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Introduction

Project Background

The Fresno Council of Governments (Fresno COG) received grangfinaoch the California Department

of Transportation (Caltransinder theSenate Bill (SB) 1 Adaptatioraing Grant$rogram to conduct

a Transportation Network Vulnerability Assessment (TNVA) for Fresno Cotlgyfi.NVAaims toassist

Fresno COG and other local agencies in understanding the potential impacts of climate chahge
NBEIA2yQa GNIYyaLR2NIFGAZ2Y AYFNF adNHzZOGdzNEX ARSYyGATE
strategies to ensure the stability and resil@y of the infrastructure moving into the futurézresno COG
glyia G2 SyadiNB GKFIG GKS NBIA2yQa YdzZ GAY2R NIy
strong communities and promote positive economic developmiftrmation learned through th& NVA
development process will inform not only the neXegional Transportation Plan/Sustainable
Communities StrategyR(TP/SQSupdate, but will also provide data for local partner jurisdictions to
integrate into their respective General Plans.

Objectivesof the Fresno County Regional TNVA development process include:

Convene regional partners from multiple jurisdictions

Identify climate change impact risks to muttiodal transportation infrastructure in the project area
Identify specific transportatiomfrastructure vulneral# to climate change impacts

Develop adaptation strategies and specific actions to remedy identified climate related vulnerabilities

< <K<K

The development procedsr the TNVAS guided by a diverse Vulnerability Assessment Workiogiisr
(VAWG) The VAWG is responsible for providing both policy and technical guidacshapindnow the
TNVA can serve the different communities of Fresno Coantyadapt to the potential impacts of climate
change.

Document Purpose and Structure

CKS LINRP2SOGQa +dzf ySNIoAfAGeE 'aaSaavySyd dGlai F20d
transportation system in Fresno County. This memorandiooumentsthe Vunerability Assessment
methodology and results.

TheFresno County Extreme Weather and Clinssetion discusses historical climate and weather impacts

AAAAA

inFresnoCountyL &G o NRBIF Rf & adzYYINAT S&a LINRP2SOGSR OKIFy3Sa Ay

The Engagemenaind CollaboratiorFindingssectionreviews information from the VAWG, stakeholder

interviews, and public outreach. The separateéublic OutreachSynopsissummarizes thecommunity
engagementctivities and findings from this project. This Vulnerability Assessment nagaves onthe
engagemenfindings but readers should refer to thBublic OutreactBynopsigor detail onii KS LINR 2SOl Q
community engagement and collaboratipnocess.

TheTransportation System Analysis Findiagstion summarizes the analysis of projected climate impacts
on the transportation system in Fresno County. A major component of the analysis was a risk indicator
scoring processlhe procesinvolved gathering relevant data on climate aassets and combining this
information into scoresepresenting the relative risks facing different assets. With these results, one can
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identify individual assets needing faciligvel assessments of futurdirnate threats and response#side
from the scoring process, th&dditional Analysisection presents analyseofthe relationship between
high temperature events antansit ridership, and of potential areas of future despated landslide risk
in the County.

The Summarysectionsynthesizes the findings from thENVAand concludes ith a discussion of next
steps in the project how to use the findings.
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Fresno County Extreme Weather and Climate

Spanning across the Central Valley and reaching into two major mountain ranges, Fresno County
experiences a variety of weather and climate conditions. Extreme heat, riverine flooding, wildfire,
drought, dense fogstrong windsand winter stormshave affected human activity in different parts of the
regionin recent years¢ KS A YLI} Oda 2F OftAYFGS OKIy3aS 2y (KS
20aSNBIo6ftS OKIFIy3aSa Ay /[ IEATFT2NYAlI Qa Sy JwikBigharSy (0 @
average temperatures and increases in extreme heat events, wildfi@systand droughtsThe changes

in climateare expected t@xacerbate related issues, such as air polluindwater supply, andiltimately
affectsocial equityas communities face disproportionate impacts from climate change

Historical Context

Fresno @ dzy il @ Q&  NBa@aBdyMitigatiodzPl&@nkhoroughly summarizes past weatheglated
events and risks in the region.

For this project, we also reviewed tidational Oceanic and Atmospheric AdministratiédOAA)Storm

Events Database for recent yeaRgurel. Fresno County Property Damage ($) by dhamws storm

related property damage in Fresno Couilty year starting in 1957and ending in2018.There is a high
variation in damages between years. There has also been an upward trend in damages over time. While
this study did not review the storm event data collection methodology, it Is possible that there have been
changes in methdologyoverthe relatively long period shown on the graph.

Figurel. Fresno County Property Damage ($) by Y@d®OAA Storm Events Database

30,000,000
25,000,000
20,000,000
15,000,000
10,000,000

5,000,000

Source: NOAA Storm Events Database

1 https://www.co.fresno.ca.us/home/showdocument?id=24743

2 For the NOAA Storm Events Database, Fresno County is defined asCéMesi San Joaquin Valley, EGsntral San Joaquin
Valley,Mariposa Madera and Fresno County foothills, Sierra Nevada from Yosemite to Kings Canyon, West Side hills, Western
San Joaquin Valley, Foggy Bottom, Fresno, Central Sierra Foothills, Central Sierra, North Kings River, and Sequoia Kings.
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We analyzed a subset of the most recent NOAA storm event data in greater Begail January 2014 to

April 2019, Fresno County experienced more than 800 storm events that caused a total of 5 deaths, 69
injuries, over $4 million in property damage, and o$&0 million in crop damag&.These storm events
ranged from debris flow to winter weather events (deigure2. Number of Events from January 2014 to
April 2019 for Fresno County The county experienced thgreatest number of events in 2016 (243
events) and the lowest number of events in 2018 (118 events).

Figure2. Number of Events from January 2014 to April 2019 for Fresno CquiQAA ®rm
Events Database
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Assuming the events from 2014 to 2018 are a representative sample, the frequency of events occurring
in any given year varies on average from 0 to 37 evdiits frequencies suggdbere is a high probability
for occurrences of dendeg, drought, floods, frost/freeze, heavy snow, and wildfire within the county.

Of these storms, a strong wind event on March 5, 2017 was responsible for 1, dedth wildfire event
on July 13, 2018 was responsible for 4 deaths. Injuries were causigthtoyng (February 28, 2014) and
wildfires (July 13, 2018 and August 8, 2018). Overall, wildfires caused the greatest direct theeausin
of harm to people

3We further revieved the FEMA disaster declarations and did not identify any major disaster declarations in Fresno County from
January 2014 to April 201%nother type of event; an emergency declaration can be declared by the President for an
emergency for any occasiam instance when the President determines federal assistance is nefdezte were 3 such events
declared from January 2014 to April 2019.
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Wildfires were also responsible for the largest amount of property damagmifian), followed by strong
winds ($70Ghousand and winds from thunderstorms ($63®eeFigure3. Property Damage for Fresno
County per Storm Event Type from January 2014 through April, 2008A Storm Events Database

Figure3. Property Damage for Fresno County per Storm Event Type from January 2014
through April 2019 NOAA Storm Events Database
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Crops in Fresno County have been dantbgyefrost/freeze events and strong wind evenssfrost/freeze
event on February 20, 2018 was responsible for $50M of crop damage, while a strong wind event on
December 11, 2014 accounted for $500k of crop damage.

We also reviewed news archivaad ircident reportsfor information about the location, type, and year

of historical storm events and damages in Fresno Cotifisyorical flood event information was collected

by reviewing archived newspapers compiled by the Fresno Metropolitan Flood CorgtattPwhich
documentedthe major storms of 1996 to 1998ast wildfire event information was collected by reviewing
California Department of Forestry and Fire Protection (CalFire) incident reports that dated back to 2006.
Using these sourcesye identified 90 locations impacted by floodirend wildfire (seeFigure4. Fresno
CountyHistoricalFlood and Wildfire Evenits

We later combined this information with input on past events from community members and
stakeholders. Th&ngagemenand Collaboratiorrindingssection presents these results.
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Figure4. Fresno CountistoricalFlood and Wildfire Events
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Future Projections

/I £ ATF2NY Al Q&hamypAdshgsnient providesla th&ough overview of the expected effects of
climate change in the state.

As part of this study, we obtained projections from climate models and other sources to better understand
how FresnoCountyd Of A Yl S A & thé futire Glébal ClinateONKokleys JECMpsimulate
climate over time, drawing on physics, climatology, and historical climate observafidrey use
assumptions about greenhouse gas emissions and other factors to forecast future climate conditions.

Downsciing is the process of enhancing the resolution of these GCMs, which are global in scale, for use
at aregional scale. Scripps Institute of Oceanograisky a process calléacalized Constructed Analogs
(LOCAJo downscalethirty-two GCMs for Californialn Californiaten downscaledGCMswvere assessed

by state agencies as being most regentative of climate change across the stat®ata from these
models is housed ofalAdapt whichis a public wekbased platform that provides downscaled GCM
projections and other information on climate change in Califofiée generallyusedtheseten GCMdor

this study.

In general, we used two greenhouse gas emissions scenarios developedlbtetgevernmental Panel

on Climate Chang@PCC), a major international research institution that provides scientific research on
climate change to help policy and decision mak&he scenarios are called Representative Concentration
Pathways (RCPHCP 4.5 assumes that global annual GHG emigstaksaround040 andhen decline.

RCP 8.8orrespondamore closely to the current status quo; it assuntikeat emissions continu¢o rise

until the end of the centunf.

We were generally consistent with Caltrénse ofGCMs, RCPs, and timefrantleat it usesin its imate
ChangeVulnerability Assessment. The Caltrans District 4 Climate Change Vulnerability Report describes
the same tineframes used in this study:
For this study, analysis periods were defined as the beginning, middle, and end of century, and were represented
by the outyears of 2025, 2055, and 2085, respectively. These years are chosen because some stdtistiedlly
climate metrics used in this report (e.g. the 3@far precipitation event) are typically calculated ovetydar
time periods centered on the year of interest. Because currently available climate projections are only available
through the end of the centyr the most distant 3§ear window runs from 2070 to 2099. The year 2085 is the
center point of this time range, and thus the last year in which statistically derived projections can defensibly be
made. The 2025 and 2055 eygars follow from the samedic, but applied to each of the prior-$@ar periods
(2010 to 2039 and 2040 to 2069, respectivély).

4The Statewide Summary Report is available hetigs://www.energy.ca.gov/sites/default/files/2019
07/Statewide%20Repori¥%20SUMCCCA£L018013%20Statewide%20Summary%20Report.pdf

5 http://loca.ucsd.edu/

6 http://www.water.ca.gov/climatechange/docs/2015/Perspectives_Guidance_Climate_gehAmalysis.pdfThe models are:
ACCESSQ, CanESM2, CCSM4, CEBBC, CMGCMS, CNRNMM5, GFDCM3, HadGEMEZC, HadGEMRS, and MIROCS.

7 https://cal-adapt.org

8 Meinshausen, M.; et al. (November 2011), "The RCP greenhouse gas concentrations and their extensions from 1765 to 2300
(open access)", Climatic Change, 102)(1213;241.

9/ I £ i NI y &limate Ghenge)\VIInedability Assessments, District 4 TecReipatt ®
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The following figures show futarprojections for Fresno Countyhd Transportation System Analysis
Findingssection relates the information from the climate projections to the transportation system.

Figureb. Fresno County Maximum Temperatugefrom CalAdapt and showthe projected average daily
YFEEAYdzZY GSYLISNI GdzNB Ay CNBay2 /[ 2dzydeé dzyRSNI G6KS w/ t
ten GCMs used in this study. There is high agreement betweemtuels that temperatures will rise
considerably over the rest of the century.

Figure5. Fresno County Maximum TemperatuRrojections,RCP 8.5CatAdapt

Maximum Temperature

Fresno County, California
Emissions continue to rise strongly through 2050 and plateau around 2100 (RCP 8.5

Range of annual average values from all 32 Modeled Data (2006-2099)
LOCA downscaled climate models
B HadGEM2-ES

Modeled \'anabxlxt}' Em'elope B CNRM-CMS

CanESM2

- Observed Data (1950-2005) B MIROCS

86
84
82
80 |

. Ll

76 ,’\
\/

LY\ 1! (, | Al |

7 | MR
o aa f\“‘\ﬂ(l‘l}‘ VAl ,\4" o
: el

68 Al

Maximum Temperature (°F)
—

66 [
64
1960 1980 2000 2020 2040 2060 2080

According to Caldapt, the aeragedaily maximumtemperature for Fresno County is expected to
increase from 67 °F @pproximately77 °F by end of century (RCP 8.5, medelrage, 19611990 baseline
compared to 207€2099. Also per Caldapt, the average number ektreme heatdays(>1054°F, the
98" percentile daily maximum temperatur@ger year inthe City of Fresnds expected to increase from 7
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to approximately66 by end of centuryRCP 8.5, modalverage, 19611990 baseline compared to 2070
2099.

Figure6. Fresno CountiProjected Change inDayAverage Maximum Temperaturepatiallydepictsthe

7-day average maximum temperature for one of ten GCMs (CI@®IS)for two different future
timeframes (2055 and 2085)The 7day average maximum temperature is a parameter often used for
pavement binder grades. The spatial pattern shows relatively consistent increases across Fresno County,
with the northwestern portion of thesounty experiencing somewhat higher increases.
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Figure6. Fresno Countyrojected Change in-DayAverage Maximum Temperature CMCECMS, RCP 8.5
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There is much less agreement between the models regarding future precipitation pattegase?.
from CalAdapt shows the projected annual precipitation for four of the ten GQMierRCP 8.5The
model average shows an increase in annual precipitation, but the variability between madels a
between years within the models is high.

Figure7. Fresno CountyAnnual PrecipitationProjections,RCP 8.5CalAdapt

Precipitation

Fresno County, California
Emissions continue to rise strongly through 2050 and plateau around 2100 (RCP 8.5)

Range of annual average values from all 32 Modeled Data (2006-2099)
LOCA downscaled climate models B HadGEMD.ES

Modeled Variability Envelope B CNRM-CM5
CanESM2
Observed Data (1950-2005) B MIROCS
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Figure8. City ofFresnol00-Year/24Hour PrecipitationEventProjections RCP 8.5CalAdaptshows Cal

Adapt extreme precipitation projections for the City of Fresno under the same four GCMs. It shows the
100year/24hour'® event for the historical timeframe and twaifure timeframes. The gray lines show

the 95% confidencéntervals for the projectionsMost of the models show increases in the 2far

event, though the confidence intervals are very widedicating the uncertainty of future heavy
precipitation conditionsgn the area

10The 106year event has a 1% chance of occurring in a given yedno@dis the duration of the period for which
the precipitation event is measured.
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Figure8. City of Fresnol00-Year/24Hour Precipitation EventProjections RCP 8.5CalAdapt

M Cbserved M HadGEM2-ES (Warm/Drier) B CMNRM-CMS (Cocler/Wetter) [0 CanESM2 (Average) B MIROCS (Complement)
95% Confidence Intervals

Nete: Diminished certainty in return level estimates due to infrequent events (n < 100)
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Figure9. depicts spatially the projected change (in inches) of the-yi®&r precipitation event for one of
the GCMgCanESM2)-or all climate projections, especially for precipitation, it is importaribok at
multiple models. For the model shown on this map, the largest increases and decreases in heavy
precipitation occur in the Sierra Nevada, where precipitation levels are comparatively higher than the
restof the County.

Page |12



Fresno County Regional Transportation Network Vulnerability Assesst (Fr Fresno Council
Vulnerability Assessment Summary Memorandum Jof Governments

Figure9. Fresno County Projected Change in 2¥8ar Precipitation Event, CanESM2, RCP 8.5 (units: inches)
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Rising temperaturs dry out soils and vegetationyhich increasesvildfire riskin Fresno CountyFigure

10. Fresno County Area Burned Projections, RCP 8:#daatfrom CalAdapt shows projections of area
burned in the county from multiple climate modealsider RCP 8.5. Under that scenario, the historical
average annual area burned is expected to incref®en about 15,000 hectares historically to
approximately 44,000 hectares at the end of century, with high variability between years within the
modek.

FigurelO. Fresno County Area Burned Projections, RCP 8.5AGapt

Annual Average of Area Burned

Fresno County, California
Emissions continue to rise strongly through 2050 and plateau around 2100 (RCP 8.5). Central
Population Growth Projections
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Figurell shows the relative level of wildfire concern for a composite of GCMs and wildfire models, with
high or very high levels of concern in the Sierra Nevada and foothills and moderate or higholevel
concern for the Coastal Range at the western edge of the cddinty.

11 The fire model composite summaries shown are based on wildfire projections from three mddi82; EPA Climate Impacts

Risk Assessment, developed by John Kim, USFS; 2) Mipfied Climate Science Lab at the University of Idaho, developed by
Dominique Bachelet, University of Idaho; and 3) University of California Merced model, developeapyMesterling, UC
Merced. For each of these wildfire models, climate inputs were used from three Global Climate Models: 1) CAN ESM2, 2)
Had_GEMZES, and 3) MIROCS. Data shows the rudiilel maxima for each grid cell across the nine combinations of tteeth

fire models and three GCMA.classification was developed based on the expected percentage of cell burned. The classification
is: 1) Very Low-8%, 2) Low-5%, 3) Moderate £50%, 4) High 5000%, 5) Very High 100%+. Time peramdsaverages of 30
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Figurell Fresno County Levels of Wildfire Concern, MtModel Ensemble, RCP 8.5

2055 2085 |
2 TUOLUMNE TUQLUMNE TUD u@"ﬁe 1
STANISLAUS MONO STANISLAUS Moio .
MARIPOSA MARIPOSA
-
MERCED INYO
MERCED MADERA g Ne MADERA
7 ‘ e
: i 5 5 2
= 4% =g
i | =1 “ = ) =
R B - -
< | = ; 1
SAN BENIfO ]
— TULARE TULARE
KINGS KINGS
; MONTEREY Level of Wildfire Concern RCP 8.5
HENSERE Y (Nivel de Preocupacion de Incendios
RCP 8.5)
[ Very High (Muy Alto)
SAN LUIS OBISPO KERN SAN LUIS OBISPO [T High (Alo)
Moderate (Moderado)

@ aemsns VS

e ¥

[T Eore—

— 2018 Roadway Network - Highways and Arterials (Red de Vias del 2018- Autopistas y Avenidas Principales)

— Transit Lines (Lineas de Transito)

Source: Amalgamation of three fire models: 1) MC2-EPA Climate Impacts Risk Assessment. USFS, 2) MC2-Applied Climate Science Lab at the University of Idaho, 3) University of California Merced model.

0 5 10 20 30 40
== Miles

Page |16




Fresno County Regional Transportation Network Vulnerailtssessmer ('(" Fresno Council
Vulnerability Assessment Summary Memorandum } of Governments

LYy FTRRAGAZ2Y G2 GKS LINR2SOilAz2ya Fylfel SR FT2NJ GKA
transportation system, there arether helpful resources for understanding the broader impacts of climate

change on Fresno Countguch as drought, groundwater depletion, and subsidentdeesesources

include:

T / FEAT2NYAF Q& C2dzNI K :/Clindaté Clintge Risk F3ceidmne Califangad & Y Sy
Central Valley Water Resource Systefhis paper reviewslimate change risks to the integrated
California Central Valley System (CCArg) discusses specific vulnerabilities to this key water
system??

1 Central Valley Hydrologic ModeThe US5Seological Survey (USGS) developed the Central Valley
Hydrologic Model (CVHM) to understand how water use, precipitation, and land use changes will
FFFSOG adzaNFIFOS yR INRdzyRel GSNI Ft26a Ay GKS |/
warmer, drig California show that stream flows may decline by up to 40%, which will increase
groundwater demand across the region. The effects of increased groundwaterdinawinclude
increased streamflow infiltration, reduced outflow to the Delta, and increasédidence rates?

1 Central Valley Flood Protection Plaithis plan seek® improve flood risk management in the
Central Valley and develop strategies for reducing risk that provide multiple benefits, including
transportation system protection. The most reteupdate was released in 2017 and includes
climate change considerations such as more frequent extreme precipitation, changes in flood
magnitudes and frequencies, sea level rise, and increased subsitfence.

T /FEAT2NYALF Qa C2dzNIi K /MakayeménSof Gréundfwated ant Braughit a Y Sy i
Under Climate Chang&€limate change is projected to altdwe natural recharge of groundwater
Decreased inflow from runoff, increased evaporative losses, and warmer and shorter winter
seasons are expected &xacerbateexisting groundwater overdraft in many basii$hesurface
water that can be delivered from the Central Valley Project (CVP) and State Water Project (SWP)
to areas reliant on this water for groundwater recharge and consumptive use is projected to be
lessreliable and more expensivé.

T / FEATFT2NYAF Q& C2dzNI K :/Absksyhheiit SCalifdtnia CrapSand! LivestSck & Y Sy
Potential Adaptaton to Climate Chnge This reportdiscusseglimate change challenges facing
California agriculture and how it is likely to adapt to those challenges, focusing on Central Valley
crops, the dairy industpand the beef cattle grazing indtry.6

T /FEAT2NYALF Qa C2dzNI K :Diodgiimpa&s ahdKDroyightS/ulhediEli§ snd Y Sy
w dzNJ- I 2YYdzyAGASE 27F [ | fThiF sepuyfdxaninads tHe ldsbughtv2 | 1j dzA
vulnerability of farmworkers both in the fields and in their communities by analyzing how changes
in water resources and agricultdraractices impact socioeconomic droudht.

1 California Department of Conservatiolgummary and Compilation of Landslide Information for
California This resource fovides background on the history of landslide mapping, the types of
landslides that occur i@alifornia, and landslide susceptibility mapping. The page also compiles a

N>

12 http://www.climateassessment.ca.gov/techreports/docs/20130825t CCCA4EXT-2018001.pdf

13 https://ca.water.usgs.gov/projects/centralalley/centratvalleyvhydrologiemodel.html

14 http://cvipb.ca.gov/docs/2017CVEPPUpdateFinal/2017CVFEPPUpdatéd-inal-20170828. pdf

15 http://www.climateassessment.ca.gov/techreports/docs/20180827 -Water CCCAEXT-2018-006.pdf

16 http://www.climateassessment.ca.gov/techreports/docs/20180827 -Agriculture_ CCCA4CNRA-2018-018.pdf
17 http://www.climateassessment.ca.gov/techreports/docs/201809RP8blicHealth External Greene.pdf
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Susceptibility to Deefseated Landslides, and the USGS National LandslidesisiRzagrant®
9 California Institute of Technology Jd®ropulsion LaboratorySubsidence in California, March
2015- September 2016This study developed majs subsidence in the San Joaquin Vallgye
two main subsidence bowls in the Central Valley se#tling north and south of Fresno. The
western portion of the county is subsidiAy.
9 Joint Center for Political and Economic Studiédace Matters for Health in the San Joaquin
Valley. This study examines the relationships between place, racesttimdcity, and health in the
San Joaquin Valley of California. Some key findings of the stully are
0 The rate of premature deaths in the lowesicome zip codes of the San Joaquin Valley is
nearly twice that of those in the highestcome zip codes.
0 Life expectancyaries by as much as 21 years in the San Joaquin Valley depending on zip
code.
o0 One in six children in the San Joaquin Valley is diagnosed with asthma before the age of
18, an epidemic level.
0 Inthe San Joaquin Valley, the communities withhighest levels of premature mortality
are in San Joaquin County, central Stanislaus, western and central Fresno, north central
Tulare, as well as central and eastern portions of Kern County.

18 https://www.conservation.ca.gov/cgs/geohazards/landslides

19 https://vater.ca.gov/LegacyFiles/waterconditions/docs/2017/JPL%20subsidence%20report%20final%20for
%20public%20dec%202016.pdf

20 hitp://www.fresnostate.edu/chhs/cvhpi¢dionents/cvhpjointcentersanjoaquin.pdf
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Engagementand CollaborationFindings

The vulnerability assessment includsdveralcommunity engagement and stakeholdeollaboration

activities To engage with the communityhe project team conducted several popp events, an in
LISNE2Y |yR 2yfAyS &adaNBSezr yR | WK20 &aLR2iQ SESNDA
hawe experienced past weatheelated issues.To collaborate with stakeholderghe project team

established and held meetings with a Vulnerability Assessment Working Group (VAW@Geandwed

key transportation stakeholders about vulnerabilities in theteyn.

The separate Public Outreach Synopsis summarizes the community engagement activities and findings
from this projectin detail The following two subsections highlight key findings from the engagement and
collaboration.

Public Outreach

Between the irperson and online surveys, we gathered 243 responses from the public. 68 of these were
from individuals who reported household income of less than $25200

Of all survey respondents, 43% reported that weather events or conditions have aifleeted their
travel or required them to evacuat@ higher share, 57%, of those with household incomes under $25,000
reported that weather events or conditions have either affected their travel or required them to evacuate.

Of those whose travel hasebn affected, extreme heat and air quality were the two most frequently
reported hazardsFigure12. shows the breakdown by event type for bo#il respondents and for
respondents with household incomes below $25,000.

Figurel2. Public Survey Result: Type of Event Affecting Travel

Of those whose travel has been affected by weather
events, what type of condition?
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49%
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42% 43%

Extreme heat Flooding Wildfire Air quality
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2A¢KAE Aa atA3aKife o0Sf2g GUKS ! o{d /Syadza . dzZNBIF dzQa wnamy L2 SSNI
(https://www.census.gov/data/tables/timeseries/demo/incomepoverty/historicatpoverty-thresholds.htm).
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Participants were asked to rank their level of concern about seven types of potential climate change
impacts(seeTablel. Public Survey Result: Average Ranking for Levebo€er). Onewasthe highest

level of concern, andevenwasthe lowest level of concern. For all respondents, the highest average
ranking was for extreme heat (2.4), followed closely by drough),(2r&d air quality (2.8). Thep three
average rankings/ere the same for individuals withousehold incomes leghan $25,000 compared to

the overall population (extreme heat followed by drought and air quality). For both groups, wildfire had
the fourth highest average ranking, followed by flooding, subsidence, and landslides/erosiotowEne
average levels of concern for discrete events like wildfires, flooding, and landslides, are unsurprising
because they are experienced in limited portions of tioairty. Extreme heat, drought, and air quality
typically occur more frequently, in a wider geographic portion of the county, and in the most populous
portions of the county.

Tablel. Public Survey Result: Average Ranking for Levelafcern

Household
income

Climate Change Impact All <$25,000
Extreme Heat 2.4 2.2
Drought 2.6 2.8
Air Quality 2.8 3.0
Wildfires 4.1 4.1
Flooding 4.6 4.5
Subsidence 5.2 5.4
Landslides/Erosion _I

Participantsresponded to a question about which transportation improvements are important for
addressing extreme weather and climate changeey could select more than one optidBoth the all
respondentand lowincome respondengroupst A a iie§ plantingis alongoadways and sidewalks i K S
most frequently (70% and 79%, respectively). Results were generally consistent across the two groups.

However, a substantially higher percentage of dw O2 YS | y 4 ¢ S NBdfort@dledaiad A A K SF
shaded transitstopgls 0 T pHza @pSTNHEO @ h i K S NJ LJ2 bLddahded\skrddelind avaflabilitk y Of dzR

of onrdemand transportation (such as vanpool, paratransit, etc.), during high heat or other extreme
weather event$  aylBlic transit service to cooling centers on high heat days
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Figurel3. Public Survey Resultrdnsportation Improvements to Address Climate Change

Which transportation improvements are important for
addressing extreme weather & climate change?
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The next several pages show maps of some of the information obtained during the public engagement
processFigurel4. Fresno County Pop Up and Survey Resullsmber of Responses by Zip Cadaps

the number of survey respondents by zip code. Bppevents were held and well attended in Reedley
and Kerman, so the respondent numbers from those zip codes are particularlyHgine15. Fresno
County Pop Up anB8urvey Results Percern of Responses that Reported émcome of Less than $15k
shows the percentage of respondents within each zip colde wported household incomes of less than
$15,000. Figurel6. Fresno County Pop Up and Survey ReguRsrcent of Responses that Reported a
Travel Impact due to Weathashows the percentage of respondents within each zip code who reported
a travel impact due to a weather condition or eveligurel?7. Fresno County Pop Up and Survey Results
¢ Percent of Responsdadicatingthat Public Transit to Cooling Centers is an Important Response to
Extreme Weather and Climate Chargfews the percentage of respondents within each zip code who
indicated that public transit to cooling centeissan important adaptation response to extreme weather
and climate change.
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Figureld. Fresno County Pop Up and Survey Resglsumber of Responses by Zip Code
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Figurel5. Fresno County Pop Up ar@lrvey Resultg Percen of Responses that Reported dncome of Less than $15k
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Figurel6. Fresno County Pop Up and Survey Resgercent of Responses that Reported a Travel Impact due to Weather
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Figurel?. Fresno County Pop Up and Survey ResgRercent of Responsdadicatingthat Public Transit to Cooling Centers is an
Important Response to Extreme Weather and Climate Change
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Vulnerability Assessment Working Group ataké&holderFeedback

This section covers importamtput from the VAWGmMeetings and transportation stakeholder interviews.
This inputincludes:
I General Information and Vulnerabilities

(0]

(0]

(0]

The CountyMulti-HazardMitigation considers what hazards will be most likely to affect
the area and how to mitigate those risks

Extreme heat and precipitation will have an impact on the roadways, such as potholes
and other roadway degradations. This can ultimately lead to an increase in road
maintenance costslhere are potential impacts to signage for transit and other modes as
well.

Extreme heatcan deteractive transportation

Rural roads surrounding schools often flood and make it hard to get to campus. Roads
often designed to flood along edges.

There are potential impacts for maintenance and construction crearking outdoors.

Work windows can also be affected by high heat and heavy Ad¢w, for agricultural
work, many outdor workerscamot skip a day of workbecause if they do rigo to work

then they camot get paid.

Lots of people in the county do not have or cannot affair conditioning

Smaller cities often have the same problems as larger chigshaveless funding and
fewer staff to address them.

Thesouthern part ofthe county has less shade comparedthe northern portion.

There is not a central dataset thatitks weatherelated damage in the county

Depending upon wheran event occurs, th@urisdiction would be the first responders
(e.g. City of Fresno). Depending upon how large the event is, and if an evacuation is
needed,Fresno OE®ould be notified andaw enforcement would facilitate evacuation.
They woulddo sowith partner agencies, such as the American Red Cross, County agencies
and schools, to set up shelters and monitor impaéiesno County OES woulten
coordinate with local jurisdictions to pvide updates to the statd-or situations when
there might be a detour, law enforcement is the primary responder. There are wildfire
OGN AyAy3a FT2N 0KSasS GeLlSa 2F S@gSyitad ¢KS
specific instructions on roadosures. They may use California Highway Patrol, Caltrans,
or Fresno County Public Works to close roaflsere is also coordination with fire
responders or other first responders. There are so many variables that affect an event
that instructions are gen when the event happens, rather than having detailed
evacuation plansid ahead of time. Schools are often helpsl evacuation destinations

On the roadway network, the low redundancy ar€as. limited alternative routesare

the highest concern.

Wildfire and floodingevent seem tocausethe mostmajor and discrete impactsThese
events causeoadsto get cut off. Good routes enable resources to get in and people to
get out. Some small communities built into mountain areas have single roadstin,
necessarily a secondary route.

Air pollution isgetting worse ashe climate changesozoneincreases as temperatures

{ K

ise;aY21S FNRBY At RTANBA SyRa dzLJ olrhém G2 GKS

and Southern Californi@ndlonger wildfireseasons will cause increase in air pollution.
Wildfires are increasing heat and letting off Nitrogen Oxide (NThre are attainment
plans for air quality but do natonsiderclimatechange
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Often lower income people work outsidad are exposed to aguality issues. Even at
home many of these populations are still dealing with these air quality issues.
Being able to move around durimpor air quality events is importantActive transiis
not a viable ption duringpoor air quality events.

Thecounty typically will not put in sidewalks in a community that does not have a
stormwater drainage plan, buhere is limitedfunding to develop stormwater drainage
plans.

Socially vulnerable populatiomse often in small, unincorporated communities wih
limited number of English proficient individuals and fteaditional housing. They are
hard to reach and often undercounted the Censusand as a result are often
underserved

Flood zone mapping has lots of planning implicatitms is based on historical data
Unfunded mandates can create administrative burden for agencies and hinder the
climate response.

More fundingis needed across the board.

9 Transit Impacts and Considerations

(0]

(0]

(0]

Bus riders are often affected the most by extreimeat and other weather event3here

are many lowincome, transit dependent riders in the County.

FAX is transitioning ahead toward a 100% electric vehicle fleet and is thinking about
electricity demands in hotter weathernbout resiliency othe grid, and how extreme
temperatures affect battery storage

FAX and FCRTA bajive free ridas to cooling centeralong their routeson days where
temperature exceeds 10B. The rider needs to know where the cooling centerflere

are public service announcemertds some of the local television channels for the cooling
centers. Cooling centers, such as the mall, are often used for other purposes too. Fresno
and Clovis have been thmost active in terms of opening cooling centefhe Fresno
Madera Area Agency ongig (FMAAA) targets the elderly and helps publicize cooling
center opportunities.

There is some flooding in the rural parts of the county. Sometimes buses need to reroute
because of this flooding.

Some bus stops in rural areas do not have sidewalks agréfibre do not have covered
areas

Smaller communities often struggle to maintain sufficient ridership numbers to keep
fixed-route senices afloat. ierefore extreme weather that decreaseidership has a
potential impact on the longerm sustainability btransit options.

Flooding in many communities outside of Fresno metro area can prevent access to
transit stops

1 Specifidocations:Hooding

(0]

Kings River and San Joaquin River are the two major rivers and can cause flbogseg

two riverscome together near Mendotal he flows are not necessarily that high, but the
confluence carcause flooding.

Some mobile home parks in river floodplains have experienced flooding in the past,
including Wildwood Mobile Home Park and Woodward Bluffs Mobilenéld?ark in
northern Fresno along the San Joaquin Riged River Ben®V Park in Sanger.

Tranquility, Mill Creek, and Hughes Creek flood frequently

Sometimes there are issues in Kerman. Near the 145, there have been issues at the river
crossing before. ey are no levees in that area.
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0 Along the Kings River, there can be impacts near Centerville, Reedley and Laton, and as
it moves through the west side there can be impacts to Tranquility. If there is a high
enough flow it can overtop the banks and crefiteding in Mendota/Firebaugh.

0 One of the roads that runs into Hurdmas flooded repeatedlyAt times the road has
been shut down for monthsThere are some areas where water can come out of the
agueduct near the Dorris and Lassen intersection.

o In2017 the rain and snow cut away at a lot of the mountain roads near Dinky Creek and
Huntington Lake.

o City of Fresno has relatively good drainage with water basins throughout the city to
recharge aquifer and help limit flooding

o Dam failure at Pine Flat Lak®uld have catastrophic impacts

1 Specific bcations Wildfire and Qher Hazards

o Sierra wildfiresaaffect SR180 and SR 68 (especially near Shaver Lake and Big Creek).

0 Many fires in the Countgre higher up in the mountains and do not affeeople.

0 The Big Creek roadway is an important response and evacuation route during wildfires. It
has experienced slides, rockfall, and weathelated impacts before.

o There are some fires near Coalinga these are often grass fires that pose less danger.

Subsidence has been a major issue on the west side afdtivgty and affects levees

0 When the drought occurred and the bark beetle took owveany trees werdilled in the
SierraMany of these have beemmovedto mitigate risk. The work that is needed to
remove these treesrfipact from trucks)s damaging roadway$here are also
erosion/landslide impacts because the trees have been removed.

o0 Many areas, such asumpheey Station, Cold Springs RancheBay Sandy Rancheria,

Pine Ridgehavelimited routes in and out

1 AdaptationOptions*?

0 Addressing vulnerabilities will cost money, it is helpful tgrioritize where to spend.

More shade or other coolinig neededat transit stops

Cool pavements haveeen considered for parking lotisut not as much for roadways

The County is building more pump stations to pump floodwater into canal system

Advice on pvement- permeable, cool, pavement mixesvould be helpful.

Tree plantingvas mentioned severalities

There may be an opportunity to increase thessaging laout transit to cooling centers

Also, providing demand responsive transit to these cengeesother potential

adaptation option

0 An evacuatiorplanfor a specific arethat has been coordinatethetween all
communities and agenciesan be very helpfullrainings andeducational outreach helps
people learn about their options and prevents panic.

0 Care should be taken when determininghere and how development ibuilt. One
suggestion wasequiring new developments in the mountains to provide multiple routes
infout.

o Infrastructureshould be designedith future climateprojections asan input

0 Some communities would like to have a secondary route but face funding challenges.
Many roads areowned and maintained by property owners which can complicate
evacuation planning. For some areas, having a shelter in place mightriieeal option
when evacuation is not feasible.

(@]

O O O O0OO0Oo

22 Adaptation options willbe addreSsR Ay G KS LINR2SOGQa ySEG Gl ajlo
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0 Vulnerable people in rural communities often do not have access toBassservices or
other assistance during evacuation eveotaild be beneficial

o Public naotification duringpoor air quality events is crucial. Working with the Air District,
who does lave a natification system, but this system is not tailored to the San Joaquin
Valley. Last year was the first year this notification was translated into Spanish, but
notifications were optin.

o0 There is a need for more education about the impacts of clinsatnge.

0 Hectric Vehicle (EM)deshares like those in Cantua Creek and Huron are good examples
of optionson theclimate change mitigatioside

0 More rural access to transit would make Fresno County more resilient.

Figurel8. Fresno County Survey and Interview Problem Sglatsvspast problem spots by hazard type
that were identified in both the stakeholder interviews and the public survey. As noted in the previous
section, the bestattended popup events occurred in Reedley and Kerman, which likely contributed to
the disproportionate clusters of problem spots identified in those ar€agurel9. Fresno Countfurvey,
Interview, and Historical Everoblem Spotsombines the problem spots from the survey and interviews
with the historical events newspaper review described in the Historical Context subsection.
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Figurel8. Fresno County Survey and Interview Problem Spots
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Figurel9. Fresno Countysurvey Interview, and Historical Evereroblem Spots
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Transportation System Analysis Findings

Much of thetransportationsystem, including its infrastructure and users, are expectduetaffected by
changing climate conditions in tHeresno CO@gion. The primaryransportation andclimate-related
hazards includdlooding, wildfire, extreme temperaturesand precipitatioAinduced landslidesHigher
maximum temperatures can pose healthreats for transit passengers amthmage pavement and
bridges. More frequent wildfires cadlisrupt the transportation systerand hinder or cut off evacuation
routes. Heavy rain events andmoff can lead to flooding, washouts, and erosion. Broader effects on the
hydrologic and agricultural systems could affect regional travel pagter

Scoring

Methodology

This section describes the approach for understanding climeltded risks to the insportation network

in the Fresno COGegion and prioritizing the most vulnerable and critical assets for future action.
Specifically, the prioritization approach is intended to identify the relative vulnerability of different
transportation assets to ichate-related hazards using available information. Higher priority assets can
be assessed in further detail to determine how they can be adapted to climate change. The approach
AYO2NLIR2 NI S8 AYyF2NXYIFGA2Y 2y KT I INRandfcantiithh. AThe 2 RX |
approach addresses the most important climagtated hazards in the region but could not address the

full range of all potential hazards. This does not mean that the risks associated with hazards excluded from
the analysis are ndigible. This approach is similar to the ones being used for the systemwide climate
change vulnerability assessments for the Caltrans Climate Action Report project and for the Sacramento
Area Council of Governments (SACOG) Vulnerability and CriticatigsA®nt project.

Agencies can use a few different methods to prioritize projects. There are at least three different
prioritization techniques currently in use. These techniques, ordered from lower to higher level of effort,
are the (1) risk matrix/heat map approach, (B¢ indicators approach, and (3) the cdmised approach.

1. The risk matrix/heat map approach involves creating a matrix with one axis qualitatively
representing the likelihood of an event (low to high probability categories) and the other
representing theconsequences (low to high consequence categories). &t typehazard
combination is assigned to a cell within the matrix by using professional judgment. High risk
asset typehazardcombinations are identified for immediate action.

2. The indicators aproach involves collecting data on a variety of variables that are deemed
relevant to affecting the prioritization. These are then put on a common scale, weighted (if
necessary), and used to create a score for each asset. The scores collectively cilitte
variables of interest and can be ranked to determine priorities.

3. The most sophisticated approach, the ctisised approach, involves an effort to determine the
GRE2GKAY3I¢E O02aid 2F OtAYIGS OKIy3aS datFintghdve | R LIG |
approach as it requires (1) knowledge of the probability of the event happening, (2) an
engineering assessment of what damage/disruptions occur when the asset is exposed to a
hazard, and (3) economic analysis to determine the costs torepanage to the asset along
with the socioeconomic costs associated with loss of the asset. Because of its data
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intensiveness, the codiased approach is rarely used for initial assessments. However, an
agency can begin with one of the simpler technigaed lay the groundwork for conversion to a
costbased approach later.

Given the resources and timeframe for this project, an indicators approach (the option entailing an
intermediate level of effort) was chosen. With the proposed indicators approaclgugametrics are

dza SR (G2 OFLIXidz2NBE 6m0 GKS ylFiddNB 2F GKS aasSdiqQa SEL
extensiveness), (2) the consequences of that exposure (in terms of the sensitivity of the asset to damage
and/or impacts to the traving public, such as through the assessment of traffic volumes on the affected
roadway) and (3) programming considerations that affect how rapidly adaptations can be implemented,

if necessary. Ultimately, these metrics were compiled mathematically irsooee for each individual

asset, that can be ranked to show the assets that should be prioritized for detailed study under each
hazard. For example, this scoring identifies which bridges are the most vulnerable to riverine flooding
hazards out of all theriges in the region, according to the criteria used in the analysis.

Different metrics were applied to each combination of asyge and hazard. Table2. Asset Typand

Hazardd AdaGa&a GKS KIFITFNR& FYyR RSy2i(Sa ¢oA0GK Iy a-§& GKS
YEN]J SR 6AGK +y da-¢é KFa AGa 26y aSit 2F YSGNROaod ¢
prioritizing amongst assets exposed to thdicated hazard. For example, culvert condition rating is a very

relevant metric for prioritizing culverts exposed to riverine flooding, but it is not relevant to prioritizing

bridges exposed to the same hazard.

Table2. Asset Typeand Hazards

- Flooding Wildfire Extreme Heat
X X X

Culverts (state X
owned)

X x
: :
Transit Stops X X X

X X

Indicators

The number of possible metrics for any given adgpe-hazard combination is extensive and can be
overwhelming. With any prioritization scheme, a limiting factor is data availability, and the effort is
restricted to the best available informatiomable3. Asset Type Hazard Combinatidists all the metrics

used in the prioritization approach. Also included is a description of each metric, a rationale for inclusion,
the data source, other relevant metadataydthe assetype and hazard combinations it is used to assess.

After the metrics were compiled for each asset, each metric was placed on a O-fmi@G&Gcale where
100 represents that the asset is a priority. With the traffic volume metric, for example, a 0 might be
assignedo a minor residential street with extremely low volumes, while a value of 100 would be
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assigned to the busiest highway in the region. Putting the metrics on a common scale helps reconcile the
different units of measurement between metrics.
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Table3. Asset Type Hazard Combinations

Asset TypeHazard Combinations Applied To

Culverts
Rationale for Input Data Other Metadata: Field (state- Transit

Metric Description Inclusion Sourcé? Name, Type, Scaling Roadways | owned) Bridges | Airports | Stops
Recurring damage A classification of if the asset Assets that have Analysis of scale_dmg_flabr Flood, Flood, Flood Flood Flood,
classification has experienced damage experienced more information from = scale_dmg_firgfield Wildfire Wildfire Wildfire

and/or been closed or issues in the past are VAWG, names, depending on

operated at reduced capacity likely to experience = stakeholders, hazard typé

due to extreme weather more issues inthe  public outreach, ' categorical (field type)

events in the pastouple future as climate and news article

scaling: {1(raw value):100
(scaled valued),nan:0}
(note: nan indicatesull
values)

unscaled units: binary flag

decades Values are provided changes and should review
as 1 or O for each asset. A1 be prioritized.

represents that the asset has

been damagd by extreme

weather events in the past

and 0 represents no known

asset damages from extreme

weather.
Initial timeframe The first timeframe (2010 Assets that are more Wildfire Model scale_time_elev_burn Wildfire Wildfire Wildfire
for elevated level | 2039, 2042069, 2072099,  likely to be impacted Composité* categorical
of concern for or never), under either by wildfire sooner scaling: {3:100,2:75,1:50}
wildfire representative concentration = should be ' '

unscaled units: timeframe
priority sequence
{2010:3,2040:2,2070:1}

pathway (RCP) 4.5 or 8.5, prioritized.
during which the asset is

exposed to a moderate or

higher level of concern for

wildfire.

BC2NI AGSYa *intk ®RBmndhk flilkcitation is included in thEask 1 geodatabase

24The fire model composite summaries shown are based on wildfire projections from three models: ¢ BREZLlimate ImpadRisk Assessment, developed by John Kim, USFS;
2) MC2¢ Applied Climate Science Lab at the University of ldaho, developed by Dominique Bachelet, University of Idaho; and 8) &fr@adifeirnia Merced model, developed

by Leroy Westerling, UC Mercedrkeach of these wildfire models, climate inputs were used from three Global Climate Models: 1) CAN ESM2, 2) H&$,GE¥2) MIROCS.
Data shows the mukinodel maxima for each grid cell across the nine combinations of the three fire models and three &C0means of establishing a level of concern for
wildfire impacts, a classification was developed based on the expected percentage of cell burned. The classificatitowis: dg féery Low-8%, 2) Low-A5%, 3) Moderate 15
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Asset TypeHazard Combinations Applied To

Culverts
Rationale for Input Data Other Metadata: Field (state- Transit
Metric Description Inclusion Source? Name, Type, Scaling Roadways | owned) Bridges | Airports | Stops
Highest projected = The highest level of concern = Assets that have a = Wildfire Model scale_cat_burn Wildfire Wildfire Wildfire
wildfire level of for wildfire (low,moderate, greater likelihood of =~ Composité® categorical
concern high, or very high) that an experiencing wildfire scaling:
asset is exposed to through = should be {4:100,375,2:50,1:25}
2100 under either RCP 4.5 or prioritized. unscaled units: level of
8.5. . AP
concern fanging froma & S
KAIKéEYn G2 &
Maximum change | The highest change in 2#bur = Assets that have Scaling of past | scale_flow_tlmx Flood
in 100yearpe&k duration, 100yearpeak flow  relatively higher peak flows USGS continuous
flow for the 20106 in the 20162039 timeframe peak flowincreases = StreamStats) scaling: log mimax
2039 timeframa acrossGlobal @Gmate Models | in the nearterm using normalization (natural log
(GCMspand RCPs. should be relationship

of max value: 10D X Z y' I

prioritized. betweehn . log of min value: 0)
watershe : ;
historical unscaled unitscubic feet

. per second
extreme precip.

(NOAA Atlas 14
and future
extreme precip.
(processed from
Scrippd OCA
downscaled daily
GCM outputs).

50%, 4) High 5000%, 5Very High 100%+. A classification of greater than 100% meansfedsurning portions of each cell more than once in each time period. Time periods
are averages of 3Qear periods, where 2010 to 2039 is represented by the median year 2025, 2040 tas2@§®esented bythe median year 2055, and 2070 to 2099 is
represented by the median year 2085. Projected increases in wildfire are compared to a historical backcasted period ftorBA®¥ Emissions scenarios used are RCP 4.5 or
RCP 8.5, representimgw and high emissions, respectively.

25 |bid.
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Asset TypeHazard Combinations Applied To

Culverts
Rationale for Input Data Other Metadata: Field (state- Transit
Metric Description Inclusion Source? Name, Type, Scaling Roadways | owned) Bridges | Airports | Stops
Maximum change | The highest change in 2#bur = Assets that have Scaling of past = scale_flow_mx Flood
in 100yearpeak duration, 100yearpeakflow relatively higher peak flows (USG! continuous
flow across all asset across timeframes, peak flowincreases = StreamStats) scaling: log mimax
timeframes GCMs and RCPs. over their lifetimes | using normalization (natural log
should be relationship of max value: 10D X = ' |
prioritized. between log of min value: 0)
watershed . )
o unscaled unitscubic feet
historical
. per second
extreme precip.
(NOAA Atlas 11
and future
extreme precip.
(processed from
Scrippd OCA
downscaled daily
GCM outputs).
Maximum Caltrans The highesCaltrans riverine = Assets that have Caltrans Climate = scale_riv_tlmx Flood
future riverine flooding exposure score for | relatively higher Change Action  continuous
flooding exposure | the asset in the 2012039 riverine flooding Report project scalingnot needed
score for the 2010 = timeframe across all GCMs = exposurein the (original data unscaled units6-100 scale
2039 timeframé® and RCRsThis score nearterm shouldbe = sources include
incorporates information on | prioritized. USGS
projected future peak flows, StreamStats
projected future wildfire, and NOAA Atlas 14
capacity. Scripps, and
Wildfire Model
Composite (see
above for
sources)

26 This data source is currently on hold, so results are not included for culverts.
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Asset TypeHazard Combinations Applied To

Culverts
(state-
owned)

Other Metadata: Field
Name, Type, Scaling

Transit
Stops

Rationale for
Inclusion

Input Data
Source?

Metric

Description

Roadways Bridges | Airports

Maximum Caltrans
future riverine
flooding exposure
scoreacross all
timeframeg’

Maximum change
in 100year
precipitationfor
the 20162039
timeframes

Maximum change
in 100year
precipitation
across all
timeframes

The highestCaltrans riverine
flooding exposure score for
the assetacross all
timeframes, GCMs and RCPs
This score incorporates
information on projected
future peak flows, projected
future wildfire, and capacity.

The highest change in 2#bur
duration, 10Gyear
precipitationin the 20102039
timeframe acros&lobal
dimate Models(GCMspand
RCPs.

The highest change in 2¥ur
duration, 10Gyear
precipitationasset across
timeframes,GCMs and RCPs.

Assets that have
relatively higher
riverine flooding
exposureover their
lifetimes should be
prioritized.

Assets that have
relatively higher
precipitation
increases in the
nearterm should be
prioritized.

Assets that have
relatively higher
precipitation
increases over their
lifetimes should be
prioritized.

Caltrans Climate
Change Action
Report poject
(original data
sources include

scale_riv_mx

continuous

scalingnot needed
unscaled units0-100 scale

USGS
StreamStats,
NOAA Atlas 14
Scripps, and
Wildfire Model
Composite (see
above for
sources))
Scripps LOCA scale_pre_timx Flood
downscaled dally continuous
GCM outputs scaling: log mimmax
normalization (natural log
of maxvalue: I8 Z X Z y |
log of min value: 0)
unscaled unitsinches per
day
Scripps LOCA scale_premx Flood

downscaled daily
GCM outputs

continuous

scaling: log mirmax
normalization (natural log
2F YIFE Ot dzS’
log of minvalue: 0)
unscaled unitsinches per
day

27This data source is currently on hold, so results are not included for culverts.

Flood

Flood

Flood
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Asset TypeHazard Combinations Applied To

Culverts
(state-
owned)

Other Metadata: Field
Name, Type, Scaling

Transit
Stops

Rationale for
Inclusion

Input Data

Metric Sourcé3

Description

Roadways Bridges | Airports

Maximum change | The highest change for Assets that have Comb. of Scripps scale_temp7_mx Extreme
in 7-day maximum | extreme temperature across relatively higher LOCA continuous Temp
temperature timeframes GCMsand RCPs.| extreme downscaled daily scaling: mirmax
temperature projectionsand normalization(max value:
increases over their = Caltrans Climate  \ - 1 s x5 y & y O
lifetimes should be = Change .
- . unscaledunits: °F
prioritized. Vulnerability
Assessment
Awerageannual The highesaverage annual Extreme high heat = Scrippd OCA scale_templmx Extreme
maxmum ofdaily = maximum of the daily can create issues for downscaled daily continuous Temp
maxmum maximum temperature across aircraft and airport = projections scaling: mirmax
temperature across timeframes GCMsand RCPs. operations. normalization (max value:
timeframes M N T XEEAOY
unscaled unitstF
Maximum change = The highesthange in the Changes in extreme Scrippdl O@& scale_tdelt_mx Extreme
in average annual | average annual maximum of high temperature downscaled daily continuous Temp
maximum of daily | the daily maximum could cause bridges projections scaling: mirmax
maximum temperature across to expand beyond normalization (max value:
temperatureacross | timeframes GCMsand RCPs. design threshold M n s XIueny O
timeframes .
unscaled unitstF
Highest Annual The projected number of Hea: Assets where users = California Hat scale_max_hh Extreme
Number of Heat Health Events (heat events = are exposed to heat Assmt. Tool continuous Temp.

Health Events

that generate public health

impacts) across timeframes

and GCMsand emissions
scenarios.

health events in the
asset lifetime should
be prioritized.

scaling: mirmax
normalization(max value:

MANIXIYAY @i

unscaled units# events
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Asset TypeHazard Combinations Applied To

Culverts
Rationale for Input Data Other Metadata: Field (state- Transit
Metric Description Inclusion Source? Name, Type, Scaling Roadways | owned) Bridges | Airports | Stops
Lowest floodplain = The lowest floodplain In general, assets FEMA Flood scale flood_pln Flood Flood Flood
increment that increment that thefacility is within existing 100 =~ Maps categorical

facility lies within
or crosses

Bridge
substructure
condition rating

within or intersects of the
following: 100year floodplain,
500-year floodplain, or none

TheNational Bridge Inventory

(NBI) substructure condition
rating assigned to the bridge.

Possible values range from 9

to 2 with lower values
indicating poorer condition.
Culverts (code value N, not
applicable) are not included
nor are bridges closed to
traffic (code values 0 and 1).

year floodplains
should be prioritized
most; and assets
within existing 500
year floodplain
should also be
prioritized

Poor bridge
substructure
condition can
contribute to failure
during extreme
weather events.
Thus, bridges with
poor substructure
condition should be
prioritized.

National Bridge
Inventory (NBI)
(Item 60)

28 hittps://www.arcgis.com/home/item.html?id=e96f674e765b4327bbde92d41a12b087

{10G:100,500:759999:0,na
n:0}

unscaled units:
recategorized into
simplified return intervals
(100, 500, or none) from
FEMA designatioA%

scale_Bsubstruct_cond
categorical

scaling:
{'90,'8"10,'7":30,'6":50,'5":6
0,'4:70,'3:80,'2:90,'1:100,'
0:100,'N":0,nan:50}
unscaled units: see NBI
coding guide®

29 See MBI coding guide for more information:https://www.fhwa.dot.gov/bridge/mtguide.pdf

Hood
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Asset TypeHazard Combinations Applied To

Culverts
Rationale for Input Data Other Metadata: Field (state- Transit

Metric Description Inclusion Source? Name, Type, Scaling Roadways | owned) Bridges | Airports | Stops
Channel and The NBI channel and channel Poor channel or NBI (Item 61) scale_Bchannel_cond Flood
channel protection | protectioncondition rating channel protection categorical
condition rating assigned to the asset. conditions can scaling:

Possible values range from 9 contribute to failure {9:0,8:15,"7":30,'6":45,'5":6

to 2 with lower values during extreme 0,'4":75.'3:90.'2":100,'1":100

indicating poorer condition. | weather events. /0":100,'N':0,nan:50}

Assets with code values N (n¢ Thus, assets with

. unscaled units: see NBI
applicable because not over | poor channel or

water) are not included nor channel protection coding guide
are assets closed to traffic conditions should be
(code values 0 ahl). prioritized.
Culvert condition The Caltrans culvert condition Poor culvert Caltrans scale_Bchannel_cond Flood
rating®® rating (for small culverts) condition can conveyances categorical
assigned to the culvert. contribute to failure = shapefile scaling:
Possible values include Good during extreme (Condition field) {90,'8"15,'7":30,'6":45,'5":6
Fair, or Critical. Culverts with weather events. 0,'4":75,'3:90,'2":100,'1":100
N/A, NA, or no data coding Thus, culverts in /0':100,'N':0,nan:50}
will be assigned a Fair rating.  poor condition unscaled units: see NBI
should be coding guide
prioritized.

30 This data source is currently on hold, so results are not included for culverts.

Page |41



Fresno County Regional Transportation Network Vulnerability Assesstr
Vulnerability Assessment Summary Memorandum

((-' resno Council
J(-)Ff Governments

Metric

Description

Thematerial used to construct
the culvert. Possible values
include HDPE (high density
polyethylene), PVC (polyvinyl
chloride), CSP (corrugated
steel pipe), Composite, Wood
Masonry, Concretel, N/A,
Other, and Unkn.

Culvert materiai®

Rationale for Input Data
Inclusion Source?
Culvert material Caltrans

plays arole in conveyances
determining the shapefile
sensitivity of assets = (CMaterialfield)

to wildfire. HDPE,
PVC, CSP,
Composite, and
Wood culvert types
should be
prioritized. Culverts
with values of1,
N/A, Other, and
Unkn will be
assigned a moderate
level of concern.

31This data source is currently on hold, so results are not included for culverts.

Asset TypeHazard Combinations Applied To

Culverts
(state-
owned)

Flood

Transit
Stops

Other Metadata: Field

Name, Type, Scaling Roadways Bridges | Airports

scale_CMaterial_fire
categorical
scaling{'Concrete".0,
'CSP":0,1":50, 'PVC"100,
'HDPE":100,'Composite":10(
,'Wo0d":100,'Other":50,'Ma
sonry":0}

unscaled units: materials
categories (see scaling)
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Metric

Scour rating

Bridge capacity

Description

The NBI scouritical bridge
rating assigned to the bridge.
Possible values range from 8
to 2 with lower values
indicating greater scour
concern. Bridges coded N
(not over waterway), U
(unknown foundation), T (ove|
tidal waters with minimal
concern), or 9 (bridge
foundations on dry land) will
be assigned a value of 6, a
moderate value assigned to
bridges where no scour
analysis has been performed.
This reflects the possibility
that higher flood levels could
cause scour at these facilities
which heretofore had not
been studied for scour
because of a belief that
FEt22RAY 3 6 2dAf |

NBI Item 71 on Waterway
Adequacy to approximate
capacity. Values range from ¢
to 2 with lower values
indicating smaller capacity.

Rationale for
Inclusion

Excessive scour of
bridge foundations
makes bridges more
prone to failure
during extreme
weather events.
Thus, bridges with a
high amount of
scour should be
prioritized.

Bridges with lower
capacities should be
prioritized.

Input Data
Source?

NBI (Item113)

NBI (item 71)

Asset TypeHazard Combinations Applied To

Culverts
(state-
owned)

Other Metadata: Field
Name, Type, Scaling

Transit

Roadways Bridges Stops

Flood

Airports

scale_Bscour_crit
categorical

scaling:
{N":0,'U":50,'T":40,nan:50,'9
".0,'8"15,'7":30,'6":50,'5":60,'
4".75,'3:90,'2":100,'1":100,'0
':100}

unscaled units: see NBI
coding guide

scale_Bwaterway_adequ Flood
categorical

scaling:

{N':0,nan:50'9":0,'8":15,'7":

30,'6":45,'5":60,'4":75,'3":90,'

2':100,'0:100}

unscaled units: see NBI

coding guide
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Asset TypeHazard Combinations Applied To

Culverts
Rationale for Input Data Other Metadata: Field (state- Transit

Metric Description Inclusion Source? Name, Type, Scaling Roadways | owned) Bridges | Airports | Stops
Culvert capacit$? CDiameter or combination of = Culverts with lower = Caltrans scale_Cwaterway_adequ Flood

CWidth and CHeight fields ar¢ capacities should be Conveyances categorical

used to calculatg area. $ma||e prioritized. shapefile scaling: {Fair:50, 'Good"0,

areas are associated with 'Poor"75. 'Critical":100-"

smaller capacities. 1:0}

dzy 8Ol £t SR dzy A |
categories (see scaling)

Facility Level of The forecasted LOS from the Roadways with high Fresno CG scale_los Flood,
Service (LOS) Fresno COG VMIP 2 travel = congestion and VMIP 2, 2042 categorical Wildfire,
demand model for 2042. For = capacity constraints = forecast, . scaling: miFmax Extreme
roadway segments that should be LOS_DAILfield normalization (max value: Temp.
contain two overlapping prioritized. MA N T XEEA0Y
model links, the maximum

unscaled units: numerical
scores 16 corresponding to
AASHTO LOS rating$3A

LOS was taken.

32This data source is currently on hold, so results are not included for culverts.
33 https://en.wikipedia.org/wiki/Level of service
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Asset TypeHazard Combinations Applied To

Culverts
Rationale for Input Data Other Metadata: Field (state- Transit
Metric Description Inclusion Source? Name, Type, Scaling Roadways | owned) Bridges | Airports | Stops
AverageAnnual For roadways, this is the The consequences = Fresno COG scale_fac_vol Flood, Flood, Flood,
Daily Traffic average daily volume from of weatherrelated VMIP 2 travel continuous Wildfire, Wildfire, = Extreme
Volume Fresno COG VMIP 2 travel  failures/disuptions = demand model, scaling: mirmax Extreme Extreme = Temp.
demand model for 2042. For = (from either 2042 forecast, normalization (max value: Temp. Temp.
roadway segments that extreme events or | D24 _VOffield MANSXSYAY OF f
contain two overlapping more frequent for roadways unscaled units: volume
model links, the sum of the maintenance needs) NBI (Items 114 (differs by mode: see
two volumes was used. are greater for and 115) for Description column for
For bridges, this is the NBl = assets that convey a pridges. details)
future ADT and future ADT hlgher volume of Caltrans Climate
years used to adjust the traffic. Thus, assets  action Report
future volumes to a common = associated with project for
year of 2036 across the asset higher volumes culverts
For culverts, this is the AADT Should be
prioritized.

developed through the
Caltrans Climate Action
Report project.

34This data source is currently on hold, so results are not included for culverts.
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Metric

Average Annual
Daily Traffic
Volumefor Trucks

Airport Type

Description

For roadways, this is the
average daily truck volume
from Fresno COG VMIP 2
travel demand model for
2042. For roadway segments
that contain two overlapping
model links, the sum of the
two volumes was used.

The airporttype associated
with the asset. Valuesiclude
Primary, General, Other, and
Reliever.

Rationale for
Inclusion

The consequences
of weatherrelated
failures/disruptions
(from either
extreme events or
more frequent
maintenance needs)
are greater for
assetghat convey a
higher volume of
freight traffic. Thus,
assets associated
with higherfreight
volumes should be
prioritized.

Airports with more
intensive uses (e.g.,
primary hubs)
should be
prioritized.

Input Data
Source?

Fresno OG
VMIP 2 travel
demand model,
2042 forecast,
D24 TRK VO
field

Fresno COG
airports layer

Asset TypeHazard Combinations Applied To

Culverts
Other Metadata: Field (state- Transit
Name, Type, Scaling Roadways | owned) Bridges | Airports | Stops

scale_trk_vol Flood,
continuous Wildfire,
Extreme

scaling: miAmax
Temp.

normalization (max value:
MANIXIYAY @i

unscaled unitsdaily truck
volume

scale_aport_class Flood,
categorical Extreme
scaling: Temp.
{Primary':100General:50,'

Other":50,'Reliever":0}

unscaled unitsAirport Type

(see above)
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Metric

NBI Bypass, Detoul
Length

Nodal density
(density of network
nodes wihin 0.5
miles)

Employment
density

Description

The NBI Bypass, Detour
Length (XXX kilometers)
assigned to the bridge. It
represents the total additional
travel for avehicle which
would result from a closing of
the bridge. Values range from
000 up to a maximum of 199
kilometers.

The density of roadway
network intersections (i.e.,
nodes) within a 0.8nile

buffer of the asset. Units are
nodes per square mile. Buffer
are clipped to thé~resno COG
region.

Fresno CO@mployment
density within a quarter mile
buffer of the asset,
aggregated by area weighted
mean (AWM).

Rationale for
Inclusion

Input Data
Source?

The greater the NBI (Item 19)
detour length
around the asset
(should it need to be
closed due to an
extreme weather
event) the lower the
network
redundancy.Assets
with low network
redundancy should
be prioritized.

Fresno COG
VMIP 2, 2042
forecast network

Nodal density is a
proxy for network
redundancy. Assets
with low network
redundancy should
be prioritized.

Fresno COG TAZ
feature class,
EMP field

Assets in areas of
higher employment
density should be
prioritized.

Asset TypeHazard Combinations Applied To

Other Metadata: Field
Name, Type, Scaling
scale_Bdetour

continuous

scaling: miAmax
normalization (max value:
MANIXIYAY @i

unscaled unitskilometers

scale_node_dens Flood,
continuous Wildfire,
Extreme

scaling: percentile ranking
OYAY @I dzSy | Temp.
value: 0}

unscaled units: # nodes

within .5 miles

scale_emp_dens Flood,

continuous Wildfire,

scaling: miAmax Extreme
Temp.

normalization (max value:
MANIXZIYAY @I i
unscaled units:
employment density AWM
within 0.25 mile

Roadways

Culverts
(state-
owned)

Flood,
Wildfire,
Extreme
Temp.

Flood,
Wildfire,
Extreme
Temp.

Bridges

Flood,
Wildfire

Flood,
Extreme
Temp.
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Asset TypeHazard Combinations Applied To

Culverts
Rationale for Input Data Other Metadata: Field (state- Transit
Metric Description Inclusion Source? Name, Type, Scaling Roadways | owned) Bridges | Airports | Stops
Householddensity = Fresno COGousehold Assets in areas of Fresno COG TAZ scale_pop_dens Flood, Flood, Flood, Flood,
density within a quarter mile | higherhousehold feature class, HH ' continuous Wildfire, Wildfire, = Extreme Wildfire,
buffer of the asset, density should be field scaling: mirmax Extreme Extreme = Temp. Extreme
aggregated by area weighted prioritized. normaization (max value: Temp. Temp. Temp.
mean (AWM). MANEXEYAY &I f
unscaled unitshousehold
density AWM within 0.25
mile
Asset withinFresno ' Whether an asset at least Disadvantaged Fresno COG scale_in_gj Flood, Flood, Flood, Flood,
COG partially overlaps &resno communities tend to. MIP1_EJ_TAZ  categorical Wildfire, Wildfire, Extreme Wildfire,
Environmental COG Environmental Justice = be more vulnerable @ feature class, scaling: {1:1000:0} Extreme Extreme = Temp. Extreme
Justie (EJ) community. to weatherrelated MIP1_EJ_1 field N Temp. Temp. Temp.
) unscaled unitsbinary flag
community events, and assets
serving these
communities should
be prioritized.
CalEnviroScreen The percentile Disadvantaged California scale_ces_den Flood, Flood, Flood, Flood,
Percentile Score CalEnviroScreen score densit communities tend to. OEHHA continuous Wildfire, Wildfire, = Extreme Wildfire,
within a quarter mile buffer of be more vulnerable no scaling Extreme Extreme = Temp. Extreme
the assetaggregated by area to weatherrelated Temp. Temp. Temp.

unscaled units: % AWM

weighted mean. Values range events, and assets within 0.25 miles

from O to 100, with the most = serving these

disadvantaged communities = communities should

receiving larger scores. be prioritized. This
is a State indicator
of disadvantaged
communities.
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Asset TypeHazard Combinations Applied To

Culverts
Rationale for Input Data Other Metadata: Field (state- Transit
Metric Description Inclusion Sourcés? Name, Type, Scaling Roadways | owned) Bridges | Airports | Stops
Percent of The percent of households Assets serving American scale_noveh_den Flood, Flood, Flood, Flood,
Households with with no vehicle within a communities with Community continuous Wildfire, Wildfire, = Extreme Wildfire,
No Vehicle quarter mile buffer of the high proportion of Survey no scaling Extreme Extreme = Temp. Extreme
asset, aggregated by area individualswithout Temp. Temp. Temp.

unscaled units: % AWM

weighted mean. vehicle access Within 0.25 miles

should be
prioritized.
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Asset Prioritization Scoring

Once the metrics were placed on a common scale, weights were assigned based on the relative
importance of each metric to the overall risklable4. Metric Weights by Assdiiazard Combination
shows the weights for each metric.

After the weights were assigned, they were multiplied by the scaled scores. These products were then
summed for eaclasset typehazardcombination (i.e. each column the table). Then, a finale-scaling

of the results was done to ensure that the final scores were all ooal®0 scale for each asset. Larger
numbers on the scale (i.e., closer to 100) represent higher priority (more vulnerable) assets.

After these scaled scores were deveddp they were categorized into ten equal intervals, so that
categories with scores 9000 were assigned a 10, scores®Dwere assigned a 9, and so on. This
classification of results helped remove some of the potentially confusing and misleading pretigien
numeric scores.

The final product of this approach is a prioritized listing of assets with a separate ranking fassath
type-hazardcombination. For example, all culverts are prioritized based on their vulnerability to riverine
flooding. Likwise, there are separate prioritized lists for culverts vulnerable to sea level rise and to storm
surge.

As described in other portions of this section, the indicdiased prioritization is a helpful tool given the
number of different assets, hazard ®%, and information sources needed to assess relative vulnerability.

dzii AG &aK2dzZ R y20 06S YAaidl{1Sy Fa | O2YLX SGS dzyRS
systemlevel analysis that needs to be accompanied with professional judgemenbitige-ground
context. It is useful in that it can help identify-ask assets that should be examined individually at a
facility-level.
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Table4. Metric Weights by AsseHazard Combination

Flooding Wildfire Extreme Temperature

SIS Transit Transit Transit
Bridges | Culverts Stops Airports Culverts Stops Roads | Bridges Stops

Airports

Initial timeframe for elevated

0, 0, 0,
level of concern for wildfire 25% 25% 25%

Highest projected wildfire level of
concern

25% 25% 25%
Maximum change in 10@ear
flow for the 20102039 timeframe

Maximum change in 10@ear
flow across timeframes

15%

15%

Maximum Caltrans future riverine
flooding exposure score for the 16%
20102039 timeframe

Maximum Caltrans future riverine

. 16%
floodingexposure score

Maximum change in 10Qear
precipitation for the 20162039 10% 10% 10%
timeframe

Maximum change in 16@ear

S 10% 10% 10%
precipitation

Max change in max-day

) 60%
temperature across timeframes

Avg annual max daily max

. 60%
temperature across timeframes

Max change in avg annual max
daily max temperature across all 55%
timeframes

Highest Annual Number of Heat

0,
Health Events across timeframes 50%

Lowestfloodplain increment that

S - 30% 30% 30%
facility lies within or crosses

Recurring Damage Classification

) 15% 15% 15% 15% 15%
(flooding)
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Flooding Wildfire Extreme Temperature

Metric Transit Transit Transit

Stops

Bridges | Culverts Airports Culverts Roads | Bridges

Airports

Stops Stops

Recurring Damage Classification
(fire)

Bridge substructure condition
rating

10% 10% 10%

2%

Channel and channel protection

0,
condition rating 2%

Scour rating 5%

Bridge capacity 28%

Culvert condition rating 5%

Culvert material 4%

Culvert capacity 30% 4%

FacilityLevel of Service (LOS) 5% 5% 5%

Facility Volume 12.5% 10% 10% 15% 15% 20% 20%

Facility Truck Volume 2.5% 3% 5%

Airport class 35% 40%

Detour length 5% 15%

Density of roadway network

) 0 9 0 0 0 ) 9
nodes within 0.5 miles dhcility 10% 4% 5% 10% 10% 10% 5% 5%

TAZ employment density: AWM
within 0.25 miles of facility

TAZ household density: AWM
within 0.25 miles of facility

1% 0.5% 0.5% 5% 1% 1% 5% 1% 2% 5%

1% 0.5% 0.5% 5% 1% 1% 5% 1% 2% 5%
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Flooding Wildfire Extreme Temperature
Metric . . .
. Transit . Transit . Transit .
Bridges | Culverts Stops Airports Culverts Stops Roads | Bridges Stops Airports
Facility within oroverlaps Fresno o o 0 o o o o o o
COG EJ TAZ 1% 0.5% 1% 5% 2% 2% 5% 1% 2% 15%
CalEnviroScreen Score: AWM 10, () 50 1% 5% 1% 1% 5% 1% 2% 5%
within 0.25 miles of facility
% Households with No Vehicle:
0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
AWM within 0.25 miles of facilty  ~7° = 1% 1% 10% 2% 2% 10% | 1% | 2% 15%
Total 100%  100% 100% 100% 100% = 100%  100% 100% = 100%  100% 100% 100%
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Analysis Documentation

The scoring approach described in the previsuissectiorsinvolvesmany different datasetand analysis
processes Thissulsection helps document that process and serves as a reference for replicating the
analysis.

There are several portions of the ansily. The first is the input data development, which includes the
gathering and cleaning of hazard and asset data. The second is the metric development, where this
information is combined into the metrics described in the approach section. The finalssdhirg, where

the metrics are scaled and weighted together to produce scaled scores for each combination of hazard
andasset type

There are several files and folders that were used to conduct the analysis and contain the results:

9 Theprevious subectiors of this Methodology sectiodocument the raw datasets used and
includes important metadata, such as original data sources, scaling methodology, and field
names of scaled values.

1 The esults geodatabaséfdog tnva 20190918.gdbdontains the assdkature classes with
the results. The fields include:

o0 The final tiered scores, which are provided in 10 equal interval tiers, with 10
corresponding with more vulnerable assets and 1 corresponding with less vulnerable
assets. These fieldsarenamed A y I f paO2NBYes F2fft26SR o0& |
followed by an asset type abbreviati8hC 2 NJ SE | Y LI Stoody & N RE€ A P2 UK
bridge feature class contains the final scoresfimodingthreats to bridges.

0 The scaled overall scores for eadset typehazard combination, which range from 0 to
100, with 100 corresponding with more vulnerable assets and 0 corresponding with less
@dzf ySNI 6fS FraaSiad ¢KSasS FTAStRaA INB ylIYSR a
abbreviation, followed by an assype abbreviation.

0 The scaled metrics scores that are weighted together into the scaled overall scores. The
Indicators subectionof this memorandundocuments all of these field names and
definitions.

0 Unscaled metrics values. The Metric Weights Temgikt€see below) contains a list of
all the unscaled metric field names and their correspgagacaled metric field names.
The Asset Prioritization Scoring subsection in this memorandum also documents these
weights.

o Other fields that were included in theriginal asset files, such as asset hame, location,
and description. There are also a few other intermediary fields created during the metric
development.

T {dzYYlI NB aKSSiia IyRTADINEA2 RBEWS i RIdeK S jneludesn pmy €

35 |n these fields and others in this geodatabase, hazard abbreviationfakef RFANBY GFANBES 9EGNBYS ¢!
Fl2 RA yilabde Yab ¢ KS | a&aS3G |60 NBJAFCING2YWEAA G NERY 2dba@d Wil NE- ay8aQdriN@ & R € X NJR |
PANLR NG AY Gl ANY®
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.csv versins of the results bgsset typdn the results godatabase. It also includesmmary
.csv files with results broken out lagset typehazard combination.

T aSUNRO 5S@St 2LIVSYyl tréstoKagcgy pioCebsing B0 LIEZEND laNADIL {2V A
metric development occurred with this Python script, which relies heavily on ArcPy, the Python
package for running ArcGIS geoprocesses. The script can be viewed in Notepad++ or other
source code editor. It is commented with instructions on how to rerun the metneld@ment
geoprocesses.

9 Scoring Development Jupyter Notebook for Python:
dfresnocog_asset_scaling_weighting_scoring.igyidh ¢ KA & WdzLlR 6§ SNJ b2GS06221
Python code® This notebook was used for the metric scaling, weighting, and final scoring and
classification. While ArcGIS is offers rich geoprocessing functionality, traditional Python
packages such as pandas and numpy are better suited for systematic tabular data manipulation.
This notebook is commented and can be rerun in the future. It reddgor other tabular) files
exported from ArcGIS. It also reads the Metric Weights Template (see below) for the weighting
process.

T aSGNRO 2 SA 3 Figsho CEOYTNVA Wwekhits 201909083 B¢ CKA&A A& |y
into the Scoring development Jupyteotebook. It is a table with rows corresponding to metric
names, columns corresponding agset typehazard combinations, and values corresponding to
the weights used to combine the scaled metrics together for eset typehazard score. The
weights inthat table are the same as those that appear in &sset Prioritization Scoring
subsection of thisdlocument The weights in the Metric Weights Template can be modified if the
user wants to rerun the scoring with a different weighting. However, the formgtbf the
Template should not be modified, as the Notebook may not be able to process the weights

properly.
T ¢KS &adzLlLX S Y Sy lftof_tn#&S2PIR091igupplerdchtagalld 0 O2y il Aya I RRA
feature classes used in this memorandum, including thasel dor the climate projection maps

in the Future Projections subsection and for the landslide maps used in the FutureSeatsu
Landslides subsection.

Note regarding bridge analysidVe analyzed bridges from two data sources: the Fresno County

5SLI NIYSYyld 2F tdzof A0 22N)la +FyR tflFyyAyaQa oNARIS
combined the two datasets into one feature class of 1,336 bridge features. Of these, 761 appeared in the

NBI alone, 136 appeared in both the NBI andRhesno County inventory, and 439 appeared in the Fresno

County inventory alone. We wanted to include in the scoring the rich information on conditions and
O2yaSljdzSy0Sa Ay GKS b.L® .dzi ¢S Fftaz2 RAR yi2li ol yi
bridges not appearing in the NBI, we composed their scores from using all of thidBlovariables and

scaled them accordingly. While we show results for all bridges on the same map, the scores for-the non

NBI bridges were compiled with fewer inputs. THBI scores are therefore somewhat more robust than

the non-NBI scores.

36 Jupyter Notebook is free and open source and can be downloaded t&pe:// jupyter.orgl.
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Note regardingroadway analysis We analyzed roadways using the Fresno O@BP 2 travel demand
mode network for 2042.This network contains forecasts of numerous metrics relateddgd! volumes

and congestionThe network is more spatially accurate in the heavily trafficked urban apddess
spatially accurate in the sparser mountainous regions of the County. Wprpoessed the network by
combiningdirectly overlappindinks (those that shared endpoints A and B) into single links. For each
combined link, we added volume across its two composite links and took the maximum of the LOS ratings
between the two composite link$dany links in the network did not span all the way frartersection to
intersection but rather started or ended between intersections. For the vulnerability assessment, we
sought units of analysis that were true intecsin-to-intersection segmentsBut we also wanted to
preserve the volume information in theegments. Therefore, we slightly rounded volume and then
dissolved by volume to combine segments with very similar volulvesthen used the network nodes
(which represented the true intersections) to split the dissolved network into interse¢tientersection
segments with volume information.

Results

This section covers the full results of the vulnerability scoring exercise. It is organized by-dsserd
combinations. Each combination includes a map of results, table of top scoring assdigeéndrrative

of the results. The accompanying files contain the results in geodatabase feature class (GIS) and comma
separated value (CSV) format. The Summary section synthesizes the results from the scoring and from
other Vulnerability Assessment ansés.

Page |56



FresnoCounty Regional Transportation Network Vulnerability Assessn (‘K‘ Fresno Council
Vulnerability Assessment Summary Memorandum ' 00f Governments

Bridges and Future Flooding

Riverine peak flows are expected to increase under at least some of the future climate scévlangsoridges were identified as vulnerable to
future riverine flooding Most of theseare lightly traveled roads ilow-density areas, though network redundenis limited in many of these
areas, so detour routes are often long.

Several of the most vulnerable bridges span the Kings River South Fork ontB@@Rearby roadsn far eastern Fresno Countyhese roads
are characterized by low travel volumes but significant detour lengths. Some of these bridges already experience flaediagddsave below
average conditions ratingsA couple other bridges along 8RB0 were flagged as highly vulnerabtete across Mill Creek farther west in the
Sierras, and one acroBsesnoSloughnear Mendota

There werghree bridgeswith vulnerability scores over &long the 15 over the Panoche Creek and Little Panoche Creek. These have higher travel
volumes thanthe other highly vulnerable bridges and each received at least one weak condition score (substructure condition ratirej, chann
condition rating, scour critical rating, or waterway adequacy rating).

One of the most vulnerable bridges to future floodingswte North Fork Road bridge over the San Joaquin River in Friant. It has experienced
flooding in the past, rates poorly for scour, and will likely experience high increases infidargnany of theclimate scenarios.

There were a few other highly vulreble bridges north of Reedley across Cameron Slough and Wahtoke Creek, one farther west over the Cole

SloughonSRo > FyR 2yS Ay GKS 02 eygsevariVartnanGréeK®wSSINIS NIYNFO 2INIYaESNI 12 yO2 dzLIE S A Y
corner onN Russell Ave over Outside Canal and Edkadota Canal.

Non-NBI bridges (i.e. those in the Fresno County bridge inventory that are not in the NBI) were also scored, though therenidesse in
these results given the lack of condition and conssage information that is available for the NBI bridg€.thenon-NBI bridgesmany of the
most vulnerableare several bridges in the Kings River watershed that have high expected increases.inSlmwe of thesassets are on the
Murphy Slough, a sidchannel of the Kings River. It appears &GS Streamstats, the data souarehe watershed geometries, assigns Murphy
Slough a large portion of the overall Kings River watershed area, which could overstate the flow in Murphy Slough aradeuttéefisiv in the
parallel portion of the Kings River. Therefore, these flows should be assessed in moragptatl offacility-level assessments.
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Figure20. Vulnerability Scoring: Bridges & Future Flooding
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Table5. HighestFloodingVulnerability Scores for Bridges

OID_num FCBN
34 05-064

154 01-017

578

583

33 05-058
110 05-039
118 05-049

157 01-021

221 07-001
372 05-069
406 10-040

420 10-053
504 05-054

577

579

622

711

789

1243

1278

1322

1323

1331

final
ROUTI score scales scale_scale_ scale_
NBI_STRUC _NUM _floo core_f scale_scale_ BsubstBchan scale_ Bwate scale_ scale_ scale_ scale_ scale_|
URE_NUMBEBER_OFEATURES_DES FACILITY_CAILOCATION_Cd_bri lood_ flow_t flow_ scale_cruct_c nel_co Bscouirway_ scale_f Bdeto emp_dpop_d scale_ces_d noveh
R_008_trim 05D 06A IED_007 9 d brid  1mx mx mg_fld ond nd _crit adequ ac_vol ur ens ens ne en _den
10 90 95 94 0 0 4 15 100 14 2
'3.9MI NORTH C
42C0047 0 OUTSIDE CANAL ' 'N RUSSELL AVE NEES AVE' 10 95 65 62 0 60 60 60 100 1 19 3 3 0 15 6
8580003P00C 'CEDAR GROVE 'KINGS CANYO?
0000 11 ROARINGRIVER' ROAD (' HWY. MP 31.9' 10 92 81 76 0 30 45 15 75 0 100 0 0 0 6 2
"'SOUTH FORK KINGS'STATE ROUTE 1{06-FRE-180-
42 0024 180 RIVER ' ' 130.13' 10 100 87 83 0 30 60 60 75 0 100 1 2 0 6 2
9 87 95 94 0 0 7 17 0 14 2
9 87 95 94 0 0 6 10 0 15 3
9 88 95 94 0 0 3 7 0 31 5
'DELTA-MENDOTA
42C0142 O CANAL ' ‘N RUSSELL AVE AT ALTHEAAVE ' 9 85 59 53 0 60 15 15 100 1 10 3 3 0 15 6
'SAN JOAQUIN RIVE 'NORTH FORK ~ '0.1 MI W/O
42C0001 0’ ROAD ' FRIANTRD 9 83 36 37 100 60 30 90 45 2 26 0 11 0 58 6
9 87 95 94 0 0 3 14 0 14 2
9 87 95 94 0 0 2 4 0 15 0
'0.31MIW
'E JEFFERSON A BUTTONWILLOV
42C0237 0 WAHTOKE CREEK "' AV' 9 83 77 71 0 30 30 50 75 0 1 4 7 0 15 0
9 87 95 94 0 0 3 4 0 15 3
8580005P00C ' SOUTH FORK KING'CEDAR GROVE 'KINGS CANYO?
0000 11 RIVER' ROAD (' HWY. MP 32.3' 9 86 85 82 0 50 30 90 45 0 100 0 0 0 6 2
8580006P00C ' SOUTH FORK KING' WESTSIDE  'KINGS CANYO!
0000 205 RIVER' ROAD' HWY. MP 28.8' 9 81 85 82 0 30 15 50 60 0 5 0 0 0 6 2
'STATE ROUTE 1
42 0080 180 MILL CREEK ' ' 06-FRE-180-92.18" 9 86 84 80 0 30 30 60 60 3 45 6 33 0 6 2
'E GOODFELLOW '0.14 MI E/O
42C0007 0 CAMERON SLOUGH AVE ' RIVERBEND AV 9 81 95 94 0 30 30 60 45 2 7 2 4 0 15 0
42 0081 43 COLE SLOUGH ' 'STATE ROUTE 416'FRE-043-0.78' 9 83 95 94 0 30 45 60 45 7 9 3 3 0 14 2
'STATE ROUTE 1
42 0041 180 KINGS SLOUGH ' 06-FRE-180-26.95' 9 86 95 94 0 30 60 60 45 4 19 5 2 100 74 26
'STATE ROUTE 1
42 0012 198 WARTHAN CREEK ' 06-FRE-198-13.60' 9 80 82 82 0 60 45 15 45 2 100 2 3 0 11 3
'INTERSTATE 5NB
42 0249R 5 PANOCHE CREEK "' 06-FRE-005-49.99' 9 80 79 87 0 30 60 60 45 8 20 7 1 100 18 13
42 0249L 5 PANOCHE CREEK ''INTERSTATE 5 SB6-FRE-005-49.99' 9 81 79 87 0 60 60 60 45 8 17 7 1 100 18 13
"LITTLE PANOCHE
42 0374 5 CREEK INTERSTATE5 06-FRE-005-62.21" 9 88 81 80 0 0 90 15 75 16 1 1 1 0 15 6
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Bridges and Future Temperature Change

Bridges expected to experience large increases in temperature could be af ti'lrmal expansion that exceeds design thresho@enerally,

the highest absolute daily maximum temperatumereasegnot to be confused with temperatures themselves) are expected in the eastern regions
of Fresno County, with lower increases toward thestern and southwestern regions. Therefore, bridges farther east and north tend to receive
higher temperature vulnerability scores. For NBI bridges, the travel volume and detour length of the bridges also contitsidiesably to their
vulnerability scees.

Given their low redundancy and high exposure, several bridges on tié&&hd SR80 in the Sierras receivaost ofthe highest vulnerability
scores. The highest volume bridge in the dataset which is on the short stretch-@BSRetween SR68and SRA1 near downtown Fresno, also
receives a very high vulnerability score.

Page |60



FresnoCounty Regional Transportation Network Vulnerability Assessi F resno Council
Vulnerability Assessment Summary Memorandum J(-)I?Governments

Figure2l. Fresno County Bridges & Future Temperature
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Table6. Highest Temperature Vulnerability Scores for Bridges

ROUTE_ final_scor scalescor
STRUCTURE_NUIUMBER_ FEATURES_DEFACILITY_CA e _temp_ e_temp_ scale_tde scale_fac scale_Bd scale_emscale_po scale_in_ scale_cesscale_noy
OID_num FCBN ER_008_trim 005D _006A RIED_007 LOCATION_009 brid brid It_mx _vol etour p_dens p_dens ej _den eh_den
'KINGS RIVER 'TRIMMERS '14 MI E OF
249 09-006 42C0591 0’ SPRING RD' MAXSONRD ' 10 93 95 0 100 3 16 0 9 4

' GRANIT 'CEDAR GRO''KINGS CANYON
576 8580002P0000000 11 CREEK' ROAD (' HWY MP 33.1" 10 96 97 0 100 0 0 0 6 2

' SOUTH FORI'CEDAR GRO''KINGS CANYON
577 8580005P0000000 11 KINGS RIVER' ROAD (' HWY. MP 32.3' 10 96 97 0 100 0 0 0 6 2

' ROARIN'CEDAR GRO''KINGS CANYON
578 8580003P0000000 11 RIVER' ROAD (' HWY. MP 31.9' 10 96 97 0 100 0 0 0 6 2

' SOUTH FORF'CEDAR GRO''KINGS CANYON
580 8580004P0000000 11 KINGS RIVER' ROAD (' HWY MP 32.1" 10 97 98 0 100 0 0 0 6 2

' LEWIS 'CEDAR GRO'"'KINGS CANYON

581 8580001P0000000 11 CREEK' ROAD (' HWY. MP 27.2' 10 99 99 0 100 1 2 0 6 2
'SOUTH FORK 'STATE ROUT'06-FRE-180-

583 42 0024 180 KINGS RIVER 180 ' 130.13 ' 10 100 100 0 100 1 2 0 6 2
'HILLSIDE '06-FRE-180-

584 42 0411 180" 'SR 180 126.14 ' 10 100 100 0 100 1 2 0 6 2
'SIDEHILL 'ROUTE 180 '06-FRE-180-

585 42 0432 180 VIADUCT ‘' 124.40 ) 10 98 99 0 100 1 2 0 6 2
‘TEN MILE 'STATE ROUT'06-FRE-180-

586 42 0020 180 CREEK ' 1180 123.56 ' 10 98 99 0 100 1 2 0 6 2
'‘BIG CREEK 'STATE ROUT'06-FRE-168-

615 42 0121 168" 168 ' 64.12 ! 10 97 98 1 100 2 1 0 3 5
'RANCHERIA 'STATE ROUT'06-FRE-168-

616 42 0122 168 CREEK ' 168 ' 65.74 ' 10 99 99 1 100 2 1 0 3 5
‘TAMARACK  'STATE ROUT'06-FRE-168-

619 420111 168 CREEK ' 168 ' 58.67 ' 10 96 97 1 100 3 11 0 3 5
'S FK TAMARA( '06-FRE-168-

620 42 0057 168 CREEK ' 'SR 168 58.23 ' 10 95 96 1 100 3 11 0 3 5
'SR 41-E180 'E180-E168 '06-FRE-180-

946 42 0443G 180 CONNECT 'CONNECT' R58.60 ' 10 92 7 100 2 5 65 100 38 36
'MILL CREEK 'LUPINE DRIV'0.2 MI NORTH C

636 42C0573 0’ ' ELWOOD RD' 9 81 87 0 100 3 16 0 6 2
'LITTLE DRY 'SYCAMORE '0.17 MI E OF

648 42C0624 0 CREEK ' ROAD ' WATTS VALLEY 9 85 89 0 100 4 24 0 6 6
'STATE ROUTE'TULARE ST '06-FRE-041-

976 42 0283 OF347 41 ' ' R23.74-FRE ' 9 85 75 24 100 50 53 0 39 42
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Roadvays and Future Flooding

Accordingto the scoring,many of the roads vulnerable to flooding occur in the western portion of the county in the rural portions of the San
Joaquin Valley. There are several vulnerable mountain roads in the foothills of bdihable Range and the Sierra Nevada. There are also some
pockets of vulnerable roads in the Fresno metropolitan area where the street network overlaps riverine floodplains.

The roadway segment with the highest vulnerability scores was tHEB8Rver theFresno Slough near Mendota. This stretch was identified as a
location experiencing recurring issues. It lies within the-$68r floodplain and is projected to experience relatively high increases in precipitation.
It is also relatively high volume andudaedundancy and is in a Fresno COG designated EJ comni@elityont Avenue in Mendota near its
intersection with SR80 was also highlighted by the scoring.

The SR269 north of Huron was another high vulnerability stretch of roadway, identifeschuse of its past issues, exposure, low redundancy, and
being located within an EJ community.

A few short stretches of S#9 were also rated highly vulnerable. These include a portion just south of the interchange wiitha®R a portion
just south of the S Cedar Avenue overpass in Fresno.

Other segments identified as highly vulnerable includaniing Avenue over Kings River in Reedley and North Fork Road over the San Joaquin
River in Friant

Portions of SR1 just north of downtown Fresno were flagged for vulnerability, though this may have been in part due the resolutioruaaclacc
of the floodplain and or the roadway data; it appears to be elevated above the surface in some places where it intersectsyéze 166dplain.
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Figure22. Vulnerability Scoring: Roadways & Future Flooding
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Table7. Highest Flooding Vulnerability Scores for Roadways

final_sc scalesc
ore_flo ore_flo scale_p

scale_fl scale_nscale_escale_p scale_n

ROUT

FAC1od_roa od_roa re_tlm scale_pood_pl scale_dscale_|scale_fscale_tode_de mp_de op_den scale_iscale_coveh_d

OID_num NAME

JURISDICTI

AB_code

YP d

mX n

mg_fld os

ac_vol rk_vol ns

n_ej

es_denen

20273 SR 180 0 CALTRANS 28445 28446 2 10 100 55 79 100 100 33 19 6 98 3 1 100 30 16
20277 SR 180 0 CALTRANS 28448 43135 2 10 99 55 79 100 100 33 19 6 98 1 0 100 4 2
20274 SR 180 0 CALTRANS 28446_28447 2 10 99 55 79 100 100 33 19 6 98 3 1 0 32 17
20275 SR 180 0 CALTRANS 28447 43135 2 10 99 55 79 100 100 33 19 6 98 3 1 0 31 16
20271 SR 180 0 CALTRANS 28444 _28445 2 10 99 55 79 100 100 33 19 6 90 2 1 100 19 10
20691 SR 180 0 Fresno County6767_30994 2 10 98 55 79 100 100 50 20 6 79 0 0 100 17 13
20272 SR 180 0 CALTRANS 28444 53875 2 10 97 55 79 100 100 33 19 6 82 0 0 100 14 11
20309 SR 180 0 CALTRANS 30995_53875 2 10 97 55 79 100 100 33 19 6 81 0 0 100 11 9
20666 SR 180 0 Fresno County30994_30995 2 10 97 55 79 100 100 33 18 5 80 0 0 100 14 11
20665 SR 180 0 Fresno County30993_30994 2 10 93 55 79 100 100 17 1 1 79 0 0 100 19 15
20351 SR 180 0 CALTRANS 6768_30995 2 10 93 55 79 100 100 17 1 0 80 0 0 100 15 12

7187 Belmont 0 Mendota 28349_30173 4 10 91 56 63 100 100 17 7 2 76 1 8 100 16 11

7188 Belmont 0 Mendota 28349_42639 4 10 91 56 63 100 100 17 7 2 76 1 8 100 16 11
20990 SR 269 0 Fresno County6621_28224 2 10 91 30 100 100 17 9 2 94 2 0 100 3 8
20965 SR 269 0 Fresno County28224_39466 2 9 90 24 100 100 17 9 2 95 1 0 100 2 6
22823 Upper Brdg 0 Reedley 6961_28994 2 9 90 53 34 100 100 17 23 5 76 4 7 100 20 12
22821 Upper Brdg 0 Reedley 6960_28993 2 9 90 53 34 100 100 17 22 5 76 4 7 100 20 12
20964 SR 269 0 Fresno County28223_39466 2 9 88 24 100 100 17 9 2 85 2 3 100 3 6
20968 SR 269 0 Fresno County28404_52033 2 9 88 41 40 100 100 17 9 2 95 2 0 100 3 6
21005 SR 269 0 Huron 28223_42222 2 9 88 24 100 100 17 9 2 82 3 7 100 8 17
20991 SR 269 0 Fresno County6621_6622 2 9 88 41 40 100 100 17 9 2 92 3 0 100 4 10
21004 SR 269 0 Huron 28222_42223 2 9 88 24 100 100 17 9 2 81 2 7 100 7 16
21007 SR 269 0 Huron 42222 42223 2 9 88 24 100 100 17 9 2 81 3 7 100 8 17
20966 SR 269 0 Fresno County28225_52033 2 9 88 41 40 100 100 17 9 2 90 6 1 100 9 20
20992 SR 269 0 Fresno County6622_28225 2 9 88 41 40 100 100 17 9 2 90 6 1 100 8 18
20709 SR 180 0 Mendota 30175_38552 2 9 86 56 63 75 100 50 21 7 79 1 8 100 16 11
20708 SR 180 0 Mendota 28350_30175 2 9 86 56 63 75 100 50 21 7 78 2 9 100 19 13
21389 SR 41 0 CALTRANS 18572 51555 1 9 85 76 47 100 0 100 96 9 10 7 55 100 32 36
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Roadways and Future Wildfire
The Central Valley ishometost2 ¥ CNB ay 2 / 2 dohér@viidiire tidR isJdaier: @itte 2uyalbroadway networks iof both the Sierra
Nevada and Dido Range are highly exposed to wildfire.

The longest stretches of highlalnerableroadway are the SR80, Auberry Road, and the -8B8 in the Sierras. These have very low redundancy
and relatively high volumgespecially portions of Auberry Road and1%R lower inthe mountaingd 2 YLJF NBR (2 2 0 KSNJ NUzNF N
exposed areagther highly vulnerable Sierra roadways include Lodge, Powerhou€l, SRmmer Springs, and Watts Valley.

On the Diablo Range side, the most vulnerable roadwagre the SRL98 west of Coalinga and Los Gatos Creek Road. Little Panoche Road was

also flagged as highly vulnerable, though the portion of the roadway in Fresno County appears to be mostly in grasgatith(ratioodland or
scrub) and therefore likelygses less of a threat to the transportation network.
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Figure23. Vulnerability Scoring: Roadways and Future Wildfire
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Table8. Highest Wildfire Vulnerability Scores for Roadways

final_sccscalesccscale_ti

re_fire_r re_fire_r me_elev_scale_cascale_d scale_lo scale_fa scale_trkscale_nascale_enscale_pcscale_in scale_cescale_ng

JURISDICTI AB_code FACTYRad oad burn t burn mg_fire s c_vol _vol de_dens p_dens p_dens _e€j s_den veh_den

6505 Auberry Fresno County7620_45095 4 10 100 100 75 100 100 18 3 98 0 1 0 1 1
20175SR 168 Fresno Count41850_47404 2 10 100 100 100 100 17 2 0 98 2 8 0 2 4
20224 SR 168 Fresno County7134_7135 2 10 100 100 100 100 17 2 0 98 2 7 0 2 4
20156 SR 168 Fresno Count/36658_47353 2 10 100 100 100 100 17 2 0 98 2 6 0 2 3
20155SR 168 Fresno Count/36623_53909 2 10 100 100 100 100 17 2 0 98 2 6 0 2 3
20154 SR 168 Fresno County/36622_36623 2 10 100 100 100 100 17 2 0 98 2 6 0 2 3
20157 SR 168 Fresno Count/36658_4740% 2 10 100 100 100 100 17 2 0 98 1 5 0 1 2
20169 SR 168 Fresno County/38917_47984 2 10 100 100 100 100 17 2 0 98 1 1 0 2 4
20221 SR 168 Fresno County7105_36622 2 10 100 100 100 100 17 2 0 98 1 1 0 2 4
20159 SR 168 Fresno Count/36663_3666<% 2 10 100 100 100 100 17 2 0 98 1 1 0 2 4
20173 SR 168 Fresno Count41849_41850 2 10 100 100 100 100 17 2 0 98 1 4 0 1 2
20164 SR 168 Fresno County/36667_53903 2 10 100 100 100 100 17 2 0 98 1 0 0 2 3
20163 SR 168 Fresno Count/36667_4798% 2 10 100 100 100 100 17 2 0 98 1 0 0 2 3
20166 SR 168 Fresno Count/36668_47991 2 10 100 100 100 100 17 2 0 98 1 0 0 2 3
20168 SR 168 Fresno Count/36686_38845 2 10 100 100 100 100 17 2 0 98 1 0 0 2 3
20174 SR 168 Fresno County41849_47351 2 10 100 100 100 100 17 2 0 98 1 3 0 1 2
20167 SR 168 Fresno Count/36686_3884< 2 10 100 100 100 100 17 2 0 98 1 0 0 1 2
20165 SR 168 Fresno Count/36668_3884+% 2 10 100 100 100 100 17 2 0 98 1 0 0 1 2
20223 SR 168 Fresno County7134_47351 2 10 100 100 100 100 17 2 0 98 1 3 0 1 1
20160 SR 168 Fresno Count/36664_47971 2 10 100 100 100 100 17 2 0 98 1 0 0 1 2
20225 SR 168 Fresno County7135_36659 2 10 99 100 100 100 17 2 0 98 1 3 0 1 1
20161 SR 168 Fresno Count/36665_47572 2 10 99 100 100 100 17 2 0 98 1 0 0 1 2
20170 SR 168 Fresno County/38917_47991 2 10 99 100 100 100 17 2 0 98 1 0 0 1 2
20162 SR 168 Fresno Count/36665_47971 2 10 99 100 100 100 17 2 0 98 1 0 0 1 1
20177 SR 168 Fresno County47572_53903 2 10 99 100 100 100 17 2 0 98 1 0 0 1 1
20176 SR 168 Fresno Count47353_53909 2 10 99 100 100 100 17 2 0 98 0 2 0 0 1
20222 SR 168 Fresno County7105_50049 2 10 99 100 100 100 17 2 0 98 0 0 0 1 1
20158 SR 168 Fresno Count/36659_36663 2 10 99 100 100 100 17 2 0 98 0 0 0 1 1

6506 Auberry Fresno County/7620_7621 4 10 99 100 75 100 100 18 3 91 0 2 0 2 1

6507 Auberry Fresno County7621_51354 4 10 99 100 75 100 100 18 2 88 0 3 0 3 2

4561 Fresno Count2852_38845 10 10 98 100 100 100 0 2 0 98 0 0 0 0 1

4564 Fresno County2855_7166 10 10 98 100 100 100 0 0 0 97 0 0 0 0 0
14635 LI Panoche Fresno Count28249 38449 4 10 95 100 75 100 17 9 0 98 3 1 100 17 13
14636 LI Panoche Fresno County28250_38448 4 10 95 100 75 100 17 9 0 98 3 0 100 15 11

6480 Auberry Fresno Count43652_51354 4 10 95 100 75 100 50 18 2 90 0 1 0 1 0
14639 LI Panoche Fresno County28251_38448 4 10 95 100 75 100 17 9 0 98 3 0 100 13 10
14633 LI Panoche Fresno Count28248_28249 4 10 95 100 75 100 17 9 0 98 2 0 100 10 8
14637 LI Panoche Fresno County28250_38449 4 10 95 100 75 100 17 9 0 98 1 0 100 8 6
14634 LI Panoche Fresno County28248_39548 4 10 95 100 75 100 17 9 0 98 1 0 100 5 4

6452 Auberry Fresno County27829_4365Z 4 10 95 100 75 100 50 17 2 86 3 7 0 1 0
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Roadways andruture Temperature Change

Changes in prolonged periods of high temperatures can exceed the design thresholds of the pavement binder grades usedawatyseTo
measure exposure, we analyzed the maximum changeday/moving average maximum temperatuaeross different climate scenarios and
timeframes. Generally, the eastern and northern portions of Fresno County are projected larger increases in this metnedctnmaations of

the County farther to the west and south. Because exposure was comhiitecconsequence information and travel volumes were weighted
highly in the scoring, most of thHagh-volumeroadways in Fresno County were flagged as most vulnerable to future temperature increases. This
includes most of SB9 within Fresno County, the &R north of its interchange with S#9, and a small portion of SE80 between its interchanges

with SR41 and SH68 near downtown Fresno.
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Figure24 Vulnerability Scoring: Roadways & Future Temperature
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Table9. HighestTemperatureVulnerability Scores for Roadways

~ 21406SR 41

JURISDICTI

final_scor scalescor
FACT e_temp_r e_temp_r scale_te
AB_code P oad oad mp7_mx scale_los _vol vol

scale_fac scale_trk_scale_nocscale_emscale_pojscale_in_ scale_cesscale_noy

e_dens p_dens _dens egj _den eh_den

CALTRANS 19677_19680 1 10 100 78 100 99 8 14 27 30 100 21 21
21400SR 41 CALTRANS 18825_40109 1 10 100 78 100 99 8 19 6 31 100 17 19
21409SR 41 CALTRANS 19677_55277 1 10 100 78 100 99 8 16 21 24 100 17 10
2139€SR 41 CALTRANS 18746_18747 1 10 100 78 100 98 7 11 9 41 100 27 29
21952 SR 99 Fresno County 24202_52216 1 10 100 78 100 91 37 47 1 8 0 9 2
21404SR 41 CALTRANS 18841_18843 1 10 100 78 100 98 7 19 6 33 100 25 20
21484SR 41 CALTRANS 18585_50368 1 10 100 76 100 100 9 9 5 59 100 37 41
2140€SR 41 CALTRANS 18842 55277 1 10 100 78 100 99 8 14 8 28 100 19 16
21485SR 41 CALTRANS 18583_50368 1 10 100 76 100 100 9 8 5 59 100 37 41
21937SR 99 Fresno County 10959_10961 1 10 99 7 100 88 35 63 6 1 0 16 7
21915SR 99 Fowler 24271_24522 1 10 99 78 100 88 37 59 1 2 0 5 2
21951SR 99 Fresno County 24200_52217 1 10 99 78 100 91 37 43 1 6 0 11 2
21973SR 99 Fresno County 52216_52217 1 10 99 78 100 91 37 43 1 6 0 11 2
21245SR 41 CALTRANS 19678_55258 1 10 99 78 100 98 7 16 21 24 100 18 10
2191Z2SR 99 Fowler 24271 24275 1 10 99 78 100 88 37 54 2 12 0 7 2
21979SR 99 Fresno County 7445_24202 1 10 99 78 100 91 37 40 2 9 0 8 2
21395SR 41 CALTRANS 18745_55281 1 10 99 78 100 99 8 13 6 27 100 6 9
2192Z SR 99 Fowler 24522 24531 1 10 99 78 100 88 37 51 1 1 0 18 5
21407 SR 41 CALTRANS 18843_55258 1 10 99 78 100 98 7 13 8 28 100 19 16
21481SR 41 CALTRANS 18577_18583 1 10 99 76 100 100 9 4 4 52 100 36 43
2191ESR 99 Fowler 24274 24275 1 10 99 78 100 88 37 50 2 15 0 9 2
21881SR 99 CALTRANS 11133_50221 1 10 99 76 100 97 38 12 6 14 100 10 8
21889SR 99 CALTRANS 50221_50356 1 10 99 76 100 97 38 11 6 15 100 10 9
2190€ SR 99 Fowler 24209_24210 1 10 99 78 100 91 37 35 1 13 0 10 2
21397SR 41 CALTRANS 18747_55254 1 10 99 78 100 98 7 12 6 27 100 6 9
21926 SR 99 Fowler 7445 24209 1 10 99 78 100 91 37 35 1 13 0 8 2
21947SR 99 Fresno County 11011 52360 1 10 99 7 100 85 34 66 5 1 0 21 9
21975 SR 99 Fresno County 52224 52360 1 10 99 77 100 85 34 66 5 1 0 21 9
2188ZSR 99 CALTRANS 11191 11193 1 10 99 76 100 97 38 8 9 2 100 16 12
2188ESR 99 CALTRANS 50220_50356 1 10 99 76 100 97 38 9 6 11 100 8 7
21936 SR 99 Fresno County 10959 11011 1 10 99 7 100 85 34 66 4 1 0 16 7
21884 SR 99 CALTRANS 11191 50220 1 10 99 76 100 97 38 8 5 2 100 8 7
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Transit Stops and Future Flooding
In Fresno County, the most vulnerable transit stops to future flooding lie in the Fresno metro area, though there arenekitw glsewhere.
Large swathsf the metro area are located within the current 59@ar floodplain, rendering many of the transit stops in the area vulnerable.

The largest concentrations of highly vulnerable stops are in the portions of the Roosevelt neighborhood of Fresno and rdé&negow that

overlap the 50@year floodplain. The cluster of Roosevelt stigi® an EJ communityith a high population density Yy R KA 3K Wy 2 @SKAO
rates.¢ KS R2gy(i26y adG2Lla FFNB Ay Fy 9W O2YYdzyAide 6A0GK | KAIKcré&NLIE 28YS
scores.Several transit stops along Dry Creek to the North of downtown Fresno are within thged0@oodplain and thus areonsidered high

vulnerable. Closer to downtown, there are several stops in theyH30 floodplaimear the channel that runs on north of and parallel tc18R

as well as along the SR.

Outside of the Fresno metro areawveral stops along the SEBOacross the Fresno Slough floodplain near Mendota are highly vulnerable due to
their high exposure, sparsity of the roadway network, and location within a designated EJ community. There are a fewltnéghble/stops in

the 100year floodplain between # Points and Lanare on W Mount Whitney Avenue. These are also in an EJ community on roadways with low
redundancy.

Page |72



FresnoCounty Regional Transportation Network Vulnerability Assessir F resno Council
Vulnerability Assessment Summary Memorandum J;Governments

Figure25 Fresno County Vulnerability Scoring: Transit Stops & Future Flooding

, & “) \\‘ o
MERCED > SO >
oy g MADERA N

\ N, ~-
v
% ? aadem o e
\ S 9 T eno
i 5 .
N a
o, e @ co@oemes o900 o i
= Py % ]
\ !
)
N {4
HEHIELS x 1 s & T  ext & PEagr FT, ]
% - i /B PTTTER S
& .
~ Tumey Hils N e
PA‘NQCH;E 7 b - 1
HILLS, N | T
ST \ !
votd Hitls | TREY o o
s e 23 — N T
R N 25 N
e, CIERVO HILLS -\ N J N
‘o t e ! 5 J
: N S
; N\ £ © 0 @e o secesceccemm e :
SAN BENITO | o o i
{ ~ \ @ — -
i ‘o \ ® i © \
i & ) | I . 4
i I N {
' 7, eoom | — ,’Vi salia \
e LG ier, Rider ° bP?‘SXe e § =
5~ e ava i | >
- . e Ik olAT rempone | PTuLARE L[
“ ~ \ ° | X
: : | .
= P‘ﬁ ecemeo ! 1908 ‘
° 1B | !
,) X L8 K#NGS o
Alcaide \. . 4 - &)
Hills L N ° p ¥ X[ 2
= : \ » i
Coalinga c=3e e & oese - < + \ ik
PLEASA w& VALLEY '\ P N
\ R
lac s ‘»\ P L Carcoran
il e KEFTLEMEN (= \
g Q, AMLES ™ TULARE LAKE BED - | &
- by 2 B | LI
o, W R s « NORTH DOWME o \ ) )
1:485212 =2 Y E _~ Avenal N \
g Fresno Council \\ \ ) e - . .
((() i Coyeermienis Vulnerability Scoring: Transit Stops & Future Flooding
VIRPA necmaososses mc.
e 1 e 2 e 3 e 4 5 6 7 o 8 e 9 e 10
Fresno County Regional Transportation kv ility A
Evaluacién de Vulnerabilidad de laRed de T porte Regi 1 del Ce do de Fresno
The associated FCOG Transportation Network ili il the scoring 0 275 55 11 16.5 22
and underlying data sources in detail. O T T iles

Page |73



FresnoCounty Regional Transportation Network Vulnerability Assessi F resno Council
Vulnerability Assessment Summary Memorandum J;Governments

Tablel0. Highest Flooding/ulnerability Scoregor Transit Stops

final_sco scalescol

OID_nu OBJECTI re_flood e_flood_ scale prescale_prescale_flo scale_dn scale_no scale_emn scale_po scale_in_scale_ce:scale_no
m D LINEID SEQNO NODES _trans trans _tImx _mx od_pin g_fld de_dens p_dens p_dens ej _den veh_den
7172 7172 37 61  2844% 10 100 66 100 100 0 99 4 2 100 71 19
7491 7491 38 163  2844% 10 100 66 100 100 0 99 4 2 100 71 19
2589 2589 13 73 27907 10 99 96 59 100 0 24 9 45 100 67 37
8114 8114 42 95 27907 10 99 96 59 100 0 24 9 45 100 67 37
4629 4629 22 164  1653% 10 98 96 59 100 0 28 9 37 100 67 37
2587 2587 13 71 16535 10 98 96 59 100 0 28 9 37 100 67 37
3984 3984 19 73 16535 10 98 96 59 100 0 27 9 37 100 67 37
8112 8112 42 93  1653% 10 98 96 59 100 0 27 9 37 100 67 37
2434 2434 12 97  1653% 10 98 96 59 100 0 27 9 37 100 67 37
2061 2061 10 110  1653% 10 98 96 59 100 0 27 9 37 100 67 37
8089 8089 42 70  1653% 10 98 96 59 100 0 27 9 37 100 67 37
9826 9826 55 165 1653% 10 98 96 59 100 0 27 9 37 100 67 37
4115 4115 20 55  1653% 10 98 96 59 100 0 27 9 37 100 67 37
6408 6409 32 61 1313z 10 98 100 66 75 0 57 15 100 100 75 48
9614 9614 54 210 1313z 10 98 100 66 75 0 56 15 100 100 75 48
10734 10734 66 27 13130 10 98 100 66 75 0 68 41 67 100 53 55
1473 1473 8 49 13130 10 98 100 66 75 0 68 41 67 100 53 55
1068 10683 65 12 13130 10 98 100 66 75 0 68 41 67 100 53 55
1373 1373 7 202 13130 10 98 100 66 75 0 67 41 67 100 53 55
10745  1074% 66 38 13058 10 97 100 66 75 0 70 8 67 100 74 57
8213 8213 42 194 13058 10 97 100 66 75 0 70 8 67 100 74 57
10744 10744 66 37 13061 10 97 100 66 75 0 62 8 67 100 74 57
8212 8212 42 193 13061 10 97 100 66 75 0 62 8 67 100 74 57
8211 8211 42 192 13064 10 97 100 66 75 0 62 8 67 100 74 57
7580 7580 39 28 10591 10 97 96 59 100 0 12 8 44 100 55 39
7747 7747 40 83 10591 10 97 96 59 100 0 12 8 44 100 55 39
10743 10743 66 36 13064 10 97 100 66 75 0 61 8 67 100 74 57
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Transit Stops and Future Wildfire
Very few transit stops in Fresno County are flagged as vulnerable to wildifieonly exposed stops were a few north of Coalinga along the SR

198, which has limited redundancy. However, this area appears to be mostly grassland, which poses less of a threahspaoinati@n system
than an exposed woodland or scrubland.
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Figure26. Fresno County Vulnerability Scoring: Transit Stops & Future Wildfire

HE HIELS  \

MERCED b
7
X 0
\_\ %
\
X
\
&

MADERA

dera o\
Aot ==
¥

0

N\ 33
Tu Hils N
PA‘NurHé S N
HlLL‘S\ N |
ST N
void Hitis | TRE¥ e
Hilis e 33 —
< \
22y, e %
S0 CFFRVO HILLS N\
& \L
1
h \ FER X 1
SAN BENITO | \L e
f & N ® ST '
i 2 5 [ "
L S [} ‘
¥ > "\ | P 1
“, \ : e B = ~ |
' o, e XX} ! % e ! 3 WIVI salia o e
-t LG ier, Ridor \\ L] 'L‘P?zﬂAte et 7: - i T
5~ (4 ava i | AN e 1
T - \,\ : e i 1.~m-;:mr | ‘ TULA ngxm"\“ ‘ >
e \ : | | '
- \ ° ~ -
L o, BA NG E AWD © 00 0 © 108 T b
o Z "” ! | |
; S e L3 | !
' 15 ; KINGS !
é Alaide N E":
P i Hills ~ ° 4 i X = =
. 2 L ° !
W :\ - mec =m0 00 qono // * \ i
- ~ PLEASA r@g VALLEY "\ ‘ N A
MONTEREY ‘=« Shdaiitas y - N
¢ Hiils pe! KE;‘R'I'LEMEN o N \
S g L% ATLLS ™ TULARE LAKE BED - | R
h T - | )
e « NORTH Domg ® ) )
1:485,212 7 s avenal N \ 7 |
Fresno Council \ \ \ ) TF # aaa : H
( ki) Vulnerability Scoring: Transit Stops & Future Wildfire
Mmm
® NA o 1 e 2 o 3 4 5 6 o 7 o 8§ e 9 e 10
Fresno County Regional Transportation kv ility A
Evaluacién de Vulnerabilidad de laRed de T porte Regi 1 del Ce do de Fresno
The associated FCOG Transportation Network the scoring 0 275 55 11 16.5 22
and underlying data sources in detail. Miles

Page |76




FresnoCounty Regional Transportation Network Vulnerability Assessi F resno Council
Vulnerability Assessment Summary Memorandum J;Governments

Tablell. Highest WildfireVulnerability Scoredor Transit Stops

OID_nu OBJECTI final_score_scalescore_scale_time_scale_cat_kscale_dmg_scale_node scale_emp_scale_pop_ scale_ces_(scale_nove

m D LINEID SEQNO NODES fire_trans fire_trans elev_burn urn fire _dens dens dens scale_in_ej en h_den
8846 8846 49 159 42244 10 100 100 50 0 99 3 1 0 11 2
5854 5854 29 30 42244 10 100 100 50 0 99 3 1 0 11 2
6011 6011 30 79 42244 10 100 100 50 0 99 3 1 0 11 2
8925 8925 50 40 42244 10 100 100 50 0 99 3 1 0 11 2
5981 5981 30 49  3823¢ 10 100 100 50 0 99 2 1 0 11 2
5885 5885 29 61 29660 10 100 100 50 0 99 2 1 0 11 2
8953 8953 50 68  3823% 10 100 100 50 0 99 2 1 0 11 2
8954 8954 50 69 46461 10 100 100 50 0 99 2 1 0 11 2
5982 5982 30 50 46461 10 100 100 50 0 99 2 1 0 11 2
5983 5983 30 51  3823% 10 100 100 50 0 99 2 1 0 11 2
8955 8955 50 70 38236 10 100 100 50 0 99 2 1 0 11 2
8951 8951 50 66  2965¢ 10 100 100 50 0 99 2 1 0 11 2
8956 8956 50 71 29660 10 100 100 50 0 99 2 1 0 11 2
8819 8819 49 132 39397 10 100 100 50 0 99 2 1 0 11 2
5980 5980 30 48 29660 10 100 100 50 0 99 2 1 0 11 2
5984 5984 30 52 39397 10 100 100 50 0 99 2 1 0 11 2
5985 5985 30 53 29659 10 100 100 50 0 99 2 1 0 11 2
8816 8816 49 129 38236 10 100 100 50 0 99 2 1 0 11 2
8820 8820 49 133 2965¢ 10 100 100 50 0 99 2 1 0 11 2
5882 5882 29 58  3823% 10 100 100 50 0 99 2 1 0 11 2
5880 5880 29 56  2965¢ 10 100 100 50 0 99 2 1 0 11 2
5881 5881 29 57 39397 10 100 100 50 0 99 2 1 0 11 2
5883 5883 29 59 46461 10 100 100 50 0 99 2 1 0 11 2
5884 5884 29 60 3823¢ 10 100 100 50 0 99 2 1 0 11 2
8815 8815 49 128 29660 10 100 100 50 0 99 2 1 0 11 2
8817 8817 49 130 46461 10 100 100 50 0 99 2 1 0 11 2
8818 8818 49 131 3823t 10 100 100 50 0 99 2 1 0 11 2
8952 8952 50 67 39397 10 100 100 50 0 99 2 1 0 11 2
5986 5986 30 54 28190 10 100 100 50 0 98 2 1 0 11 2
5987 5987 30 55  2818¢ 10 100 100 50 0 98 2 1 0 11 2
5988 5988 30 56  2965€& 10 100 100 50 0 98 2 1 0 11 2
5989 5989 30 57  2818¢ 10 100 100 50 0 98 2 1 0 11 2
8948 8948 50 63  2965€ 10 100 100 50 0 98 2 1 0 11 2
8934 8934 50 49 28180 10 100 100 50 0 97 3 1 0 11 2
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Transit Stops and Future Extreme Heat
Extreme temperature and associated poor air quality pose threats to transit users. The projectechigtutemperatures are relatively uniform
in the Central Valley portion of Fresno County, where virtually all the transit stops are located. Thervariatgh heat vulnerability scores are

therefore driven primarily by social factors.

The most vulnerable stops are in the Fresno metro area. There are two major clusters of highest vulnerability stops. d@meniewn Fresno

area, roughly bounded bl Divisadero Street, E Street, Ventura Avenue, and P Street. This area is adésigmigtedEJ community, has very

KAIK [/ Fft9YQBANR{ ONBSY a02NBasx Wy2 @GSKAOES 00SaaQ NI ihn$ha RoodewfR RSy a.
neighborhood, particularly on S Chestnut Avenue between E Huntington Avenue and E Florence Avenue, and on the bloggCainydfirRoad

and E Butler Avenue near therbost of this area is an EJ community and characterizeddiyCalEnviroScreens®dNB a = NBf I G A @St & KA

I 0054 4aQ higtpopbilatian dengitk

There are many other highly vulnerable transit stops surrounding both these clusterdvtost of central Fresno and the broader Roosevelt
neighborhood are considered highlylmarable.Other highly vulnerable clusters of transit stops outside of the Fresno metrarackme several
along SR80 between Mendota and Kerman, and along and near S Golden State Boulevard in and just outside of Selma.

The scoring results are not maao be interpreted in an overly precise or a binary manner. In general, extreme heat poses risks to transit users,

LI NI A Odzf F NI & (GK2aS Ay CNBay2 [/ 2dzyieQda RAAIRGIyGl 3SR O2felzfre G A Sa |
expected to amplify this risk.
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Tablel2. Highest Temperaturd/ulnerability Scoredor Transit Stops

final_scorscalescor

e_temp_tr e_temp_tr scale_ma scale_nocscale_em scale_pofscale_in_scale_cesscale_no\
OID_numOBJECTIRINEID SEQNO NODES ans ans x_hh e dens p_dens _dens 2] _den eh_den

9783 9783 55 122 11734 10 100 86 8 89 41 100 58 78
5538 5538 28 95 11576 10 100 86 1 21 8 100 98 100
6337 6337 31 297 11576 10 100 86 1 21 8 100 98 100
6361 6361 32 13 11576 10 100 86 1 21 8 100 98 100
1999 1999 10 48 11576 10 100 86 1 21 8 100 98 100
3077 3077 15 138 11576 10 100 86 1 21 8 100 98 100
3199 3199 16 57 11576 10 100 86 1 21 8 100 98 100
9566 9566 54 162 11576 10 100 86 1 21 8 100 98 100
5350 5350 27 285 11576 10 100 86 1 21 8 100 98 100
9754 9754 55 93 11576 10 100 86 1 21 8 100 98 100
1863 1863 9 172 11576 10 100 86 1 21 8 100 98 100
10581 10581 62 21 11732 10 100 86 7 89 41 100 58 78
2390 2390 12 53 11732 10 100 86 7 89 41 100 58 78
560 560 4 7 11732 10 100 86 7 89 41 100 58 78
9538 9538 54 134 11732 10 100 86 7 89 41 100 58 78
10579 10579 62 19 11732 10 100 86 7 89 41 100 58 78
6972 6972 36 3 10467 10 100 86 4 79 11 100 79 84
7285 7285 37 174 10467 10 100 86 4 79 11 100 79 84
6346 6346 31 306 10467 10 100 86 4 79 11 100 79 84
6351 6351 32 3 10467 10 100 86 4 79 11 100 79 84
7375 7375 38 47 10467 10 100 86 4 79 11 100 79 84
6967 6967 35 135 10467 10 100 86 4 79 11 100 79 84
2010 2010 10 59 10483 10 100 86 2 80 12 100 79 84
3634 3634 18 3 10483 10 100 86 2 80 12 100 79 84
6976 6976 36 7 10483 10 100 86 2 80 12 100 79 84
3088 3088 15 149 10483 10 100 86 2 80 12 100 79 84
2663 2663 13 147 10483 10 100 86 2 80 12 100 79 84
1315 1315 7 144 10483 10 100 86 2 80 12 100 79 84
1530 1530 8 106 10483 10 100 86 2 80 12 100 79 84
10633 10633 64 11 10483 10 100 86 2 80 12 100 79 84
1850 1850 9 159 10483 10 100 86 2 80 12 100 79 84
811 811 5 133 10483 10 100 86 2 80 12 100 79 84
9543 9543 54 139 10483 10 100 86 2 80 12 100 79 84
2273 2273 11 138 10483 10 100 86 2 80 12 100 79 84
1002 1002 6 92 10483 10 100 86 2 80 12 100 79 84
1314 1314 7 143 10479 10 100 86 3 67 23 100 79 84
10634 10634 64 12 10479 10 100 86 3 67 23 100 79 84
1003 1003 6 93 10479 10 100 86 3 67 23 100 79 84
1849 1849 9 158 10479 10 100 86 3 67 23 100 79 84
810 810 5 132 10479 10 100 86 3 67 23 100 79 84
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Airports and FutureExtreme Heat

Extreme high temperatures can affect aircraft operations and assets. High temperature projections are relatively unifssrthadt@ntral Valley
LRNIAZ2Y 2F CNBay2 /2dzyieés gKSNB (KS NB Idnyybdthe akpbid tiédvhich is anfindidadrOl SR «
of consequence in the event of disrupticB NBay 2 L 2aSYAUS LYGSNYyFdGA2yFf 1 ANLIRNIG Aa GKS [/ 2c
heat vulnerability score.
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Figure28. Fresno County Vulnerability Score: Airport and Future Temperature

Page |82




























































