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1. INTRODUCTIONR

The central and norchernm portions of the
soucheasrern Uniced States of Loulziana, -
Mississippi, Alabama, Georglia and Scuth
Carolina erratically experfience Lce storms
wiiich can cause considerable damage to southern
pines (Lemon, 1961; Williston, 1%74). These
storms wusually occur when a winter warm frontc
moves over the arsa and mixes with air that iz
below freering near the surface. As liguid
precipitation strikes the cold surface,
freezing occurs upon centact foraing a glaze of
ice on vegetation. If sufficlenc Lce bullds
up, considerable damage, especizlly to
long-needled coniferous trees can occur as the
weight of the ice causes branches to break.

The cultivazion of warious southern pine
species Ls a signiflcanc compenent of the
forest induscry in the soucheastern United
States.  Williston {l974) has shown that slash
plnes are very suscepcible co {ce-scorm damage
and that the widely cultivated loblolly pine
{Pinus taeda L.} can also experience
significant damage. Because loblolly pine is a
commercially lmportanc specles, several studies
of the ralacionship between this specles and
ice storms have been undertaken (Brender and
Romancier, 1945; Shepazd, L1%75).

Damage to a cree froo an ice starm can be
remparary whereby the negacive impact
influences the tree for less than a year, or
the damage can be mere permanent affecting the
growth of tha tree for the remaindar of fts
1ife. Temporary damage usually occurs from the
breakage of limbs and branches from the crown
of the tree, Two limircations are placed upen
the groweh of the trae as a result of
breakage., Flrse, an opening for dizeasze to
penecrace the tree iz cresated (Maniom, 1%71).
Seconaly, the decreased crown area results in
che production of fewer photosynthates. A more
compact crown and reduced rates of
photesynthesis cause a reduction In the growch
rate of the tree for the following summer
¢(Lemon, L96L%.  Such a reduction In growth will
result {n a narrower trea ring for that year.

Trees can alsc be permanently deformed by
lee szcorms.  The welght of the ice can cause a
tree to hend to a poinc in which it I{s5 unable
to regain lvs original form afrer the ice has
meloed, In addizion, a few large branches on
one side may break, producing asymmecry. Both
of chese processes resulc in uneven growth
which should be apparent in che cree rings.
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The purpose of the present scudy L3 to
determine Lf the occurrence of ica storms has
ann important impact on growth rates and,
therefore, tree-rving widtha for loblolly pines
in northern Georgla. Bacausa only haalthy
trees wore used ‘In the dendrochroneleogical
analysis, this study will focus only on tha
temporary damage of {ce storms, whereby it i3
hypothesized that che oeceurrence of an fce
storm will cause lessz growch and, therefore, a
narvewer tree ring for the subszequent growing
Season.

2. TREE-RING CHRONHOLOGY AND CLIHATE
"\ RELATIONSHIZPS

The tree-ring chronoleogy Incorporated intco
chiz study was dewveloped near the norchern
Goorgla city of Athens. Twenty loblolly pines
were sampled providing data for che period 1921
ta L%86, The tree-ring chromology was
developed using well-establishad crossdacing
and standardization cechnigques (Deuglass, 1941;
Frivems, l976; Graybill, 1932}, For the latecer,
the craditional scandardization method wasz
employed by ficting che groweh series of each
tres with & linear, megative exponencial, or
lew-ozder polynomial regreszsion model with tree
age as che independent wvariable. ODimensionless
ring-width indices wera then caleculaced for
ench tree and averaged togacther by wvear o
produce the final master chronclegy. Full
details of che development of this chronclogy
are gliven in Grizsing-Hayer et al, (1988},

As an extension to che Grissine-Mayer et
al., (1988) study, & szizple model relacing
tree-ring widths to growing sesson average
cemperatuce (June-Septamber) and tocal
precipicacion (May-September) was developed
utilizing data from che Climatoalosfeal Data -
publications of the Haclonal Climacic Darca
Center for the north-central Georgla climace
divizsion. HRegionally-averaged data were used
rather than single station values because
previous studles have shown that regional daca
provide becrer results in regression analyses
with tree-ring dara (Lawson et al., LS80,
Blasing et al., 1%BL). The model obrained was:

R, = 2.08 # 0.015 P, - 0.019 T, (1)

where B; is the predicted Index for

year L, Py Lz the May-September precipication
tocal (c=), and T, L5 che June-Septesher
average temperature (*C}. Both regression
coefficients in equacion 1 were signfficanc ac



the .05 lewvel. This simple medal explainad 3%%
ef the variance In ring-widech indices which
compares favorably with other aastarn U.5.
dandroclizacic studies (Cook and Jacoby, 1577:
Conkey, 1936).

Using equation 1, residusls wera obtained
by subtracting che predictad ring-width indices
from the actuwal walues (Figure 1). Several
climacic and biolegicel factors may account for
the residual wvariaspce dizplaved in Filguare 1.
One such facter i1z the periocdle cccurrence of
ice storms in northesn Georgla.

3. ICE STORM/TREE RING RELATIONSHIP

In order to idencify irmporcant ice astorm
events in tha study area, several sources af
Information were censulted, Examination of
Hational Weather Sarvice (NWS) summary clizare
publicacions and loeal nawspaper articles was
undertaken. Because {ce storms aften disrupt
electrical pewer service, personal incearviews
wich longterm Georgia Power officials in the
Athens sarea wera alzo conducred. Thzough this
effort, 1§ significant ice storm evenrs ware
{dencified (Table L}. An ice storm was
considered significanc {f ice accumzlarion on
surface obfects was at least 12.5 mm based on
estimates from written dezeripticns contained
in the NWS sumzaries and newspaper Teports.

The 16 yearz in which lce storms occurred are
highlighted by solid docts {n tha disgram of
tree ring-width index residuals given in Figure
L.~ Hote that December le¢¢ storms are ploczed
for the growing season of che subsequent year.
The occurrence of 16 significant ice seorms in
the 86 year record agrees closely with the
statement of HeXallar (1942) that an imperrant
lze storm oceurs about once in Sive years for
the study area.

In addition to sizply having an ice storm
event, events with greacsr accu=u:lacions of fce
were azsumed to have a greatar negative impacs
upen the trees. Storms wers classiffed based
on the fce aceumulaclon escimaces asz (1} minor
[(lZ.3-25 mm of fee), (I} moderasze (25-37.5 mm
aof lee}, (3} majer (37.5-50 mm of ice), and &
severs (over 50 mm of {ca).

Flgurae 1 indicartes that sixz of the 1§ fca
searms had peslcive residuals while the sther
L® had negative residuals. Of che six wich
posizive, four occeurred in December, 1.e.,
#arly In the winter. Compared to early winter
storms, storms gccurring lacer in the wvinter
smay have a greacer (mpact given that the trees
have ceased dormancy and starced to bud. The
resuleing damage may, therafore, have a Ereater
imprct on eetal growch during tha subsequant
growing seaszon. In order to account for tha
tize of seascn, an additional wvarfable was
caleulared for aach storm, L.a, the day nushaer
of the wincer ssason beginning with L for
December 1 through 121 for March 31 fassuming
non-lesap year).

In order co relate fce storms to che
reziduals plotted in Figure 1, muleivariare
models ware ucilized to decsrmine the amouns of
varlsnce that could be explained by the
ocourrence of an ice sterm, the severicy
clazsificacion of tha storm, and tha day number
of the ysar when tha storm occurrsd. The
significance of F-values zssoclated wirh each
madel waz noted, ms well az the incorporacian
of Student’s t-tests to determine 4 regreszslan
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Flgure 1. Ring-width index residuals {derivaed
from equation 1} for each year.
Tears during which &n ice ztarm
accurred Iin the winter prisr za the
groving season are highlighted wichk
zolid dots,
Table 1: Iee Storms for Athens, Gecrzia During
the FPeriod 1921-1986
Latae Severity Claszificar v
Har. 3 1921 L - minor
Jan, le& 1323 1l = minar
Jan. 23 1924 l - minor
Dec. 22 1929 1 - minor
Dec. 1§ 1932 1l - miner
Dec. 28 1935 4 = savere
Jan. T 1940 3 - major
Dec. 24 1945 I - moderate
Yar, I 1960 i - major
Jam. 258 1951 1 - minor
Dec., 25 1962 L - miner
Jan. 1L 1370 L - minor
Mar. 215 1971 2 - moderate
Jan. T 1973 1 - miner
Feb. T L1979 4 - zavara
Jan, 31 1980 2 = moderate

* minor (12.5-25 zm of ice), moderass (25-37.3
mon of {ce), major (37.5-50 mm of Lfee), severse
{over 50 mm of f{ce}



coafficients wers sipgnificancly different from
zern, Studencized residuals were also
calenlatad for esach observation in the model as
a means of datermining significant oucliers
(Freund and Lirssll, 1988). The besc ovaerall
relacicnship relating the ring-width index
residuals for year 1 (RES,) to {en storms

WAS .

RES, = 0.019 + 0.126 0y - 0.039 ¢/ -
0.003 Dy @,

where Oy I3 a binary exprassion of "0" for no
storm during the wincer before the growing
.season for year L, and "1™ when an ice storm
did occuzr during the wincer, Gy Iis the
sevaricy classiflcation (0 for non-occurrence,
and L for ainer to 4 for severe given In Table
Ly, and Dy {2 the day number of the winter
zeason feor the scorm (O for no storm). The
regression ceefflcients for sll rerms wers
significant at the .10 level. The F-value fox
the =model in equation 2. was indeed s%gniﬁican:
(F = 5,7, p>0.,002), vith a madel B" =

.22, Hecall that 39% of the eriginal wariance
in ring-width indices was explained by the
simple climare model incerporating groving
zeason precipitation and temperature presented
in equation L. The relationship gilven in
eguacion 2 accounts for I1% of che wvariance in
the residuals from the growing season
precipitacion and temperature medel. This
implies that ower 10% of the tetal warlance in
rhe tree-ring chronelogy can be accounzed for
by ice storms.

A review of the studentized residuals
indicaced that the ocbservaticns for 1935 and
1967 were significant outliers (boch are
negative resideals In Figure 1l). An in-depth
analysiz of the climatic condicions for these
gwa years led to significant findings that may
explain these negative cutliers. Duzing March
of boch thesze years, a severe lare wincer
frppze gocurred, Thiz freeze was preceded on
borh occcasions by & very warm period which
induced many crees to break dermancy early. As
a resule, damage was sewvere resulcing In a
significant redustlon of earlywood growth.

G, CONCLUSION

Thiz study haz Involved the dendroclimacic
analysis of loblolly pine in norchern Georgla.
A zimple model {ncorporating growing seasom
preciplracion and cesperacure explained 39% of
rhe variance in ring-widch Indices. 0Of che
rezidual wvariance, 22% was accounted for by a
relationship involving Lfce storms implying that
at leastc 10% of the total warlance In the
tree-ring chronelogy ean be accounted for by
ice scorms. This lacmer relacionship
ineorporaced the folloving terms: & binary
cepresencation of the occurrence of a scers, a
severicy classification of & storm frem =inor
{17 eo severe (4), and an expression of the
ciming during the wincter for the storm
(ucilizing day numbers beginoning wich December
1 as day L). Therefore, the cccurrence of
winter ice sztorms in norchern Georgla has a
significanc impact en leblolly pina by
recarding growth during the subsequent growing
season, and this reduction in growth iz ewvidentc
in the tree-ving widchs.
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