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Climate Change and NE Forests 2100

Climate has changed over the past 100 yrs
Computer models project more change
Need to understand implic:

NE Forests 2100 isia coalitit
Canadian scientists brough

1. synthesize existing researc
of climate change impacts
northeastern NA, and

2. make this information avai
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Policy makers, land managers, citizens and scientists must grapple with what this change means for the future of NE Forests
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What makes NE Forests
2100 unique is...its focus
on forests!
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NE Forests 2100 has accomplished its first goal , publishing five climate change sysnthess in a 2009 issue fo Canadian Journal of Forest Research.
Over 40 co-authors and collaborators


Changing Climate, Changing Forests:
impacts of climate change in the Northeastern United
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Questions posed

1. How is the Climate of the Northeast Changing?

How is the Water Cycle of the Northeast Responding to
Climate Change?

3. How are Northeast Forests Responding to Climate
Change?

4. How is Biogeochemical Cycling in Northeast Forests
Changing with Climate Change?

5. How are Wildlife in Northeast Forests Responding to
Climate Change?

6. How are Nuisance Species of Northeast Forests
Responding to Climate Change?

Conclusions and Implications for Policy: Mitigating and
Adapting to Climate Change in Northeast Forests
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How is the Climate of the Northeast Changing?

How is the Water Cycle of the Northeast Responding to
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Conclusions and Implications for Policy: Mitigating and
Adapting to Climate Change in Northeast Forests



Approach

= First Principals

= Observed Changes
= Future Projections
" Implications



How are Climate and Hydrology in the
Northeast Changing?

Authors
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Observed Changes: Temperature

A1FI individual simulations

A2 individual simulations

B1 individual simulations
= A1F| ensemble average
- A2 ensemble average
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® Surface air temperatures have warmed by ~0.8°C over
the last century.



Observed Changes: Temperature

Seasonal Differences

\/

** Winter (DJF) temperatures have increased by +1.22C

*** Summer (JJA) temperatures have increased by 0.72C

Minimum temperature extremes warmed.

Minimum temperatures are increasing more than
maximum temperatures.

Diurnal temperature range decreased.



Observed Changes: Precipitation
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® Average annual precipitation increased by +9.5 cm
(¥9%) over the last century
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Observed Changes: Precipitation

CT2. |mW

|..
&f 80
CT-3

B) USHCN

Reagional
Precipitation Change

AA Chmate Division
Boundaries
Linear Change (1931-2000)
+13. D_’f Significance Level

(3) - Number of Stations included
AT {HCN only)

“ State-Division

" Trends in precipitation were highly variable in space
and time (data for 1931 to 2000; Keim et al. 2005)
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coastal regions generally had larger increasing trends than inland regions.
Ct & northern NH showed decreasing trends.
Most of the increases occurred in fall, winter and spring; little change in summer.
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Observed Changes: Precipitation

® Increase in the intensity and frequency of larger
precipitation events

® Increase in the duration of periods without rainfall
during summer months
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Summer drough is exacerbated by more limited recharge from spring snow melt
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Observed Changes: Stream Flow
" Flood peaks have increased

® Average annual streamflow has increased and timing
has changed

® Earlier dates for peak snowmelt discharge (1-2 weeks
earlier)
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Monthly streamflow increased in march but decreased in May, resultiing  in a more uniform timing of streamflow through snow melt season
High spring flow, as measured by the date on which half of the water discharged during the growing season has passed the gage)
Flood peaks = highest annual discharge)


Observed Changes: Snow

Greater % of winter precipitation occurring as rain vs
SNOW

Decrease in total # of days with snowfall

Decrease of 20 snow cover days

General decrease in showpack depth
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Observed Changes: Ice

" Total number of ice cover days has decreased
® Average ice thickness has decreased

® Ice out has advanced by 1-2 weeks
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Ice thickness at one lake  on or about Feb 28 has decresed by 46% (Huntington et al. 2003)
Ice out for 29 lakes in New England with 64 to 163 days of record (Hodgekins 2002)
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The 20" century climate of the
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Climate Projections - Models

Based on: 9 coupled AOGCMs

3 emission scenarios
low (B1)
mid-high (A2)
high (A1F1)

Monthly AOGCM output statistically downscaled to
daily values, with a resolution of 1/8°(150 km?)

Daily values were input to VIC model to simulate
EVT, run off, snow water equivalent, and soil
moisture

Hayhoe et al. 2007. Climate Dynamics
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Using a new statistical downscaling technique and simulations of twenty-first century climate from nine atmosphere-ocean general circulation models (AOGCMs) from the Intergovernmental Panel on Climate Change Fourth Assessment Report, Hayhoe et al. (2007) developed climate change projections for the northeastern U.S. 
VIC = variable infiltration capacity
A1FI (970 ppm by 2100)
B1 (550 ppm by 2100


Temperature Projections

A1FI individual simulations

A2 individual simulations

B1 individual simulations
- A1F| ensemble average
- A2 ensemble average
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® 2.9to 5.3°Cincrease by 2100

® Projected increases are higher for summer (JJA) than winter (DJF)
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These projections suggest that temperature will continue to increase by 2.1-5.3 °C by 2100, depending on whether a lower (i.e., B1) or higher (e.g., A1FI) green house gas emission pathway is followed. 


Precipitation Projections
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® 7to14% increase by 2100
® Projected increases are highest for winter (DJF; 12-30%).
" No projected increase for summer (JJA)
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While precipitation is more uncertain, projections indicate that annual and winter precipitation will increase by 7-14% and 12-30%, respectively, while summer precipitation is expected to show little change. 


Other Climate Projections

Earlier onset of growing
season by 7-10 days.

Overall increase in growing
season by 9-43 days.

Decline or elimination of
snowpack.

Overall increase in stream
flow.

Decreases in soil moisture
during summer (JJA).



f— _ In Sum:

The climate of the region is
P rojected to get warmer, wetter,

1 arier!: j




How is the Composition and
Productivity of Northeast Forests
Responding to Climate Change?

A u t h O rs Composition and carbon dynamics of forests in
northeastern North America in a future, warmer
world!

[ ] [ ]

. Jacquellne MOhan (Unlv. Jacqueline E. Mohan, Roger M. Cox, and Louis R. Iverson

Abstract

Georgia)
® Roger Cox (Canadian FS)
® Louis Iverson (USFS)




Forest Composition

® In general, expect
‘envelopes of tolerance’ to
move north in latitude and
higher in elevation, due to
changes in temperature
and rainfall.

® BUT, expect lags in
response due
reproduction, recruitment,
migration, other drivers (S,
N, Hg, O;, extreme events,
fire, etc.)




Observed Changes: Composition

upslope shift in

northern hardwood -
boreal forest ecotone
by 91 -119m (1954 - High elevation boreal forest
2004)

B Juryis out

» A ke e T RO
(Beckage et al. 2008. PNAS)
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Regional trends in land use, acid rain and soil base cation depletion may also play a role


- Forest Productivity

Increased productivity due to:

® Warmer temperatures
® Longer growing seasons
® €O, fertilization

® N Fertilization


http://farm3.static.flickr.com/2156/3539543804_9579232b8f.jpg�

Forest Productivity

Decreased productivity due to:
® Extreme climatic events
® “Acid Rain” :
® “N Saturation”
® Ozone
® Pest & Pathogens
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Observed Changes: Tree Declines

Table 4: Tree Decline and

Climate Factors

Decline History

Role of Climate

Other factors

References

Widespread declines
first reported in 1944

Maps of birch decline
areas coincide with areas
of experiencing extended
winter thaw cycles

None cited

Balch 1944
Bourque et al. 2005

Braathe 1995

26 widespread
decline episodes
reported between
1912 and 1986

Prolonged thaw-freeze
events and associated fine
root damage have been
implicated in sugar maple
decline

Insect and
disease

Changes in
soil nutrients

Millers et al 1989
Bertrand et al. 1994

Decker et al. 2003

Fitzhugh et al. 2003

Large areas of oak
mortality recorded
in New England and
the Appalachian Mts
in the early 1900s

Drought stresses have
been reported as
important initiating factors
in oak decline.

Insect
outbreak

Secondary
pathogens

Millers et al. 1989

White ash dieback
noted in across the
northeast since the
1920s

Drought and freezing
damage have been
identified as inciting
factors, with drought
playing a particularly
important role

Phytoplasmal
disease

Asian beetle,
emerald ash
borer

Millers et al. 1989

Poland and
McCullough 2006

Widespread decline
through the
Northeast from the
1960s, increasing
over the last few
decades

Reduced cold tolerance
leads to winter injury
which is intensified by
freeze-thaw events, rapid
rates of thaw and
subsequent exposure to
refreezing

Acid
deposition

Weather
anomalies

Friedland et al. 1984
Johnson 1992

Schaberg and
DeHayes 2000

Bourque et al. 2005
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Observed Changes: Tree Declines

Birch (spp.): extended
winter thaw
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extended freeze-thaw;
mid-winter thaws
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Red Spruce: late
freeze, freeze-thaw,
reduced cold tolerance

Oak (spp.): drought
Ash: drought




Climate and Vegetation Models

® Based on: 4 GCMs
® 2 emission scenarios
low (energy conservation)
high (current trajectory to 2050)
® Random Forests Model
FIA Data (134 species; over 100,000 plots)
7 climate variables
22 soil variables
5 topographic variables
4 land-use variables

lverson et al. Mitig Adapt Strat
Glob Change 2008
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VIC = variable infiltration capacity


Model Projections: Suitable Habitat

Scenario Decreased ||Unchanged Increased

Low emissions 48
scenario

High emissions
scenario

Average for 8
scenarios

Summary of decreasing and increasing species’ area of suitable
habitat by scenario for the NE USA.


Presenter
Presentation Notes
22-26 reduced habitat
18-36 no change
62-84 increased available habitat


Model Projections: Top-12 Most-Affected
Common Tree Species

Species Percent change
Black oak +333
White oak +268
Paper birch -87%
Quaking aspen -81%
Balsam fir -80%
Northern white cedar -73%
Big tooth aspen -72%
Yellow birch -68%
Red spruce -66%
Striped maple -65%
American beech -60%
Pin cherry -52%
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Suitable habitat estimates are based on the average-high emissions scenario described in Mohan et al. 2009. “Common species” are those with area-weighted importance values >1000.



Model Projections: By Species

Balsam fir - Abies balsamea
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Model Reliability

No change in distribution; negative change in suitable habitat.



Model Projections: By Forest Type
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Conclusions

m Climate change in NE is real.

m Regional models suggest that the climate of the NE
will become warmer, wetter, and drier. '

= The hydrology of the region has changed, is
changing and is projected to continue to change.

® These changes in climate and hydrology will have
profound and quantifiable impacts on forest
productivity and species composition (and wildlife,
“nuisance species”, and biogeochemistry) of
northern forests.



Questions posed

1. How is the Climate of the Northeast Changing?

How is the Water Cycle of the Northeast Responding to
Climate Change?

3. How are Northeast Forests Responding to Climate
Change?

4. How is Biogeochemical Cycling in Northeast Forests
Changing with Climate Change?
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Conclusions and Implications for Policy: Mitigating and
Adapting to Climate Change in Northeast Forests
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Questions posed

How is Biogeochemical Cycling in Northeast Forests
Changing with Climate Change?

How are Wildlife in Northeast Forests Responding to
Climate Change?
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How are Nuisance Species of Northeast Forests
Responding to Climate Change?

Conclusions and Implications for Policy: Mitigating and
Adapting to Climate Change in Northeast Forests
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Pew Research Center Poll
October 27, 2010

Opinions About Global Warming: 2006-2010

July Jan April Oct Oct

Is there solid evidence the 20060 2007 2008 2009 2010

earth is warming? So Sa %o %o Yo
Yes 79 rri Fl =7 oS
Because of human activity 50 47 47 36 34
Because of natural patterns 23 20 18 16 18
Don't know = 10 = = G
Mo 17 16 21 33 3.2
Mixed/Don't know 4 7 g 10 g

100 100 100 100 100




Thank you for your attention!

NE Forests - 2100

Understanding the Impacts of Climate Change on Northeastern Forests

Irustad @fs.fed.us
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