


Collaborative Management of Forests at Risk 

Across the Urban to Rural Gradient
1. Co-development of forest restoration and adaptation approaches 

with key stakeholders, and assessments of broader perceptions of 

these approaches by natural resource managers;

2. Proactive application of forest restoration, adaptation and transition 

approaches in a variety of field trials; and

3. Aggregation of historical and projected forest change data layers into 

a spatial forest exposure and targeted adaptation and restoration 

mapping tool .



Stein et al. (2014). Climate-Smart Conservation: Putting Adaptation Principles into 

Practice.

Direct Exposure

Changes in:

ÅTemperature

ÅPrecipitation

ÅExtreme Events

Indirect Exposure

ÅPests

ÅPathogens

ÅCompetition

ÅDisturbance patterns



Approach:

Identify existing data layers to capture the 

spatial variability in key exposure metrics

Develop updated data layers to capture 

projected deviation from climate norms

Aggregate these into a spatial model that 

synthesizes relative exposure across the 

landscape

ÅBy species

ÅStand ðlevel (ecosystem aggregate)
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https://www.climatologylab.org/terraclimate.html

Derived Monthly Climate Variables:
Actual Evapotranspiration

Potential Evapotranspiration

Climate Water Deficit

Soil Moisture

Snow Water Equivalent

Primary Monthly Climate Variables:
Maximum temperature

Minimum temperature

Precipitation



https://www.climatologylab.org/terraclimate.html

Historical Norms (1981 ð2010)

Projected Global Mean +2 ° C

Projected Global Mean +4 ° C
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1 PCA Layer
(+2°C and +4°C)



1 PCA Layer
ϩ Unit-less, aggregate metric

ϩ quantifies relative deviation from climate norms

ϩ Captures > 50% of the total variability in climate 

deviation across the region

ϩ Dominated by deviations in SWE, AET, PET, Soil 

and PPT variables in the shoulder seasons



Statistic Value

Mean 55.0

Std. Dev 22.9

Range [0, 100]

Median 60.0

CLIMATE 
DEVIATION
+2° C Scenario
+4° C Scenario



Statistic Value

Mean 13.7

Std. Dev 16

Range [0, 100]

Median 9.0

ABUNDANCE

New Englandõs 14 Most 

Common Tree Species



DISTURBANCE

No Disturbance 
Climate Disturbance
All Disturbance



Sugar Maple (ACSA)

Statistic Value

Mean 54.52

Std. Dev 26.75

Range [-100, 100]

GCM 4.5 Scenario
GCM 8.5 Scenario
For each species

PROJECTED CHANGE
IN SUITABLE HABITAT



Simple Additive Calculation Relative Climate Exposure
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Low Exposure High Exposure

0-100 0-100

0-100-100-100



Repeat for Scenarios:

Climate:

ÅLow Emissions

ÅHigh Emissions

Disturbance

ÅNone

ÅClimate Related

ÅAll



Å 2nd

Low Emissions Scenario High Emissions Scenario

No 

Disturbance

All 

Disturbance

Climate 

Related 

Disturbance

Mean: 123.04 

StDev : 30.245
Mean: 122.92 

StDev : 28.628

Mean: 123.34 

StDev : 28.583

Mean: 123.47 

StDev :

30.139

Mean: 123.14 

StDev : 28.555
Mean: 123.26 

StDev : 30.146



Distribution of Mean Exposure Value by Species

Exposure high but stable

Exposure increases with increasing emissions

Exposure decreases with increasing emissions

= climate òlimboó

= climate "losers"

= climate "winners"



SpeciesExposure

400
Low Exposure High Exposure

Species % BA Species 

Weighted 

Exposure

ʅ(All Species Weighted Exposures)

ʅ(All Species % Basal Area)

Repeat for all species, sum 

weighted exposure scores

-100

Stand Level Exposure

For each 30m pixel



SpeciesExposure

400
Low Exposure High Exposure

Species % BA Species 

Weighted 

Exposure

Repeat for all species, sum 

weighted exposure scores

-100

Stand Level Exposure

For each 30m pixel



Mean: 109

StDev : 34



Å A ~4% increase in 
exposurewasobserved between 2c 
and4c scenarios across theregion.

Å Driven primarily by increases at the 
low end of exposure values

Å High stand-level Exposure :

Å High elevation 
regions (Catskills,Adirondacks,
Greens,Berkshires, Whites)

Å Mohawk Rivervalley

Å Downeast Maine

Å Low stand-level Exposure :

Å Major river valleys

Å SouthernNewYork

Å CoastalMassachusetts

Å Northern Maine

Å Hudson Highlands

Mean: 114 

StDev : 33



Ecoregion 

Differences 

for 

Ecosystem 

Aggregate

Ecoregion (L3)





ÅPotential exposure "winners":QUAL, QUPR, 

BELE

ÅPotential exposure "losers":PIRU,ABBA

ÅExposure stable/high:ACSA,PIST

ÅHigh Exposure:Northeastern 

Highlands,Acadian Plains and Hills

ÅLow Exposure:Southern NE and 

NY, NE Coastal Zone

Oak dominant ðMixed 

Hardwood systems

Spruce-Fir systems

Northern Hardwood 

systems



ÅHow is this data useful?

ÅGuidelines for integrating with targeted adaptive 

management efforts?



https://www.uvm.edu/femc/data/archive/project/mapping-cc-exposure-4-ne-trees


