of temperature change. Excluding case02 (extreme increases in canopy cover) it can be
seen that albedfrase20rnd canopycas0l) measures havgenerally comparableffects ad

that the combination scenarfcase31)s the most effective in cooling the urban areas. The all
hoursmetricis skewed towards the vegetaticanopy effects (rather than albedo) because of the
nighttimecoolingeffects of vegetatiofa time at which thalbedo modifications hawamall orno
effec). Thus, theorder (i.e., efficacy) of cooling measures is déf@rduring daytime hours or at
times of peak temperatutiean at nightin the Project Technical Repoft|lowing this Executive
Summary,information is provided in detail for other time periods, scenarios, combinations, and
locations.

FigureEX-4 (A1 E): Instantaneous differences in air temperaft@ at a random hour and date for five
different mitigation scenarios
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Left: del01: 1300 PDT, July 28, 2015, horizontal wind vector (base) at 2 m M@kimum change at this
hour:-0.7 °C. Right:same but for del02, maximum change at this hdu#; °C.

Figure EX4, continued.
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Left: del10: 1300 PDT, July 28, 2015, horizontal wind vector (base) at 2 m M@kimum change at this
hour:-1.5 °C. Right: same but for del20, maximahange at this hour2.4 °C.

E

del31: 1300 PDT, July 28, 2015, horizontal wind vector (base) at 2 m M@kximum change at this hour:
-3.9°C.
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