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Widespread concern for dry mixed conifer forests

1.2 ℃ warming since 1930

Vegetation-climate mismatch

Declines in regeneration

Hill et al., 2023

Stevens-Rumann et al., 2017
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Life history strategies in dry mixed conifer forests

Resist fire, recruit from seed

Ross Robinson via Flickr

Pines

Persist in the shade

Ross Robinson via Flickr
Scott Zarnegar via Flickr

Cedar
Fir

Post-fire resprouting

Cameron Miller via Flickr

Basal resproutsOaks

Seed banking

David Powell USFS

Shrubs



Managers need projections of future vegetation

To plan climate-smart management 
interventions

● Where to thin?
● How much to thin?
● How long do fuel reduction treatments 

last?

How do we best prioritize resources?

Will current practices work in the future?
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More mechanistic projections are needed

Prior model predictions omit

● Explicit competition within and 
between pfts

● Management 
● Species’ life history strategies
● Ecophysiology

Reliance on shifts in bioclimatic niche

Lenihan et al., 2007 5



The Functionally Assembled Terrestrial Ecosystem 
Simulator 

Represents:

● Ecophysiology
● Competition
● Disturbance - recovery
● Life history strategies
● SPITFIRE (Thonicke, 2010)

Challenges:

● Data hungry (> 200 params)
● No training wheels
● Coexistence is hard
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Research Question and Hypothesis

Question: How do fuel reduction treatments and thinning influence conifer resilience to future climate and fire in a dry mixed conifer forest in the Sierra Nevada?

Hypothesis: Future climate and fire will favor oaks and shrubs over conifers, but thinning and fuel reduction treatments will make conifer trees more resilient to change
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Used Buotte, 2021 as a starting point 
for conifer PFTs



Model parameterization and evaluation

First goal: Find parameter sets that accurately 
simulate a pre-Euro-American settlement (PEAS) 
forest

● Used literature and plant trait databases (e.g. 
TRY, BAAD, Tallo) to empirically constrain the 
ranges of key model parameters

● Tested 5,376 possible parameter 
combinations (ensemble members)

● Simulated a forest using pre-industrial climate 
and CO2 and allowing it to run for 700 years

Photo taken in 1914 by E. G. Dudley
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700 yr spin-up 
with PEAS fire 
regime 

Log forest

Suppress fire

PI climate + 
CO2

Transient CO2 + 
climate

SSP3-7.0

Start of 
projections 

No treatment
Single treatment
Continuous treatment

We evaluated the model in 1870 and 2015 then projected out to 2100 
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Observations

Model reproduces historical fire regimes and forest structure 



Each ensemble member differs in structure and composition
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Pine cedar oak



Model predicts a shift from conifers to oaks
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Treatment longevity is 10-15 years
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Pines are dying of fire and drought stress
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Oaks stay more productive and recruit at higher rates
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Implications for management

● Single treatments not effective in long-term
● Continuous treatment more effective, but 

conifer declines still possible (especially after 
2060)

● Prioritize conservation of large cedars
● Prioritize stands of large pines for treatment
● Efficacy of fuel reduction can change over 

time (e.g. shrub-fuel feedback)

Photo credit: Sierra Nevada Conservancy16



Management outcomes will depend on key physiological traits and 
processes

Most influential traits and parameters
1. Litter decomposition rates
2. Oak specific leaf area
3. Pine, oak, and cedar Vcmax (drives 

photosynthesis rates)
4. Oak scorch height
5. Shrub diameter to crown area ratio
6. Shrub leaf turnover rates
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Next Steps

● Collect data on most influential parameters
● Run with alternate future climate scenarios
● Regional simulations
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Thank you!



Thank you!

Photo credit: Calsidyrose via Flikr
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Extra Slides Below
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Carbon stocks decrease when conifer basal area decreases
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Ecological criteria for PEAS MCF forest
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