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Bay Area Vegetation
Source: Bay Area Open Space Council
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Global carbon emission (GtC/yr)



21st century CO2 emissions – IPCC projections



Projections of future temperature – IPCC 5th assessment
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Future climates of Central California
• Temperatures will rise, about the same as 

global average temperatures
• Inland areas will warm more than coast
• Rainfall will continue to be highly variable 

from year to year, possibly with increased 
extremes (wetter wet and drier dry)

• Climatic water deficits – intensity of the 
summer dry season – will increase

• Changes in fog frequency, intensity and inland 
movement uncertain



Predictive layers
VARIABLE LAYERS
1) Climatic water deficit (270 m)

Al and Lorrie Flint (USGS)
2) Min Temp (270 m downscaled 

from PRISM)
3) Max Temp (270 m downscaled 

from PRISM)
4) Total Annual Precipitation (270 m

downscaled from PRISM)

FIXED LAYERS:
5) Potential annual insolation 

(annual, 30 m)
6) Wind (100 m)
7) Soil Depth (SSURGO)

The Black Box!
Vector of probabilities for each 

veg type in each pixel

redwood

Doug fir

Montane hardwood
Baccharis
California bay
live oak

Other

multinomial 
logistic 

regression

Sum of vector probabilities across landscape 
= observed frequencies of veg types

PLoS ONE 2015



What might the Bay Area vegetation of 
the future look like?

Current +7°F
drier

+7°F
wetter

Ackerly et al. 2015 PLoS ONE
Chornesky et al. 2015 Bioscience



These models show equilibrium response to a 
future climate
• Changes (if and when they occur) could take 100s 

or 1000s of years to unfold
• How fast will change occur? What will the 

transient dynamics look like?
• Three D’s: Disturbance

Dispersal
Demography
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Disturbance: opens up canopy and allows for regeneration 
of new individuals and species



Tree mortality – 2012-2015 drought
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Demography: Old, deep-rooted trees may be 
able to survive for a long time, even if there 
is no regeneration (zombie trees)
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Demography: 
Seedlings will take 
years to decades to 
reproduce and seed 
further dispersal

Buckeye seedling in an oak 
woodland photo D.D. Ackerly



Vegetation on hot, south facing slopes 
likely to expand in the future
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Chaparral, Bouverie Preserve
Oct. 22, 2017



Species living in warmer and drier regions are 
more likely to increase in the future

Oregon oak

Coast live oak



Dispersal: 
• Most seeds are dispersed <1 km, usually < 100 m
• Rare long distance events are critical for long-term 

community change



Dispersal: Species with high dispersal rates are often 
undesirable weeds and invasives



Potential new arrivals at Pepperwood 
that might thrive under future climates

California ash

Sycamore

Chaparral cherry

Willows Arizona Ash

California walnut Engelmann Oak



Dynamics of vegetation change

2070 – 2099
Conditions suitable 

Current 

Climate impact models are often based on “equilibrium” response

Courtesy: Nicole Heller



Dynamics of vegetation change

Alternative state

Non-native or other

2070 – 2099
Conditions suitable 

Current 

A lot may happen between today and later in the century 

Courtesy: Nicole Heller



Dynamics, models and management

Alternative state

Non-native or other

2070 – 2099
Conditions suitable 

Current 

Management practices will interact to influence trajectory of change

Post-fire planting
(do you have a plan?)

Restoration forestry

Seeding

Assisted migration

”Pest” control (non-
native, native)

Toxic chemical use

Controlled Burn

Courtesy: Nicole Heller



Bridging science and climate adaptation for natural resources

Lisa Micheli and David Ackerly, co-directors
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http://www.pepperwoodpreserve.org/tbc3/our-work/climate-ready/



A scenario planning approach

Alison Forrestel presents discussion results from break-out group on fire scenario.  Photo: David Ackerly

4.



Pepperwood 
Preserve 
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Oct 2017







Oregon oak germinating – Dec. 2Coast live oak sprouting – Nov. 18

Coast live oak  -
new leaves and flowering (Nov. 18) Madrone shoot leafing out! – Nov. 21
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