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• Recap and Refresher 30 minutes

• Geographic extent
• Climate assessment results 15 minutes 
• Fire assessment results 15 minutes 

• Vegetation vulnerability assessment 50 minutes

• Methods 20 minutes

• Vegetation vulnerability by Landscape Unit 30 minutes

• Questions and discussion 20 minutes

Overview
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Climate vulnerability review
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Geographic Extent

We summarized vegetation data 
for 6 geographic extents based 
CLN Landscape Units

Here the Landscape Unit and 
county boundary extents are 
overlaid for comparison

All counties
All Landscape Units

Here the Landscape Unit and 
county boundary extents are 
overlaid for comparison
Note: Only the portion of the San 
Francisco Landscape Unit within San 
Mateo county was included in the 
analyses

Geographic extents SF
(partial)

Santa Cruz 
Mountains 

North

Santa 
Cruz Sierra 

Azul Santa Clara 
Valley

SANTA 
CLARA

SAN 
MATEO

SANTA 
CRUZ

Note: Only the portion of the San Francisco 
Landscape Unit within San Mateo county was 
included in the analyses
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*Factors, excluding climatic, biotic, and edaphic conditions, 
affecting prevailing habitat conditions and biotic distributions 
(e.g., topography, altitude, drainage, erosion, slope).

Landscape 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
• Santa Cruz
• Sierra Azul
• Santa Clara Valley
• San Francisco (partial)
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We evaluated 7 climate variables and 

VARIABLE METRIC ABBREV.

Air temperature

Temperature 
ANNUAL MEAN

AVG

Summer maximum temperature 
MEAN FOR JUN, JUL, AUG

JJA

Winter minimum temperature 
MEAN FOR DEC, JAN, FEB

DJF

Hydrology

Recharge RCH

Runoff RUN

CWD

Precipitation PPT

Fire WFR

3 Temperature 
metrics

4Hydrologic 
metrics

1Fire 
metric
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SOIL
BEDROCK

Evapotranspiration

Recharge
Runoff

Solar Radiation

Temperature

Precipitation

Topography

Soils

Geology

BC
M

 IN
PU

T
Basin Characterization Model (BCM)

Ter re s t r i a l  B iod i ve r s i t y
Climate Change Collaborative

TBC3 has built a climate adaptation knowledge base for California

CLIMATE & 
TOPOGRAPHY

WATERSHED 
HYDROLOGY

VEGETATION 
COVER 

SPECIES 
DISTRIBUTIONS

Forest  ShrubForest remaining



18 climate change projections
Climate Ready North Bay: 2070-2099 relative to 1951-1980
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ID Climate Scenario
1 GISS-E2 rcp2.6
2 MRI-cgm3 rcp2.6
3 CSIRO-mk3.5 A1B
4 PCM B1
5 PCM A2
6 MPI-em rcp4.5
7 GISS-apm A1B
8 MIROC-5 rcp 2.6
9 GFDL B1
10 GFDL A2
11 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
17 IPSL-cm5a-ln rcp8.5
18 CNRM-cm5 rcp8.5

Projected change in precipitation and temperature
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Projected change in precipitation and temperature ID Climate Scenario
1 GISS-E2 rcp2.6
2 MRI-cgm3 rcp2.6
3 CSIRO-mk3.5 A1B
4 PCM B1
5 PCM A2
6 MPI-em rcp4.5
7 GISS-apm A1B
8 MIROC-5 rcp 2.6
9 GFDL B1

10 GFDL A2
11 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
17 IPSL-cm5a-ln rcp8.5
18 CNRM-cm5 rcp8.5

18
CNRM

14
MIROC

GFDL

9

We used 3 of the 18 climate projections in the previous assessment
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SCENARIO
PROJECTION

TIME PERIODTEMP. PRECIP.

1 RECENT — — Recent 
1981 - 2010

2 CNRM CNRM rcp 8.5 WARM WET

Mid-Century
2040 - 20603 GFDL GFDL B1 COOL DRY

4 MIROC MIROC ESM rcp 8.5 HOT DRY

Ter re s t r i a l  B iod i ve r s i t y
Climate Change Collaborative

TBC3 has built a climate adaptation knowledge base for California

CLIMATE & 
TOPOGRAPHY

WATERSHED 
HYDROLOGY

VEGETATION 
COVER 

SPECIES 
DISTRIBUTIONS

Forest  ShrubForest remaining

ID MODEL
1 GISS-E2 rcp2.6
2 MRI-cgm3 rcp2.6
3 CSIRO-mk3.5 A1B
4 PCM B1
5 PCM A2
6 MPI-em rcp4.5
7 GISS-apm A1B
8 MIROC-5 rcp 2.6

9 GFDL B1
10 GFDL A2
11 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
17 IPSL-cm5a-ln rcp8.5

18 CNRM-cm5 rcp8.5
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Climate Change Collaborative

TBC3 has built a climate adaptation knowledge base for California
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CLIMATE PROJECTIONS

Each climate variable was assessed for 4 climate scenarios at 
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We used 30 data sets in the climate vulnerability assessment

VARIABLE METRIC RECENT CNRM GFDL MIROC OTHERWarm, wet Cool, dry Hot, dry

Air temperature

Temperature 
ANNUAL MEAN

AVG

Summer maximum temperature 
MEAN FOR JUN, JUL, AUG

JJA

Winter minimum temperature 
MEAN FOR DEC, JAN, FEB

DJF

Hydrology

Recharge RCH

Runoff RUN

CWD

Precipitation PPT

Fire
WRF 1971-2000

Fire probability FPR 2001-2025 2026-2050
GFDL B2

19
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We used 32 data sets in this vulnerability assessment in total

Fire
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Temperature and CWD increased for all scenarios

Precipitation, recharge, and runoff projections differed by scenario

VARIABLE TREND CNRM GFDL MIROC
Warm, wet Cool, dry Hot, dry

Annual average
Winter minimum (Dec, Jan, Feb)

Summer maximum (Jun, Jul, Aug)

Precipitation
Recharge
Runoff

PROJECTED TREND

Varies with model

NO CHANGE

INCREASE

DECREASE

+5

+20

+50

-50

-5

-20

%
 C

H
AN

G
E 

BY
 M

ID
-C

EN
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RY



The trend for all models was an increase in temperature by mid-century
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MIROC (hot model): Greatest increase for all variables, 
particularly for summer and average temperatures

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 include modest decreases at a few locations
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Temperature | ANNUAL AVERAGE

Consistent increase in average temperature
Annual average temperatures are projected to increase by an average 

of 15 %

Temperatures are projected to be between +1.5 - 3.1 ºC hotter
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The three models project a change in AVG temperature 
from +0.2 ºC to +3.9 ºC by mid-century.

Although the magnitude of warming varied, the spatial 
distribution is consistent across the three models.

Scenario Change Mean
Recent — 14.5 ºC
CNRM +1.2 ºC to +2.8 ºC 16.5 ºC
GDFL +0.2 ºC to +2.3 ºC 16.0 ºC
MIROC +2.3 ºC to +3.9 ºC 17.6 ºC

99%
>5%

of temperatures 
will increase by

Minimum Percent Increase
30-YEAR MEAN

5 - 10% 10 - 15%

97%
>1.0 ºC

of the region 
will warm by

SF
(partial)
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Mountains 

North

Santa 
Cruz
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Azul
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Clara 
Valley

Minimum Temperature Increase (ºC)
CNRM, GFDL, MIROC models

0.5 1.0 1.5 2.0 >2.0

Temperature | ANNUAL AVERAGE

Temperature | ANNUAL AVERAGE

Consistent increase in average temperature
Annual average temperatures are projected to increase by an average 

of 15 %

Temperatures are projected to be between +1.5 - 3.1 ºC hotter
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The models differed in their predictions for how precipitation will change
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Hydrology | PRECIPITATION

The models differ in their predictions for how precipitation will change
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average decrease

-23 mm
Uncertainties about precipitation

Precipitation is projected to decrease by an average of 3% 

Precipitation is projected to differ by -223.0 and +151.4 mm, with the 
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Hydrology | PRECIPITATION
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Ter re s t r i a l  B iod i ve r s i t y
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TBC3 has built a climate adaptation knowledge base for California

CLIMATE & 
TOPOGRAPHY

WATERSHED 
HYDROLOGY

VEGETATION 
COVER 

SPECIES 
DISTRIBUTIONS

Forest  ShrubForest remaining
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CLIMATIC
WATER
DEFICIT

AET

PET This metric integrates the effects of 
temperature and rainfall
• CWD increases with all future climate 

scenarios
•

Potential 
Evapotranspiration

Actual 
Evapotranspiration———

Climatic 

A METRIC OF DROUGHT STRESS

PRECIPITATION
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19Data Source: Flint & Flint 2014

Hydrology | CLIMATIC WATER DEFICIT

The trend for all models is an increase

MEAN = 806.6 mm
(404.0 - 1016.4)
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88%
>20 mm
will increase

CNRM, GFDL, MIROC models

0 20 30 40 50 300-100

70%
>3%

will increase by

Minimum Percent Change
30-YEAR MEAN

0 - 2% 2 - 4% 4 - 6% > 4%DECREASESF
(partial)

Santa Cruz 
Mountains 

North
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Cruz
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Azul

Santa 
Clara 
Valley

Scenario Change Mean
Recent — 769.9 mm
CNRM -66.9 mm to +94.4 mm 808.8 mm
GDFL -30.2 mm to +115.3 mm 797.6 mm
MIROC +54.2 mm to +260.6 mm 880.5 mm

The three models project a change in climatic water 
from -66.9 mm to +260.6 mm by mid-century.

Although the magnitude of warming varied, the spatial 
distribution is consistent across the three models.

CZU 
Complex

CZU 
Complex
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Increased drought stress
increase by an average of 8% 

 +27.7 - +110.6 mm drier, with the 
regional average increasing from 769.9 to between 797.6 - 880.5 mm 

average increase

+59 mm
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?
What causes large How do we forecast 

future
What do we know 

here
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Resources Conditions Ignitions

Biophysical 
Factors

• Plant characteristics
Species composition
Spatial distribution
Traits (e.g., growth rate)

• Herbivory

• Decomposition

• Dry season severity

• Fire weather 
episodes

• Lightning

• Volcanic activity

Human 
Activity

• Land management
Fire suppression
Plant litter accumulation
Grazing

• Invasive species

• Altered hydrology

•

• Accidents

• Arson

IGNITIONS

CONDITIONS

RE
SO
UR
CE
SIGNITIONS

CONDITIONS

RE
SO
UR
CE
S
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scenarios for climate and human population growth

= + +
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ses large
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+
Population 
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FUTURE

Climate 
Change

FUTURE

= + +
HISTORIC or FUTURE

RESOURCES
Vegetation composition

CONDITIONS Dry season severity Altered hydrology
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FUTURE

CO2

FUTURE
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FIRE METRIC FIRE INFLUENCE VARIABLES (Biophysical, Human) FORECAST SCENARIOS
RESOURCES CONDITIONS IGNITIONS CLIMATE POPULATION YEARS

in a 30-year time period
Krawchuk & Moritz 2012
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All LU SF (partial) Santa Clara Valley Santa Cruz Santa Cruz Mtn. North Sierra Azul
Recent 17.5% 10.0% 16.8% 19.2% 15.1% 18.7%
Mid-Century 20.4% 10.5% 18.3% 22.3% 17.5% 21.5%
Change 2.8% 0.5% 1.5% 3.1% 2.4% 2.8%

% Change 16% 5% 9% 16% 16% 15%

SF
(partial)

Santa Cruz 
Mountains 

North

Santa 
Cruz

Sierra 
Azul

Santa 
Clara 
Valley

Percent Change
30-Y MEAN

30%-40% 0% 10%

82%
>10%

increases by

75%
>2%

of the region more 
likely to burn by 

Minimum Increase in Fire Risk
30-Y MEAN

5%-4% 0% 2%

CZU 
Complex

CZU 
Complex



TBC3 Forest Health Working Group 
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Pepperwood’s Post-Fire Tools 
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Salo’s California Forest Observatory
https://salo.ai/projects/california-forest-observatory

30



Visualizing vegetation vulnerability
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The Probabilistic Vegetation Model (PVM)

33

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 
• Evaluate responses of individual species along with the overall responses of communities and ecosystems 

A Geographic Mosaic of Climate Change Impacts on Terrestrial Vegetation: Which Areas Are Most at Risk? PLoS ONE 10(6)

Winter minimum 
temperature (°C)

Summer maximum 
temperature (°C)

Annual precipitation 
(mm)

Climatic water 

Climatic Variables (1951-1980 historic norms)22 Vegetation Types



18 climate change projections
Climate Ready North Bay: 2070-2099 relative to 1951-1980
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ID Climate Scenario
1 GISS-E2 rcp2.6
2 MRI-cgm3 rcp2.6
3 CSIRO-mk3.5 A1B
4 PCM B1
5 PCM A2
6 MPI-em rcp4.5
7 GISS-apm A1B
8 MIROC-5 rcp 2.6
9 GFDL B1
10 GFDL A2
11 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
17 IPSL-cm5a-ln rcp8.5
18 CNRM-cm5 rcp8.5

Projected change in precipitation and temperature
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Modeled frequency of 22 vegetation types

35Ackerly et al. 2015

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

2010 – 2039 2040 – 2069 2070 – 2099

18 climate projections x 3 time periods = 54 scenarios

22 vegetation types, parameterized for the 
historical baseline period and then 
projected for 54 possible futures
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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

Redwood forest

20%

40%

60%

80%

100%

Pr
op

or
ti

on
 o

f l
an

ds
ca

pe

Baseline
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Mean Temperature Increase
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General trend: Decrease in relative distribution of grassland
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Grassland
Semi-desert scrub
Coastal scrub
Chamise chaparral
Mixed chaparral
Mixed montane chaparral
Blue oak-foothill pine woodland
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Coastal scrub
Chamise chaparral
Mixed chaparral
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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

Redwood forest
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Mean Temperature Increase

Projected climate futures (n = 54)

Grassland 
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Ackerly et al. 2015
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Chamise 
Chaparral 
Baseline

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

Redwood forest
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General trend: Increase in relative distribution of chamise chaparral

Ackerly et al. 2015



Model to project vegetation responses to future climate change  
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The ensemble mean for the 18 models was used as a threshold to 
categorize the climate projections

42 60

0

-20

20

60

40

PR
O

JE
CT

ED
 C

H
AN

G
E 

(%
)

Pr
ec

ip
ita

tio
n

Temperature
PROJECTED MAXIMUM INCREASE (ºC)

18
3

1
2

4
5 6

7

9
8

16

17

15

10

11
12

13
14

Ensemble mean



40

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

Projected change in precipitation 
Category Descriptor Values

Low Dry < 3%

High Wet > 3%
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The four pairwise categories capture high and low projected 
precipitation and temperature values 
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The four climate categories are summarized as a four square, and 
represent key rainfall and temperature combinations
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to changing climate

Projected vegetation response to future climate

Dramatic Decline IncreaseRelative StabilityModerate Decline

% CHANGE 
(FROM CURRENT)

0-25%-75% +25%-50%

+

Four different climate futures
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The percent change was predicted for each vegetation type across 
the four future climate categories
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Warm
Wet

Hot
Wet

Warm
Dry

Hot
Dry

This vegetation type is predicted to be 
relatively stable or increase in 

abundance by mid-century

Warm
Wet

Hot
Wet

Warm
Dry

Hot
Dry

This vegetation type is predicted to 
show moderate or dramatic 

decreases in abundance by mid-century



Vegetation types used in this assessment were cross-walked to PVM types

46

Santa Cruz Mountains Probabilistic Vegetation Model (Ackerly et al. 2015)
Ecosystem Vegetation Type Dominant Taxa

Chaparral
Chamise chaparral Adenostoma fasciculatum

Mixed montane chaparral Various species 

Mixed chaparral Various species 

Coastal Redwood Trees Redwood forest Sequoiadendron sempervirens 

Coastal Scrub Coastal scrub Various species 

Mixed Evergreen / 
Montane Hardwood

California bay forest Umbellularia californica

Pseudostuga menziesii 

Tanoak forest
Montane hardwoods Various species

Mixed Grasslands Grassland Various species

Oak Woodlands

Black oak forest / woodland Quercus kelloggii

Blue oak forest / woodland Quercus douglasii

Blue oak-foothill pine woodland Quercus douglasii / Pinus sabiniana

Canyon live oak forest Quercus chrysopelis 

Coast live oak forest / woodland Quercus agrifolia 

Interior live oak forest / woodland Quercus wislezini

Oregon oak woodland Quercus garryana

Valley oak forest / woodland Quercus lobata



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

Landscape 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
• Santa Cruz
• Sierra Azul
• Santa Clara Valley
• San Francisco (partial)

47



Summary of results across all Landscape Units
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Increase Moderate Decline Dramatic Decline Mixed Response
Chamise chaparral Redwood forest Black oak forest / woodland

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

Interior live oak forest / woodland

Blue oak forest / woodland

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

PROJECTED TREND

Varies by region or future model

RELATIVELY STABLE

INCREASE

MODERATE DECLINE

DRAMATIC DECLINE

% Change
BY MID-CENTURY



Vegetation vulnerability by Landscape Unit
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Relatively stable

Increase

Moderate decline

Dramatic decline

% Change
BY MID-CENTURY

PROJECTED TREND

Vegetation Type San Francisco Santa Clara Valley Santa Cruz Mtns. North Santa Cruz Sierra Azul

Chamise chaparral

Valley oak forest / woodland

Interior live oak forest / woodland

Blue oak forest / woodland

Coast live oak forest / woodland

Blue oak-foothill pine woodland

Montane hardwoods

Redwood forest

California bay 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



Santa Cruz
Mountains 

North
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Response Vegetation Type

Increase

Chamise chaparral
Valley oak forest / woodland

Interior 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
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Area of suitable climate is projected to increase by mid-century 
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Four Square Vegetation Type

Chamise chaparral

Valley oak forest / woodland

Interior live oak forest/woodland

Blue oak forest / woodland

Coast live oak forest / wodland



Four Square Vegetation Type

Oregon oak woodland

Black oak forest / woodland

Canyon live oak forest

Area of suitable climate is predicted to dramatically decline by mid-century
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Four Square Vegetation Type

Mixed montane chaparral

Montane hardwoods

Grasslands

Blue oak-foothill pine woodland

Mixed chaparral

Redwood forest

California bay forest

Coastal scrub

Area of suitable climate is predicted to moderately decline by mid-century
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Area of suitable climate is predicted to have a mixed response by mid-century

Four Square Vegetation Type

Tanoak forest
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Santa Cruz
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Response Vegetation Type

Increase
Chamise chaparral
Coast live oak forest / woodland
Valley oak forest / woodland

Mixed 
Response

Montane hardwoods
Blue oak forest / woodland
Interior 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



Four Square Vegetation Type

Valley Oak Forest / Woodland

Chamise Chaparral

Coast Live Oak Forest / Woodland
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Four Square Vegetation Type

Tanoak Forest

Black Oak Forest / Woodland

Canyon Live Oak Forest
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Four Square Vegetation Type

Mixed Grasslands

Redwood Forest

California Bay Forest

Blue Oak / Foothill Pine Woodland

Mixed Chaparral

Mixed Montane Chaparral

Coastal Scrub

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



63

S
a

n
ta

 C
ru

zFour Square Vegetation Type

Montane Hardwood

Douglas Fir Forest

Oregon Oak Woodland

Blue Oak Forest / Woodland

Interior Live Oak Forest / Woodland

Area of suitable climate is predicted to have a mixed response by mid-century



Sierra Azul
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Response Vegetation Type

Increase

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

Mixed 
Response 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



Four Square Vegetation Type

Blue oak forest / woodland

Interior live oak forest / woodland

Chamise chaparral

Valley oak forest / woodland
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Four Square Vegetation Type

Canyon live oak forest

Black oak forest / woodland

Tanoak forest
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Four Square Vegetation Type

Coast live oak forest / woodland

Montane hardwoods

Mixed chaparral

Grassland

California bay forest

Redwood forest

Oregon oak woodland

Mixed montane chaparral

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



Santa 
Clara 
Valley
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Response Vegetation Type

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

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



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 projected to increase by mid-century 



Four Square Vegetation Type

Black oak forest / woodland

Coastal scrub

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



Four Square Vegetation Type

Grassland

Mixed montane chaparral

Coast live oak forest / woodland

Oregon oak woodland
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Area of suitable climate is predicted to moderately decline by mid-century
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Four Square Vegetation Type

Blue oak-foothill pine woodland

Tanoak forest

Redwood forest

Area of suitable climate is predicted to have a mixed response by mid-century



San 
Francisco 

(partial)
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Response Vegetation Type

Increase

Blue oak forest / woodland
Chamise chaparral
Blue oak-foothill pine woodland

Valley oak forest / woodland

Mixed 
Response

Interior 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



Four Square Vegetation Type

Blue oak forest / woodland

Chamise chaparral

Blue oak - foothill pine woodland

Valley oak forest / woodland

77

S
a

n
 Fra

n
cisco

 (p
a

rtia
l)

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



Four Square Vegetation Type

Black oak forest / woodland

Canyon live oak forest 

California bay forest

Tanoak forest
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Area of suitable climate is predicted to dramatically decline by mid-century



Four Square Vegetation Type

Grassland

Coast live oak forest / woodland

Coastal scrub

Montane hardwoods

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



Four Square Vegetation Type

Interior live oak forest / woodland

Mixed montane chaparral

Redwood forest

Oregon oak woodland
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Area of suitable climate is predicted to have a mixed response by mid-century


