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Vulnerability Assessment, Mapping,

Adapt & Adaptation Strategies
FOR NORTHERN CALIFORNIA



Project Findings %‘%

* Vulnerability Assessments

* Regional Climate Impacts
* Climatic Water Deficit Maps

* Adaptation Strategies &
Actions (linked to vulnerability)
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Vulnerability Assessment %@%

Purpose of a vulnerability assessment:

Exposure Sensitivity

Potential Adaptive
o Exposure Impact Capacity
* Sensitivity ,[

* Adaptive Capacity \(1\7 Ln::: E'R?)'



Vulnerability Assessment

EXPOSURE is a measure of how
much change in climate that a
resource is likely to experience

Factors considered:

* Direction and magnitude of
change in climate stressors and
disturbance regimes

* Degree of uncertainty associated
with projected changes
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Vulnerability Assessment %

Photo by USFS/Mike McMillan (Public Domain)

SENSITIVITY is a measure of
whether and how a resource is

likely to be affected by a given
change in climate factors

Factors affecting sensitivity:
* Climate drivers

* Disturbance regimes

* Non-climate stressors



Vulnerability Assessment é@%

Factors affecting adaptive capacity:
* Extent & integrity

* Connectivity

* Resistance & recovery

* Diversity

e Public, societal, and cultural value erona by e

* Management potential



Climate Change Vulnerability: EEas ]

Moderate-High Vulnerability

Late-Successional-Dependent Species Moderate Confidence

mm (] | B ] - [J s

Moderate Exposure Moderate-High Sensitivity Low-Moderate Adaptive Capacity
Low Confidence High Confidence High Confidence
T Airtemperature « Decreased survival and recruitment A Behavioral plasticity
t Heat waves e Altered prey availability and A Some regulatory and legislative
4§ Precipitation amount/timing :‘2?5E:Eiii:tcrzr:opuerggson for support for species management
t Drought e Changes in habitat structure and M DecIini.ng reglonal popt.JIations
l Snowpack availability of critical habitat features V' Small, isclated p(?pula.tlons
vulnerable to extirpation or
€= Timing of snowmelt/runoff * Reduced habitat extent and connectivity genetic bottlenecks
4 Storms * Shifts in species distribution ¥ Recovery limited by low
1 Wildfire * Non-climate stressors: Fire exclusion, reproductive potential & reliance

timber harvest, roads, poisons on late-seral stand conditions



Vulnerability Results: Habitats

I
T Low Vulnerability
Coastal redwood forest
Freshwater marshes
Mixed conifer/ponderosa forest
>
e
8 Mixed grasslands Seeps & springs | Lakes
% Chaparral shrublands Wet meadows/fens | Ponds
© Oak savannas & | Rivers, streams, Vernal pools
a>) Black oak & tanoak woodlands open woodlands & floodplains
"5_ Coastal conifer/hardwood forest Mixed evergreen forest
(1]
- ub
< Alpine grassland/shrubland Rock o
cligf®/talus slopes | Coastal dune systems
Caves, karst, & lava tubes True fir forest | Subalpine forest
> High Vulnerability
S

Low Sensitivity & Exposure High



Vulnerability Results: Species

Migrat Migrat
Low Vulnerability {_| Migratory shorebirds . w;f;?f;’x/l solf;\)i?(;z

Native ungulates Riparian-nesting birds

High

Anadromous fish

[— Sugar pine | Native pollinators

Western pond turtle

Knobcone pine, rare Native
cypress, & Pacific yew | mussels

Adaptive Capacity

Late-successional-dependent species

Salamanders

Port-Orford-cedar

High Vulnerability

Low

Low High

Sensitivity & Exposure



Vulnerability Assessment Trends

Climate Stressors
* Precip/soil moisture
* Drought

-~ Adaptive Capacity Factors
swseew A High physical and
topographical diversity

Disturbance Regimes A large areas of
e Wildfire undeveloped/roadless

e Disease B B | land increase connectivity

¥ Many habitats &
populations degraded

Non-Climate Stressors

Fire suppression

Timber harvest
Pollutions & poisons
Dams & water diversions
Roads, highways, & trails

V¥ Past management
activities

V¥ Low to mod management
capacity & ability

Photo by USFWS/To’m Kogutus (CC BY 2.0)



Vulnerability Assessment Products
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* Expert assessment

Mixed Conifer and Ponderosa

An Important Note About this D¢
for mixed conifer and ponderosa
Information. Specifically, the info
scored by regional experts, releve
and revislons (see end of docume.
of this document is to expand unc
to provide a foundation for devel
Peer reviewers for this document
(Bureau of Land Management), F
Vulnerability scores were provide
provided odditlonal comments or

Table of Contents
Habitat Description

Executive Summary.

Sensitivity and Exposure
Sensitvity and future exposure
Sensitivity and future exposure
Sensitivity and current exposur

Adaptive Capacity.
Habltat extent, integriy, conti
Habitat diversity ..
Resistance and recovery.
Management potential

Public and societal value
Management capacity and
Ecosystem services...........
Recommended Citation...

Literature Cited..

Vernal Pools
Northern California ¢
Habitat Description

Vernal pools are ephemeral wetlal
underground layer (e.g., clay), and
characterized by flooding due to w
complete desiccation by late sumr
isolated from ground and surface «
& Zedler 1998). Vegetation assem
annual cycles of wetting and dryin
distribution varies along localized

maximum pool depth (Gosejohan

within grassland habitats at low el
and Lake Counties (Keeley & Zedle

The relative vulnerability of vern:
‘moderate-high by regional expert

Sensitivity and Exposure

Vernal pools were evaluated by re

evaluation) and moderate-high ov

driven factors, changes in disturba

Climate stressors and disturbance

Vernal pools are sensitive to clima
i and plant i

Habitat Description

Mixed conifer and ponderosa {
including ponderosa pine (Pint
(Abies concolor), sugar pine (P.
(Calocedrus decurrens) as dom
CNPS 2019). These forest type
elevation montane areas betw

Climate ehange vuinerability

+ Warmer air temperatures
shortened hydroperiods, p
2019). Many vernal pool s
germination/emergence (K
dependent on specialist po
decoupling of plant phenol
reducing seed set and succ
Changes in precipitation a
dry seasons, and higher int
timing and length of pool it
et al. 2019). Although vern
and desiccation, changes tl

Marbled Murrelet (Brachyramphus marmoratus)

An Important Note About this D
for marbled murrelet in northern
the information presented below
relevant references from the sciel
document for a glossary of terms
expand understanding of habitat
foundation for developing approg
Peer review for this document wa
Vulnerability scores were provide
University) and Gregory Schrott.

Table of Contents

Species Description...
Executive Summary.
Sensitivity and EXpOSUre ..........
Sensitivity and future exposure
Sensitivity and future exposure
Dependency on habitat and/or
Sensitivity and current exposur
Adaptive Capacity...
Species extent, status, connect
Intraspecific/lfe history diversi
Resistance and recovery.
Management potential .
Public and socletal value.....
Management capacity and ¢
Ecosystem services.
Recommended Citation..

Literature ..

Vulnerabllity Assessment Metho

m Knobcone Pine
Northern Californ|

An Important Note About this Do
for knobcone pine and cypress sp:
Information. Specifically, the infoi
scored by reglonal experts, releva
and revisions (see end of docume:
of this document is to expand unc
to provide a foundation for develc
Peer review for this document wa
were provided by Eureka worksh
comments on the climate change

Table of Contents

Habitat

Migratory Birds
Northern California Climate Change Vulnerability Assessment Synthesis

An Important Note About this Document: This document represents an initial evaluation of vulnerabllity
for migratory birds in northern cau/umm bosed on expert input and existing information. Specifically, the

presented bek factors selected and scored by regional experts,
relevant references from the sclentificterature, and peer.vevew eomments and reviions {see end of
documem for a glossary of terms and brief overview of study methods). The aim of this document is to

f habitat hanging climate conditions, and to provide a

[oundauon for developing appropriate adaptation responses.
Peer reviewers for this document included Anonymous (Kiamath Bird Observatory), Jeffrey Biack
(Humboldt State University), Jesse lrwin (Bureau of Land Management), and Nathaniel Seavy (Point Blue
Conservation Science). Vulnerability scores were provided by Eureka and Redding workshop participants.
Upper Lake workshop participants provided additional comments on the climate change vulnerability of
this species group.

Table of Contents

EXECULIVE SUMMAIY.....cccovssres
Sensitivity and Exposure ...
Sensitivity and future exposure
Sensitivity and future exposure
Sensitivity and current exposur

Adaptive Capacity .....oocemee
Specles group extent, integrity,
Dispersal ability and barriers tc
Interspecific/life history diversi

Species Description

The marbled murrelet (Brachy
and s distributed during the b
Aleutian Islands of Alaska (Car:
Marbled murrelets forage on s
environment (Golightly et al. 2
1992; Raphael et al. 2018). The

Climate change vuinerability

capacity and abl,
Ecosystem services .

Recommended Citation..

Literature Cited....
Vulnerabllity Assessment Metho.

Habitat Description

Knobcone pine occurs in small
and southern Cascades at elev;
north-facing aspects, and/or ol

Species Group 1
Executive Summary. 3
4

to climate i dri factors. 5

Sensitiity and future exposure to changes in naturol regimes 1
‘habitat and/or other species 15

Sensitivity and current exposure to non-climate 16
Adaptive Capacity. 18
Specles , integrity, nd 18
Intraspecific/life history diversity. 19
Resistance and recovery. 20
Ppotential 2

Public and socletal value. 21
Management capacity and abllity to alleviate Impacts. 2
Ecosystem services. 24
Citation. 2

Uterature 2
d a0

Species Group Description

Migratory birds are characterized by their seasonal travel from breeding to wintering grounds,
distances that range from a few hundred up to thousands of kilometers (Henningsson &
Alerstam 2005; Berlanga et al. 2010; NABCI 2016). Migration allows birds to track the
availability of resources such as food and nesting sites, and most North American species

Climate change vuinerability assessment for the Northern California Climate Adaptation Project 1
Copyright EcoAdapt 2019

o g hougmiSHICKIES 2007, Fry et o, 2012) Knober.
“ > < cones. It depends on fire for recruitment and life span s generally determined by the length of

the fire return interval (Howard 1992; Fry et al. 2012). It often occurs in even-aged stands that

* Vulnerability scores Seavy (Point ion Science), and
document was provided by Kyle Merriarn (U.S. Forest Service).

 Downscaled climate projections

Climate change vuinerability assessment for the Northern California Climate Adaptation Project 1

Draft vulnerability briefing for the Northern California Cimate Adaptation
Copyright EcoAdapt 2019

 Review of scientific literature

. Peer review and evaluation of roduct: Vulnerability assessment

results

syntheses for 33 focal resources




Product: Climate impacts
report summarizing
trends & projections

Regional Climate Impacts

Table 1. Summary of trend direction and projected future changes for climate and cimate-driven factors, extreme events, and
major natural disturbance regines within the Northern California Climate Adaptation Project study area,

Trends and Projections for Climate and Climate-Driven Factors

Variable Trend  Projected Future Changes
Climate and climate-driven foctors
Air o
' * 2.2-6.1°C(4.0-11.0°F) Increase in annual mean ramnarstira hu 3100
temperature
Water t ¢ 0.4-0.8°C (0.8~1.4°F) Increase In August stream
temperature 2080s

Precipitation ' ‘ .

wo
&
Soll moisture

-23% to +38% change in mean annual precipitat/
Shorter, wetter winters and longer, drier summe
Interannual variability

4-43% increase in mean annual climatic water d

Reduced soll moisture due to enhanced evapotr

Snowpack
&
Snowmelt

tm an

-
-

Streamflow

61-100% decrease in April 1 snow water equiva
5-15-day shift towards earlier timing of snowme
General increase In wet season flows and decre:

with overall Increase in flow variability
30-40% decline In the lowest streamflow per de

Coastal fog

Weak decline In the frequency of days with coas

= -

Sea level rise

events and natural di:

High likelihood of 0.03-1.24 m (0.1-4.1 ft) sea le

gl

Significant increase In heat wave frequency and
humid nighttime events and in coastal areas

Increased storm Intensity and duration, resultin|
frequent/intense precipl events @
300-400% Increase in the frequency of 200-yea

Drought years twice as likely to occur, with signl
of prolonged and/or severe drought

Heat waves '
Storms & *
Flooding ' .
Drought ' *

.
Wildfire f

77% Increase in mean annual area burned state:
Increase in montane forested areas of northern

* 50% Increase in the frequency of extremely larg

Significant increases In fire severity are likely du
behavior combined with human activity and fue

Air Temperature

Annual, minimum, and maximum

temperatures have increased state-wide over

the past century (LaDochy et al. 2007; L 4
Cordero et al. 2011; Pierce et al. 2018), with N
accelerated rates of warming since the 1970s
(Cordero et al. 2011). Minimum temperatures
(representing nighttime lows) have warmed

faster than mean and maximum

temperatures in most regions, including

northern California (LaDochy et al. 2007;

Cordero et al. 2011; Pierce et al. 2018).

However, mean annual temperatures have
increased less in northern California (+0.6°C

[1.0°F)) compared to the state-wide average

(+#0.8°C [1.5°F); Grantham 2018; Pierce et al.

2018), and maximum temperatures in the

region have exhibited very slight decreases
(Rapacduolo et al. 2014). Within the study

area, increases in annual and minimum 0
temperatures over the past century have 20 |

been greatest in the Great Valley ecoregion;

decreases in maximum temperatures are also
greatest in this ecoregion (Rapacciuolo et al. -64"C
2014).

Sevarone: [asdn Cravactnezaston Model (it & Fine
reanvaton 3ioogy Inetute. Map prod  Eccdap

Figure 2. Annual mean temperature in degrees Celsius (*C) for
the Northern California Climate Adaptation Project study area
between 1951 and 1980,

By the end of the century (2070-2099),
annual mean temperatures within the
Northern California study area are projected
to rise by 2.2-6.1°C (4.0~11.0°F) compared to
historical temperatures (1951~1980; Figure 2 and Figure 3), with slightly greater warming
projected in summer maximum temperatures (2.0~6.8°C (3.6-12.2°F|]) compared to winter
minimums (1.9-5.8°C [3.4-10.4°F); Flint et al. 2013; Flint & Flint 2014; Table 2). Because oceans
warm more slowly than land, interior zones are generally projected to experience greater
temperature increases than coastal areas ventilated by ocean breezes (Pierce et al. 2018).
Other factors assodated with landscape-scale temperature variability include elevation and
urbanization (LaDochy et al. 2007).




Climatic Water Deficit Maps

Historical Variability in CWD Projected Change in CWD

Some areas of the

landscape may be more
vulnerable to

significant ecosystem
changes

e ‘ e

| .
Least variable [ Most variable I Mostchange | | Least change
Data Sources: Basin Characterization Model (Flint & Flint 2014); Map produced by EcoAdapt, Sept.2021
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Climatic Water Deficit Maps

Areas with low interannual
variability, where increases in
CWD may be relatively low

|
s
:
i

Least variable Most variable

Areas with high interannual
variability, where CWD is

projected to increase significantly

Existing species may be adapted to
climate extremes

May be less likely to experience
dramatic shifts in vegetation

Areas with high interannual
variability, where increases in

CWD may be relatively low

Existing species may be adapted to
climate extremes

Much less likely to experience
dramatic shifts in vegetation

-L;‘J

| i

[0 Least variable/Most change [l Most variable/Most change
| Least variable/Least change [l Most variable/Least change
Data Sowrces: Basin Characterization Model (Flint & Fiint 2014); Conservation Biology Institute

Map produced by EcoAdapt, Sept 2021



Adaptation Strategies & Actions

ADAPTATION STRATEGIES:

, a\l\) Reduce climate impacts Reduce
4! (sensitivity & exposure) climate

Increase climate resilience Chang.e.
(adaptive capacity) vulnerability




Adaptation Approaches

Resistance/Resilience Acceptance \’ Direct/Response
Focused on managing for Focused on accommodating Focused on actively
persistence of existing @V changein response to novel facilitating change/
ecosystems conditions transformation in response

Example: Identify areas where to novel conditions

Example: Use exclusion fencing in post-fire type conversion should Example: Experiment with seeds
upland areas to prevent herbivory be allowed to occur without from climate analog zones for
of oak seedlings management intervention restoration projects

Knowledge S Collaboration
Focused on gathering information about climate ’,,,’. Focused on coordinating management efforts

impacts and/or management effectiveness and/or Capacity across organizations

Example: Expand research on hardwood silviculture Example: Develop and/or strengthen new and existing
techniques, esp. for drought- and heat-tolerant species| | collaborative networks in order to leverage resources




Adaptation Products

COASTAL HABITATS

Climate Change Vulnerability and Adaptation Strategies for Northwestern California

FOREST AND WOODLAND HABITATS

Climate Change Vulnerability and Adaptation Strategies for Northwestern California

Product: VVulnerability-
adaptation summaries

Coastal Habitat Descriptions

This summary includes information about coastal habitats considered within the project area of the Northern
(California Climate Adaptation Project, which includes the Klamath, Six Rivers, Mendocino, and Shasta-Trinity
National Forests as well as public lands managed by the Bureau of Land Management, including Arcata, Redding,
and portions of the Ukiah field offices.

Forest and Woodland Habitat Descriptions

‘This summary includes information about forest and woodland habitats considered within the project area of
the Northern California Climate Adaptation Project, which includes the Klamath, Six Rivers, Mendocino, and
Shasta-Trinity National Forests as well as public lands managed by the Bureau of Land Management, including
Arcata, Redding, and portions of the Ukiah field offices.

The following coastal habitat types are considered in this summary: The following forest and woodland habitat types are considered in this summary:

Oak Savannas & Open Woodlands
Habitats dominated by blue oak (Quercus

Coastal Conifer-Hardwood Forest

Coastal conifer-hardwood forests occur within

Coastal Dune Systems

Coastal dune systems in northwestern
California are distributed ina
discontinuous band that varie W The

inare

inking suite of adaptation

the coastiine. Dunes range frc pruce
foredunes to semi-or fully-st yrand,
o o dominated by dune grasses. binati

e ol pahes ot s SHRUBLAND AND GRASSLAND HABITATS [sies FRESHWATER HABITATS

I I Dy beach pina (Press cviorid Climate Change Vulnerability and Adaptation Strategies for Northwestern California hesa Climate Change Vulnerability and Adaptation Strategies for Northwestern California
called shore pine). Dune mor| dient,
ecology are strongly impactet tingir
inland sand movementfrom ! g r hland and Grassland Habitat Descriptions E=C  preshwater Habitat Descriptions
well as land-use change and 1 7 outhe

y includes about shrubland and grassland habitats considered within the project area of
the Northern California Climate Adaptation Project, which includes the Klamath, Six Rivers, Mendocino, and
Shasta-Trinity National Forests as well as public lands managed by the Bureau of Land Management, including orest

Nosind This summary includes information about freshwater habitats considered within the project area of the
Northern California Climate Adaptation Project, which includes the Klamath, Six Rivers, Mendocino, and Shasta-

e Trinity National Forests as well as public lands managed by the Bureau of Land Management, including Arcata,

identified vulnerabilities S

 Summary of key habitat an
species vulnerabilities

* Table linking suite of adaptation
strategies & actions to identifie
vulnerabilities

il Arcata, Redding, and portions of the Ukiah field offices. Yora Redding, and portions of the Ukiah field offices.
drainage, salt spray, and wind The following shrubland and grassland habitat types are considered in this summary: llesinl The following freshwater habitat types are considered in this summary:
dbyc
Coastal Bluffs & Scrub vzicl
Coastl buffand northem o Mixed Grasslands nopyi Rivers, Streams, & Floodplains Wet Meadows & Fens
communities occur along the Mixed lands chas' Rivers and streams in northwestern California In northwestern California, wet meadows and
can extend up to 20 miles inla herbaceous vegetation comprised of both amer receive precipitation input from both snowmelt fens primarily occur in montane and subalpine
ocean or bays, nearly-vertical annual and perennial grasses and forbs. florus and rainwater, with rain-dominated basins areas (3,950-6,400 ft), although they can also
idered in this st pat primarily occurring in coastal areas. They are be found in lower-elevation montane valleys and
include interior or valley grasslands (found in lexity ypically g igh winter and low Wet meadows are located in areas
the northern Central Valley and up to 2,300 ft textel summer flows as well as biota adapted to high that confine or slow the release of groundwater

on coastal hills and foothils), coastal prairie
grasslands (found on coastal terracesinfluenced
by summer fog), and serpentine grasslands
{occur as habitat islands on ultramafic soils).

Chaparral Shrublands
(Chaparral habitats are dominated by
(“hard-leaved”) hrub:
and small trees that are well-adapted to fireand
drought, and can occur on both serpentine
(ultramafic) and non-serpentine soils. Both
montane chaparral (elevation 3,000-9,000
feet) and mixed chaparral (elevations below
5,000 feet) communities are found in

northwestern California, often occupying drier
sites and/or areas with shallow soils or recently
disturbed areas.

Shrubland and grassland habitats in northwestern California have already experienced habitat
loss and degradation due to land-use conversion, habitat fragmentation, and hifts in species
composition following the spread of invasive plants and loss of historical disturbance regimes.

Pheto by Jre Excaubepome (ke Daman)

Alpine Grasslands/Shrublands
Alpine grasslands and shrublands occur above
the treeline o in scattered openings within
subalpine forests of the Klamath Mountainsand
southern Cascades. Plant communities are
typically dominated by perennial herbaceous
species (e.g., cushion plants, tufted or

i inoids), and in
may include dwarf or low prostrate shrubs.
Vegetation composition is strongly influenced
by topography, substrate, and the harsh
conditions typical of high-elevation sites.

& CLUMATE CHANGE VULNERABILITY

GIES FOR GRASSLAND AND SHRUBLAND HABITATS

CALIFORNIA

inter-annual flow variability and frequent
disturbances. Low-lying floodplains adjacent to
river and stream channels experience periodic
flooding, and often include riparian vegetation
such as bigleaf maple (Acer macrophylum),
Port-Orford-cedar (Camaecyparis lawsoniana),
Oregon ash (Fraxinus latifolia), cottonwood
(Populus fremonti, valley oak (Quercus lobata),
alder (Alnus spp.), and willows (Salix spp.).

Pacto by Bcb Wi/BLM [Pk Darai]

over the landscape, and can range from open,
herbaceous-dominated areas to densely packed
riparian shrubfields. Fens, which may occur
within wet meadows or adjacent to lakes or
ponds, are usually small (less than 2.5 acres) and
contain surface water for a significant portion of
the year. Fens are characterized by a thick peat
substrate that supports many distinctive plant
species, including mosses and the insectivorous
California pitcher plant (Darlingtonia
californica).

Seeps & Springs

S d

Earth's surface, with discharge rates varying
seasonally depending on the depth and size of the

i ifers. Seey ings support
unique, biologically rich ecosystems, and can
include aquatic, wetland, and terrestrial species
that are dependent on or benefit from
groundwater for persistence.

& CLIMATE CHANGE VULNERABILITY AND

N STRATEGIES FOR FRESHWATER HAB

HWESTERN CALIFORNIA



Adaptation Strategies & Actions

GOAL 1. REDUCE THE IMPACT OF NON-CLIMATE STRESSORS

1.1 Prevent the introduction and establishment of invasive species and remove existing populations

WA\l GOAL 8. MAINTAIN AND PROTECT REFUGIA

1.3 R 8 1 Prioritize and maintain sites that may be more resistant to changes in climate (e.g., cooler, wetter sites), harbor
1.4 Re  high biodiversity, and/or provide habitat for rare species

m Example adaptation actions:

2t Ul Identify forest areas of least/slower change to support the protection and management of potential climate change
2.2 Er refugia (R/K)

* Protect mature and late-successional forests (R)

3.1 R¢ * Expand reserve boundaries to include mid-seral and complex early-seral forests that have high structural diversity
32 R and the potential to develop old-growth characteristics over time (R)

3.3 Re Vulnerabilities addressed:

m Land-use conversion and human land uses that result in habitat loss and fragmentation

Air temperature, precipitation, soil moisture, drought, wildfire (loss of cool, moist refugia in mature and late-
successional forests)

Habitat diversity (loss of structural complexity and range of successional stages)

4.1 1In



Questions?
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N5 WOW CLIMATE CHANGE WILL AFFECT
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