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Introduction

The Fresno Council of Governments (Fresno COG) conducted a Transportation Network Vulnerability
Assessment (TNVA) for Fresno County to understand the potential impacts of climate change on the
NEIA2Yy Qa ( Nhsyfuttud Nié resulks dfythis FNVA are summarized in a Technical
Memorandum that covers the assessment methodology and results. As part of the TNVA development
process, the project team directly engaged with the community and Fresno COG stakeholders to

dzy RSNR Gl YR GKS LlzfA0Qa LISNELISOGAGS 2y (KS GKNBLF
community engagement process are summarized in a Public Outreach Synopsis.

The findings of the TNVA are also intended to help Fresno County jurisdictibnesgybnding to

Senate Bill 379, which requires that all cities and counties address climate adaptation and resiliency
strategies in the next revision of the Safety Element of their General Plans. Sgertate Bill 379

section below for policy guidance.

The overarching objectives of the Fresno County Regional TNVA development process are to:
Convene regional partners from multiple jurisdictions.
Identify climate chang@mpacts to multimodal transportation infrastructure in the project area.
Identify specific transportation infrastructure vulnerable to climate change impacts.

Develop adaptation strategies and specific actions to remedy identified climate chelaged
vulnerabilities.

This memorandum addresses the final objective of the TNVA by summarizing adaptation strategies that
can be implemented around the county to prepare for climate change impacts. This list of strategies is
intended to act as a toolkit or mernof various response options, which Fresno COG and their
stakeholders can pull from as needed. It is not intended to provide prescriptive recommendations for
the county and its infrastructure. There are a wide range of responses for Fresno County deicandi
they are based around changes to planning, policy, design, operations, and maintenance. Some
strategies & more focused on natural @reen infrastructure as opposed to engineered responses.
There is no oneasponse that is considered superior fadressinglimatechangerelated

vulnerabilities. The responses are contegpendent andshould be considered and weighed

individually depending upon the stressor of concern, project location, project budget and timeline, and
other considerations. Se&é¢ General Principles and Strategsection below for more information on

how to generally evaluate and implement adaptation strategies.

The different adaptation optiosiare summarized at a higével by each climate stressor. The climate
stressors assessed for the Fresno County Regional TNVA are:

Temperature Rise
Precipitation and Flooding
Wildfire

Landslides

Each section summarizes the main impacts to the transporat&work that stem from these climate
stressors and the variety of responses that mitigate those impacts. Each response includes descriptions
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of the strategy, the transportation network components it applies to, théeaefits associated with
the respong, and resources to consult for more information.

To provide some examples of how these adaptation strategies can be incorporated into typical
transportation projects, the final section of this memorandum highlights several Fresno County projects
from the Regional Transportation Plan (RTP). These exampteschosen to demonstrate how climate
change can be considered in transportation planning and identify some project types where adaptation
strategies can be incorporated.
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Senate Bill 379

Overview

California SB 379 requires that all cities and courgigglress climate adaptation and resiliency

strategies in the next revision of the Safety Element of their General Plans by January 1, 2022. If cities
and counties had a hazard mitigation plan when the bill was signed in October 2015, they can meet the
requirements of the bill by instead updating their local hazard mitigation plan beginning January 1,
2017. SB 379 requires that the update include three core elements:

Vulnerability assessment Jurisdictions are expected to conduct and document a vulnerabili
assessment using data from sources includingAdabt, California Adaptation Planning Guide,
and relevant local, state and federal agencies, and considering historical materials and existing
and planned development.

Set of adaptation and resilience @¢s, policies, and objectives These goals, policies, and
objectives should be informed by the vulnerability assessment.

Set of feasible implementation measuresThe implementation measures should be designed
to carry out the set of adaptation and rdsiice goals, policies, and objectives.

Additional information on the bill and the three primary requirements can be gleaned from reading the
SB 379 bill textCalifornia Legislature, 201&hd the Alliance of Regional Collahatives for Climate
Adaptation (ARCCA) guidan@dRCCA, 2016)

Fresno Transportation Network Vulnerability Assessment & SB 379

The Fresno Transportation Network Vulnerability Assessment (TNVA) can be utilized to help qungsdicti
fulfill SB 379 requirements. The Vulnerability Assessment Summary Memo, completed earlier in the
project, has information, maps, and data that can be used to help meet the first core obligation of SB
379. This document, the Adaptation Strategies Sumgriviemo, is a compendium of strategies that can

be used to help meet the second core obligation of the policy. Jurisdictions can draw on the portions of
these TNVA analyses that are most applicable to their local settings.

As the TNVA focuses primardlg transportation, climate impacts and adaptations pertaining to other

sectors would also need to be considered. Jurisdictions also need to develop their own implementation
YSIFadz2NBad ¢KS AYLIE SYSydGlFdAz2y YSI| adz2NBaaddpatigwSe (KS
strategies are applied.

The Fresno County Multlazard Mitigation Plan is another excellent resourcaufuderstanding the

O 2 dzy U & Qeelaté@hakardsgir&egies for mitigating these hazardmd how these mitigation

strategies are imgimented.While the plan focuses more on current rather than future climate

conditions, it does include discussions about the impacts associated with climate change.

Strategies & Language for Addressing SB 379

We conducted research to understand how cities and counties across the state have addressed SB 379
to-date, by summarizing strategies for fulfilling the requirements and language used in the local hazard
mitigation plans or general plans. In reviewing uggdao these plans, it appears that many counties and
cities are opting to incorporate by reference updates to their local hazard mitigation plans into their
general plans to fulfill the requirements of SB 379. Also, given that general plan updates are not
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required to be completed until January 1, 2022, most of the updates identified in the research have
been to hazard mitigation plans. Several examples are included below:

City of Los Angeles, Local Hazard Mitigation Plan (2@18)s Angeles has opted tpdate

their local hazard mitigation plan to fulfill the requirements of SB 379, which is explicitly

I RRNBadaSR Ay (KS dzLRFGSed ' RRAGAZ2YIffteéex [ KI &
into their local hazard mitigation plan. LA adopted adific chapter on climate change, titled

G/ tAYFGS /KFEy3aS FyR {SI [S@St wAaaSzé oKAOK LINE
also discusses in more detail how climate change will impact the identified hazards of concern.

Climate resilience and a@tation strategies are then incorporated into the mitigation strategies

for each identified hazard of concern, rather than as standalone mitigation alterng@wgsof

Los Angeles Emergency Management Department, Tetra Tech), 2018

Humboldt County Operational Area Hazard Mitigation Plan (204 ®umboldt County updated

the Action Plan Implementation Section of the hazard mitigation plan to address SB 379. The

plan has a chapter dedicated to climate change, including ovesvidwulnerability

assessments conducted in relation to hazards identified in the report (dam failure, drought,

earthquake, flood, landslide, sever weather, tsunami, wildfire, and sea level rise). Climate

change impacts are discussed in other sectionfiefréport as well. Much like Los Angealdhe

reports were prepared by the same consulting fir KS  LJX ' yQa YAGAIFGA2y &ad
climate change into strategies for identified hazards rather than having a standalone section

(Humboldt County Office of Emergency Services, Tetra Tech,.2019)

Inyo County MultiJurisdictional Hazard Mitigation Plaq City of Bishop (2017) Inyo County

formally has incorporated by reference the myiirisdictional hazard mitigation planto the

tdzoft AO {FFSGe& 9f SYSy i(ng EoultkPlannbg@ 2aysj & & 23 $ 2 SIyAi & ¢
approach to addressing climate change was to not develop a separate section on climate

hazards, but to discuss the projecteffects climate change has had/will have on each type of
KFETIFTNR® ¢KS LIy adGrdisSas a/tAYFGS OKFy3asS rAa y2
phenomenon that could exacerbate hazards. Climate change will be considered as a factor for
relevantidenh ¥ A SR (KyolCbuNtiR ity of Bishop, 2017)

San Diego County MuHiurisdictional Hazard Mitigation Plan (2018) & the City of San Diego
General Plan, Public Facilities, Services, and Safety Element (2018 Cityo{ I Yy 5A S32 Qa
General Plan references working with the County of San Diego to make updates to the hazard
mitigation plan to address climate adaptation and resiliency in fulfillment of SB 379. The

] 2dzy (&8 Qa KFTFNR YAGAIIFGA2Y nindpactyhat kexatleivates ¢S R Of A
KFETFNR&Z adrFaAy3Is 4/ fAYFGS OKFy3asS g1 a y2d AyOt
OKIy3asS 2y (KS ARSYGATASR KITFNR& 6Fa&a AyOf dRSR

As a result, strategies to addredsnate change are incorporated into goals to address
identified hazards, not as a standalone secfi{@ity of San Diego, 2018)

General Principles and Strategies

The term adaptation refers to an action taken to addresrisk related to climate change. Transportation
infrastructure has always interacted with the natural environment and its potential hazards, including
flooding, high temperature, wildfire, and landslides. Infrastructure managers, operators, plannérs, an
designers already have an arsenal of strategies for addressing these hazards. Thus, an adaptation is
often simply an application of one of these traditional strategies. But the principles behind adaptations
and adaptation decision making are differentod current practice in Fresno County, the State of
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California, and the U.S. assumes that the properties of the climate and its associated hazards will remain
constant over time. As research and experience show that this assumption is unwarranted, tifferen
principles and methods are needed to address the risks associated with climate change and enable the
transportation system to fulfill its objectives related to mobility, economic activity, public health, social
equity, and the environment.

Processes arfdesources

There are numerous resources and guidance documents on adaptation strategy approaches and

evaluations, and this document will highlight a few of these rather than exhaustively catalogue them.
¢CKS /ITEAT2NYAL D2 @SNy 2 KREPR) ubldbas en@ti®annifiglaydy A y 3 | YR
Investing for a Resilient CalifortiaA Y& (2 aGAYyF2NY LI I yyAy3d YR Ay@Sa
two primary elements of resiliencelLJt | Yy Ay 3 F2NJ FdzidzZNBE O2yRAGAZ2Yya |

(Governor's Office of Planning and Research, 2Figirela K2 6 & G KS ht w-lédelzA RS0 22 | Q2

process for adaptation planning.

FigurelY ht wQa t NROS&a F2NI{dGF4dS ! 3SyOASa G2 Ly

IDENTIFY HOW CLIMATE CHANGE COULD AFFECT A PROJECT OR PLAN
« Identify impacts of concern

- Assess the scale, scope, and context of climate disruption

CONDUCT AN ANALYSIS OF CLIMATE RISKS
Q - Select climate change scenarios for analysis

- Select an analytical approach

MAKE A CLIMATE-INFORMED DECISION

o - Evaluate alternatives or design
AN

- Apply resilient decision principles

TRACK AND MONITOR PROGRESS
- Evaluate metrics to track progress

» Adjust as needed

The Federal Highway Administration (FHWA) Adaptation Dedidaiing Assessment Process (ADAP) is
facility-level framework that helps transportatigoractitioners analyze climate hazards and evaluate
adaptation options (se€igure?) (FHWA, 2019)ADAP addresses some of the key challeragsociated
with climate change and transportation systems:
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The status quo assumption that historical climate conditions will remain the same in the future.
This is often referred to as stationarity.

The status quo assumption that we have certainty almumate conditions and other inputs
into the design process. However, there is imperfect information about climate hazards and
other factors attributing to risk. There is much uncertainty about the climate, whether it be
historical, current, or future.

Thelack of accounting for the full consequences of infrastructure failure. The traditional
planning and design process does not consider the costs of failure, including both damage and
disruption, and how these affect the wider system and its users.

The ADAProcess is a riskased approach that addresses these challenges through several features:

It uses climate scenario analysis to understand how an asset would perform under different
future conditions. This helps address uncertainty and incorporate thedweslable information
about future conditions.

It assesses benefits and costs of different action alternatives across the lifecycle of the facility,
accounting for how climate conditions could change over time. It includes measures of cost
effectivenesge.g., Net Present Value), which are helpful for decision making and making a case
for support and funding for an alternative.

It includes a consideration of socioeconomic benefits and costs in addition to damage repair and
lost revenue estimates. ADAP limdes ways to incorporate monetizable socioeconomic values
(i.e., cost that can be estimated in dollar terms) andnaonetizable socioeconomic values.

The FHWA website describes the ADAP process and rationale behind in detail. ADAP was developed
aspartd Cl1 21 Q&8 ¢NFYYALRNIIGAZ2Y 9YIAYSSNRAY3I ! LILINRI OK
the TEACR website provides example applications of the ADAP framework that practitioners can
reference(FHWA, 2019)
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At the local level, the Vulnerability Assessment memo for this study (the Fresno COG Transportation
Network Vulnerability Assessment) references other tools and resources thaecased for adaptation
planning.These include the Fresno County Miaizard Mitigation Plan.

Policy and Funding

Aside from SB 379, there are other policies and programs that are relevant for adaptation planning in
the Fresno region.

California Executiv®rder (EO) B0-15, signed in 2015, requires that state agencies (and, therefore, the
AYFNI &0 NHzOG dzNE G KS@ FdzyRo aiab 1S OftAYFGS OKFy3aS Ay
(Office of Governor Edmund G. Brown2015 L i NXB lj dzA NB & -ciické Eost adtcdintinga S & T dz
to evaluate and compare infrastructure investments and alternativAssembly Bill 2800, approved in

2016, codifies EO-BOMp ® LG NBIljdzANBa adlaS F3SyoasSa (G2 002 dzy
climate change when planning, designing, building, operating, maintaining and investing in state
infrastructure(California Legislature, 20XB¥

The implication of these policiestlsat local agencies that understand their climatdated risks and
seek to make their systems more resilient will be better positioned to obtain state funding for these
projects and activities. They may also be better positioned for federal funding.€OeedF Emergency
Management Agency (FEMA) will soon increase itsdg@ster funding, which aims to protect
infrastructure and communities from hazards

before they occur. Its new preisaster Figure3: Yolo Bypass: Central Feature of the
program is called Building Resilient Sacramento River Flood Control Project
Infrastructure and Commutiés (BRIC). BRIC

I dzi K2 NAT S& | ablGAazy NS
PreDisaster Mitigation fund, which will be ;
funded through the Disaster Relief Fund as &
sixpercent set aside from estimated disaste
ANF yi SEUFEVMR ROYINSsk ¢ B
percent set aside will likely represent a large®
more reliable source of fundingdoldeman,
2019) In addition to public programs, private
lenders, insurers and credit rating agencies sua
have demonstrated more conoe about
climaterelated risks embedded in financial
instruments and insurance policies.

While this document does not provide
background on potential funding sources for
each adaptation strategy presented, there
are some helpfujeneralresources for
identifying funding sources. Thgtate Source: California Department of Water Resources
Adaptation Planning Clearinghouse has a

page on funding opportunitiesrganized by sector. THe.S. Climate Resilience Toolkit also lists potential
funding sourcesFunding sources can vary considerably by strategy type. Furthermore, many

Page |42


https://resilientca.org/topics/investing-in-adaptation/
https://resilientca.org/topics/investing-in-adaptation/
https://resilientca.org/topics/investing-in-adaptation/
https://toolkit.climate.gov/content/funding-opportunities
https://toolkit.climate.gov/content/funding-opportunities

Fresno County Regional Transportation Netwodrkinerability Assessmer ('(" Fresno Council
Adaptation Strategies Summary Memorandum ) of Governments

investments with a resilience elementee not seek funding solely from resilierspecific sources.
Demonstrating that a potential investment can make an asset or system more resilient can help it obtain
funding from traditional transportation funding sources.

CoBenefits

Cobenefits are othekey considerations of adaptation planning. These are the additional benefits that
may stem from a single adaptation strategy, which positively influence the surrounding community and
social equity, natural resources, greenhouse gas mitigation, and/oota ¢conomyNatural

infrastructure solutions can provide a variety of differentlmnefits.

For example, mject landscaping can be designed so that it is an adaptation strategy that reduces risks
from temperature rise, flooding, and wildfire, and Isa provides céenefits by reducing greenhouse
gas emissions, providing habitat and green space, and even recreational activities.

The benefits that are generated by an adaptation strategy depend on the factors such as the local
geography, environment,ral community. What is most beneficial depends upon location. For example,
planting shade trees to reduce Urban Heat Island (UHI) would be more beneficial along a roadway in a
low-income neighborhood then along a highway with no pedestrian access.

Where appticable, the adaptation strategies summarized in this memo will outline relevahenefits
associated with that response.

Understanding Consequences of Design Criteria Exceedance

Transportation assets are often engineered to withstand certain designtewr similar standards. For
instance, a critical roadway might be designed to remain in service duringoa 500year storm (i.e., a
storm that has a 2% or 1% chance of occurring each year). A design event is selected based on the risk
tolerance forthe facility. An agency with a relatively low risk tolerance for an asset would typically use a
relatively low probability (and therefore higher magnitude) design event.dBsign event can occuait

some point over its service life due to statistical mb&, uncertainties in the underlying nature of the

climate event, uncertainties ithe infrastructure design, maintenance practices, changing land use
patterns, changing climate factors (i.e., Rstationarity) and other factors.

Practitioners can makthe system more resilient by understanding the consequences of exceeding an
FaaSiQa RSaAady S@ogSyido ¢tKAa AyOfdzRSa AYyF2NNIGAZ2Y
affect an asset (e.qg., flood elevation, discharge rate, temperature threshtldlso includes

information about how the asset itself could be affected, including damage and disruption costs

associated with those magnitud€@/est Riverside Council of Governments, 20C®nsequence

information canbedza SR RdzZNAyYy 3 (KS RS&aA3Iy LINRPOS&aa FyR fF GSNJ
performance from an operations and maintenance perspective.

A simple way to examine consequences is to require that designers assess and document the
consequences a check eventyiah refers to an event whose magnitude exceeds the design é\reot.
example, an asset with a design storm recurrence interval of 100 years could have a check storm
recurrence interval of 500 years. For higher risk facilities, a more comprehensiveanayshe

1 For example, seettps://flh.fhwa.dot.gov/resources/design/pddm/Chapter 07.pdf
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warranted, particularly given the expected changes in climate conditions.

Other Principles

Decision making timing is another important factor in climate adaptation. Adaptation can require

increased capital spending depending on the facility gojlieable strategies. In these cases, there can

be opportunities for agencies to incorporate adaptation into their other projects and planning activities.

For instance, whereas modifying a bridge to withstand higher magnitude floods might be a costly effor

in and of itself, if the assé$to be replaced or repaired anyway, it could be a exffctive opportunity

to adapt it to those higher floods. Furthermore, because climate change is a relatively long term trend,

there is a temptation to delay respoasind take a reactive approach. This may be sufficient in some

cases, but in others it might be cost effective to be more proactive. By assessing the lifecycle costs and
0SYSTAlGa 2F FTRFLIWIGAZ2Y YR y2 I OlA 2 yactiflongiiskcahya 6aSS
better understand how best to time their adaptatigrlated activities.

Community engagement is another crucial component to adaptation planning. With knowledge of the
challenges facing the communities thypresent agencies can better ter adaptation responses. This

is particularly important in disadvantaged communities, where members may not have access to
resources necessary to respond to extreme events or changing climate conditi@ngesources can
include funding to address damagjeroperty or infrastructure or equipment such as vehicles that can
be used for evacuation or for avoiding extreme weather conditicFtsere is also a need for stakeholder
and public education regarding climate change risks and adaptation options. ledraasreness can
enhance the capacity of communities to respond to hazaftss could include knowledge of evacuation
best practices or who to contact when extreme events do occur.
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Temperature Rise

Climate changeelated temperature rise and the UHI ettt can result in impacts to 1) health and

community and 2) the operations of transportation assets. This section discusses these two categories of
impacts and the possible responses Fresno COG and members can adopt to respond to and mitigate
these impacts

Health and Community Impacts

Increased temperatures can impact human health and put additional stress on communities, resulting in
1) heat stress, 2) reduced access to transit, and 3) increased localized air pollution.

The body can regulate its temperature on a hot day, but more stress is put on the body if there are
multiple highheat days in a row and/or if temperatures do not cool off at night. These events can lead

to risk of heatrelated illnesses, especially if the affected cannot escape the heat and rest in a cool

area. Vulnerability to heat impacts varies geographically and with certain population characteristics. Key
vulnerability factors include age, so@geonomic status, prexisting health, pregnancy, occatfon, as

well as geographic variables such as local surface temperature, tree cover, and distance from the coast.

High heat days can also have secondary health and community impacts, including the degradation of
localized air quality. Customer energy demaises during warm months due to the need for air
conditioning. Increased energy demand and consumption will also lead to higher emissions of
greenhouse gases and unhealthy air pollutants.

Responses
Shaded Bus Stops

Brief Description Providing shade at bus stops can address the
health and transit accessibility implications of climate change
related high heat days by keeping riders cooler while waiting for
transit servies. Many survey results noted that bus stops lack p
shelters around FresnGounty whichcan cause a disproportionate
burden on lowincome, transitdependent, and rural transit riders
who may be required to travel further to access a bus stipade
protection can be provided by building shade canopies or by
planting trees near transit stops, which relates to the section on
vegetation covebelow. More advanced options to provide shade l!-l
and cooling for riders at transit stops include installing misters,

water fountains, and benches. Additionally, bus shelters can be —
installed with green roofs, solar panels, or even enclosed shelter-——
with air conditioning.

Figure4: Shaded Bus Stop

Relevant Transportation System Componenigansit stops &
passengers SourceCity of Santa Monica

CoBenefits: Increased urban shafitecreased UHI, berii to public health and safety

Resources
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9 See the resources listed under the Vegetation Cover strategy for natural shading resources.

1 ¢ KS [/ |Joriphle Bt&e@s Elements Toolhgrovides information on roadway elements
that can be adopted to provide multhodal mobility and access, including transit stops.

9 National Association of City Transit Officials (NAGQT&@isit Street Design Guidiscusses bus
station and stop elements.

i Transit Cooperative Research Program (TCRP \
providesGuidelines for the Location and o
Design of Bus Stopicluding guidance on
shading.

i Potential funding sources include tih& A
Buses and BusaEilities ProgramFTA Formula
Grants for Rural Areaand the Californiégtate
Transit Assistance Program and State of Goo “

Repai Program
Vegetation Cover (Urban Forestry)

Brief description:Increasing vegetation cover by
planting more trees, also known as urban forestry, cg
be used as a strategy to combat the temperature risg
and the UHI. Increased tree cover increases the
amount of shade and can help to reduce exposure to
high heat and aa result reduce the risk of health and
community impacts for transit riders and the general
public. Trees should be planted in strategic areas, such as along roadways and sidéggiation
cover can also be deployed in a targeted fashion to providdeslaarural bus stopshere riders may
need to travel further to access the stop and also in areas of the county with dense-ttepsitdent
populations.This strategy was a recommendation from tReOG TNVA community survey.

Figure5: Tree Shaded Transit Stop, Escondido

Relevant Transportatiorsystem Componentstransit $ops, roadways & passengers
CoBenefits: Improved air quality, greenhouse gas mitigation
Resources:

T{FONIYSyYyG2 aSIONRLRtAGIY !&f i ARRe 35 Ncanbed BQ3E 2¢{ a
model for urban forestry in Fresno.

i Tree Fresneould be a potential partner for a Fresbased initiative.

1/t a0l LISi®Native Pld&ntiGaraeNihg Guigevides information on what types of plants
thrive where.

i Climate Change Response Framewwrdvides resources on different tree species and their
vulnerability to climate change.

i The U.S. Forest Servigas resources about how tree species distribution will change due to
climate change.
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1 ¢ KS [/ IConiphle Btée€s Elements Toolkrovides information on roadway elements
that can be adopted to provide multhodal mobility and awess, including transit stops.

i Potential fundingesources includ¢éhe CAL FIRE Urban and Community Forestry Grant
ProgramsNational Urban and Community Forestry Advisory Cognaiits;and theVibrant
Cities LalJrban Foresty Toolkit Fundingection

Cooling Centers Figure6: Fresno Cooling Centers

Brief DescriptionEstablishing cooling centers is a
FRESNO COOLING CENTERS

strategy to address human health hazards B ERREEC O IBHER

associated with higfheat conditions and the UHI = PINEDALE COMMUNITY CENTER
effect (West Riverside Council of Governments, = 7170 N. SAN PABLO

2019) Cooling centers are atonditioned public | = FREE FAX BUS RIDE TO CENTERS

locations where individuals can keep cool during = FREE SWIM AT CITY POOLS
high-heat and extreme heat day& NS &y 2 /
local jurisdictionslready offer cooling centeron
high-heat daysandlocal transit agencies provide
free transit to those cooling center§he county
may consideconducting a small study to better understand who utilizes cooling centdran, and
how people access the centeFhis study could bearticularly helpful tomeet the needs of socially
vulnerable populations, such as lemcome and minority residentsho mayhave limited access to air
conditioningand to transportation to get to cooling centerBhis information is currently unavailable
and the results of this study could inform strateglesal jurisdictiongake to enhanceéhe effectiveness
of cooling centersDepending on the results from the studynlancementsouldinclude offering
expanded hours, more locations, incredsnessagingnd advertising aboutooling centes and free
transit opportunities and ondemand transit to cooling centers.

SourceFox 26 News

Relevance to Transportation SystefRassengers
CoBenefits:

1 Increasedaccess to coolingenters andother community resourcesuch as free @nsit to
cooling centers

I Targeted access improvements for Figure7: Poor Air Quality in Fresno
low income and minority.

Resources:

i The Cal Office of Emergency
Services (OES) has a cooling
center checklist in their
Contingency Plan for Excessive
Heat Emergencies

1 The U.S. Centers for Disease
/| 2y GNBE | YR t NBg
titted éThe Use of Cooling Center; L — .
to Prevent HeaRelated lliness SourceFreso Bee
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offers additional guidance on how and whemttold cooling centers.
Mitigating Air Quality Impacts

Brief Description:Air quality worsens in higheat environmentgFann, et al., 2016fsiventemperature
projections it is important to improve air qualitgs it is expeed to worsen over timeLowincome
populations are particularly at risk of exposure to poor air quality and the subsequent health risks
(American Lung Association, 2018ne way to mitigate air quality impacts is to adopt transportation
technologies and practices that limit pollution and emissions, suaadgadoption ofbattery electric

buses in place of diesel emission vehitesnsit bus fleets must be zero emissiby 2040)

Transportation agencies ardcaljurisdictions can also strive to reduce energy consumption through
adoptingmore sustainable practices. Taking small steps to increasegg efficiecy can have a large

impact over time. Building energy audigj and weatherization are simple and cestective ways to
understand building energy use and take actions to reduce consumgtioenergy audit is an

assessment of how much energy a building uses. Weatherization is the act of making minor building
upgrades to mechanical systems, health and safety systems, the building shell, and electrical baseload,
G2 Ay ONEBI aseffiiei§. Upgdadies Ray incube replacing hot water systems with newer
devices, insulating hot water pipes, changing lightingE®s, and installing new/additional insulation.
Installing renewable energy systems like solar arrays are another way to reduce fossil fuel consumption.
Transportation agencies can also ueadside landscaping to improve surrounding air qualityile

reducing greenhouse gas emissions.

Relevance to Transportation SysterRassengers

CoBenefits: Longterm community health benefitsarticularly for lowincome populations and
environmental quality

Resources:

9 The Fourth NationaClimate Assessment chapter olinate andHealth discusses the
relationship between air quality and high heat in detail.

i TheCalifornia Air Resources Board offers resources on sustainable transportation strategies
which can help mitigate air quality issues, including case studies that reflect best practices

i TheOffice of Energy Efficiency and Renewable Engrgyides useful information on energy
auditing and weatherization.

i The Environmental Protection Agency has conducted research specificallywommadside
vegetation strategies can be employed to improve surrounding air quality

Multilingual Notification During Poor Air Quality Esent

Brief DescriptionWhen the Air Quality Index (AQI) indicates poor air quality, it is important that all
residents be notified. By distributing air quality alerts and notifications in multiple languagéd via
multiple communication methods, includirsgcial media, television, radio, and newspap&sal
jurisdictionscan help to reduce exposure to poor air quality to reduce the risk of health implications.

Relevance to Transportation SystefRassengers

CoBenefits: Improved equity and inclusivity abmmunity health benefits
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ResourcesThe Federal Communications Commission publishebort on recommendations for
multilingual emergency alerting

Pavements

Higher averagéemperatures and higher extreme maximum temperatures can impact the level of

service and useful life of pavement, due to warping, cracking, rutting and shoving. Caltrans and the

California State Transportation Agency consider minimum and maximum air tatapes in a region

when choosing a binder for a pavement rf@altrans, 2019 ¢ KS 0AYyRSNJ Aa SaaSydalf
holds the aggregate together in pavement, ensuring that the bonds continue to hold when the

pavement &pands and contracts with temperature. When temperatures reach outside of these

specifications, they can cause thermal cracking and pavement dist¢@iamg Li, 2011)

A flexible pavement transfers load (the weight from s on the road surface) from grain to grain of
the aggregate material down to the earth below, whereas a rigid pavement is made of concrete slabs
that distribute the load over a wide areBoth can be distorted and damaged under higher
temperatures, thogh the types of impacts vary between the two pavement tyfdexible pavements
have an increased potential for rutting and shoving under higher aveesgperaturesand the asphalt
binder can harden with agg&adasivam, 2019Rigid pavements have an increased potential of curling
and moisture related warping under higher average temperatures. Under extreme temperatures and
high heat eventdlexible pavements can experience asphalt ruttingl ahoving, and rigid pavement

slabs can expand, causistab bucklindQiang Li, 2011)

Responses
Pavement Design

Brief Description:Adopting adapted Figure8: Impacts of Higher Temperature on Pavern
pavement engineering design alternatives B e
can mitigate the impacts the high
temperatures can have on traditional
pavement, and in turn maintain level of
service and the useful life of the asset int
the future. Engineered mitigation focuses
on improving the adaptive capacity of
pavements through enhancing structural
resilience, improving the durability and SourceCaltrans District 8 Climate Change Vulnerability Assess2019
guality of pavement materials and

construction, and reducing the likelihood of the onset and progressimamdus forms of pavement
distressegWest Riverside Council of Governments, 20T8@gre are several pavement engineering
design strategies, including:

9 Review and revise pavement design policies, as necessary, to incorpgratedimate
forecasts instead of historical climate records, tightgndesign criteria, and increase the design
reliability to incorporate climate uncertainties in decisinraking.

1 Select more durable materials to withstand the adverse effects of éuteimperature and
moisture trends.
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9 Encourage or enforce best practices to improve materials and construction quality.
Relevant Transportation System Compone®avement/Roads

CoBenefits: Contextdependent

Resources:

1 AASHTO maintainshéechanistiecEmpirical Pavement Design Guide

1 EHWA LTPPBInd Onlisean FHWA tool that helps ageexinvestigate asphalt binder
performance grade.

Asset Management

Brief Descriptionincorporating climate projections into pavement asset management can mitigate

heatrelated impacts to pavement, and help to maintain level of service. Transportatioreagamc

utilize pavement deterioration models to identify when treatments are needed and how quickly
pavement will degradéSadasivam, 2019peterioration models can be developed using predicted
climate data as well as mechstigc-empirical design models currently implemented in CalME and

AASHTOWIre Pavement ME for flexible andgid pavements, respectively.
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Figure9 provides an example afeterioration model results and pavement condition impacts over time
(FHWA, 2016)ncorporating climate data into these models is a helpful way to undergtasdment
performance over its lifespan and when rehabilitatioméeded. B operationalizing this datai
maintenance practices Fresnouty transportation agencies can improve pavement level of service
countywide.

Most local jurisdictions in Fresr@ounty use regional pavement management system called
StreetSaveto document pavement quality and condition over time. StreetSaver also has a prediction
model, which projects maintenance requirements anu$ts up to 30 years outodls like StreetSaver

can help tracldata related to location, pavement damages and @is$; and lifespan that can be used to
maintain and monitor pavemenisto the future.The tool can also be used for asset management of
other nonpavement assets like signs and roadside infrastructusersmay also explore how to
integrate climate datanto the StreetSaver pavement systeémevaluate how maintenance
requirements, pavement lifespan, and costs will change as temperatures rise.

Relevant Transportation System Componeavement/roads
CoBenefits: Contextdependent
Resources:

1 AASHTO Mechanistitmpirical Pavement Design Guide

1 CalMEA MechamsticcEmpirical Program to Analyze and Design Flexible Pavement
Rehabilitation

i StreetSavera tool used to document pavement performance and lifespan
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Figure9: Changing Pavement Condisavith and without Rehabilitation

Performance of newly or re-

/ constructed pavement

Rehabilitation 1 /Rehabilitation 2

Trigger level for

rehabilitation Performance of pavement if no

rehabilitation is undertaken

Pavement Condition

Length of analysis period

Pavement Age

Source: FHWARemperature an@recipitation Impacts to Pavements on Expansive Soils: Proposed State Highway 170 in N@ithAT&x2816)

Bus Operations

Battery Electric Buses (BEBSs) are also vulnerable terakdéd impacts. BEBs are being deployed

aNBPaa /I fAF2NYAlI S Rdabnsitiod to fiORpSreeatzero-andsSidn bus flegtRby i1 S G 2
2040to meet greenhouse gas reduction goals. Heat impacts to BEBs are ndoaethented yet, but

potential risks include increased energy usdgerease associated costs, decreased vehicle raage,
reliability concerns for the battery. Research from the National Renewable Energy Laboratory indicates
that the desired operating temperature to maximize efficiency for a BEB ranges between 59 and 95°F,
mearing that as temperatures rise, BEB batteries may be operating at lower efficiéNeitisnal

Renewable Energy Laboratory, 2013)bstations, signal rooms, and electrical boxes are also at

increased risk of failure outside thfe temperature range for which they were designed.

Responses

Power Redundancy

Brief DescriptionGiven that BEBs may contend with efficiency and performance challenges-ndaigh
conditions, transit agencies can consider havingsib® power generation, osite power storage, and or
multiple power sources connected to the BEB charging fafil#gional Academies of Sciences,
Engineering and Medicine, 2018Additionally, higiheat days pose risks to the efficacy of the energy
grid in general, which BEBs need to charge. To mitigate this risk, transit agencies cagr cupgidrting
local or regional efforts to develop micgrids for energy resilience and to be able to reliably charge BEB
fleets.Fresno County Rural Transit Agency (FCRTA) received a granefectaical grid analysis study
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for rural Fresno County tassess whether the current grid system is sustainable and can support EV
charging infrastructure countywid&his plan, which is expected to be completed in January 2022, will
provide locakitieswith valuable information, such as areagjieatestneed d electrical grid

improvements and the associated costs, areas with greatest capacity, and best locations for EV charging
infrastructure.

Relevant Transportation System ComponeBattery-electric buses/transit service

CoBenefits: Resilient energy grid
FigurelO: FresnaCounty Rural Transit Agerigiectric Bus

High Heat Event Response Planning

Brief DescriptionGiven that battery efficiencig affected by temperaturethere are limited design
changeghat can be madéo reduce this risk.Bus operators should develop a response plan for high
heat events, which leverage power redundancy strategied above This plan will be dependent
upon the needs of the operator and community, but it may consider:

TalAydrAyAyI | dREOKIONAA K -HedRiBdeptions, 2 F KA IK

i Maintaining and deploying alternative fuel source fleets, such as hybrid and diesel buses during
high-heat events,

9 Charging buses more frequently, and

9 Altering bus routes/direting service to higher ridership routesd routes that service the most
transit-dependent populationso as not to disproportionately impact leivcome and rural
populations

Individual driver performancée.g. how fast they drive, how they start and stbp vehicle)also affects
battery range and operator training is another way to preserve battery life during high heat.

2 Heat affects battery performance, but not as drastically as cold temperatures. Sé&éthigoarticle for some
examples of transit agencies struggling with BEBs in cold weather.
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Relevant Transportation System ComponeBattery-electric buses/transit service

ResourcesTCRP Synthesis 13xttery Electric BusesState of the Practice
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Precipitation and Flooding

Flood Impacts

Flooding can have severe impacts to the transportation network and its users. Flooding refers to a
longerterm event where dow-lying area may inundate for days or weeks at a time due to ongoing
rainfall, snowmelt, and/or rising water bodies. Flash floods refer to rapid flooding of an area due to
extreme rainfall over a short period. Both can lead to roadway inundation, pavetaenage/reduced
pavement life, erosion of roadbeds and earthworks, washouts and sinkholes, overloaded and clogged
drainage infrastructure, among other impacts. Each of these impacts leads to travel delays and their
associated costs, along witesponse ad repair time/costs Floodrelated impacts often have a
disproportionate impact on lovincome and minority populations due a lack of sufficient

infrastructure or flood mitigation improvements in these communitiasd further may lack the
resources to sfficiently respond to damages from a flood event such as flood insurdinese
inequalities can help to inform how Fresno County prioritizes improvements to reduce the bafrden
flood impactson these communitiegthrough engineered, natural, and land ussponses

Engineered Responses

Adjust Precipitation/Discharge Projections Used in Design

Brief DescriptionTransportation infrastructure is designed based on assumptions of the hydrology of

the natural environments interacting with it. These assumptions tend to be based on historical

observations of precipitation, runoff, and discharge (e.g., flow) rates.ifitxistactice often involves

designing to discharge rates that are developed using historical discharge rates. Historical discharge

rates can be observed directly or estimated using historical precipitation observations across a
watershed that drainsintoyd | 84S0 Qa f20FGA2yd LT LINBOALRAGEFGAZ2Y L
contain errors, then assets can be undksigned; that is, they fail to meet their normal design

standardgWest Riverside Council of Governments, 2019)

Thus, one adaptation strategy is to adjust precipitation and discharge inputs into design. The FHWA
Hydraulic Engineering Circular No. 1,RXition (HEQ7), entitledHighways in the River Environment
Floodplains, Extreme Events, Risk, andiBesd suggests methods for doing tfEHWA, 2016)

Chapter 7 discusses different levels of discharge analysis. The levels, which range from less to more
analytically intensive, are:

Level 1:Use historical discharges and & future changes qualitatively
Level 2:Use historical discharges with confidence limits and analyze future changes qualitatively

Level 3:Use historical discharges with confidence limits and quantitative future precipitation
projections

Level 4.Use pojected discharges with confidence limits

Level 5:Use projected discharges with confidence limits and expanded evaluations, such as
custom sitespecific projections in land use and climate

To help illustrate some of these values conceptuddigurellshows historical and future projected
precipitation depths for the 5@ear event over a 2hour duration in Fresno Coun{ZaliforniaEnergy
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Commission, 2019 he leftmost section shows historical precipitation (the gray square) with
confidence intervals (gray bars), and the two right sections show future precipitation values (colored
squares) and their confidence intervals (gbays) for two different timeframes under several different
Of AYF(GS Y2RStad t SN GKS RA&AOdzaaAzy Ay (KS dat N2OSa
is strongly recommended that multiple climate scenarios be assessed when incorporatirgy futur
projections into design.

Figurell: Historical and Future Projected-$@ar Precipitation Depths for Fresno, CA
W Observed M HadGEMZ-ES (Warm/Drier) B CNRM-CMS (Cooler/Wetter) CanESM2 (Average) M MIROCS (Complement)

95% Confidence Intervals
Note: Diminished certainty in retumn level estimates due to infrequent events (n < 100
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Colorado, Boulder).

f Oceanography), Gndded Observed Meteorological Data (University of

Relevant Transportation System ComponenBridges, culverts, drainage infrastructure
CoBenefits: Context dependen
Resources:

1 EHWA HEC7

1 NOAA Atlas 1 a commonly used historical source for estimates of gridded precipitaties rat
organized by duration and frequency.

9 LOCA (Locally Constructed Analogdessjuture daily downscaled climate projections generated
by the Scripps Institution of Oceanography that can be processed into extrempifatcn and
discharge projections.

i CalAdapt Extreme Precipitatioprovides downloadable projected extreme precipitation values
and confidence intervals for different locations acrossf@aiia.
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Enhance Draage Capacity

Brief DescriptionEnhancing drainage capacity of new or existing infrastructure is an option for
addressing anticipated increases in flood fiskhis could entail upsizing culverts, retention basins,
gutters, or other drainageelated infrastructure. It could also involve properly maintaining existing
infrastructure so that it remains free of debris and able to accommodate water accordingdEsitm
(seeFigurel?). Which drainage infrastructure is prioritized for updates can be informepsy flood
event impacts and population demographics, since-iloeome communities are more likely to lack
adequate stormwater infrastructurand other relevant drainage infrastructure.

Relevant Transportation System Componen@ulverts, channels, gutters, retention basins, inlets,
pipes, pumpsother drainage infrastrcture

CoBenefits:Stormwater management
Resources:
9 Caltrans Highway Design Manu@ahapters 8090 Highway Drainage Design
1 FHWA Hydraulic Design of Highway Culverts (HD8)5aulic Design of Highway Culverts

 FHWA Hydraulic Engineering Circular (HEQ)Y22in Drainage Design Manual

1 FHWAMaintenance of Drainage Features for Safety

urel2: Caltrans Di

strict 10 Clogged Culvert
o S R

——

Fi.g

Sourcehttps://twitter.com/i/web/status/844630478585942016

3{/ SS 4g! R2dzalG t NBOALMKGIGA2yk5Aa0KFNBS tNra2SOiAz2ya ! asSR
increases in flood sassociated with climate change.
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https://dot.ca.gov/-/media/dot-media/programs/design/documents/hdm-complete-14dec2018.pdf#page=583
https://www.fhwa.dot.gov/engineering/hydraulics/pubs/12026/hif12026.pdf
https://www.fhwa.dot.gov/engineering/hydraulics/pubs/10009/10009.pdf
https://safety.fhwa.dot.gov/local_rural/training/fhwasa09024/
https://twitter.com/i/web/status/844630478585942016
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Increase Scour Prevention

Brief Description{ O2 dzNJ A & ( KS 04SSRNRP2aNU 20yt y2|F VYAl GINSSNAYWUS DARdzS G2 ¥F
FHWA, 2012) If it occurs at the base of a structure, such as bridge abutments or piers, it can
O2YLINRYAAS (GKS aidNHZOGddZINBEQa Ay (dSaANRUGEONAZQ S §zZNB ¢ D NBA
life?, one response option is to increase the scour protection measures at the fadiéyey Resources

listed below describe common countermeasures for bridge scour, such as river training structures,

armoring, foundation/pier sengthening, and monitoring.

Relevant Transportation System ComponenBridges, culverts, other structures interacting with
flowing water

CoBenefits: Context dependent
Resources:

1 FHWAHYydraulic Engineering Circular (HEC) 18: Evaluating Scour at Bridges

1 FHWAHEG23: Bridge Scour and Stream Instability Countermeasures Experience, Selection and
Design Guidare

Figurel3: Bridge AutmentSour

Sourcehttps://www.fhwadot.gov/engineering/hydraulics/pubs/hif12003.pdf

4SS q! R2dzalG t NBOALMKGIGA2Yyk5Aa0KIFNBS tNr2SOiGA2ya !'aSR
increases in flood risk associated with climate change.
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https://www.fhwa.dot.gov/engineering/hydraulics/library_arc.cfm?pub_number=17&id=151
https://www.fhwa.dot.gov/engineering/hydraulics/library_arc.cfm?pub_number=23&id=142
https://www.fhwa.dot.gov/engineering/hydraulics/library_arc.cfm?pub_number=23&id=142
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Elevate Infrastructure

Brief DescriptionElevating planned or existing infrastructure is another adaptation option for areas
with expected increases in flood riskThis strategy can apply to a variety of infrastructure types
including roadways, bridges, transit stops, maintenance facilities, and other structures.

Relevant Transportation System ComponenRBoadways, bridges, transit stops, other structures
CoBenefits: Context dependent
ResourcesCaltrans Highway Design Manuahapters 80690 Highway Drainage Design

Channelization

Brief Desgription: One of the more intensive strategies for addressing riverine flooding is channelization.
Expanding an existing channel or digging a new channel creates an additional passage for water flow,
increasing the carrying capacity of a river or otherevdiody. Channels can also refer to open ditches
dedicated to drainage. Channels can be lined with different materials, such as concrete, rock riprap, or
vegetation(TxDOT, 2019)

Relevant Transportation System ComponenBoadvays or other infrastructure adjacent to rivers,
drainage channels

CoBenefits: Natural environment through habitat enhancement (particulady ¥egetation lined
channels), mrmwater management

ResourcesCaltrans Highway Design Manuahapters 80690 Highway Drainage Design

Install Permeable Pavement

Brief Description:This strategy refers to pavements composed of materials that are relatively pervious
to water. By capturing stormwater that would otherwise flow across road surfaces, permeable
pavements can reduce peak flows, lessen the strain on drainage systemschatgeegroundwater,
where it can be filtered naturally by the s¢idS DOT FHWA, 2013)lost permeable pavements are
KFE@dS KAIKSNI AYyAGALFE Ozaita GKIFY GNF RAGA2yffic, LI 0SYS
low-speed applications, such as

AK2dz RSNAE 2 NJ LJ | Figurel4: Permeable Pavement

Permeable pavement need to be

regularly maintained so that

sediment does not accumulate and

prevent the infiltration of water.

Relevant Transportation System
ComponentsPavement
(particularly lowvolume, low
speed areas)

5{SS 4! R2dzad t NBOALMGISIR2)YYX5580KENES I YRR 3SCEAAYWE (54 Cdzl
information on how to assess potential increases in flood risk associated with climate change.
SourceSan Diego County, 2019
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https://dot.ca.gov/-/media/dot-media/programs/design/documents/hdm-complete-14dec2018.pdf#page=583
https://dot.ca.gov/-/media/dot-media/programs/design/documents/hdm-complete-14dec2018.pdf#page=583
https://www.sandiegocounty.gov/content/dam/sdc/dpw/WATERSHED_PROTECTION_PROGRAM/watershedpdf/Dev_Sup/County_BMPDM_App_K.pdf


















































































