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al. 2016



Adaptation Strategies

Swanston et al. 2016; Millar et al. 2007

1. Resistance – buffer or protect from change
• Rx burning, fire breaks, maintain refugia

2. Resilience – promote the return to normal 
conditions after a disturbance

• Rx burning, thinning, promote heterogeneity/diversity

3. Transition – actively facilitate or 
accommodate change

• Plant new species, remove maladapted species



LANDIS-II and FireBGCv2: 

Forest Landscape Simulation 

Models

• Simulate large spatial and long 
temporal scales

• Spatial processes: fire, seed 
dispersal, climate variability 

• Simulate interacting disturbance 
and vegetation responses to 
climate

• Model individual tree species 
• Can incorporate management 

activities

http://www.landis-ii.org/

LANDIS-II

Keane, R. E., R. A. 
Loehman, and L. M. 
Holsinger. (2011), Gen. 
Tech. Rep. RMRS-GTR-
255. 



Study Landscapes: Jemez, NM and Kaibab, AZ



Modeling design
Landscapes: 

1. Kaibab Plateau, AZ – LANDIS-II model

2. Jemez Mountains, NM – FireBGCv2 model

Climates: 

1. Contemporary - Instrumental weather (1960 - 1990)

2. Warm, Semi-Dry – CCSM4 GCM, RCP4.5 (1990-

2090)

3. Hot, Arid – HADGEM2-ES GCM, RCP8.5 (1990-

2090)

Management Scenarios:

1. Suppression – Fire suppression, no management

2. BAU (1.5%) – Thinning and Rx burns, 67 year 

rotation for Ponderosa and Dry Mixed Conifer

3. 3xBAU (4.5%) – Thinning and Rx burns, 22 year 

rotation

4. 6xBAU (9%) – Thinning and Rx burns,11 year 

rotation

Jemez, BAU Treatments
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Jemez Mountains, RCP 8.5 and 6XBAU

Ponderosa Pine

Pinyon Pine

Juniper sp.

Gambel Oak

Douglas-fir

• Compositional change 
from ponderosa pine 
to oak

• Turnover from fire, 
drought, and 
regeneration failure
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• Biomass declines in 
response to climate

• Moderate vs. major 
climate change 
scenarios make a big 
difference
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• Biomass declines

• Moderate vs. major 
climate change 
scenarios make a big 
difference
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The Transition
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The Transition
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Conclusions
•Transition strategies will be important as 
landscape reorganizes under future 
climate conditions

•LSMs can be useful tools for evaluation 
of transition strategies

• Duveneck and Scheller 2015; Hof et al. 2017

•Resistance, Resilience and Transition 
strategies may all be important even if 
much of the landscape will eventually 
transition
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Vulnerability Assessment AND
Landscape Modeling

• VA: identify landscape 
components of greatest 
concern

• LM: quantify impacts at 
the landscape scale

• e.g. soil burn severity 
and debris flows


