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Introduction

• Landis II Modeling Framework

• Review previous modeling work-
RNV  f rest rest rati n and RNV, forest restoration and 
climate change 

• North Woods Climate Change 
Response Framework-Response Framework
Vulnerability Assessment



Climate Change Effects on MN Forests

Disturbances ClimateDisturbances Change

ForestsForests
Socio-

economicseconomics

Managementg

from V. Dale et al. BioScience 2001



Modeling-LANDIS-II

LANdscape DIsturbance and Succession

Spatially Dynamic
Emphasizes landscape processes
N l di b   d di lNatural disturbance, management and dispersal

Life History TraitsLife History Traits
shade tolerance, drought tolerance, longevity, 
temperature, nitrogen, seed production-temperature, nitrogen, seed production
dispersal, fire tolerance, Veg. Reprod.

Typically 1000s – 1,000,000s of hectares, many 
decades



Global Circulation Model
Climate ChangeClimate Change

USGS Geodata Portal

Establishment
& Growth

Downscaled 12 km

PnET-II(Hayhoe 2011)
& Growth
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and year)

PnET II
Ecosystem

Model and year)

LANDIS II Forest

(Aber et al. 1995)

LANDIS-II Forest 
Simulation Model

(Scheller et al. 2007)

Forest 
Dynamics

(Scheller et al. 2007)



Uncertainty: Modeling Forests under Climate 
ChChange

Co2 fertilization
Deer, earthworms
Cli t  d lClimate models
Ozone

Understand relative influence of climate and disturbance 
on regional species composition trends



Natural Variability and Forest Restoration
MN, USAMN, USA

Source: White and 
H t 2000 Objectives:

RNV Reference forest conditions

Host 2000

Boreal hardwood-conifer

- Species Diversity
- Structural Complexity
- Spatial Pattern

Boreal hardwood conifer

Dry-mesic jack pine-black spruce

Dry-mesic white pine-red pine

Lowland conifer

Mesic birch-aspen-spruce-fir

Assumptions: Species and Structural 
diversity maintain biodiversity and 
functioning forestsMesic white pine-red pine

Northern Hardwood-conifer

functioning forests

Derived from MFRC Northeast 
Minnesota Landscape Plan



Approach: Use spatially dynamic model that 
incorporates climate, disturbance and seed co po ates c ate, d stu ba ce a d seed
dispersal

Forest restoration in a mixed ownership landscape 
under climate change

Ravenscroft, C., Scheller, R.M., Mladenoff, D.J. 
Whit M A 2010 E l i l A li tiWhite, M.A.  2010..  Ecological Applications. 
20:327-346
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Management Scenarios

CURRENT MANAGEMENT:

M t U it  (10)  O hiManagement Units (10): Ownership

RESTORATION:

Management Units (7): Ecological land Management Units (7): Ecological land 
units

- RNV Based



Potential Climatic Changes
Boreal conifers shift north

Aspen-slow decline, birch 
more rapid

Oak/hickory-dispersal limited

Northern hardwoods expand

White pine-potential increase



Next Steps-In Progress
Climate Change Response Framework-Model Lake 
States forests using common data sets
Vulnerability Assessment
Model climate adaptive managementp g
Connectivity-forest reserves and resilience
Funded by Landscape Conservation Consortiumy p

Robert Scheller & Matthew Duveneck
Mark White, Chris Swanston, Stephen Handler



Vulnerability Assessment-Northern MN Forests
Climate Adaptive Management
Connectivity

…
Scenarios
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Management Scenarios

1. Current Management: 
Agency specific management g y p g
plans-2004-2006

2. Climate adaptive: Favor climate 
l   tolerant species, mix-uneven-

even-aged, increase life history 
diversity increase mid tolerant diversity, increase mid-tolerant 
species

3. Assisted migration: plant g p
southern oaks & hardwoods-
overcome spatial -temporal 
barriers to natural migration.



Emerging Threat:  Climate Change

Current Climate
Low emissions
High emissions



Total Biomass

Current Climate
Low emissionsLow emissions
High emissions



Results:  Species Biomass

Current Climate
Low emissionsLow emissions
High emissions



White spruceWhite spruce
Current Climate
Low emissions
High emissions



AspenCurrent Climate AspenCurrent Climate
Low emissions
High emissions Paper birch



Quaking aspen

Current Climate
Low emissions
High emissions



Current Climate
Low emissions
High emissions White pine



Current ClimateCurrent Climate
Low emissions
High emissions

Bur oak



Current 
Conditions

B1 (Low Emissions) Year 2150 A1FI (High Emissions) Year 2150

Current
Management

Current
Management



Summary-50-100 year Range

Gradual loss of boreal species-
much greater in high emissionsmuch greater in high emissions

Increase in temperate hardwoods-Increase in temperate hardwoods-
much greater in high emissions

Over time-climate influence 
increases-management decreasesincreases management decreases
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