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SUMMARY

Ice storms are a recurring natural disturbance that effects our forests. Although their frequency in any
particular region is extremely low, ice storms occur in all parts of Canada except the North, but are
especially common from Ontario to Newfoundland. Heavy glaze storms are common across the U.S.
Mid-west to the eastern seaboard. Because of its uncharacteristic severity and extent, Ice Storm '98
caused extensive damage to the forests over a large geographic area.

This project was designed to search out and summarise all the relevant research information
regarding the effects of ice storms on natural forests and plantations, the recovery and mortality of
trees from ice storm damage, as well as management recommendation to minimise negative impacts.

An ice storms' effect on a particular forest will depend on the total amount of ice load, the duration of
the storm, as well as stand and individual tree characteristics. Damage is usually patchy, worse in the
northern, eastern and windward exposures. Damage caused by an ice storm can be intensified by
strong winds. Trees of different sizes generally suffer different damage. Saplings and small polewood
become badly bent. Polewood in many instances breaks below the crown. As diameter increases the
proportion of bent trees decreases until in large polewood the majority of damage is breakage. Larger
trees suffer mainly from loss of branches and breakage of the main stem.

The differences in susceptibility between species is related to the inherent characteristics of the
species including growth characteristics such as crown form, fineness of branching, branch angle,
crown size and wood strength. A table comparing species susceptibilities as recorded after numerous
storm events is presented.

The expectations of recovery for an individual tree can be related to the amount of crown loss due to
breakage. Hardwood trees are seldom killed by breakage. Many species will sprout prolifically to
recover from damage. Hardwood trees with greater than 75% crown loss are expected to die.
Conifers that have broken below the live crown, or that have had a majority of crown removed are not
expected to survive.

Managing forests according to prescribed silvicultural methods will, in most cases, produce healthy
trees that are less susceptible to damage from ice storms. In severely damaged stands where
salvage is necessary, operations should be carried out when the soil conditions are relatively dry to
prevent tree root and site damage. Residual stand damage should be avoided. If a stand is known to
be infected with Armillaria root disease salvage should be delayed until desirable crop trees have
recovered from storm damage.

Pine plantations should be planted at a wide spacing to encourage the growth of trees with sturdy
boles and strong crowns. Thinnings should start early, and be frequent. Severely damaged pine will
be susceptible to infestations by bark beetles and wood borers, and hence the introduction of stain.
These trees should be salvaged immediately.

From an insect and disease standpoint there is no immediate need to salvage standing hardwoods.
Stain and decay develop slowly in living trees. Any downed hardwoods should be harvested as soon
as possible; they will degrade within one or two seasons. With the exception of stands infected with
Armillaria root disease, trees with broken tops or branches larger than 7.6 cm in diameter should be
harvested during the next cutting cycle. When harvesting damaged trees the basal area should be
maintained above 15 m? /ha to maintain optimum volume growth and to minimise the formation of
epicormic branching.

Although the information provided by past studies of ice storm damage is extensive, there is very little
information about the long-term effects of ice storms on forests. Damage as severe and widespread
as that suffered as a result of Ice Storm '98 is unprecedented. Ice Storm '98 provides new
opportunities to continue past research and to initiate new research to fill information gaps.
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INTRODUCTION

This literature review is the synthesis of the published literature on the following topics:

1. The ecological and possible economic effects of ice storms on natural forests and plantations;
including where possible, the influences of past management.

2. The recovery and mortality of individual trees and forests after ice storm damage. A superficial
search of literature on wind and snow damage was also completed, as well as a search into some
of the biological functions of tree reaction to wounds, crown damage, defoliation, and increased
exposure.

3. Management recommendations of ice damaged woodlots and plantations to minimise negative
impacts.

Disease and insect implications have only been covered very superficially. A separate literature
search is being completed and will be available through the Ontario Forest Research Institute, Sault
Ste. Marie, Ontario, Canada. Literature specific to ice storm damage effects on sugar bushes and
maple syrup production can be found in "Sugar Bush Ice Storm Literature Synthesis" available from
the Ontario Ministry of Agriculture Food and Rural Affairs, Kemptville, Ontario, Canada.

An annotated bibliography of the complete literature search is available as a searchable electronic
database (Microsoft Access) from the Ontario Ministry of Natural Resources, South Central Science
and Technology Unit, Kemptville, Ontario.

ICE STORM DEFINITION

Glaze is a smooth coating of ice on objects. A deposit of glaze on an extensive scale constitutes a
glaze or ice storm. Typically, glaze or ice formation occurs when a winter warm front follows ground
level temperatures that are below 0°C (Lemon, 1961). For freezing precipitation to occur the
atmosphere must by properly layered: a layer of warm air, with temperatures above freezing, must be
sandwiched between layers of colder, below freezing air. Often in winter, the warm moist air overrides
the heavier, denser cold air found near the surface (Environment Canada, 1998). When rain falls, or
snow melts through the warm layer, it reaches the cold layer as rain. The rain droplets fall through the
cold layer and reach the ground as supercooled liquid (water droplets at a temperature below 0°C),
or, as a mixture of liquid and ice. As they land on cold objects such as tree branches, hydro lines etc
the supercooled rain droplets spread out and freeze almost immediately, forming a smooth thin layer
of ice (Environment Canada, 1998).

ICE STORM '98

Although their frequency in any particular region is extremely low, ice storms are a major hazard in all
parts of Canada except the North, but are especially common from Ontario to Newfoundland
(Environment Canada, 1988). Heavy glaze storms are common across the U.S. Mid-west to the
eastern seaboard (Lemon, 1961). The severity of an ice storm depends largely on the accumulation
of ice, the duration of the storm and the size of the affected area. Based on these criteria, the ice
storm in January 1998 was the worst ever to hit Canada in recent memory (Environment Canada,
1998). From January 5-10, 1998 the total water equivalent of precipitation, comprised mostly of
freezing rain and ice pellets exceeded 85 mm in Ottawa, 73 mm in Kingston, 108 mm in Cornwall and
100 mm in Montreal (Environment Canada, 1998). Winds during this period were generally from the
northeast, and ranged between 7 and 24 km/hr with gust up to 35 km/hr. A thaw on January 10
reaching across the southern portion of the affected area began melting some of the accumulated ice
from trees and hydro lines.

The Ice Storm of '98 was unprecedented not only in the amount of ice deposited, but also in its
duration and expanse. On average, Ottawa and Montreal receive freezing precipitation on 12 to 17
days a year. Each individual incident lasts for a few hours at a time, for an annual average of between



45 to 65 hours. During Ice Storm '98 the accumulated hours of freezing rain and drizzle was over 80
hours (Environment Canada, 1998). In most cases freezing precipitation is described in terms such
as "a line of', or "scattered incidences of'. At the peak of the Ice Storm '98 the area of freezing
precipitation extended from Muskoka and Kitchener in Ontario through eastern Ontario, western
Quebec and the Eastern Townships to the east coasts of New Brunswick and Nova Scotia
(Environment Canada, 1998). In the United States, the ice storm spread across the states of New
York, Vermont, New Hampshire, and Maine.

PAST STORMS

In comparison, the Ice storm that affected Monroe County in the vicinity of Rochester, New York in
1991 was "the most severe on record". It recorded the most freezing rain 1.5 inches (38 mm); ranked
second in the recorded accumulation of glaze (0.75-1 inch (19-25 mm)) and had the fifth longest icing
event (22.6 hours). During the height of the storm the Rochester weather office reported northeast
winds gusting to 24 miles per hour (38 km/hr) (Sisinni et al, 1995).

The most recent ice storm events that occurred in the area affected by Ice Storm '98 occurred in
December 1986 depositing 30 mm of ice on Ottawa, and in February 1961 depositing 40 mm of ice
on Montreal (Environment Canada, 1998).

The reporting of the weather conditions, ice accumulations as well as the assessment of damage to
trees has been inconsistent in methodology making it difficult to directly compare the severity of the
storms and their corresponding damage.

The effects of severe ice storms have been studied in Manitoba (Cayford and Haig , 1961 a & b),
Ontario (Borzon et al 1978; Dance and Lynn, 1963), Quebec (Melancon and Lechowicz, 1987), P.E.I
(Glen, 1997), in the mid-western United States (Bruederle and Stearns, 1985; De Steven et al, 1991)
in the Appalachian region (Downs, 1938; Spaulding and Bratton, 1946; Carvell et al, 1957; Lemon,
1961; Siccama et al, 1976; Whitney and Johnson, 1984; Boemer et al, 1988; Seishab et al, 1993;
Rebertus et al, 1997) and in the Southern States (McKellar, 1942; Van Lear and Saucier, 1973;
Williston, 1974; Shepard, 1978; Shepard, 1981, Belanger et al 1993). Table 1 is a summary of ice
storm events that have been reported or studied. Only those storms about which some
meteorological detail is given were included.

ICE STORMS AND FORESTS

Ice storms must be recognised as important and recurring natural disturbances within our forests
(Lemon, 1961; Smith and Musser, 1998). Although their occurrence in any one location is spotty and
unpredictable, the records suggest that glaze events are among the most frequent forest
disturbances (Lemon, 1961). Ice storms of various magnitudes occur in northern New England states
twice per decade (Smith and Musser, 1998). Major ice storms, with a return time of 20-100 years
(Lemon, 1961; Melancon and Lechowicz, 1987), are considerably more frequent than similar natural
disturbances such as windstorms or fire which have a return time of 100 to 1,000 years (Melancon
and Lechowicz, 1987; Smith and Musser, 1998)

Damage from an ice storm is usually patchy because numerous geographic and climatic factors affect
them: 1) elevation differences; 2) proximity to bodies of water; 3) inclination and aspect of slope; 4)
composition of the ground surface; 5) direction and velocity of the wind (Bruederle and Stearns,
1985).



Table 1: A comparison of ice storm events studied in literature®

Location Year Extent Severity/ice accum Reference
(as described in
literature)?
North Carolina 1934 severe damage in an approximately "severe" Abell, 1934
42 square miles
New York 1936 6,000,000 acres (2,428,200 ha) " damage most severe Downs, 1937; Downs,
Pennsylvania where there was 3 inches 1938
(7.6 cm) or more of
precipitation”, no wind
Quebec 1942 Montreal region "comparable to 1983 storm" Melancon and Lechowicz,
1987
New York 1942-43 St. Lawrence, Mohawk and Hudson "ice accumulation between Lemon, 1961
River Valleys 0 and 1 inch"
New York 1949 eastern New York "gradients of zero to 2 Lemon, 1961
inches (0-5 cm) inice
thickness"
Connecticut 1940 "belt 5-10 miles (8-16 km) wide "heavy sleet storm" Kienholtz, 1941
parallel to and inland 1 to 10 miles
(1.6-16 km) from the coast"
West Virginia 1956 Cheat Mountain range "spectacular, very severe", Carvell et al, 1957
severe injury to trees above
2,100 feet (640 m) elevation
Manitoba 1958 Sandilands Forest Reserve (approx "layer of ice up to | inch Cayford and Haig, 1961 a;
thick”
40,000 acres (16,188 ha)),areas ",winds up to 38 m.p.h. (61 Cayford and Haig, 1961b
above 1,200 feet (366 m) elevation km/hr)"
Quebec 1961 Montreal region "comparable to 1983 storm” | Melancon and Lechowicz,
1987
lowa 1961 large section of central lowa "heavy ice storm, Goebel and Deitschman,
accompanied by wind, 1967
inflicted severe damage to
trees"”
New Jersey, 1973 "extensive " New Jersey, "worst ice storm in Siccama et al, 1976
Pennsylvania, New Pennsylvania, New York, southern history ...2.23 cm (0.8 ") of
York, southern new new England precip, 1.78 cm (0.7 ")
England glaze, winds 47 km/hr (29
m.p.h.))
Wisconsin 1976 "extensive", wide arc from the "as much as 5 inches (12.8 Bruederle and Stearns,
Mississippi River to Lake Michigan cm) of glaze formed" 80.6 1985; DeSteven et al, 1991
km/hr (50 m.p.h.) winds
Ontario 1977 160 ha (400 acres) Northumberland 11 cm (4.3 ") pecip Borzon etal, 1978
County
Arkansas 1978-79 3.6 million acres (1.5 million ha) "destructive" Fountain and Burnett, 1979
Georgia 1983 all of central Georgia "average ice storm total Belanger et al, 1996
precip 1.38-1.9 inches (3.5-
4.8 cm) avg wind speed 10
m.p.h. (16 km/hr)"
Quebec 1983 Montreal region "severe ice storm glaze Melancon and Lechowicz,
accumulation of 15mm (0.6"), 1987
accompanied by winds
up to 18 km/hr (11 m.p.h.)"
Ohio 1986 Neotoma Valley (72 ha) "3cm (1.2 ") of glaze Boemer et al, 1988
deposited"”
lllinois 1990 Champaign-Urbana 1.8" (4.6 cm) rainfall, ice Hauer et al 1993
accumulations of /Z to'/<"
(1.3-1.9cm)
New York 1991 19740 km* "described as a 50-100 year | Seischab etal, 1993;
storm ...deposited ice ...of at | Sisinni etal, 1995
least2 cm (0.8")"
Virginia 1994 severe "heavy loading Amateis and Burkhart,
followed by high winds" 1996
Missouri, Kansas 1994 area covering approximately 400 x "major ice storm... 4.62 cm Rebertus et al, 1997

and lowa

150 km

(1.8") of precipitation,
coating trees with 2.5 cm
(1") of ice"

*Only events about which details were given regarding extent and severity of the storm were included.
2storm descriptions are directly quoted from literature.
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Damage is usually found to be worse in north and eastern slope exposure where there is a colder
microclimate (Abell, 1934; Downs, 1938; Seischab et al, 1993). Trees that grow on steep slopes are
more likely to develop asymmetrical crowns which accumulate ice and snow unevenly, resulting in
greater breakage (Sanzen-Baker and Nimmo, 1941; Bruederle and Stearns, 1985; Boemer, 1988;
Seischab et al 1993; Nykanen et al, 1997). Generally, trees that are open grown, found in fencerows,
or along forest edges suffer more severe damage (Sanzen-Baker and Nimmo, 1941; Seischab et al,
1993; Williston, 1974).

The damage caused by an ice storm can be intensified by the presence of strong winds (Downs,
1937; Dueber, 1941; Carvell et al, 1957; Lemon, 1961; Hough, 1965; Shepard, 1975; Bruederle et al,
1985; De Steven et al, 1991; Hauer et al, 1994; Amateis and Burkhart, 1996). A moderate
accumulation of ice combined with strong winds has the same effect as a heavier deposit with gentle
winds (Lemon, 1961). Damage on the windward exposure of a storm has been documented as more
severe (De Steven et al, 1991; Sanzen-Baker and Nimmo, 1941; Carvell et al, 1957; Borzon et al,
1978; Bruederle and Stearns, 1985). Sanzen-Baker and Nimmo (1941) found that where the ground
was frozen it held the roots of trees, in most cases preventing windthrow.

TYPES OF DAMAGE

Ice accumulation usually ranges in thickness from trace to approximately 1 inch (2.5 cm). Severe
storms may deposit greater accumulations than this (Lemon, 1961). Ice accumulation between ¥ to
Y2 inch (0.6 -1.3 cm) will cause small branches and week limbs to break. Accumulations of greater
than %2 inch (1.3 cm) cause larger branches to break, resulting in extensive damage (Lemon, 1961).
Branches break when the weight of the ice exceeds wood resistance, or, when constant loading
further stresses a weakened area in a branch (Hauer et al, 1994).

Trees of different sizes generally suffer different damage. Saplings and small polewood become
badly bent. Polewood in many instances breaks below the crown. As diameter increases, the
proportion of bent trees decreases until the majority of damage in large polewood is breakage. Larger
trees suffer mainly from loss of branches and breakage of the main stem within the crown (Abell,
1934; Downs, 1938; Sanzen-Baker and Nimmo, 1941; Cayford and Haig, 1961b; Kienholz, 1941). In
severe cases all side branches can be stripped leaving only the main trunk (Spaulding and Bratton,
1946). Breakage is the most common type of storm damage (Barry et al, 1993; Nykanen et al, 1997).

FACTORS AFFECTING SUSCEPTIBILITY

Similar glaze conditions affect trees of different species to different degrees. The differences in
susceptibility between species is related to the inherent characteristic of the species including growth
characteristics such as crown form, fineness of branching, branch angle, crown size, and to some
extent the mechanical strength of wood (Bruederle and Stearns, 1985; Boerner et al 1988).

Crown exposure to glaze affects a trees' susceptibility to damage. Compact, cone shaped crowns
expose a small proportion of their lateral branches to ice accumulation (Dueber, 1981; Bruederle and
Stearns, 1985). For this reason conifers generally suffer less damage than hardwoods (Dueber, 1941;
Carvell et al, 1957). Broad, flat crowns such as in American elm expose a large surface area of
branches and usually suffer severe damage. Large crowns, or those that protrude from the canopy
also have an increased exposure to glaze and suffer more damage (Bruederle and Stearns, 1985;
Hauer et al, 1993).

Early successional species exhibit excurrent growth (trees with a main axis or trunk extending to the
top of the crown e.g. spruce) in early years and slowly change to decurrent form as they respond to
competition. These species are consistently susceptible to glaze damage (Lemon, 1961; Bruederle



and Stearns, 1985). Trembling aspen, black cherry, and white birch exhibit this trait and were all
severely damaged during the Ice Storm '98 (Ontario Ministry of Natural Resources, 1998f).

Decurrent form tends to have upward branching with acute angles, resulting in lower overall exposure
to glaze (Bruederle and Stearns, 1985). Horizontal branching increases susceptibility to glaze
damage. Species with opposite branching (e.g. ash) tends to have wide branch and twig angles
(approaching 90 degrees) and suffer greater damage (Lemon, 1961; Bruederle and Stearns, 1985).
Wide branch angle combined with large coarse twigs and brittle wood appear to explain the heavy
damage sustained by species of ash.

The amount of ice a tree species can accumulate is proportional to its crown surface area in winter
(Lemon, 1961). Trees with numerous small branches and twigs have a large crown surface area and,
therefore, can accumulate larger amounts of ice than trees with fewer twigs (Bruederle and Stearns,
1985; Hauer et al, 1993). The type of damage is dependent on the size of twigs. Small twigs are
relatively flexible and tend to bend with ice accumulation. Glaze remains on the twigs and the weight
is concentrated onto the larger branches that may break under the stress (e.g. sugar maple, elm
species, and American beech). Large twigs (e.g. hickory, ash) accumulate less glaze per unit
diameter, but are less flexible, and tend to snap at the ends more readily than fine branches (Dueber,
1941; Bruederle and Stearns 1985).

On an individual tree basis the age and presence of decay also determine susceptibility to glaze
damage. Decay and insect damage are positively correlated with glaze injury, with age compounding
the effects (Bruederle and Stearns, 1985). Older trees are more susceptible to injury due to an
increase in crown size, internal decay, and a decrease in the flexibility of branches (Bruederle and
Stearns, 1985). Van Lear and Saucier (1973) and Shepard (1981) found stem breakage in Southern
pine was often associated with fusiform rust cankers.

Position within the canopy also plays a role in a trees susceptibility. Dominant and co-dominant trees
suffer most; there is almost no breakage in intermediate and suppressed trees (Carvell et al, 1957;
Rebertus et al, 1997). The most common damage suffered by understory trees is bending of the main
stem (Siccamma et al, 1976; Whitney and Johnson, 1984; Boerner et al, 1988). The resistance of
ironwood to glaze is attributed to its location in the understory (Bruederle and Stearns, 1985). Based
on mechanical wood strength, branch pattern and twig size, the species should be susceptible to
damage.

Numerous authors have noted a difference between damage that is a direct result of ice accumulation
on branches (primary damage) and damage that is a result of impact from other trees, or parts of
trees falling on them (secondary damage) (Campbell, 1937; Boerner et al, 1988). Among all species
the degree of direct damage was positively correlated with tree height, tree diameter and canopy
crown diameter (Boerner et al, 1988). No correlation could be found between secondary damage and
any biological or physical parameter measured (Boerner et al, 1988). The probability of a tree
suffering secondary damage is related to its position in relation to trees susceptible to primary
damage (Boerner et al, 1988).

There has been no direct correlation found between mechanical wood strength and susceptibility to
ice damage (Dueber, 1941; Carvell et al, 1957; Lemon, 1961; Bruederle and Stearns, 1985; Hauer et
al, 1993). Wood strength is of obvious significance, but a species susceptibility cannot be correlated
with this property alone (Bruederle and Stearns, 1985).

Table 2 provides a summary of susceptibility ratings for different species as they are presented in
literature.



Table 2: Species susceptibility as presented in literature

Location Reference low susceptibility Intermediate Highly susceptible
North Abell, 1934 hemlock, white pine black oak, white oak black locust
Carolina

red maple

scarlet oak
New York Downs, 1938 hemlock American elm, American aspen, basswood,
Pennsylvania white pine beech, birch spp black black cherry, willow

white cedar locust, red maple, yellow

ash, hickory, Norway pine,
spruce, sugar maple,
sycamore, white oak

poplar,
black gum, cucumber,
magnolia

England Sanzen-Baker American elm, cedar, fir spp, | oak spp alder, American beech, ash,
and Nimmo, Norway spruce, birch, Douglas fir, European
1941 larch, poplar, Japanese
larch,
Scot pine, Sitka spruce,
sycamore
Connecticut Kienholtz, 1941 red pine, Scots pine, white jack pine
pine
West Virginia Carvell et al, American beech, hemlock, black oak, red maple, black cherry, chestnut oak,
1957 hickory spp, red pine, red sassafras, scarlet oak, red oak, yellow poplar
spruce, Scotch pine, white white oak
pine
New York Lemon, 1961 red spruce, shagbark American beech, gray birch, | American elm, basswood,
hickory, hemlock, black cherry, butternut,
white ash, yellow birch red oak, sugar maple, eastern cottonwood,
tuliptree, silver maple
white pine
Manitoba Cayford and balsam fir, balsam poplar, black spruce, cedar jack pine
Haig, 1961b green ash, larch, trembling
aspen, white birch, white
spruce,
lowa Goebel and eastern red cedar, Norway Austrian pine, American elm, | Scots pine, white pine
Deitschman, spruce, other spruce spp. basswood, cedar, oak
1967
Wisconsin Bruederle and basswood, bitternut hickory, | American beech, red maple, | American elm, black ash,
Stearns, 1985 shagbark hickory red oak, black cherry, hackberry,
sugar maple largetooth aspen, slippery
elm,
tamarack, trembling aspen,
white ash, white birch,
yellow birch
Virginia Whitney and hickory chestnut oak, red maple, black oak, pitch pine,
Johnson, 1984 scarlet oak , white oak Virginia pine, yellow poplar
Ontario Borzon etal, larch white pine jack pine, red pine,
1978 Scots pine
Ohio Boemer et al, elm spp, tuliptree, American beech, black hemlock, pitch pine
1988 yellow birch cherry, red oak, red pine
white ash, chestnut oak, sycamore
red maple, white oak
New York Seischab et al, American elm, green ash, American beech, basswood, | black cherry ,red oak,
1993 hemlock, largetooth aspen, red maple, | sassafras,willow
hickory, white ash, white oak | sugar maple
Missouri Rebertus et al, black walnut , ironwood, black oak, red elm, American elm, basswood,
1997 shagbark hickory serviceberry, white ash bitternut hickory, red oak,
sugar maple,
Quebec Gouv du balsam fir, black spruce, white cedar American beech ,American

Quebec, 1998

hemlock, ironwood, red pine,
red spruce, shagbark
hickory, tamarack, white
pine,

white spruce,

elm, basswood, , black
cherry, butternut, gray birch,
hard maple, Manitoba
maple, pitch pine poplars,
red maple, red oak,

silver maple, slippery elm,
white oak, willows
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DAMAGE SPECIFIC TO PINE PLANTATIONS

Similar to other forest types, the damage in pine plantations is dependent on the size of the tree.
Seedlings and small polewood bend, polewood and larger trees tend to break, either mid crown or
below the crown. Some trees become uprooted (Williston, 1974; Downs, 1943). Bending in young
plantations may be severe, but most trees recover (Downs, 1943; Cayford and Haig, 1961b; Borzon
et al, 1978). Downs (1943) found that in dense stands 2-6 inches d.b.h. (5-15 cm), bending was
prevalent with some uprooting. In stands with stocky individuals with vigorous crowns, damage was
light and limited to slight bending and a little top breakage. Bole and top breakage, as well as
uprooting were the most common damage in stands 6-10 inches d. b. h (15-25 cm). Generally, stocky
trees (with a low height/diameter ratio) resist damage from ice, snow and wind better than tall spindly
trees (Keinholtz, 1941; Downs, 1943; Shepard, 1978; Cremer et al, 1982).

Recently thinned plantations are particularly susceptible to damage by ice and wind storms (Downs,
1943; Sanzen-Baker and Nimmo, 1941; Shepard, 1975; Shepard, 1978; Shepard, 1981; Williston,
1974; Borzon et al 1978; Cremer et al, 1978; Fountain, 1979; Burton, 1981; Belanger et al,1996).
Shepard (1978) found that row thinned plantations were more susceptible to damage (57.6% of trees
damaged) than selectively thinned plantations (8.9% of trees damaged). He also hypothesised that
ice storm damage in a stand that had undergone a recent heavy selective thinning would be similar to
that found in a row thinned plantation.

Overstocked or dense plantations suffer more severe damage than more widely spaced plantations
with trees with sturdier boles and well developed canopies (Sanzen-Baker and Nimmo, 1941; Downs,
1943; Cayford and Haig, 1961a; Borzon et al, 1978; Burton, 1981; Cremer, 1982). In dense stands
the majority of the damage is to trees that are larger than average, which suffer severe crown
breakage (Shepard, 1975). Amateis and Burkhart (1996), however, found no relationship between
stand density and severity of damage. They noted, however, that the damage they were studying was
the result of a severe storm with heavy ice loading, followed by high winds.

In dense, spindly stands where the crowns support each other, ice matts the trees together and can
bend over and collapse entire sections of the stand (the domino effect) (Borzon et al, 1978; Kienholtz,
1941). Harrington and DeBell (1996) described similar findings in young, dense hybrid poplar
plantations.

ASSESSMENT METHODS

Individual tree assessment forms the basis for most forest health research. The comparability of data
between studies depends on the consistency and accuracy of the data collected. The methods used
for assessing forest health are usually based on the crown transparency and crown discoloration in
individual trees. Problems with standardisation of assessment procedures and collection of objective
data have been noted in past research (Innes and Boswell, 1989; Innes, 1993). They note that rates
of "defoliation" in differe