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Climate vulnerability review



Geographic Extent
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| andscape Units

Conservation Lands Network (CLN)

Landscape Units are geographic divisions
based on physiographic* features, and
inform the vegetation vulnerability model.

Five Landscape Units In this region are:
» Santa Cruz Mountains North

e Santa Cruz

* Slerra Azul

* Santa Clara Valley

* San Francisco (partial)

*Factors, excluding climatic, biotic, and edaphic conditions,
dffecting prevailing habitat conditions and biotic distributions
(e.g, topography, altitude, drainage, erosion, slope).



We evaluated 7 climate variables and
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Basin Characterization Model (BCM)
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| 8 climate change projections
Climate Ready North Bay: 2070-2099 relative to 1951-1980

O

Climate Scenario

Projected change In precipitation and temperature
GISS-E2 rcp2.6

MRI-cem3 rcp2.6
CSIRO-mk3.5 AIB
PCM Bl
PCM A2
MPl-em rcp4.5
GISS-apm A B
MIROC-5 rcp 2.6
@ GFDL Bl
@ @ 0 GFDLA2
MIROC-esm rcp4.5
12 MIROC-esm rcp6.0
(1) ® 3 MIROC-2-medres A2
@ 14 MIROC-esm rcp8.5
15 FGOALS-G2 rcp8.5
16 CCSM-4 rcp8.5
0 2 4 6 17 IPSL-cmba-In rep8.5
Tempel”atu I'e |8 CNRM-cm5 rcp8.5
PROJECTED MAXIMUM INCREASE (°C)

60

©
O,
)
@
S

O,
®

Preciprtation
PROJECTED CHANGE (%)

N
O




We used 3 of the |3 climate projections in the previous assessment
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| GISS-E2 rcp2.6
60 2 MRI-cgm3 rcp2.6
3 CSIRO-mk3.5 AIB
4 PCM B
X 40 G) C$M 5  PCMA2
Cc) (LB 6 MPl-em rcp4.5
~ Z 7 GISS-apm A B
Eﬁ % 20 @ @ @ 8  MIROC-5 rep 2.6
Q. N @ 9 GFDL BI
= 010, 0 GFDLA2
nL Ll_d 0 @ @ | | MIROC-esm rcp4.5
2‘ |2 MIROC-esm rcp6.0
— o (i) ® 3 MIROC-2-medres A2
20 GEDL @ 14 MIROC-esm rcp8.5
|5 FGOALS-G2 rcp8.5
|6 CCSM-4 rcp8.5
0 . 4 6 |/ IPSL-cmba-In rep8.5
lemperature 18  CNRM-cm5 rcp8.5

PROJECTED MAXIMUM INCREASE (°C)



Fach climate variable was assessed for 4 climate scenarios at
2 time periods: recent (1981-2010) and mid-century (2040-2069)
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We used 30 data sets in the climate vulnerability assessment
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Temperature and CWD increased for all scenarios

Precipitation, recharge, and runoff projections differed by scenario

PROJECTED TREND
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The trend for all models was an increase in temperature by mid-century

CNRM (warm model): Intermediate temperature
increases for all variables

GFDL (cool model): Smallest increase in temperature
for all variables.

Summer predictions show a wide range of temperatures
that iInclude modest decreases at a few locations

MIROC (hot model): Greatest increase for all variables,
particularly for summer and average temperatures
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Consistent increase in average temperature

Annual average temperatures are projected to increase by an average +
of |5 % across the five Landscape Units (range: 10 - 21%) 202 °c

Temperatures are projected to be between +1.5 - 3.1 °C hotter, with
the regional average increasing from 4.6 to between 6.0 - | /.6°C

All Landscape San Francisco Santa Clara Santa Santa Cruz Sierra
Units (partial) Valley Cruz Mountains North Azul
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Consistent increase in average temperature

The three models project a change iIn AVG temperature Scenario Change Mean
from +0.2 °C to +3.9 °C by mid-century. Recent - 45°C
CNRM +1.2°Cto +2.8 °C 6.5 °C
Although the magnitude of warming varied, the spatial GDFL +02°Cto +23°C  160°C
distribution is consistent across the three models. MIROC t23°Cto+39°C  176°C
Minimum Temperature Increase (°C) Minimum Percent Increase
CNRM, GFDL, MIROC models 30-YEAR MEAN
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The models differed in their predictions for how preciprtation will change

GFDL and MIROC (dry models)
predict less precipitation

t”s
2% <
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. .
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Uncertainties about precipitation

Preciprtation Is projected to decrease by an average of 3% 2 3 mm
across the five Landscape Units (range: -25 to +1 /%) WVerage decres
Se
Precipitation is projected to differ by -223.0 and +151.4 mm, with the
regional average changing from 883.5 to between 660.6 - 1034.9 mm
All Landscape San Francisco Santa Clara Santa Santa Cruz Sierra
. Units (partial) Valley Cruz Mountains North Azul
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Future Model (2040-2069)
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Climatic Water Deficit (CWD)
A METRIC OF DROUGHT STRESS

Climatic Potential

VWater

Deficit -vapotranspiration

Water (mm)

2 3

| PRECIPITATION |

Actual

-vapotranspiration

- his metric integrates the effects of
temperature and rainfall
“ CLIMATIC®, , . .
WATER %/  CWD Iincreases with all future climate
S scenarios

4 5 6 /7 8 9 10 Il 12

Month
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The trend for all models 1s an increase In climatic water deficit

MEAN = 806.6 mm
(4040 - 1016.4)

GFDL and CNRM (cooler models)

o predict modest increases in water deficit

-y GFDL

CNRM
25%
>
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0, % et
o oo czu ) } >
L?L_) 7% MIROC (hOt mOde|> Complex f h"."'“- ‘./'
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water deficits across
5% most of the region
: Water Deficit (mm)
0% - 30-YEAR MEAN
¥ >0 W -0 200 20 400 050

Change in CWD (mm)

Data Source: Flint & Flint 2014 |19



The three models project a change Iin climatic water Scenario Change Mean

deficit from -66.9 mm to +260.6 mm by mid-century. Recent — 769.9 mm
CNRM -66.9 mMmm to +t944 mm  808.8 mm
Although the magnitude of warming varied, the spatial GDFL 302 mmto +1153mm 7976 mm

distribution is consistent across the three models. MIROC +54.2 mm to +260.6 mm 8805 mm
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Increased drought stress

Climatic water deficit is projected to increase by an average of 8%
across the five Landscape Units (range: 4 - 147%)

Deficits are projected to be between +27.7 - +110.6 mm drier, with the
regional average increasing from /69.9 to between 79/.6 - 880.5 mm

All Landscape San Francisco Santa Clara Santa Santa Cruz Sierra
Units (partial) Valley Cruz Mountains North Azul
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ol

VWhat causes large VWhat do we know How do we forecast
wildfires! about wildfires here! future wildfires?
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Wildtires are influenced by biophysical factors and human activity
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CON

DITIONS

Influence Resources Conditions lgnitions
BiOphySiC&ﬂ * Plant characteristics * Dry season severity * Lightning
Factors Spec'/es c'om'pos'/t/on * Fire weather » Volcanic activity
Spatial distribution episodes
Iraits (e.g, growth rate)
« Herbivory
» Decomposition
Human  Land management - Altered hydrology  Accidents
ACJEiViJE}’ Fire suppression « Desertification * Arson

Plant litter accumulation
Grazing

* Invasive species
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Wildfire forecast models integrate fire influences with future
scenarios for climate and human population growth

: CONDITIONS : : 5 : 5 :
Wildfire Fire . Climate i i Population i Time
Forecast . Influences . Change . Growth Period

: HISTORIC or FUTURE FUTURE FUTURE HISTORIC or FUTURE

Model
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We used wildfire risk as the fire metric to use for this assessment
because the forecast scenario was consistent with the climate metrics

&\ G sl =
& =
Suh & e %
4 g fdd L=
Bl CONDITIONS
FIRE INFLUENCE VARIABLES Biophysical, Human) FORECAST SCENARIOS
FIRE METRIC
RESOURCES CONDITIONS IGNITIONS CLIMATE POPULATION YEARS
Actual evapotranspiration (AET)
L . GFDL A2
Wildfire risk Climatic water deficit (CWD) Historic fire counts (30y) | 1980-2010
» , Potential evapotranspiration (PET) | GFDL B Business As Usual
Probability of |+ wildfires - C Distance to development 2040-2069
in a 30-year time period Precipitation (PPT) PCM A2 Smart Growth
Krawchuk & Moritz 2012 Temperature (max) Urban extent oM B 2070-2099

Vegetation type
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Wildfire risk ‘ 30-year probability of |+ fires

Baseline (1981 - 2000)

MEAN = |7.2%
(2.9 - 24.1)

—————————————

CzU ; Czu
Complex o Complex
Wildfire Risk
0% o (0%

Data Source: Krawchuk & Moritz 2012 26

Mid-Century (2040-2069)
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Wildfire risk ‘ 30-year probability of [+ fires

Mean Wildfire Risk All LU SF (partial) Santa Clara Valley Santa Cruz Santa Cruz Mtn. North Sierra Azul

Recent 7% 100% 16.8% 192% 15.1% 187%
e T e L T R o
T T e e e o
% Change 16% 5% 9% 16% 16% 5%

Minimum Increase in Fire Risk Percent Change

30-Y MEAN 30-Y MEAN
[ T

-40% 0% 30%

2% 5%

PR

PR e

75%

of the region more
ikely to burn by

>2%

.\ of fire risk
increases by

CZU N\
Complex

CZU N
Complex

________

________
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1BC3 Forest Health Working Group

www.pepperwoodpreserve.org/tbc3/2020-post-fire-tools
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Pepperwood’s Post-Fire [ools
www.pepperwoodpreserve.org/tbc3/2020-post-fire-tools
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Salo’s California Forest Observatory
https://salo.al/projects/california-forest-observatory
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Visualizing vegetation vulnerabillity



How Is the climate surtability for specific vegetation types
expected to shift in response to climate change!?

Dramatic Decline Moderate Decline Relative Stability Increase
76 CHANGE -/5% -50% -25% 0 +25%
(FROM CURRENT) T
Current

distribution
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The Probabllistic Vegetation Model (PVM)

Ackerly et al. (2015) modeled the distribution of 22 major vegetation types, most defined by a single
dominant woody species, across the San Francisco Bay Area.

Results can be used to facilitate landscape scale analyses

* Project biotic responses to future climate change

~valuate responses of individual species along with the overall responses of communities and ecosystems

22 Vegetation Types Climatic Variables (195 1-1980 historic norms)
Summer maximum Winter minimum Annual preciprtation Climatic water
temperature (°C) temperature (°C) (mm) deficit (mm)

Ackerly DD, Cromwell WK, Weiss SB, Flint LE, Flint AL. 2015.
A Geographic Mosaic of Climate Change Impacts on Terrestrial Vegetation: Which Areas Are Most at Risk? PLoS ONE 10(6)
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| 8 climate change projections
Climate Ready North Bay: 2070-2099 relative to 1951-1980

Preciprtation

PROJECTED CHANGE (%)

Projected change In precipitation and temperature
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PROJECTED MAXIMUM INCREASE (°C)
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ID  Climate Scenario
| GISS-E2 rcp2.6

2 MRI-cem3 rcp2.6

3 CSIRO-mk3.5 AIB

4 PCM Bl

5 PCM A2

6 MPl-em rcp4.5

/ GISS-apm ATB

8 MIROC-5 rcp 2.6

9 GFDL Bl

10 GFDLA2

| | MIROC-esm rcp4.5
12 MIROC-esm rcp6.0
13 MIROC-2-medres A2
14 MIROC-esm rcp8.5
15 FGOALS-G2 rcp8.5
16 CCSM-4 rcp8.5

|7 IPSL-cmb5a-In rcp8.5

CNRM-cm5 rcp8.5



Modeled frequency of 22 vegetation types

Baseline —Projected climate futures (n = 54) —

\

20%

40%

60%

Proportion of landscape

80%

| 00%

Ackerly et al. 2015

LOW

Mean Temperature Increase

> HIGH

Grassland

Semi-desert scrub

Coastal scrub

Chamise chaparral

Mixed chaparral

Mixed montane chaparral

Blue oak-foothill pine woodland
Blue oak forest / woodland
Valley oak forest / woodland
Oregon oak woodland

Black oak forest / woodland
Interior live oak forest / woodland
Canyon live oak forest

Coast live oak forest / woodland
Montane hardwoods

California bay forest

Tanoak forest

Knobcone pine forest

Bishop pine forest

Ponderosa pine forest

Douglas fir forest

Redwood forest

35

The model was projected for 54 future
climate scenarios, spanning a representative
range of temperature and preciprtation

|8 climate projections x 3 time periods = 54 scenarios

I I
2010 - 2039 2040 — 2069 2070 — 2099

This figure shows the relative frequency of
22 vegetation types, parameterized for the
nistorical baseline period and then
brojected for 54 possible futures




General trend: Decrease In relative distribution of grassland

— Projected climate futures (n = 54)—

=
Grassland

Grassland
Baseline

~~—

LOW > HIGH
Mean Temperature Increase

Ackerly et al. 2015 36



General trend: Increase In relative distribution of chamise chaparral

— Projected climate futures (n = 54) —

Chamise chaparral

Chamise
Chaparral
Baseline

i

LOW > HIGH
Mean Temperature Increase

Ackerly et al. 2015 37



We use a simplified approach based on the Probabillistic Vegetation
Model to project vegetation responses to future climate change

Dramatic Decline Moderate Decline Relative Stability Increase
76 CHANGE -/5% -50% -25% 0 +25%
(FROM CURRENT) T
Current

distribution
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The ensemble mean for the |8 models was used as a threshold to
categorize the climate projections

60
g 40 3
- EJD |8
O
"(:3 % . | . 17
5o Ensemble mean
O ~ @ (6 {16
e @ S e
L]
- ; @
9 : 12
-20 10 & 14
0 2 | 4 6
lemperature

PROJECTED MAXIMUM INCREASE (°C)
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Values for each metric were assighed to a low or high category
based on the ensemble mean

Precipitation
PROJECTED CHANGE (%)

PROJECTE

emperature

D MAXIMUM INCREASE (°C)

40

Projected change In preciprtation

Category Descriptor Values

Low Dry < 3%

High Wet > 3%



Values for each metric were assighed to a low or high category
based on the ensemble mean

Precipitation
PROJECTED CHANGE (%)

Temperature
PROJECTED MAXIMUM INCREASE (°C)

4]

Projected change In temperature

Category Descriptor Values

Low Warm <3.3°C
High Hot > 3.3 °C



The four pairwise categories capture high and low projected
precipitation and temperature values

60

52 40
%g Warm @ : Hot
5 < et
ST 20 ® g
4 A @
5 DI
— 2 é—lot
= ()
20 : @'y
0 2 | 4 6
lemperature

PROJECTED MAXIMUM INCREASE (°C)
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The four climate categories are summarized as a four square, anc
represent key rainfall and temperature combinations

Climate projections Four square

Preciprtation

lemperature
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We used four squares to assess species-specific potential responses
to changing climate

Strugsling oaks

Climate future
Vegetation response e ‘.‘ﬂ o | . .

ST ST L T ¥ Y _l_ oﬁoﬂ ‘ﬂ
| e : é | Thriving bushes

Rainfall
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The percent change was predicted for each vegetation type across
the four future climate categories

1This vegetation type Is predicted to 1his vegetation type Is predicted to be
show moderate or dramatic relatively stable or increase In
decreases In abundance by mid-century abundance by mid-century
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ation -

Vege

Santa Cruz Mountains

ypes used In this assessmen

- were cross-walked -

Probabllistic Vegetation Model (Ackerly et al. 2015)

0 PVM -

Ecosystem

Chaparral

Vegetation Type

Chamise chaparral
Mixed montane chaparral

Mixed chaparral

Dominant Taxa
Adenostoma fasciculatum
Various species

Various species

Coastal Redwood Trees

Redwood forest

Sequoiadendron sempervirens

Coastal Scrub

Coastal scrub

Various species

Mixed Evergreen /
Montane Hardwood

California bay forest
Douglas fir forest
Tanoak forest

Montane hardwoods

Umbellularia californica
Pseudostuga menziesii
Notholithocarpus densiflorus

Various species

Mixed Grasslands

Grassland

Various species

Oak Woodlands

Black oak forest / woodland

Blue oak forest / woodland

Blue oak-foothill pine woodland
Canyon live oak forest

Coast live oak forest / woodland
Interior live oak forest / woodland
Oregon oak woodland

Valley oak forest / woodland

Quercus kelloggii

Quercus douglasii

Quercus douglasii / Pinus sabiniana
Quercus chrysopelis

Quercus agrifolia

Quercus wislezini

Quercus garryana

Quercus lobata

46
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| andscape Units

Conservation Lands Network (CLN)

Landscape Units are geographic divisions
based on physiographic* features, and
inform the vegetation vulnerability model.

Five Landscape Units In this region are:
» Santa Cruz Mountains North

e Santa Cruz

* Slerra Azul

* Santa Clara Valley

* San Francisco (partial)

*Factors, excluding climatic, biotic, and edaphic conditions,
dffecting prevailing habitat conditions and biotic distributions
(e.g, topography, altitude, drainage, erosion, slope).
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Summary of results across all Landscape Units

A Increase V¥ V¥V Dramatic Decline O Mixed Response
Chamise chaparral Redwood forest Black oak forest / woodland Douglas fir forest
Valley oak forest / woodland Grassland Canyon live oak forest Coast live oak forest / woodland
Interior live oak forest / woodland Mixed chaparral Blue oak-foothill pine woodland
Blue oak forest / woodland Mixed montane chaparral Montane hardwoods
Oregon oak woodland California bay forest

Tanoak forest

Coastal scrub
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Vegetation Type

Vegetation Type

Chamise chaparral

Valley oak forest / woodland
nterior live oak forest / woodland

Blue oak forest / woodland

Douglas fir forest

Coast live oak forest / woodland
Blue oak-foothill pine woodland
Montane hardwoods

California bay forest

Redwood forest

Grassland

Mixed chaparral

Mixed montane chaparral
Oregon oak woodland

Tanoak forest

Coastal scrub

Black oak forest / woodland

Canyon live oak forest

> > >

All Vegetation Types
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PROJECTED TREND

7% Change
BY MID-CENTURY

A INCREASE

000000000000000000000000000000000000000000

000000000000000000000000000000000000000000

000000000000000000000000000000000000000000

DRAMATIC DECLINE
\A4

Varies by region or future model



Vegetation vulnerabillity by Landscape Unit



Vegetation Type San Francisco  Santa ClaraValley  Santa Cruz Mtns. North  Santa Cruz  Sierra Azul

Chamise chaparral A A A A A

Valley oak forest / woodland A A A A A

Interior live oak forest / woodland — A A - A

Blue oak forest / woodland A A A - A

Douglas fir forest A — A - —

Coast live oak forest / woodland A A % Chan ge

Blue oak-foothill pine woodland A — — SRR
Montane hardwoods A - A

Redwood forest - = e Increase .............
California bay forest vVv A vy Vv vV | .. — Relatlvely .s.t‘a.l?l.e” e
Grassland Moderate decline
Mixed chaparral A  V ¥V V| e
Mixed montane chaparral — vVv Pramatic decline
Oregon oak woodland — VA -

Tanoak forest — - \"AY VA

Coastal scrub \"AY4

Black oak forest / woodland VvV VvV VvV vVv vV

Canyon live oak forest \AY4 VvV VvV vVv \"AY

All Vegetation Types
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Santa Cruz

Mountains
North



Response

Vegetation lype

Increase

Chamise chaparral

Valley oak forest / woodland

Douglas fir forest

nterior live oak forest / woodland

Blue oak forest / woodland

Coast live oak forest / woodland

Moderate
Decline

Mixed montane chaparral

Montane hardwoods

Grassland

Blue oak-foothill pine woodland

Mixed chaparral

Redwood forest

California bay forest

Coastal scrub

Mixed

Tanoak forest

Dramatic
Decline

Oregon oak woodland

Black oak forest / woodland

Canyon live oak forest




Area of suitable climate Is projected to increase by mid-century

Four Square Vegetation Type

Chamise chaparral

Valley oak forest / woodland

Coast live oak forest / wodland
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Area of suitable climate Is predicted to dramatically decline by mid-century

Four Square Vegetation Type

Oregon oak woodland

Canyon live oak forest
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Area of suitable climate is predicted to moderately decline by mid-century

Four Square Vegetation Type

Mixed montane chaparral
Montane hardwoods

(Grasslands

Coastal scrub
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Area of surtable climate I1s predicted to have a mixed response by mid-century

Four Square Vegetation Type

Tanoak forest
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Santa Cruz



Response

Vegetation lype

INncrease

Chamise chaparral

Coast live oak forest / woodland

Valley oak forest / woodland

Mixed
Response

Douglas fir forest

Montane hardwoods

Blue oak forest / woodland

nterior live oak forest / woodland

Oregon oak woodland

Moderate
Decline

(Grassland

California bay forest

Redwood forest

Blue oak-foothill pine woodland

Coastal scrub

Mixed chaparral

Mixed montane chaparral

Dramatic
Decline

Tanoak forest

Black oak forest / woodland

Canyon live oak forest




Area of suitable climate Is projected to increase by mid-century

Four Square Vegetation Type

Valley Oak Forest / Woodland
Chamise Chaparral

Coast Live Oak Forest / Woodland

60



Area of suitable climate Is predicted to dramatically decline by mid-century

Four Square Vegetation Type

Tanoak Forest

Canyon Live Oak Forest

61



Area of suitable climate is predicted to moderately decline by mid-century

Four Square Vegetation Type

Mixed (Grasslands

Blue Oak / Foothill Pine Woodland
Mixed Chaparral

Mixed Montane Chaparral
Coastal Scrub
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Area of surtable climate I1s predicted to have a mixed response by mid-century

Four Square Vegetation Type

Montane Hardwood

Blue Oak Forest / Woodland

Interior Live Oak Forest / Woodland
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Sierra Azul

64



Response

Vegetation lype

Increase

Blue oak forest / woodland

Interior live oak forest / woodland

Chamise chaparral

Valley oak forest / woodland

Mixed
Response

Douglas fir forest

Blue oak-foothill pine woodland

Moderate
Decline

Coast live oak forest / woodland

Montane hardwoods

California bay forest

(Grassland

Mixed chaparral

Redwood forest

Oregon oak woodland

Mixed montane chaparral

Coastal scrub

Dramatic
Decline

Black oak forest / woodland

Canyon live oak forest

Tanoak forest




Area of suitable climate Is projected to increase by mid-century

Four Square Vegetation Type

Blue oak forest / woodland

Interior live oak forest / woodland

Chamise chaparral

Valley oak forest / woodland
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Area of suitable climate Is predicted to dramatically decline by mid-century

Four Square Vegetation Type

Canyon live oak forest

Tanoak forest

67



Area of suitable climate is predicted to moderately decline by mid-century

Four Square Vegetation Type

Coast live oak forest / woodland

Mixed montane chaparral

Coastal scrub

68



Santa
Clara
Valley



Response

Vegetation lype

Increase

Blue oak forest / woodland

Chamise chaparral

Interior live oak forest / woodland

Mixed chaparral

California bay forest

Montane hardwoods

Valley oak forest / woodland

Mixed
Response

Douglas fir forest

Blue oak-foothill pine woodland

Tanoak forest

Redwood forest

Moderate
Decline

(Grassland

Mixed montane chaparral

Coast live oak forest / woodland

Oregon oak woodland

Dramatic
Decline

Black oak forest / woodland

Coastal scrub

Canyon live oak forest




Area of suitable climate Is projected to increase by mid-century

Four Square Vegetation Type

Blue oak forest / woodland
Chamise chaparral
Interior live oak forest / woodland

Mixed chaparral

California bay forest

Montane hardwoods

Valley oak forest / woodland
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Area of suitable climate Is predicted to dramatically decline by mid-century

Four Square Vegetation Type

Black oak forest / woodland

Coastal scrub

Canyon live oak forest

72



Area of suitable climate is predicted to moderately decline by mid-century

Four Square Vegetation Type

(Grassland

Oregon oak woodland

/3



Area of surtable climate I1s predicted to have a mixed response by mid-century

Four Square Vegetation Type

Douglas fir forest

Redwood forest

74



San

Francisco
(partial)

75



Response

Vegetation lype

Increase

Blue oak forest / woodland

Chamise chaparral

Blue oak-foothill pine woodland

Douglas fir forest

Valley oak forest / woodland

Mixed
Response

nterior live oak forest / woodland

Mixed montane chaparral

Redwood forest

Oregon oak woodland

Moderate
Decline

Coast live oak forest / woodland

(Grassland

Coastal scrub

Montane hardwoods

Tanoak forest

Dramatic
Decline

Mixed chaparral

Black oak forest / woodland

California bay forest

Canyon live oak forest




Area of suitable climate Is projected to increase by mid-century

Four Square Vegetation Type

Blue oak forest / woodland

Chamise chaparral

Valley oak forest / woodland
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Area of suitable climate Is predicted to dramatically decline by mid-century

Four Square Vegetation Type
Black oak forest / woodland

Canyon live oak forest

California bay forest

Tanoak forest

/8



Area of suitable climate is predicted to moderately decline by mid-century

Four Square Vegetation Type

(Grassland

Coast live oak forest / woodland

Mixed chaparral

79



Area of surtable climate I1s predicted to have a mixed response by mid-century

Four Square Vegetation Type

Interior live oak forest / woodland

Oregon oak woodland

80



