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Northern California Climate Adaptation Project

Project Goals

 Improve understanding of how and why
important Northern California resources

may be vulnerable to changing climate
conditions

* Identify adaptation actions that can be
implemented to reduce vulnerabilities
| and/or increase overall resilience

[ Project Boundary
County Boundaries

Jepson Ecoregions:

[ ] Great Valley

[ ] Klamath Mountains

[ ] Northern California Coast

[ ] Northern California Coast Ranges

[ ] Northern California Interior Coast Ranges 0 50 100 mi
[ | Southern Cascades | O I |
EcoAdapt, August 2021 Data Sour

ce: ConservatioriBiology Institute
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Synthesis of observed and projected future
climatic changes

Vulnerability assessments for focal habitats
and species

Stakeholder-developed adaptation
strategies and actions

Supporting maps and climate data on Data
Basin

A network of practitioners interested and
engaged in adaptation



Webinar Overview

Welcome and Introduction

Bureau of Land Management

* Climate Change Policy & Context (Jim Weigand)

* Application to BLM Planning Processes (Katie Flahive)
U.S. Forest Service

* Climate Change Policy & Context (Lara Buluc & Logan Graham)
* Application to USFS Planning Processes (Sarah Sawyer)
Northern California Climate Adaptation Project

* Project findings and available products
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Vulnerability Assessments, Mapping,

& Adaptation Strategies
FOR NORTHWESTERN CALIFORNIA




Project Timeline 3 &

Focal Vulnerability Adaptation Adaptation
Resources Assessment Planning Implementation

iﬁntify focal iAssess Usiises.smer?t _ ‘ivelc’p .

data and info options ground action

Phase 1: Vulnerability Phase 2: Adaptation

Assessment Planning



Project Findings g%

* Vulnerability Assessments

* Regional Climate Impacts
* Climatic Water Deficit Maps

* Adaptation Strategies &
Actions

* Adaptation Implementation
Plans




Vulnerability Assessment 3 &

Purpose of a vulnerability assessment:

Potential Adaptive
I -~
* Exposure mpact Capacity
* Sensitivity l_l

* Adaptive Capacity T: L“EE'L'TE}'

Exposure Sensitivity




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

Factors considered:

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

* Degree of uncertainty associated
with projected changes

n).nl'

o
o
4
o

=
o
~
=
o)

o
o
>
>
=1
o

>
o

o
)

O,
K=

p e



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

_ Q> - g * Disturbance regimes
b * Non-climate stressors



Factors affecting adaptive capacity:

* Extent & integrity

* Connectivity

* Resistance & recovery

* Diversity

* Public, societal, and cultural value
* Management potential

Photo by USFWS via Flickr (Public Domain)



Climate Change Vulnerability: B ]

Moderate-High Vulnerability

Late-Successional-Dependent Species Moderate Confidence

mm (] | B ] 7 s

Moderate Exposure Moderate-High Sensitivity Low-Moderate Adaptive Capacity
Low Confidence High Confidence High Confidence
1 Air temperature * Decreased survival and recruitment A Behavioral plasticity
t Heat waves e Altered prey availability and A Some regulatory and legislative
43 Precipitation amount/timing mterspeu-flc competition for support for species management
food/habitat resources .. . .
V Declining regional populations
4 Drought . .
e Changes in habitat structure and : ,
o . , V¥ Small, isolated populations
§ Snowpack availability of critical habitat features N
_ - vulnerable to extirpation or
4= Timing of snowmelt/runoff * Reduced habitat extent and connectivity genetic bottlenecks
t 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

<
-ju—:o Low Vulnerability
Coastal redwood forest
Freshwater marshes
Mixed conifer/ponderosa forest
S
=
g Mixed grasslands Seeps & springs | Lakes
% Chaparral shrublands Wet meadows/fens | Ponds
© Oak savannas & | Rivers, streams, Vernal pools
G>J Black oak & tanoak woodlands open woodlands & floodplains
"5_ Coastal conifer/hardwood forest Mixed evergreen forest
©
2 ub
< Alpine grassland/shrubland Rock o
cli alus slopes | Coastal dune systems
Caves, karst, & lava tubes True fir forest | Subalpine forest
> High Vulnerability
S

Low High

Sensitivity & Exposure



Vulnerability Results: Species

Adaptive Capacity

High

Low

Low Vulnerability

. . Migratory Migratory
‘ MIERIEER) SierE e . waterfowl songbirds

Native ungulates Riparian-nesting birds

Anadromous fish

Sugar pine | Native pollinators

Frogs

Western pond turtle

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

Late-successional-dependent species

Salamanders

Port-Orford-cedar

High Vulnerability

Low

Sensitivity & Exposure High



Vulnerability Assessment Trends

Climate Stressors
* Precip/soil moisture
* Drought

Disturbance Regimes
* Wildfire
* Disease

Non-Climate Stressors

* Fire suppression

Timber harvest
Pollutions & poisons
Dams & water diversions
Roads, highways, & trails
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Adaptive Capacity Factors
A High physical and

topographical diversity
A large areas of

undeveloped/roadless
land increase connectivity

¥ Many habitats &
populations degraded

¥ Past management
activities

¥ Low to mod management
capacity & ability



Vulnerability Assessment Products

ST B A TN ESSEE 1. eET B T B e ! i ST
R g i e | g - o e e g | e e e -
e g rew rem e e e b Y e el A —— ———

-m B e
el Prmis g Py o W e I Pt A el el Mt s B B B
S — Sy SR b R GRS L Ry R S S I [

e i Ay p—— —

e o e = o e B T B AN A e R M M I, M

o 4 sl s i e i Sy
e v et s I e e
- L . o—— i e N PR S R R —
By i B e e [ S——— it v
g sy i P Do rm e e e —
A T [ T e B Fliey mg—— Ty

L T - [ — g —— e e S
Fare e e pd el B b e

o [ any = — e e k2 Sy Wiy e, -
s 1—|—|-1|—I|M—r-rrn ik N
S T ———— e ——— e
e ] S . e e e
[y rpam pmE TR E EE Ty S T R It i A Py S - s i e
b ik e b R T s 1
Tp—— ey PO rimepuipply il By — -
i e P i ——— R "
' 5y el L — ] Sy [ = s _..
gl e ke e o e =]
ot s b b S o e e e ey +
ey ] e ——— - ey ~—rw e =
e o v, e o e s ] P ———— n
LA e e e e S —— o
- — e P p—— _ — T v i e L amLm -
3 Frrem’ p—" ey S v e St P iy (e
S " ] rr—rue - [ — ™~
Photo by USFWS via Flickr (Public Domain) P i ki e e [ —— Ty e -
i a T x ™
....... P ropiem B, iy eyl Sniien i PSS ——— B -
" Sympe———
e ] e T "'"_"'"'“"'_":' e i SEH Gl S e
- s i s i i
. sy e g L oo il piusl il ol ol Rianias i [ — Mo s e e et 1 S prre e e e e e
[ ————— miivy e o e e ol seonins P o e

[ L T, T S s Ea . R kg H i Bl EETL et o A IURL RARD FUIH W ol e R bk B

e R ER. [T ———— P Derprion R T T ]

* Expert assessment i = e <o e =i

B i AL T g e T i
I-H-r:-i"'.—!ﬂﬂ"s'l—__—, R e — O Rryric JA) e

SOASE, I s e g - T i g g e [Tt i P g

ST ——— Pun g S E P DR farf e LN 8 e b = e e e B

 Downscaled climate projections =

P e W T e wm— g e am— Bl ! et ol e i i m T BT ol e s Bl =
” g i 7

 Review of scientific literature

Product: VVulnerability assessment

* Peer review and evaluation of
results syntheses for 33 focal resources




Regional Climate Im
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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

Least variable [ Most variable Bl Mostchange | Least change

Data Sonirces: Basin Characterzation Madal (Flint & Flint 2 094): bap produced by EcobAdapt, Sept 2021
M fud @ A s aiam liEd s s el i



Climatic Water Deficit Maps [

Areas with high interannual
variability, where CWD is F =
projected to increase significantly l

Existing species may be adopted to
climaote extremes

May be less [fkely to experience
dromatic shifts in wegetation

mﬁhhﬁmmﬂ Areas with high Interannual
variability, where increases in variability, where increases in
- CWD may be relatively low CWD may be relatively low $
o
E Shﬂcmﬂtbmmwpmﬂe Existing species may be adapted to
o refugia from climate extremes climate extremes
Muay be Hdﬁmﬂ: tﬂiegzinﬂnn Much less Nkely to experience
mm WD exceeds dramatic shifts in vegetation ’ B

[0 Least variable/Most change [l Most variable/Most change
Least variable Most variable || Least variable/Least change [l Most variable/Least change
Data Sowces: Basin Charscheri zation Moded (Fling & Fint 2014); Consenvation Biology Instilube
Map produced by EcoAdapt, Sept. 2021




Climate Change Adaptation

ADAPTATION STRATEGIES:

a\l\) Reduce climate impacts Reduce
= 3! (sensitivity & exposure) climate
Increase climate resilience change

(adaptive capacity) vulnerability




Adaptation Approaches

Resistance/Resilience Acceptance \’ Direct/Response
Focused on managing for Focused on accommodating Focused on actively
persistence of existing @V change in 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 PRy Collaboration
Focused on gathering information about climate 5,,’ 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 Strategies & Actions

Product: Suite of adaptation strategies and actions evaluated by criteria meant
to assist land managers in identifying and prioritizing actions for implementation
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Adaptation Strategies & Actions
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Adaptation Strategies & Actions
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Adaptation Strategies & Actions
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Adaptation Strategies & Actions
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Management Goal

Strategy

Remove invasive
plants from intact
remnant dune
habitats to allow for
the recovery of native
vegetation and
natural dune

processes



Adaptation Strategies & Actions
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alifornia C EFFECTIVENESS AT REDUCING CLIMATE CHANGE VULNERABILITY ) FEASIEILITY OF IMPLEMENTATH
1 -
tmmﬂnﬂm « T Oweral EMfectheeness | Sourcas Evaluating Effectivenass + | Overall Feasibility ¥ | Afordablity

| = Imitia | post-reshoda tian data faoe the Lanphent AJagtation 586 [Dart of the Hirm bkt
Copstal Resie e Site] found thal remoeing invasive dune grasses Tollowed by planting
native dune vegetation resulted in net depocition (increased foredune: volume | during al

| puanerly montoning intervals over the following yeoar (unpublished, but seo progress. report
mips: M friomds ofthodunes, oghorp)

| In & comparkson of methods of invasive species remowal in 3 northem Cakfomia dune

| Srsbirrs, manial feemoes | resuted in Spedies dohness, cover, and com position thal was most Masdlira i

| similar to the uninvaded reference dte. Herbicde traxtrments negulted in higher oover o the

| perittance of standing bomass, and medhanical treatments resuled in lower covver, Hoely » Eradication requires ongoing inv es

| because thoy retuned the site to bare sand destroyed arganic matter and scél biota that over multiple years

| might faciitate reestablishment of native species. Both herticde and mechanical treatments > Costvaries by meethed of meomoval

P S aled i kovead niathes 00 0ees ohngss and SEche s CO pasithdd that wad bS5 semilar (o thi ikl FEmowal i ey Edpinsae,
:I‘irﬂl-ﬂ'\'&il"!i-ih'l‘ﬂ-iﬂh [roen inkadt | P leninon it | Compani< 10 the ma Al | resndy Bl reatrnents |, though th may be patly due fechB i remows| is s 50, and
| remnant dune habitats to allow for the |t sharter times sinoe tneatment 2ndfor longer eoorerny timel necesiany (Ficoart et al. 2021 | herbitide or 3 comibination of burnin
|recowery of native vegetation and {5 Full recovery of natie dure communities may take at least 1o 20 years, and i likedy o be herbicide ks relatheely Inespenshee [F
:n.nu:l dunE proces s | High :F.‘I.I'tl:l.rl:lﬂ.' ksng for mechanical remaval tregtments (Fickart etal. 2021) Moderate _jetal 2031}

Will implementing this adaptation action reduce climate change vulnerability?

e Directly reducing impacts of climate stressors or climate-driven changes in disturbance regimes
* Reducing impacts of non-climate stressors that interact with climate changes

* Increasing general resilience of the resource (e.g., ability to absorb/recover from rapid change)
* Enhancing support/capacity for climate-informed management
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Modemte

= Treatments often must be repeated for
il e rachcation o ocour

» M anual remeoval is very labor-intens e

| Mederate ardd difficult because of the deep rhizome

i systems of invasive dune grasses; thene

> Eradication requires ongoing Investment | arp also logistical chalieng os nelated 1o the

| Geier mmsiltiphe years need to repeatedly #ooess remote sites flor | Maodemate

| > Cost varies by method of removai - petreatrent [Picar et 31 2021) | MEderate

:rrlunuul removal is wery expensive, > Medhanical remowal with bulldozers and = Possile conflict # the public [indwuding
| BApmowe invasive plants from intact !m:-dunk;:rwmmallslnf,s s, and euavatons i less borintonsive and legs | > Many of the remaining degraded dune | adjacent lardosners) believes that duns
| nernnant dune habitats ioalkew far the ihl‘ltliiﬂf o cofmbination of buaming and | lagistically cha llenging, making it mane | @reas ane i privatelky af By hecal stabdization By iy asivie SpeciEs i
mecovnery of nativne vegetstbon and | rerdicide is relatively inexpensive (Fickart | feasible to treat arger areas [Pickam et al Eﬂurﬂgmizmnﬂr:hnmirmhm!m | nescit gery R0 presnend enosion &nd reduce
natural dune prooesses Moderate !E‘ll'. K1) 201N glargt-mkm:mm Eﬂnmﬁnq:risk

How feasible is it to implement this action at a scale that would reduce vulnerability?

» Affordability — Initial and ongoing costs associated with implementing the action & maintaining
benefits of the action

* Technical Feasibility — Time/labor, equipment, specialized technology/skills, other resources needed to
implement the action
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Modemte

= Treatments often must be repeated for

il e rachcation o ocour

» Manual removal is very labor-intensiee

| Mederate ardd difficult because of the deep rhizome
systems of invasive dune grasses; thene

| > Eradization reguimes ongoing investment | arp also logstical chaBenges redxted to the

!mrer maltiple years need to repeatedly #ooess remote sites flor Meodermte

| > Cost varies by method of removai - petreatrent [Picar et 31 2021) | MEderate

:rrlunuul removal is wery expensive, > Medhanical remowal with bulldozers and = Possile conflict # the public [indwuding
Hpmoen invasive plants from intact !m:-dunk;:rwmmallslnf,s s, and euavatons i less borintonsive and legs | > Many of the remaining degraded dune | adjacent lardosners) believes that duns
resnnant dune habitats toalkow for the ihﬁmiﬂf o b oormbination of buming and | lagistically challenging, making It mons | @reas ane i privatelky af By hecal stabdization By iy asivie SpeciEs i
mecovnery of nativne vegetstbon and | hedicide is relatheely inexpentive (Piccart | feasibbe o treat larger areas (Ficka et al Eﬂurﬂgmizmnﬂrdunm implement .n-rcez.s.a-r'r!.npu'renl erosion &nd reduce
natural dune prooesses Moderate Eﬂﬂ'. K1) _!D..‘.‘l:l Elargt-mi-m:m:'ﬁmpm;rru :Hnudir'q:risk

How feasible is it to implement this action at a scale that would reduce vulnerability?

 Institutional/Legal Feasibility — Regulatory/administrative requirements, policy conflicts, potential
legal challenges that may impact ability to implement the action

» Sociopolitical Support — Public and/or political backing for implementation of the action
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| Bemiowe irva shee plants from intact
Erlzlrnr'unl:u:lum- habitats to afliow for the
recoyveny ol native vegedation ard
__l"!-III'I.II'il S pEostp gy

{#] Thewatenedendargened plant and widife species,
incliding figra tofy shonebinds

{+] Pellinators [Fiiracted by imcrea sed diversity of native
Noral

| 141 Flood protection {Hf dunes ane able to persist by

| migra ting inland)

| {+] Recreation

§k] Astrtic wakios Beaity [merea sed native flor

| imsludies coloeful wildflewers that yitract podlmators fusth
ari butterlies]

(=} Amphibians (frequently coougry coastal durn drainages | (<] Regrea ton (recoveny of theatened fendangemed

in norihem Califomia whene invasie plants have

[owerstabifized the dumes; Halitead & Keeman 2017)

| speaies might result in reduced availabsity of land for
| public ume, a1 heast in some areas and/or seasons)

:i-] Reduces. gwemallvegetatvre cover an dunes thal wene
| stabikzed and become mare mobile

= Priortice higher-chevation areas away fr
orosion increases

» Deperding on sie-specfic charactenistic
Invasiy @ Speches

» Peticaic r-treatment will liely be regui

Are there co-benefits or potential conflicts/unintended consequences of the action?

Impacts on non-target habitats, species, and/or ecosystem services

Impacts on human well-being — Food security, water supplies/quality, air quality, flood control,
health/safety, recreation, economic opportunities (e.g., jobs), cultural well-being (e.g., availability of
valued species, ability to maintain traditional practices, tribal sovereignty), sense of place, beauty
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Are there co-benefits or potential conflicts/unintended consequences of the action?

* Impacts on climate mitigation efforts — Greenhouse gas emissions, rate of carbon sequestration,
carbon stocks
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Adapta tion Acticn « T Wher e /Whan/How |»]

= Pricritize higher-alevation amas away from bluff odges and other locatiors mons Bkely o pemist a5 sea levels fee and
| Rermdve ircashoe plants. fosen inkact TG R INETEaSas

iﬂ.'mm-nlm“ Fabitats 1o allew for the | > Depending on site-spedfic charaoteristis, use hand-puling, mechanical remaval, of preseribed pile buming 1o remose
| Feddy ey of natide vegetation and i iieg Specied

irﬂb.lm.ldun:prmuﬂ _?F-EFﬂdILIE-lI’EILITrEM'HIHkEﬂhEﬂﬂ-UIMﬂ in ancngoing way

Where, when, and how should this action be implemented?
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Vulnerability-Adaptation Summaries

GOAL 1. REDUCE THE IMPACT OF NON-CLIMATE STRESSORS

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

WAV GOAL 8. MAINTAIN AND PROTECT REFUGIA

1.3 Re 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:

20 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
39 R and the potential to develop old-growth characteristics over time (R)

3.3 p¢ 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)

4.11n



Adaptation Implementation Workshop Proceedings

Product: Proceedings from November 2021 Northern California Climate Adaptation Project
. . Adaptation Implementation
Adaptation Implementation Workshops Waorkshop Proceedings

2021

e Overview of climate adaptation planning

* Description of workshop activities

* Review of priority sites selected for
implementation planning

* Adaptation implementation plans
created by workshop participants for 6
priority sites in the northwestern
California study area




Priority Site Selection

Site Name Condition Suitability Adaptation Approach

Rancho Breisgau riparian oak

woodland High Poor Suitable Resistance/Resilience
Plaskett-Keller Post-Fire
Restoration Site, Mendocino High Poor Suitable Resistance/Resilience

National Forest

Resistance/Resilience

East Fork Scott River . Moderate to Probably :
. High . Direct/Respond
meadow/floodplain complex Poor unsuitable
Acceptance
North Spit Humboldt Bay High Moderate Suitable Resistance/Resilience
Black oak k
ack oak and tanoak stands on High Poor Suitable Resistance/Resilience

Yurok tribal lands

Resistance/Resilience
High Poor Uncertain Direct/Respond
Acceptance

Indian Creek watershed of the
Mid-Klamath




Adaptation Implementation Plans

Adaptation Implementation Plan for Plaskett-Keller Post-Fire Restoration Site, Mendocino National Forest
SECTION 1. BACKGROUND

PROJECT SITE: Plaskett-Eeller Post-Fire Restoration Site, Mendocino National Forest e
Walue: High | Current Condition: Paor | Future Suitability: Suitable Patential Approach: Resistance/Resilience ;

Overarching management goal: Manage fuels to reduce future wildfire risk in shrublands [and preserne connectivity of shrublands
with foresth, post-fire restoration, increase shrubland and hydrolegic connectivity

Key climate-related vulnerabilities to be addressed:

# Extreme hydrologic events (e.g., atmospheric rivers)

= More rain, less snow
# Increased temperatures & climatic water deficit = more severe wildfire in the future

o Altered watershed response — loss of soll productivity (loss of permeability), water moves offsite quicker
s Dwecreased ability of landscape to support conifers {primarily driven by incressed water stress)

Potential barriers to meeting management goal:

+ Mixed ownership

e [Grazing represents a challenge for grassland health [Invasive spp.) & fire recovery in general
» Lack of resources |personnel, 55)

s Potential concern from kecal tribes about management of the land (unkmnown at this time)

# Conifer dominance in F5 {cultural challenge)

o GrasslandsfShrublands don't have the monetaryfoultural backing that the conifers do The B/aCk Butte River Va//ey in
Patential conflicts or unintended consequences with non-target ecosystems/species, human communities, and/or other Mendocino National FOI’ESt, which was
management goals: . .
»  Potential impacts to the wild and seenic river corridor burned in the 2020 August Complex Fire.
* Summer homes and camp grownd in the project area = public use is a concem (PhOtO @ Chad RObertS)

*  FSlikes to manage forest — grassland/shrubland are not 3 priosity (not actively managed at this paint
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Questions?

Laura Hilberg, Lead Scientist = e B0 CoH

_ = =
laura.hilberg@ecoadapt.org lloW CLIMATE CHANGE WILL AFFECT

https://tinyurl.com/NorCalAdaptation MAN-ON-A-DESERT-ISLAND CARTOONS
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Webinar recording will be sent to all
registrants and posted online with the slides at
https://tinyurl.com/NorCalAdaptation
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