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Collaborative Management of Forests at Risk
Across the Urban to Rural Gradient

|. 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.
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Direct Exposure

Changes in:
Temperature

* Precipitation

* Extreme Events Potential Adaptive
Impact Capacity
Indirect Exposure
* Pests
* Pathogens Vulnerability
Competition

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




Climate Change Exposure - Methods

Approach:

|dentify 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

* By species
* Stand — level (ecosystem aggregate)

Climate
Change

FEMC Forest

Cross Health Atlas

Climate Change Tree Atlas
(derived)



Climate Change Exposure - Methods

TerraClimate

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

Primary Monthly Climate Variables:

Maximum temperature
Minimum temperature
Precipitation

Derived Monthly Climate Variables:
Actual Evapotranspiration

Potential Evapotranspiration

Climate Water Deficit

Soil Moisture

Snow Water Equivalent




Climate Change Exposure - Methods

Historical Norms (1981 - 2010)
Projected Global Mean +2° C

Projected Global Mean +4° C

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



Climate Change Exposure - Methods

Relative Climate Deviation (+2°c and +4°c)

1 PCA Layer

(+2°C and +4°C)

Principal
Component
Analysis §



Climate Change Exposure - Methods

Relative Climate Deviation (2°c and +4°c)

~ Unit-less, aggregate metric

- quantifies relative deviation from climate norms 1 PCA Layer
¥ SR

r

- Captures > 50% of the total variability in climate
deviation across the region

- Dominated by deviations in SWE,AET, PET, Soil
and PPT variables in the shoulder seasons



NEW Data Layers

Quebec

CLIM

* Metric: Climate deviation from 30
year normal under +2° C and
+4° C global mean temperature
change s

Trois-Rivieres

Freder

Montreal

Ottawa

e Scale: 4km
e Source:TerraClimate PCA

Toronto

Hamilton . (Cancord

Chroftt jer;x,:(ix.;.lr'[
ctribution of Pivel V ac e L i
Distribution of Pixel Values 0 25 50 100 Miles

Mean
Std. Dev

+2C Change
Value

—_—

100

Range
Median

Trenton

. 0

elphia EsA, HERS, G




Existing Data Layers

Quebec

* Metric: Percent of total basal
area (0-100) — by species

Montreal
Ottawa

e Scale:30m

* Source: Gudex-Cross (2018) and roronto
FIA abundance

Bgston
Hartford  Providence
Mean Distribution of Pixel Values
0 25 50 100 Miles

Std DeV : Lot il

New York - ACSA Abundance
Range Value

Trenton Tr— 100

elphia EsA, HERE

Median

. 0

Value




Source: FEMC - NE Forest Health Atlas

Metric: Mapped count 1997-
2020 (rescaled 0-100)

Scale: 30 m

Climate related only (Includes wind,
flooding, drought, frost, and snow/ice
events)

All Disturbances (Includes all recorded
disturbances (pests, pathogens, fire,
etc.))

Existing Data Layers

Edmundston

Quebec

Frede:

Montreal

Ottawa

Barrie

Teronto

Hamilton

f Pixel Values 25 50 100 Miles

T |

' All Disturbances
et

Mew York dE Value

100

B 0



Derived Data Layers

Quebec

Frederi

* Source: CCTA SHIFT maps Montreal
via Matthew Peters (USFS)

* Metric: Change in Relative
Importance Values (RIV) between o
current and GCM 4.5 and 8.5

scenarios — by species
* Scale: |00 m

Distribution of Pixel Values 0 25 50 100 Miles
[ |
Mean G4.52
ACSA GCM 4.5
Value
100

Std. Dev 26.75

Range [-100, 100]

N - 100



Climate Change Exposure - Methods
Aggregate Exposure — Species Level

Simple Additive Calculation Relative Climate Exposure
Sugar Maple

Low Emissions Scenario, All Disturbances Included

Exposure Score
Value

Maximum Exposure
B Minimum Exposure

0 375 75 150 Miles
i ey T |
Created by Lukas Kopacki, ArborVox (2022)

-100 400
Low Exposure High Exposure




Climate Change Exposure - Methods

Scenarios Run

Repeat for Scenarios:

Climate:
e Low Emissions
* High Emissions

Disturbance

* None

e Climate Related
o All

Input Layers (ACSA) ACSA- Specific
Aggregate Model

Sugar Maple _
(s e | - ABND

| -CLIM 2c -

+2 Degrees
Celsius Scenario

, et s | -ABND
+4 Degrees D \_X \ l -CLIM 2¢ -

Celsius Scenario

SOTARLE naoar i = BRI | -ABND
PCSH 1 -CLIM 2c -

, -ABND
| -CLIM 4c -

PCSH

| -ABND
| -CLIM 4ce -

| -ABND
| -CLIM 4c¢ -

-PCSH 2.5

Climate DIST

-PCSH 4.5

All DIST

-PCSH 4.5

No DIST

"PCSH 8.5

Climate DIST

"PCSH 8.5

AllDIST

"PCSH 8.5

No DIST




Low Emissions Scenario

Mean: |23.04 Quebec |

StDev: 30.245

Ottawa Montreal

\fo)
Disturbance

Taronto

Mean: |23.26 Quebec |

StDev: 30.146

Ottawa Montreal

Climate
Toronko
Related e
Disturbance

Maw Vark

Mean: 123.47
StDev:
30 | 39 va Montreal

All
Disturbance | s

Buff

Mew York

High Emissions Scenario

Mean: |22.92 Quebec
StDev: 28.628

Ottawa Montreal

Taronto
A

Mean: 123.14
StDev: 28.555

Ottawa Montreal

Taronto
LA,
::h

Mean: 123.34
StDev: 28.583

Ottawa Montreal

Toronto

Sugar Maple

Average exposure value: 123

* 2nd highest among modeled species

No significant difference between
low and high scenarios

High Exposure Regions: Mohawk,
Hudson, & Susquehanna Valleys;
eastern Catskills & White
Mountains

Low Exposure Regions: northern
VT and NH, western Catskills

issions, No Disturbance Scenario

N

A

Value

Maximum Exposure

B Minimum Exposure

0 2550 100
M




Distribution of Mean Exposure Value by Species

Species Change in Exposure Values, All Disturbance
Balsam Fir ] &

& High Emissions Scenario
Low Emissions Scenario

Red Maple - &

Sugar Maple

Yellow Birch

Black Birch

Paper Birch
American Beech
White Ash

Red Spruce
Eastern White Pine
White Oak
Chestnut Oak

Northern Red Oak 110 120
Eastern Hemlock Exposure Value

Exposure high but stable = climate “limbo”

Exposure increases with increasing emissions = climate "losers"

. o o . . — H n . "
Exposure decreases with increasing emissions = climate "winners




Climate Change Exposure - Methods

Aggregate Exposure — Stand Level (Ecosystem Aggregate)

For each 30m pixel
Z (All Species Weighted Exposures)

Z(All Species % Basal Area)
Species Exposure 3  Species % BA = Species

Weighted
Exposure

StDev: 30

Repeat for all species, sum

: Stand Level Exposure
weighted exposure scores

100 400
Low Exposure High Exposure



Climate Change Exposure - Methods

Aggregate Exposure — Stand Level (Ecosystem Aggregate)
Ecosystem Aggregate

High Emissions Scenario, All Disturbances Included

For each 30m pixel

Species Exposure 3£  Species % BA = Species

ey E Weighted
’ g Exposure

Created by Lukas Kopacki, ArborVox (2022)

Repeat for all species, sum

: Stand Level Exposure
weighted exposure scores

100 400
Low Exposure High Exposure




Ecosystem Aggregate

Low Emissions Scenario, All Disturbances Included

Mean: 109
StDev: 34

Exposure Score
Value

Maximum Exposure

B Minimum Exposure

150 Miles
Created by Lukas Kopacki, ArborVox (2022)

Low Emissions, All
Disturbance

* Average Exposure across all
species present in any given
pixel

* High stand-level Exposure :
*Catskills,
*Eastern Adirondacks,

*Southern Green/
Berkshire Mountains,

*White Mountains,
*Mohawk River valley

* Low stand-level Exposure :

* Coastal Massachusetts
(excluding Cape Cod),

*Northern Maine/ New
Hampshire,

*Hudson Highlands



Ecosystem Aggregate

High Emissions Scenario, All Disturbances Included

Mean: | 14
StDev: 33

Exposure Score
Value

Maximum Exposure
B Minimum Exposure

150 Miles
Created by Lukas Kopacki, ArborVox (2022)

High Emissions, All
Disturbance

A ~4% increase in
exposure was observed between 2c
and 4c scenarios across the region.

Driven primarily by increases at the
low end of exposure values
High stand-level Exposure :

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

* Mohawk River valley
* Downeast Maine

Low stand-level Exposure :
* Major river valleys
e Southern New York
* Coastal Massachusetts
* Northern Maine
* Hudson Highlands



Change in Exposure Values, All Disturbance

Acadian Plains and Hills (17.51%)

Edmupdston

N\

Mortheastern Highlands (50,

ME Coastal Zone (8.

rall Area)

Ridge and Valley (0.71%)

Owe

Atl. Coastal Pine Barrens (0.59%)

Trois-Rivieres

E. Great Lakes Lowlands {5.75%) L
Fredericton

M. Central Appalachians (1. *

Species { % of (

M. Allegheny Plateau (11.91%) ® High Emissions Scenario & Montreal

Erie Drift Plain (0.90%) Low Emissions Scenario Saint John
100 105 110 115
Exposure Value
Barrie
Yarmouth

Ecoregion

amilton Ecoregion (L3)

D iffe re n C e S g o — [ | Acadian Plains and Hills

I Atlantic Coastal Pine Barrens
Eastern Great Lakes Lowlands

(o
fO I" B Erie Drift Plain
TP 4 e

y | T [ | North Central Appalachians

E C O Syste m ( - F\" [ | Northeastern Coastal Zone
B Northeastern Highlands

|| Northern Allegheny Plateau

Agg regate . [: Northern Piedmont

sburgh - Ridge and Valley

Harrisburg e nFon



‘& Climate Change Exposure — Conclusions

*Across the region forested ecosystems will be
exposed to changing climate conditions, with
potential impacts on forest health, disturbance
patterns and competition dynamics.

°In our region, exposure is driven primarily by
changes in shoulder season climate metrics and
projected changes in suitable habitat




Climate Change Exposure — Conclusions

*Exposure differs across species

. "o . 1. Oak dominant — Mixed
*Potential exposure "winners": QUAL, QUPR, S -

BELE

*Potential exposure "losers": PIRU, ABBA
*Exposure stable/high: ACSA, PIST

*Exposure differs across the region Ecosystem Aggregate

High Emissions Scenario, All Disturbances Included

*High Exposure: Northeastern
Highlands, Acadian Plains and Hills

*Low Exposure: Southern NE and
NY, NE Coastal Zone

Created by Lukas Kopacki, ArborVox (2022)




Climate Change Exposure — Next Steps

*Exposure model validation vs forest inventory data
*Interpretation guide

*Stakeholder engagement:
* How is this data useful?

* Guidelines for integrating with targeted adaptive
management efforts?

*Data access and application support




'Climate Change Exposure — Data Access
Search... n

ADVANCED SEARCH

DATA MONITORING COOPERATIVE PRODUCTS & SERVICES ABOUT

Mapping Climate Change Exposure for Northeastern Tree Species

OVERVIEW DATASETS CONTRIBUTORS DOCUMENTS/IMAGES MANAGE

PROJECT OVERVIEW

+
lennifer Pontius +

Contributing Organizations







