Why lce Storms Aren’t Cool:

New Research at the Hubbard Brook Experimental Forest
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Why Do We Care?

Why Do We Care About Ice Storms?
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(°C relative to 1850-1900, as an
approximation of preindustrial levels)

Extreme Pistribution Global Large-scale
weather J of impacts aggregate singular
systems events impacts events

Level of additional risk due to climate change

Undetectable Moderate




Why Do We Care?

ATTRIBUTION OF

Extreme Weather Events

IN THE CONTEXT OF

Climate Change
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lce Storms are major agents of disturbance in
north temperate and boreal forest ecosystems.




Average Annual Number of Days of Freezing Rain

lce storms are prevalent in ice storm belt from TX
to New England.




Why Do We Care?

Table 1. Major ice storms of the northeastern
United States and Canada.

Year Dates Areas most affected

1886 Jan, 28-29 NH, ME

1921 Nov. 26-29 RI, MA

1929 Dec. 17-20 NY, NH, ME

1936 Mar. 17-19 NY, PA

1942 Dec. 29-30 CT, MA, VT, NH,NY

1948- Dec. 31-Jan.5 NY

1953 Jan, 8-11 PA NY, CT

1964 Dec. &4-11 NY, MA

1969 Dec. 26-27 MA,NH, VT

1973 Dec. 16-17 cT

1976 Mar. 2-5 NY
Jan. 8-25 ME, NH
Dec. 13-14 NY, QC
Feb. 14-15 NH
Mar. 3-6 NH, VT, NH, ME, QC
Jan. 4-10 NY, NH, VT, CT, QC, ON
Dec. 11-12 NY, NH, MA, ME, VT, CT
Dec. 20-23 NY, VT, ME, QC, ON

Extreme lce Storms have return intervals of 35-85 years

Moderate Ice storms have return intervals of 5-10 years
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Account for roughly 60%
of winter storm losses
within the United States.

Have caused more than
$16.3 billion in insured
property losses between

1949 and 2000.

Maijor infrastructure
disruption.

Loss of Life.




Why Do We Care? What Do We Know?

Local Conditions for Ice Storms

Cold Air

KLU \A/ o rm Air

Cold Air

Temperature (°C)




Cold Air Damming/Override



http://www.usatoday.com/weather/tg/wcolddam/wcolddam.htm
http://www.usatoday.com/weather/tg/wcolddam/wcolddam.htm

Why Do We Care? What Do We Know?

Future Projections

Cheng et al. 2007

Possible impacts of climate change on fwezmg rain in south-central
ada using dewnscaled future climate
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Used statistical downscaling techniques for 15 sites during period
1959 — 2001.




Why Do We Care? What Do We Know?

Future Projections
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Fig. 5. Mean three-month total number of freezing rain events that occurred =1, =4, and =6h dunng a day under the current climate during
the period December—Febmary, 1961-2000 (the left two bars) and future time periods (2040-2069, 2070-2089) (the nght two bars). OBS
represents observation and HIS is CGCM historical mns.
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Statistical downscaling techniques suggest 40-85% increase in
freezing rain by 2050s




Why Do We Care? What Do We Know?

Future Projections
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Statistical downscaling techniques suggest 40-85% increase in

freezing rain by 2050s



Why Do We Care? What Do We Know?

Forest Susceptibility to Ice Storm

Damage
Tree Characteristics Weather Variables
Mechanical properties of Temperature during
wood storm
Canopy architecture Temperature after storm

Hardwood VR Soil moisture /saturation

prior to storm

Wind speed and
Regeneration Pattern duration after storm

Rooting Depth




Jan4-10, 1998

Northeastern US and
southeastern Canada

>40,000 sq miles

3.1 — 5.1 inches ice B
~ $2.2 Billion

44 fatalities




“The Ice Storm” of 1998

Hubbard Brook Studies

Canopy leaf area (Rhoads et al.

2002).

Canopy structure, regeneration,

and species composition (Weeks
et al. 2009).

Fine roots (Rhoads et al. 2002).

Soil temperature, (Likens et al.
2004).

Soil moisture and N dynamics
(Houlton et al. 2003).

Soil solution and stream water
nitrate (NO,-) (Houlton et al.
2003). A




Why Do We Care? What Do We Know?

“The Ice Storm” of 1998

Regional Studies

20-100% least damage
maple and ash survived
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Tree Survival and Growth start with survived

Following Ice Storm Injury
o oo ok oy e AR Trees with deep, healthy root

Introduction

- ane re r 7 2 o
Neardy 25 million acres of forest from northwestern New York and southern Quebec to the south- S Ste m S S U r V I Ve d
central Maine coast were coated with ice from a 3-day storm in eady January 1998. This storm was y
unusual in its stze and the duration of icing. Trees throughout the region were injured as beanches

and stems broke and forks split under the weight of the ice. These injuries reduced the size of tree
crowns and expased wood to infection that can lead to wood decay.
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Northoastern
Research Station
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lce storms are major causes of disturbance.
#  They occur around the world.
We understand local meteorological conditions.

We are beginning to understand larger scale

. conditions.
We know something about impacts on forests.

We have some understanding of how forests

recover from these events.




Why Do We Care? What Do We Know? Need to Know?

What Do We Need to Know?

What will be future
occurrences, extent, and
severity of ice storms?

What are the short-term
direct and indirect physical
and biogeochemical impacts
of ice storms?

What are longer-term

legacy effects on forest
structure and function?




Why Do We Care? What Do We Know? Need to Know? New Research

New lce Storm Experiments
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What Do We Know? Need to Know? New Research

Why Do We Care?

Pilot ISE - 2011
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Lindsey E. Rustad and John L Campbell
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- Why Do We Care? =~ What Do We Know? =~ NeedtoKnow? ~ New Research
Experimental Design




Feb 9, 2011 from 7:00 to 10:30am (1:45 on each plot)
Temperature range (7 to 16 °F)

Spray reached top of canopy (~60 ft)







Ice Accretion
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Why Do We Care? What Do We Know? Need to Know? New Research

Fine and Coarse Litter (g C m?)

Ice Storm Experiment 1998 Ice Storm* Annual Mean*
Fine Litter (<2 cm) 142 + 29 —_ 171
Coarse Litter (>2 cm) 217 £ 107 434+* 20

*Fahey et al. 2005
**Most severely damaged zone




Crown Injury

B |ce Storm Experiment
. \WS1 (1998 Ice Storm)
3 WS3 (1998 Ice Storm)
. \WS6 (1998 Ice Storm)

Trees (%)

1 2 3

Injury class

Injury classes:

1 = no damage

2 = 1-50%
3 =50-75%
4 =75-99%
5 = dead




Why Do We Care? What Do We Know? Need to Know? New Research

Hemispherical photographs
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Treatment Control
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A novel ice storm manipulation experiment in a
northern hardwood forest

Uindsey E. Rustad and John L Campbell
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Understanding the Impacts

of lce Storms on Forest Ecosystems
of the Northeastern United States
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Full ISE!

Resampling

1998 Plots

Experimental Broader

Impacts

Climate &
Biogeochemical
Modeling




Why Do We Care? What Do We Know? Need to Know? New Research

Global Climate Models

Do we expect to see a change in frequency and
severity of ice storms in the northeastern US?

1. Use advanced machine
learning techniques to build
classification models to
determine large-scale
atmospheric circulation
patterns resulting in ice
storms.

2. Apply classification models to
global climate models (GCM)
to hind cast ice storms.

3. Apply classification models to
GCMs to project future

occurrence of ice storms. .
Katharine Hayhoe




Resampling the 1998 Ice Storm Plots

How have northeastern forests recovered from the lce Storm
of 1998 18 years later?




Ice-affected Areas in ME,
January Ice Stor




- Why Do We Care?
Will provide insights

forest resilience to an
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lce Storm on a Northern Hardwood Forest at Hubbard

- Why Do We Care? ~ What Do We Know? =~ NeedtoKnow? =~ New Research
lce Storm Experi



Why Do We Care? What Do We Know? Need to Know? New Research

Approach:

10 60 x 90 ft plots in Hubbard Brook Valley

Treatments:

1. reference

2. 0.25 inch glaze ice in one event in year 1

3. 0.5 inch glaze ice in one event in year 1

4. 0.75 inch glaze ice in one event in year 1

5. 0.5 inch glaze ice in one event in year 1 & 2

Monitor soil climate, chemistry, vegetation response
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lce Storm Experiment Plots
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Why Do We Care? What Do We Know? Need to Know? New Research

Instruments and measurements

* Resample Plots
* 2 soil respiration collars
* Lysimeter
* Ground water well

* Trace gas

3 soil temperature and moisture probes (5 cm, 10 cm, 30 cm)

Litterfall
* Coarse woody debris (CWD)
* Destructive Sampling Plots
* Root ingrowth cores
* Nitrogen mineralization
* Foliar and woody litter decomposition
* CWD
* Plot Level
* Foliar sampling
* Tree cores: carbohydrate storage and dendrochronology
* Forest Inventory

* LAI/Canopy openness




|Pho'ro credits: Joe Klementovich










Photo credits: Joe Klementovich & Lindsey Rustad
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Plot Data

Target Ice
Treatment Diameter | Measured Icef§ Ice Density Throughfall
Date Diameter (in) depth (in)




Rapid Initial Recovery from lce Loads?










Broader Impacts

1. lce Storm R
2. Video ar

3. Univers
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