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Executive Summary

Climate change poses significant threats to the transportation network in Santa Barbara County. Rising
temperatures, more intense precipitation events, and rising sea levels are expected to changieeboth
degree and extent of existing natural hazards over the coming cehflinanges to temperature and
precipitation may increase the severity of wildfire risks, particularly in the western parts of the county.
Extreme precipitation days are projected twiease in severity, increasing the frequency of fluvial
flooding and landslidgin known hazard area&ising sea levels threatemore damaging storm surge
flooding during coastal storms, permanent nuisafloedingof low-lying areasand cliff erosionhat
threatens infrastructure along the north coast.

Climate hazards are already disrupting and damaging the transportation infrastructure in Santa Barbara
County.The 2017 Thomas Fire was the largest wildfire in recorded California history at the titme (wit

seven months, this record was surpassed by the Mendocino Complex Fire). The devastation and deaths
caused by the Thomas Fire were not limited to theifself. before it had even burned outwinter rains

saturated the foothills of the Santa Ynez mtains and soils now devoid of moistuadsorbing

vegetation gave way to widespread mudslides that killedd2troyed over 1,000 structureand

Of 2aSR GUKS O2dzyiéQa o0dzaASad GNI yalLR2NIlFIGA2Yy O2NNAR
¢ KS O2 dzy-ciiakianspodatiofi detworkincludeshighways arterial roads, and surface streets;

bus transit routes, stops, and statigrise Union Pacific Railroad and the Amtrak routes and stations
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the vulnerabilities these assets, this assessment identifies tenrgrighity transportation systems,

selected based on thedriticality to the county. Each higriority transportation system is evaluated

based on the currentsage of the system, the importance of the system for emergency access, and the

degree to which it serves leimcome communitiesas well as its duplicability with already selected

systems The higkpriority systems are

US 101 Corridor

Mission Drive (CA4B)

San Marcos Pass Road (CA 154)
Broadway/Orcutt Expressway (CA 135)
Hollister Avenue/State Street

Union Pacific Railroad

Santa Barbara Municipal Airport/Goleta Slough
Santa Barbara Train Station

Breeze Bus Santa Madd.ompoc

UCSB Bicycle Paths
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! Langridge, Ruth. (University of California, Santa Cruz). 2018. Central Coast Summary Report.
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http://www.climateassessment.ca.gov/regions/docs/20180928ntralCoast.pdf
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https://www.nbclosangeles.com/news/local/10Ereewayto-ReopenMonday-as-Montecito-MakesRecovery
After-Mudslide470338893.html
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ClimateVulnerabilities

Six distinct hazards are evaluated in the
county: coastal storm surge flooding, coaste
nuisance floodinggoastal cliff erosion,
wildfires, landslides, and fluvial flooding. Fol
coastal hazards, three future time periods
are considered (2030, 2060, and 2100); for %
other hazardstwo future time periods are
considered mid-century (2055) and endf-
century (208).

.

i Inundated Area

. ‘ \:I Central Estimate |
Storm Surge Flooding o[ [e————

Coastal hazards projections are based on tt
United States Geological Service (USGS)
Coastal Storm Modeling System (CoSMoS) Figurel: Storm surge roodlng in the Goleta Slough aneder
Souhern Californiaand Central Californig: ~ current conditiongiven a 10ear storm.

Coastal hazards associated with storm surge flooding are extensive and severe. Under current
conditions, a 10§ear flood (i.e., flooding associated with storm surge that has a 1% chance of occurring
each yearyvould inundate large portions of the lelying transportation infrastructure along tigouth
Coastincluding the Santa Barbara Municipal Airport and the Union Pacific Railroad as well as numerous
surface roads in Isla Vista, Goleta, and Carpin{€igurel). SLR conditions exacerbate this exposure to

the storm surge flooding threahowever the increases

are marginal under the 0.25m and 0.75m SLR scenarios
(representinga conservative, higlnd projection of

sea levels in 2030 and 2060, respective®if SLR

reaches 2.0m3LRn 2100 undel mnservative

scenarig, storm surge flooding could inundate the

majority of downtown Carpinteria, the entire Santa
Barbara watenfont, and large areas of Goleta/lsla Vista
(Figure2). In this scenario, flooding of critical

transportation systems (including the US 101 corridor,

_ the railroad, airport major urban arterials such as

-~ | Hollister Ave./State St., and associated bicycle &

Figure2. Storm surge flooding in the Carpinteria area  pedestrian infrastructure) will be only a part of a
under 2.0m SLR.

Inundated Area

[: Central Estimate

:] Maximum Uncertainty

3Barnard, P.L., Erikson, L.H., Foxgrover, A.C., Limber, P.W., O'Neill, A.C., and Vitousek, SoaafdlsStorm

Modeling Sgtem (CoSMoS) for Southern California, v3.0, Phase 2 (ver. 1g, May 2018): U.S. Geological Survey data
release, https://doi.org/10.5066/F7T151Q4.

4Barnard, P.L., Erikson, L.H., Foxgrover, A.C., Limber, P.L., O'Neill, A.C., and Vitousdk, Soa2dStorm

Modeling System (CoSMoS) for Central California, v3.1: U.S. Geological Survey data release,
https://doi.org/10.5066/PONUO62B.
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assigned &.5% (or 1in-200) chance of being exceeded.
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http://www.opc.ca.gov/webmaster/ftp/pdf/agenda_items/20180314/Item3_Exhitdit OPC_SLR_Guidance

rd3.pdf



SBCAG TNRA Feb. 27, 219

O2YLX SE 480G 2F AYFNI aiNHZOGdzZNE RA&ANHAII A2y a GKI

institutions, infrasructure, and communities.

Nuisance Flooding

Nuisance flooding exposes similar
areas of theéSouth Coasto flooding
damage, however unlike storm surge
flooding, nuisance flooding represents
a permanent, regular inundation (flooc
stages are associated with spring tide
levels, expected to occur eighitrtes
per year). Under 0.25m SLR, no
significantimpacts to county
transportation systems are expected.
Howeverwith 0.75m of SLR, there is ¢
1-in-20 Ehance{also Ca“edvthAe . Figure3. Nuisance flooding in Carpinteria under 0.75m SLR.
WYl EAYdZY dzy OSNHat A , v ¢ sc w ooy v tvun o o

the airport tarmac (including runways and gee roads) could regularly flood.75m of SLR also
exposes the Santa Barbara waterfr@mtcluding harbor and parking lots) to regular tidal flooding. In
Carpinteria, 0.75m of SLR is projected to flood the Salt MResierve buincludes a 4n-20 chancehat
significant areas of the city center may flood on a regular b&gisi(e3).

Inundated Area

:l Central Estimate

|:| Maximum Uncertainty

Under the 2.0m of SLR, nuisance flooding threatens regotpersistent inundation of the airport,
portions of the US 101 corridand the railroad, rendering them permanentipusablewithout
adaptation actionsSignificant areas of central Santa Barbara, Carpinteria, and the neighborhoods
surrounding the Goleta and Devereux Sloughs are also subject to regular fl@idjmg4, Figureb).

Cortona 0r

Inundated Area

i Inundated Area

i " [] central Estimate

. |:| Maximum Uncertainty
o T 1 i »

Figure4: Nuisance flooding of the Goleta Slough area uri@ém

of SLR.

D Central Estimate

I:] Maximum Uncertainty

Figureb: Nuisance flooding in the Santa Barbara
waterfront area under Zm SLR.
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Coastal Cliff Erosion

Coastl cliff erosion is the primary hazard threatening infrastructure along the north coast, and the

Union Pacific Railroad is the primary vulnerability in this afeam Point Conceptiothrough

Vandenberg Air Force Base (ARBgre are four locations where projected coastal cliff erosion under

different SLR scenarios may threaten to undercut the track bed. Sest®ns of track (such as the

tracks near Space Laun€omplex 4 in Vandenberg ARy occur with as little as 0.25m of SikRhe

longli SNY (G KSaS @dzZ ySNIoAfAGASAE GKNBIFGSY (G(KS adadl Ay
sections of the railroad will need to be protected from ongoing erosion.

Wildfire

Wildfires pose a hazard to the
county with known impacts and
dangerous implications for knoain
impacts such as floaag, debris
flows, and landslide$dowever the

L —

connection between wildfire and Legend

climate change in Santa Barbara ﬁ'm’;‘j"”""

Countyis more complex, with 2

significant variation both the — gl

direction and magnitude of s

projected changes to wildfire G cimte change.

severity, depending on thémeline, ?m-'&m“:""

emissions scenario, and area of the 5

county. The Western area of the Y

county¢ particularly the areas Figure6. FHSZs at Gaviota Pass. Fire hazard projections sheam@sgions

surrounding Lompoc and scenario (RCP4.5) in 2085

Vandenberg AFBare projected to

see the greatest increases in fire hazard. In the Santa Ynez Valley and alSogtihé€oastprojections

are more mixed. Generally, fire hazards in these areas are projected to stay approximately the same by
mid-century (204C; 2069)in all scenariosncrease slightly by endf-century (2070; 2099) in the low
emissions scenario (RCP4d)d decrease slightly by eraf-century in the higkemissions scenario
(RCP8.5).

¢KS Y2aili GKNBFGISYSR (NIXyaLRNIlIGA2Y aeadsSvya NB (K
severity zones (FHSZs) designated by CalRlmng theSouth Coasthe segments of US 101 and the

railroad between Goleta and the Gaviota Pass face some of the greatest hazgrde®). CA 1 north of

Lompoc also faces significant hazards, due to the extreme increase in fire hazard projected for that area

in all scenarios.

Landslides
Landslide hazards and fluvial floodints¢acalled river flooding) hazards are projected based on existing
landslide and flood hazard maps and projections of increasing intensity of extreme precipitation events.

"CalFire.2008 { I Yyl . FNBIFNF /2dzyGe ClI{% alLlA®dé {IFONIYSyiliz2z /!
Protection.http://www.fire.ca.gov/fire_prevention/fhsz_maps_santabarbara
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Atmospheric riverg, extreme precipitation events most associated with inland flogdj are projected

to increase in frequency across Califorhia.Santa Barbara County in particular, projected changes to
precipitation indicate that the annual average amount of precipitation may decrease slightly by mid
century, and then increase sligh by the end of the century (relative to the period 1978005)°
However, extreme precipitation events are expected to grow more intense over the same period.
Atmospheric river events are projected to become more common across the central Redetive to
historical climate (1976 2005), the wettest day of the year may segl8% more precipitation in a low
emissions scenario by the end of this century (2§2000)° In a high emissions scenario, the central
and eastern parts of the county could sae increase of 1&4% in precipitation, with up to 30%
increases projected for the far southeast corner of the county by the end of this ceftury.

Landslide hazards are
widespread throughout the

county, and primarily affect
roads and the railroads -
which transit hilly areas

near potentially unstable
slopes. Landslide hazard [
areasare identified using
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the landslide hazard maps
in the Santa Barbara
Cownty Comprehensive e o & e con

Plan Seismic Safety and  rigyre7. Extended landslide hazard exposure of CA 154 in the Santa Ynez Valley.
Safety Element? Hazard

FNBFa NBE GK2aS t1 0SSt SR | The mbst sighicant aNBnoldd Sr¥as of NS | 4 Q A
landslide hazards affect US 101 from Goleta to the Gaviota Pass, the railroad alongrth8@uth

Coastwest of Goleta, US 1 from Gaviota Pass to Lompoc, and CA 154 along the southern shore of Lake
CachumaFKigure7). Additional small areas of landslide hazard affect roads and transit routes

throughout the county.

| 4
290

N

Fluvial Flooding

Fluvial flooding hazards are identified using FEMA Flood Insurance Risk Maps (FIRMs) which represent
the flooding extent given a 16@earstreamflowevent (i.e., an event with a 1% chance of occurring each
year).3 Unlike storm surge events, the FEMA apafyare based on historical climates and do not take

into account projected changes to precipitation.

8 Langridge 2018

9 Langridge 2018

10| angridge 2018

11 Langridge 2018

2Countyof SantaBéb | NI @ wamp® a{lFydl .|
Santa Barbara, CA: County of Santa Barbara. February.
http://longrange.sbcountyplanning.org/programs/genplanreformat/PDFdocs/Seismic.pdf

B United States Federal Ememry Management Agency (FEMA). 2018. National Flood Hazard Layer. Washington,
DC: U.S. Federal Emergency Management Agency. Updated Septemitugp2/7www.fema.gov/nationatflood-
hazardlayernfhl.
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Fluvial flooding hazards and Transit routes
Transit routes

Transit routes in hazard area
O FEMA 100-year flood zone

Figure8. Intersection of transit routes and FEMA flood zones. Transit routes are visually scaled according to peak rider

As with coastal flooding, many of the most significant fluvial flooding hazards affect tHgifgnareas

along theSouth CoastSignificant precipitation in the Santa Ynez mountains could lead to fluvial flooding
of the Goleta Slough/airport area, ceatrSanta Barbara, Montecito, and Carpinteria. In central Santa
Barbara, a 10§ear flood would inundate much of the waterfront, US 101, the railroad, the Santa
Barbara Amtrak station, many key arterial streets, and many transit routes that rely on Eigung8).
Additional flooding hazards affect nearly every major road or highway in the county at some point,
including US 101, CA 1, CA 154, or CA 246. Out of 219 tmane# in the county 209 are exposed to

fluvial flooding hazards at some point. Many of these flooding hazards are relatively small exposures.
However small areas of exposure can disrupt transit routes for extended periods, especially if roads or
culvertsare damaged.

RiskBasedPrioritization Subjective Risk Scoring - US 101
This study usesrisk-based approach to prioritize the
vulnerabilities associated with higgriority
transportation systems. Because eadimate hazard

Fluvial A A :

is assessed usingdiferent methodology(including = floorine
differences in assumptions, scenarios, and g2 wigie W B A
projections),it is difficult to prioritize one = A
vulnerability over anotherTo prioritize the s .

I bl . g h d . kb d h . V1 Storm surge A A
vulnerabilities in this studyg riskbased approach is P flooding
usedwhichcomparesthe probability and the aend-of century A
costliness o€ach pair of transportation systems and o

. . - . 0 1 2 3
climate hazardsThe subjectiveisk scoring Subjective Consequence

framework ranks each vulnerability by probability o : ,

. . Figure9. Subjective risk matrix for the US 101 corridor
(according to the frequency and geospatial exposurigicating the relative degree of risk causecpogential
of the asset, and the degree of change of exposure hazards and how they are affected by climate change
within the future scenario), and consequence
(including the cost of damage caused by tlaedrd, the cost of disruption to the system, the potential
duration of disruption, and the extent to which the transportation system servesihoame
communities) Figure9 showsthe subjective risk assessment scoreshef US 101 corridaior all
hazardsFigurelOandFigurellrank all vulnerabilities for all higpriority transportation systems
together for midcentury and enebf-century, respectively.
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FigurelO. Subjective risk assessment matrix for all hazandisl-century.

Figurell. Subjective risk assessment matrix for all hazarts}of-century



