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This report, "Olaaai Its Meteorology and Cllsiatology, Geographical 
Dletribution, and Economie Effects," presenta a vorld-*«« suwnaiy of 
ths frequency and Intensity of occurrence of ice caused by freeling .- 
rain and drlazle. Much of the information presented, for exarple, the . 
nape showing conditions In the United States end the Soviet Union, is 
based on heretofore unpublished data. The etudy makoa a contribution 
to the understanding of an elenent of the environment which can in cer¬ 
tain areas pose a serious threat to Amy equipment and military opera¬ 
tions. The report will aid Aray planners and development engineera to 
take steps to counteract the hamful effects of the heavy loads of ice 
end the êxtreewly slippery surface conditions aaaociated with severe 
glasé atonas. 
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PCSWORB 

Qna of the conmon hwiarda of winter in nany parta of the Cnlted States, 
Europe, and Jeia is the thick layer of ice ik-josited by gla*e lítorma. ft* 
vwlsJit of thin ice in often diffident to greatly damage telephone and 
electric power linea and poles, thus interrupting service, son^tiaes for 
several days. The slipperinecs of the ice frequently slows down or even 
completely paralytos aad rail transportation end my make the 
¡»venent of vehicles end rsen on foot acj-oas open terrain extmvily diffi¬ 
cult, Extensivo breaking of limbs and trees in forests not only affects 
their timber potential and facilitates the spread of dísmaçing decay and 
disease organisms, but also makes movement through wooded areas all but 
impossible, particularly while the ice is still present, 

■ Despite these and other serious consequences of glaze, no overall 
major climtolosical stucV of the phanoaenon has been nado in the United 
States, Hie present report is an atterpt to fill this void. For the first 
tina data have been gathered fron all available sources and used as the 
basis for a utudy that attempts to present a costprehecsive picture of 
conditions in the entire country. In addition, conaidarable material is 
given on glaze in Europe end other parts of the world where it occurs. 

The length of this report is due partly to the attempt to cover as 
many aspects of the problem as possible, find partly to the nature of the 
information available. In almost all countries, the thickness fad duration' 
of glaze is not a standard item of meteorological observation. Consequently, 
there is no mass of coherent data in existence on which à succinct 
and graphical description of the cliaatolopy of the phenoœenon c«rbe based, 
löst of the material availablo is verbal and qualitative in nature, hence, 
its treataent in the report East be of the saae nature. 

Hie research on which the report was based and the preparation of the 
first draft of the manuscript •sere done for the Quartermaster F«search and 
Engineering Command by the American Geographical Society of Hew York City 
under Contract 

AUSTIN KEHSCHEL, Ph.D. 
Chief 
Environmental Protection Research 

Division 
Approved« 

CARL L. WHITNEY, Lt Col, QMC 
Comending Officer 
QM R and E Center Laboratories 

J. FRED 0ESTERLINO 
Acting Scimtific Director 
QM Research & Engineering Connand 
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ABSWAC» 

Host claî* is th« result of s^ixool»! rain or drissU falling on 
surfaces vith terrera tures between ¿i »ivl 32^. p1*' t>L 
supercooled ty ivassU^ through subdVeeling air just before^ striking tn« 
grourvi. ThicVness of glaî« is deUralnrd factors U«t include drcp 
fit«, t«een»ture, ant rat* of /*11 of rreclplUtion; teoiperature, hu- 
aldity, arad wind velocity of *»bi.nt »Vr« ntvi tejera ture ¡ud conduc¬ 
tivity of ths solid surface. 

Inforrutlon is given on air nass and frontal conditions associated 
with glace formation in different parts of the Unitei States. Haps il¬ 
lustrate surface and upper air synoptic patterns of tyidcal 
The widely-held belief that most gla:» occurs in a warm frontal situation 
arc-arently is correct, bft In sane areas cold fronts are primarily respon- 
siide. The distribution of precipitation types in storms producing glaze, 
the size of areas affected by glaze atoms, the influence of microclimate 
in determining the thickness of glaze In the stom areas, and wind condi¬ 
tions during and after glaze depveitioa are discussed. 

Considerable new information Is presented on the 'requancy, intensi¬ 
ty. duration, and geographical distribution of glaze. Hajcr emphasis is 
on the United States, but other parts of the world, particularly Europe, 
are included. New maps «rc h*s<x1 on dr ta from electric power and tele¬ 
phone ccwpanltis and the U.S. Weather Uureau. Kaps for U.e Soviet Union 

are also presented. 

The "glaze belt" of the United Sutes includes almost all of the 
ration east of the Rocky Mountains, with the exception of the northern end 
southern sections of the High Plains, the Gulf ¿oast, the Atlantic Coast 
south of Virginia, and northern Kaine. Many areas within the glaze belt 

bave received as nary as 2 stems in 3 yw»rs in which * ,5 
inch or more in thickness, and 1 storm in 3 years in which thickness was 
.50 inch or more. Thicknesses greater than 1 inch have been experienced 
in almost ill parts of the belt, and also in Lozana. Jhjfknesses 
close to 2 inches have been experienced in New England, northern Texas, 

the D»!.otas, and Michigan. 

Damage to electric power ard telephone lines most commonly consists 
of stretched or broken transmission vires; this in turn may contribute to 
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Highway traffic can be considerably reduced and oven halted for short 
periods by a severe glaze stem. Eitumlnous or nacadam highway surfaces 
are slightly superior to concrete in inhibiting glaze formations and in 
contributing to its rapid meltirg. Tests show uat road ice la most slip¬ 
pery when air temperatures are rear 3^. Material from Midway depart- 
Lnts of 34 sUtes dnscribes icing conditions enco'jntored and method« used 

to combat the ice. 
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collapoo of cupper ting i>ole9. Ico weight alono muy Inflict ouch damage, 
but a combination of ico weight and wind prey a uro la more often reaponok- 
blo^ 

Glaao la one of the principal agents of darnnge to forest, orchard, 
and ahnde trees In the eastern United States. Hroken branches and downed 
trees may maka movwent tlirough a forest all but Impossible after a heavy 
otoña. 
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Part I 

Hcteorology and Cllzatology 

**>• V.\Y'V*\V.v,-. 
y táàâMM >a ...j ,^,*i ..i-:.«.'k-*iii,Yi Ya ^¾.. 



P^nnltion and Physic^ 

•• Definition 

*s defined officially by the 0 C. Weither Bureau (Havres la'i?) 
,-a^e consists of ....homogeneous, transparent ice livers •„Mrh al. 2 oi 
upon horizontal as well as on vortical eUheífrlt^^l^ 
rain or drizzle, or frois rain cr drlzr.lo. when the surfaces arï It 

-üuTtS' 32Î “I .dop J S 1¾ aVa 
-alt of the work of a committee .ipi3ointed bv the Chief of the W>,*Le 
Bureau for tho purpose of ending the confusion that had WexlstSover 
the terainology for the phenomenon (Abbe 1916) • Befer« i^oiA . . er 
» -dl-rf, "le. «toaa./.^aad Triât^^ 

btien used 1nt«rTO.nrt",.,WW. V... _ ^ _ , *. 6 A,-a • ana 

f»Ulr, through 

â"t a™ Z «;ath.r^Wjaa (Bom.tt. ««) iuuf -S 
sieet storm in northern iiev York /~was due te -tin .Ktrv. e- 
conUct with solid objects." ¿ W,s auô tc- vhich 'ïon 

essentiall^th^sam^r defiilltlon for g^ze(above)has been adopted in 

£1 "ÍÂ 

Ing surfaces and thus producing a coating of íce!" g m freeZ* 

*See this same reference for an excellent discussion of early usage. 

SesTlW)'^^1?0!?' Sl1?í Ín thi3 quoting fr« 
jn Uÿ'y;, is as follows: ^ Transparent cr translucen* rloHilar 

Irregular hard pellets of 1c- ab™t n nn n iTT u f .P ^ r or 

«S-í' Mt" WhSU °rÄÄä »«. 
t«n P? r ; 1 dlffers from usage in Eu.-cp-e where the acc-oted 

«ntii ^ ar’d"^!.' of “=v .hi rath toe,.h.r or of 
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Ail of th« above itms refer only to ¿er-'ílts cf ic« in sur'*-** 
and should bo carerulljr dist*n^iished fr«- the rr^iritAtlon recorrib,. 
for the fonaation of the iee. This rreolpltatic« i? reco¿nirei 'm the 
international Heteorological Cole by the present weaC-.er îv*bcls: ' 
le. ^r0f‘zin« driztle), 57 y (tsoierate or heivj- fn’eiL-v; drirtla), 
■V i ''- / 11t:ht freezing rain), .6? ii\j {»oderate or heavy f}*eer.lng ritr' ird 

»ervatlon)***1^ °r drU"* 10 ^ F»5t hour bait rot at the tiae'oi' cb- 

Physical rrcrortlea 

The definitions of glare cite! above are rrtiurily genetic In 
ture arel say little about the ncrrhology of the iee. Physical descriE'i« 

e .u .father definition, for exA*p,le. is limited to Ur,e use 
of the adjectives homogeneous* ard "transparent', and in the Pntlsh 5ef- 
inltion to the use of the adjective "saooth". 

Glare is somewhat related to two ether ferns of ice-rSae and 
¿car££ost but differs from then chiefly by its greater density. Tnm high 

,ghk*? results fr« the fact that the drops of precipitation re- 
-fxnsible for its fomation are Large enough and freeze slowly enough to 
«nable them to flow together before freer Lag, thus excluding alsost mil 
air from the fomation. Also, glare is nore likely to be transransnt mai 
nlghly amorphous in structure (but not lacking entirely in crystal doa-eloo- 
ment as many seem to believe, see Cguchi , I95I, Part llJf,* whereas ria» 
and hoarfrost aro generally epaqum or translucent and have highly devel¬ 
oped crystal structure. There is, ho-ever, a form cf riae recognized ty ' 
meteorologists which approaches glaze in amorphous structure and densl'y- 
This is the so-oalied "hard rise" indicated by the international symbol V . 
-t Is actually a transition between true riae and true glaz*. ^ 

,,, 0f.forms of ice, hoarfrost usually has the lowest sp«- 
clfic gravity. It is a prcduct of sublimation and generally is cceposed 
of delicate, feathery masses of crystals laced together into such a loos» 
network ot ice thet most of the volume occupied by the formation coexists 
of air spaces. Rime is primarily the product cf the freezing cf cloud cr 
fog droplets which are very small in size and, consequently, are »or» ca¬ 
pable of freezing before they have liad an opportunity to coalesce; rime 
contains a large percentage of air held in interstices between the isassms 
of ice. 

No clear-cut lianits can be established fer the specific gravi¬ 
ties of the various ice forma tiens, because in nature they often grade 
-ron one into the other. Nevertheless, most cases cf what, cn the basis 
o- origin, would be considered glaze, rime or hoarfrost, fall into certain 

Cguchi (I95I, Part III) found that the greater part cf air contained in 
rime occurs between the ice crystals, while In glaze it occurs within ti» 
crystals. -1 



density classes. Therefore, it would seen valid to esUMish broad cate- 
pries of specyic cravlty for the various for-.3. Johison (ISSh) in Us 
book i^.vsicil Hetgorology sets up three density classes for ice that foms 
en «ircr^t, glaze a specific gravity of 0.9 or greater, rirw and 
glaze nixed 0.6 to 0.9, and rine 0.6. or leas. 

4 ^ilccv (19h0, lÿîjOa, 19¡;1) analyzed weight ne as or« vents of glaze 
md rine in the ->ovlet Union where glaze is defined as ice foraod fren 
freezing rain or drizzle, and rine as ice formed fron freezing fog. He 

gravity 0f glaze ranged from a low of 0.17 tõ~ã high of 
°f f1™ fr0n 0*01 t0 °-19- Jn on9 ot reasurerents he de- 

,. nff!' C?363 °” ela** had rpeciSlc gravities in the range of 
V.,^ to 0.c9, whils in another set the range extended fron 0.$6 to 0.8b. 
o*-. V .ueT^3 ^01-0 specific gravity of glaze was reported below 
0J0 t..e forration was a mixture of rine and glaze and was incorrectly re¬ 
ported by the observer. These figures agree with those calculated by 
Turoverov (1939) on the basis of 9 years of observationj at Novo Pyatigorsk 
and C..OV he specific gravity of glaze to vary between 0.30 and 0.90 and 

P871^ of rir1« between 0.01 and 0.12. Another Russian, 
■^..iretOT (1930), determined that glaze varied from 0.Ó0 to 0.90 and rime 
fT” ^ 0*5°* Tbe specific gravity of ordinary solid ice as given by 

Physical Tables is 0.917. Comparing this figure with th-e 
^ce^ng, it can oe seen that in many cas«a glaze approaches solid ice in 

Another important physical characteristic of glaze is its ahil¬ 
ar? Cîr* bo surfaces on which it forms. It does so nor« 

reaUly pan rime or hoarfrost because there are more particles in con- 
V4 surfffa And because it adheres closely to the fora of the 

^^e^3, 19kb). The fact that glaze is hard and lacking in fri- 
adds to this tenacity* 

The British definition refars to glaze as being auooth-eurfaced. 
oeneralijr, such is the case, but the admixture of snow or sleet nay cause 
the surface to be rough. 

2. Process of Glaze Formation 

a. Température conditions 

(1) Combinations of air and precipitation temperatures 

_.... 3ef°rf proceeding with a discussion of the meteorological 
ccrdations responsible for the formation of glaze, it should be pointed 
out ttut data gathered during glaze storms may not be entirely valid be- 
cause of the effect glaze deposits can have cn the performance of meteor- 
ologlcal instruments. Anemometers and wind vanes are especially vulner¬ 
able during glaze storas. The-anemometer ray be slowed or even stepped 
anl v„nd vanes ru>y oe frozen in a fixed ¡»sitien. In addition, ice may 
pile up on the windward side of instrument shelters, closing or narrowing 
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shutter cp*r*ir.£3 and aifectlr-g the ▼entilation of tnstrw.enta inside the 
shelter. Earing a severe stem with high winds, it is eren possible that 
ice .Tuld ini'il trate the shelter and settle oa the inatrunente {Xr.dreer, 
Iÿi.6). Pcrtherrcre, a thick coating of ice r.ay nake it ir possible to open 
W.O shelter. This vas the case for a 3-day period during the star* of 
January, 1935, at Clearbroak, Wash. (Fisher, 1935). 

Ir. "The Ice Sterna of Kew England*, C. F. Ikcoks (1911) stater 
there are "....a nocher cf ccwbinations of different conditions cf air terp- 
erature, rain terper&ture, and teerparature of the object relative to freel¬ 
ing which nay produce ¿slat«/ *: 

I. Tejcçerature of the air below 32°?. 

n. Temperature of the air above 32°F.* 
JL. T arpera ture of tfië rain ** below 32°F. 

1. Fren passing through a stratum of cold air. 
2. Fren cooling by evaporation in nco-saturated 

air. 
Tecrerature of the rain abovw 32°F t«t tenspera- 

ture of the object below 32®F. 
1. Frew residual cold. 
2. Fran cooling by evaporation in non-saturated 

air. 

B. 

In 11» opinion cf this writer, these consideraUccs are 
Just as valid in the light of teday’s knowledge as they were Uj years ago. 
However, ere reservation rust be rade. It should be assumed tl»t the tem¬ 
perature of the air in category I is representative of the air tempéra¬ 
ture in isnediate contact with the surface on which tíie ice forxs. Tata 
taken fron the original observaticnal records of 95 Weather Bureau sta¬ 
tions in the Halted States shew that for 91 there were n a ID-year peri¬ 
od many Instances cf liquid precipitation occurring at air tespsratawa 
below 32°?, but with no glas« reported. At almost all of the stations 
where this was reported there were i*epeated cases j an exsnple is 31 at 
Dubuque, lews, and this was by no neons exceptional. Host cases occurred 
when the temperature was within a degree or tvo of 32°F, and they -auied 
for only 2 or 3 hours. However, light rain which did not freeie fell for 
approximately 111 hours at tesrperatures between 25° and 29°F during the 
night of Dscember 2-3, ISKO, at Bodge City, Kansas. On Decer.ber 20, 193?, 
at H'jrm, South Dakota, liquid precipitation fell for lj hours at tempera¬ 
tures ranging between 17Fsr.d 19°F and no glase fcrr.ed. Very likely these 
cases can be explained by the fact that the air temperature, which was ob¬ 
served at a height cf L feet 6 inches above the ground in an instraaent 

♦Host of the conditions listed œder II are also considered to be 
capable of occurring usier I. 

*-»It is assumed that the word "rain* here can refer to fog, drittle, rain 
itself, or a mixture cf any or all of these with any solid fora of pre¬ 
cipita tico. 
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shelter, was not ra^n-b^ntatiw of ter^eratvire conflltlons on surfaces 
where glaie would be ex^*cted to form. 

In raost caies of glase formation, the temperature of the 
air, precipitation, and surface are all at or below 32°F. In fact, it 
probably can be said that a coat of glase heavy enough and long-lasting 
esicugh to be any menace at all forms only under these conditions. Brooks 

states on the basis of 29 years of record, that no considerable 
ice stem ever occurred at Blue Hill, Hass, (near Boston), under other 
.than these circumstances, and more recent evidence from all other sources, 
foreign and domestic, bears this out. Glaîe can and does fora when the 
air temperature (recorded at standard height in an instrument shelter) is 
above this is indicated by the fact that at Burlington, Vt. the 
maximum temperature was 33°F or higher during lii out of 61 instances of 
glase formation between 1939 end 19U8. On one occasion the temperature 
rose as high as 37ÜF, and in 3 cases the lowest temperature recorded vas 
33°F. Ho recent records aie available as"proof that glaie can occur when 
precipitation temperature is greater than 32°F, but some of the many 
cases oFTrëëïing rain with air temperatures greater than 32°F, ncted in 
the 19.39-1.8 data for the 9$ Weather Bureau 3tatlons,could have also in¬ 
cluded n that was not supercooled. Heilman (1915) cites observations 
in northern Germany which ho claie-» 'eave no doubt that ordinary rain 
can also produce an ice coating on frozen soil. In any event, glaie 
formed under either of these clxcunstances probably would not amount to 
much in thickness and would not last long. The warm rain or air would 
soon thaw the ice and vara the surfaces so that no further accumulation 
of ice could occur unless the general weather situation changed. Also 
the release of the latent heat of fusion as the ice forms would impede 
Ue process, Heilman also maintains that glaze formed under these last 
two conditions would occur only on (frozen) ground and not on vegeta¬ 
tion and transmission lines. He probably is right because the latter 
could not act as a reservoir for considerable amounts of residual cold 
and their surface temperatures wer* riso above freezing almost as rap¬ 
idly as the change occurred In the ambient air. 

(2) Surface air terrperature 

A massive amount of observational evidence supports the 
contention that most glase foras when the temperature of the air is be¬ 
low 32°F. This same evidence also shews that, although glase can occur 
at temperatures far below 32^, the vast majority of cases are grouped 
within a rather narrow range between J2°F and 25°, Temperature condi¬ 
tions observed during freezing precipitation at 95 Weather Bureau sta¬ 
tions between 1939 and 19h8, show that the mean minimum air temperature 
during glaze formation at most stations was around 27° or 28°F, In 
Table I, the temperature data for a selected few of these stations have 
teen summarized. Hote that, with the exception of these stations in the 
northern part of the country, approximately three-fourths of the observa¬ 
tions of minimum temperature were recorded at U^.-poratures alarve 25°F. 
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The absolute alr-laHa at rost stations whs selJom !a^r than . ^Hhoujh 
i» rhnvénne Wvoairur ’ t«¿peraturea as low as -5°F. wore recorded during 
at Cheyenne, For all 3Llticm, the number of times glaze 

ZZZ lú í ¡Jr u,» 3Ä-. -a,1!«, »Uh th. P- 
o^pïch S!--. Ph. » »t.iticna balr« W P«r c.nt at Allant»™. 

Pennsylvania• T™f»r.t«r» T.»aaur«n«nts “r“!,g“” 
e'e.tther Qure.i’J stations during the Waj>teis of iy53"5^# * » 
essentially the saae results. 

N.T. r.ikeer (19.0a) states that glaze occurring in the Stalingrad 
Oblast- and in Kalmyk X-OR of the Soviet Union ^^cen !925 and 1 S^was 
observed with air te-njeratures mostly from 0 C. (32 F.) to 5 J. U3 ) 
<\nd .sometimes at temperatures as low as -? C. (19./* F-^orTh*Je 3L. 
amounts of glaze were forced with temperatures between 0°C. and -3°C. 
(2k g-K ) Observât!cxis resorted by Zikeev for the san» pteriod in ot 

t,;» SoiK in« ii»U»l similar resnlts. Hos»l (19¾ . «PjrUj. 
L 79 cases of rlaze at Ilxala, Finland, gives the mean tera¡)«rature of the 
on /9 canes 01 guaze > /Woov ^ +v,. loweat temoeraUre as on 79 canes ol giaz. ) the lowest temperature as 
air during glaze fers^ion as -2.3 C. idf.V '* cor ím°f' Accordimt 
.-9.0oC. (15.e°F.). xrJ. the highest temperature as 5 C. (ul .,. Accoroing 
to Eider (1950, the overwhelming rujority of cases of glaze at Ease!. 
Switzerland, occur wh.en the air temperature is between -U°C. (24.8 F.) and 
1°C (33 8°F ) although glaze has occurred with a temperature of -10^* 
(¿0% as i'r^SrSr drlislln, fo8. Bid.r also b.ll.v.s that ^ »».t 
cas.» »her. ths temper,1» ropartod abov» 0¾.. It Is J?““” h 
temperature is measured at some distance above the ground U*8 Mters or 
5 9 feet in Switzerlaai) and that the temperature at the ground is at or 
below 0°C. Observations reported by Zh.uk (1902) at Kiev and ^vozybkov, 
USSR, between 1835 and 1901, shew freezing rai“ occurring at air tempera 
tures as high t; 10°C. (5CvF.) and as low as -8°C. (17.6 FJ. 

Discussing glaze in Hungary, Dell (l?H7) gives 0°C. ^o -5°C. 
(23°F.) as the most fivcrauie temperatures for glaze formation, _u 
that it has been observed at a temperature as low as -20°C. (-4 V.). * 
study made by Garx>nov (1939) on the basis of 44 years of observations at 
Odessa in the «us si an Ukraine, distinguishes between che f1 
which rime and glaze fera. The conclusion is that glaze can occur ^ 
ïog at temperatures fren C°C. to -2.2°C. (23°F.) and 
-1^20C. (29.8°F.). In the range between -1.2°C., to -2.2 - glaze and rime 
fonniticn are both possible. The most favorable temperatures for g^e 
formation fron fog are those very near 0°C. Observations at Novo-Pyatigorsk, 
Soviet Union, during 1930 to 1933 as reported by Turoverov (1939) shew that 
glaze occurred pt air temperatures from 0.0 to -5®C. (23 F;J» ^dNtha^ 
per cent of the cases were grouped between 0 G. and -2 C. (--.4 • - ^ 
was observed in a lever range, at temperatures of -5 C. (23 F.) to 17 C. 
(1 4°F.). A study of glaze formation in forested areas of the North 
Caucasus by Elagin (1952) indicates glaze occurred at air temperatures 
ranging from 0^. to -3°G. (26.6°F.). 

(3) Free loi î-aticn temperature 

Direct measurements of precipitation tern,» rature during glazs 
formation are nonexistent; thus, any statement to the effect that 
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*70 ling rtropa 0f rain or driissle un? srpereooltd cmat b« baaed on indirect 
‘evidence. Nonetheless, the thocry is univereally accepted by neUcrolo- 
gists. Before considering the matter further (Section 3) it would be prop¬ 
er to eay eonething about tie supercooling of water in the atmosphere. 

t. Some cliaractcristics of yjpercooled water 

although 32°F is co.nmonly spoken of as the free ting f»int of wa¬ 
ter. it is doubtful If either distilled water or water containing solid or 
soluble impurities in any amount ever feeetes directly at this temperature. 
Curiously, chemically pure ice when heated always melts at 32~F. Clearly, 
tils temperature should be referral to as the melting point of ice and not 
the freezing point of water. That even physicists, to a limited extent, 
are bound in their thinking by the concept of 32°F as the freezing point 
of water, is evidenced' by their use of tema such as •'supercooled1’ or "un¬ 
dercooled" to refer to liquid water at temperatures below that figure. 

(1) Research of N. E. Dosrsay 

The loading authority on the behavior of liquid water in 
the supercooled state, exclusive of water in the atmosphere, is Pf°ba~y 
N. E. Dorsey of the National Bureau of Standards. In the 1930's he start¬ 
ed a series of investigations of the supercooling of small samples of liq¬ 
uid water. This work cleared up much of the unknown concerning the behav¬ 
ior of water at temperatures below 32°F. Dorsey's work was performed in 
the laboratory, b’tt much of vhat he learned is applicable to the boliavior 
of liquid water in the atmosphere. 

Experiments previous to Dorsey's had dealt with large mass¬ 
es of water and indicated, with one or two exceptions which later proved 
to be affi ted by impurities in the samples, that water undercooled only 
5 to 10 degrees below 32°F before freezing spontaneously. But Dorsey 
(I9ii0) found that his small samples in soma instances did not freeze until 
they were cooled to as low as -20°C (-U°F) and that often the temperature 
would drop to between -10°C (Hi0?) and -15°C (5°F) before spontaneous 
freezing would set in. 

A number of things discovered by Dorsty are pertinent to 
an understanding of the occurrence of supercooled rain and its conversion 
into a sheet of glaze upon encountering solid surfaces. For instance, 
saturation and non-saturation of water spécimens with air apparently has 
no effect on the temperature to which they can be supercooled without 
freezing spontaneously. Although supercooled by several degrees, his 
samples could be agitated and poured from cne end to the other of vials 
in which they were sealed, without causing the water to freeze. In moat 
cases solsshing did initiate freezing at temperatures above that at which 
spontaneous freezing occurs, but it had to be violent. There were indi¬ 
cations that scmetlires ou® splashing would not cause a sample to freeze, 
but that several in quick succeõaion would induce instantaneous freezing 



in the 3arte sinple. Results also seem to show that if the temperature 
of supercooled water is more than 1 or 2 degrees (C) above the spontan¬ 
eous freezing point, it is not easy to initiate freezing by splashing. 
In one experiment ûjraey cquiited water at -3°C (?6.6°F) through a glass 
nozzle which was at -U°C (2li.Q°F) and onto a test tube which also was at 

The wjter did not freeze in the nozzle but did freeze when it hit 
the tost tube. 

(2) Supercooled water in the atmosphere 

In the atmosphere, liquid water has been observed at tem¬ 
peratures well below those achieved by Dorsey in the laboratory. Experi¬ 
mental work by meteorologists, mostly on drops of sizes common in clouds 
and light rain, chows that, when chemically pure water is involved, the 
spontaneous freezing point of drops below a certain diameter is related 
to the size of the drops. The smallest drops seem to freeze when the 
temperature reaches the vicinity of -LtQ0C C-LQ°F), and the larger drops 
freeze at correspondingly higher temperatures, lío absolute value can be 
set for the spontaneous freezing of drops of a certain size because dif¬ 
ferent investigators obtain different results for drops of a given size. 
An increase in size shove approximately 500 microns (umall raindrops or 
large drizzle droplets, both of which are capable of falling out of 
clouds where the upward moving currents are not of excessive velocity), 
apparently has little .influence on the temperature at which freezing 
will occur. The behavior of drops larger than 500 microns appears to be 
comparable to the behavior of Dorsey's samples (Johnson, 195u). 

c. Formation of glaze from supercooled rain 

(1) Theory of precipitation 

To return to the hypothesis that moot glaze results from 
supercooled rain or drizzle, it will be remembered that evidence has been 
presented to indicate that most glaze forms when the air temperature (as 
recorded at U to 5 feet from the earth's surface in an instrunent shelter) 
is between 25° and 32°F. This does not necessarily mean that liquid pre¬ 
cipitation falling into a ground air layer within tills range of tempera¬ 
ture will be supercooled, because there is always the possibility of a 
pronounced inversion with temperatures greater than 32°F above the sur¬ 
face layer through which the rain is falling. In fact, just such an in¬ 
version does exist during the formation of almost all glaze. 

According to the prevailing theories of precipitation, any 
but the lightest rain or drizzle in the middle latitudes will form first 
in clouds, pjrts of which are below freezing, and in which ice crystals 
have formed (Johnson 195/*, Houghton, 1951).* In Figure 3 this would be 

♦Recently’," thinking has been modified somewhat from this point of view. 
It is now gener ally believed that In .certain conditions, particularly at 
low latitudes, moderate and even heavy rain may form directly frem super¬ 
cooled clouds without recourse to the development of the ice crystal phase. 
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In the portion of the dry bulb lapse rate curve about level t*. Of cour* v 
clouds with tttupjratures beloy 0cC cm exist between Uie surface of the 
ground md level A, but no appreciable anounta of précipitation could fall 
directly from those, clouds, s^nce this zone ia in the relatively stable, 
undermining cold c? (contincntil polar) air mass, vhero very little lift¬ 
ing or adiabatic cooling bakes place. The incipient precipitation above 
level B dovelops aa ice crystals which finally become large enough to fall 
out of the cloud. Aa they fall they grow by sublimation, condensation, and 
collision with other ice particles or liquid dropleta. Upon entering the 
layer of air belcw level B where terperat’ires are higher than 0°C, the ice 
particle melts (1/ the layer is warn enough and thick enough) and continues 
falling as a liquid water drop trith a temperature above 0°C. It will re¬ 
tain a temperature above 0cC at least until it gets to the point where the 
wet-bulb curve crosses the 0oC line (level A). It can bo seen, therefore, 
that any supercooling of the drop must occur in the surface layer of cold 
air that lies belcw levol A. What is necessary, then, ia to shw that this 
surface layer of sub-freezing air ia of such thicknesa that the drop will 
spend sufficient time in passing through it to be cooled below O^C. 

(2) Temperature relationships of freely falling drops of water 

Kinzer and Gunn {13Si) have studied, both theoretically and 
experimentally, the temperature relationships of freely falling drops of 
water. They have substantiated the accepted belief that a freely falling 
drop evaporates and coola, so that it ia ii variably at a lower temperature 
than its environment. In fact, they showed that auch a drop becomes an 
ideal ventilated wet-bulb thermometer witW-ia very short period of time and, 
to within errors of measurement of ± 0„3C degrees, will assume the wet-bulb 
temperature of the air through which It ia falling.* In one series of ex¬ 
periments they found that drops having a diameter of 0.27 centimeter and a 
temperature of 28.3°C (82.9°F; when suppertod by a stream of air also at 
20.3°C, but witn a relative hiaiddity of 22 per cent, required approximate¬ 
ly U.35 seconds to cool through a range of in8C degrees (0.6hF degrees) of 
temperature. If no evaporation were taking place and the drop, traveling 
at terminal velocity, were being cooled entirely by conduction, it would 
require approximately 11 secondait-* to cool the cams drop L.8C degrees. 
In actual situations where glaze is forming, the elapsed time necessary 
for this order of temperature change would be nearer the instance in which 
there was no evaporation, because an examination of upper air soundings 
taken during tne occurrence of freezing precioitation indicates the rela¬ 
tive humidity in the surfaca layer cf sub-freezing air is close to 100 

*TvercVa% (1951) confirms these results. 

**This figure was not arrived at on the basis of experimental work but 
represents a theoretical value calculated by the writer using a formula 
developed by Kinzer and Gunn (i9í>l) for the determination of the thermal 
relaxation time of a r.cn-evaporating drop. 
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p<?r cert ( see Figures 1 through 6), 

(3) PchiiTior of drop in gLate-foncirg situa tica 

The drop eisc used by Kiuier and Ounn was unusualiy larca 
(0,3? errand of the ns¿nituáa of di-ops in heavy thunderstoms. i'ost glata 
La formed from rain of isc>i?rat« or light intensity, which means tJat the 
drops will usually have a diameter cf 0.1 centL-wter or less and fall 
through the air at a rate of h notera per second or lesa, as contrasted 
with almost 7 meters per second for the drop used by Kinzer end Gunn (1951). 
Tills indicates that raindrops cf the size normally associated with glaze 
formation stand a greater chanco than Kinser and Guran’n drop cf becoming 
supercooled by iiassir.g threogh the cold layer, because a longer period is 
spent in the Layer. The glase-forming drop, having a considerably smaller 
nass, also requires a shorter tine to cool by conduction to the equilibria« 
temperature it acquires in the cold layer. Upper air soundings during 20 
occurrences of freezing prscipitation show that in 111 instances the thickness 
of the cold layer is at least 91îi.U meters (3000 feet) as measured from the 
surface of the ground to the level where the lapse rate crosses to the posi¬ 
tive side of the 0°G isotherm (see Figure 1). According to information gir¬ 
en by iyers (19LL), the Kiníêr-Gunn drop would require approximately 130 
Dcconds to fall through a layer this thick. The highest temperature indi¬ 
cated in the inversion on ary of the soundings was 12°C, which means that 
fee* these occurrences this is the greatest amount (12C degrees) a drop 
w uld have to be cooled during its passage through the cold layer in order 
to become supercooled. iVen in this extreme case the drop would not have to 
be cooled this far to reach 0°C, because the warmest temperature is not at 
the exact bottom of the inversion, but instead a considerable distance above 
the bottom. For seme distance before leaving the inversion and entering the 
layer with temperatures below 0°C, the drop would pass through air with temp¬ 
eratures lower than 12”'C. Assuming even the grossest errors by the writer 
in making the above calculations, it is easy to see that, in at least the 
20 cases for which soundings have been prepared (a selected few cf which are 
shewn in Figures 1 to 6), any liquid precipitation occurring under these con¬ 
ditions would be supercooled when it reached the ground. 

There is a possibility the cold sir will be so thick that sleet 
(as defined by the U. S. Leather Bureau) in-tead of glaze will fenn, 'because 
the drops, falling a greater distance through the cold air, will be suffici¬ 
ently cooled to freeze spontaneously before they reach the earth. This has 
been the standard explanation for the formation of sleet for a considerable 
number of years.s In addition to the time spent by the drop in the cold lay¬ 
er, it is alio believed the temperature and degree of turbulence of the cold 
air are important factors. Okada (1911*) states that the presence of turbu¬ 
lent notion in the cold air mass increases the possibility cf the s’ipercooled 
drops freezing into sleet nasses.*» There nay be turbulence Lu the lower 

AA« ; y er s (l9Ui) 
»»Whether Okada vas the first to propose this idea, the writer is not certain. 
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Figure 1. Cross-section of upper air conditions Just before 
occurrence of freezing precipitation at Bismarck, N. D. Rap 
shows later associated synoptic conditions (note 12*-hr. ti.ee 
difference between croes-section an,i siap). Tlje situation 
pictured here is typical of many that cause glaze at Blsaarck. 
Freeaing precipitation totaling .04 inch fell between 0500 and 
1000 GMT, Nov. 30, 1946. 

Figure 2. Croee^eection of upvm* air conditions, Washington, 
D.C. Freeiing precipitation totaling .34 inch fell between 
0200 and 0700 GMT, Jan. 21, 1943 
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Tiyir* 3. Croos-section of upper air conditions at Oklahoov* City, 
,:kla.^ freezing precipitation totaling 0.t9 inch fell between 1300 
*."ji Îjva) GhT, February 7, 19^3, as the cold front moved south over 
the Great Plains. The position of the front on two previous days 
Is shown on the tap. 

^.fire U. Cross-se.tion of upper air corriiticns at San Antonio, Texas. 
kT-s sto-m was associated with a cold front which stagnated over the 

of Mexico after moving south from Canada. Note the strong adtec- 
îîort aloft of kT air, us indicated by the arrows plotted along the 
::>• line* dressing precipitation totaling 0.07 inch fell between 

'-«T> January Z?, and 0700 GMT, January 29, 19W. 
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F!çur« 5. Cross-sectier of Mrpi'r air conditions, Naahvllla, Tenn. 
Free» 11¾ precipitaticn totaling 0.06 Inch fell between 0500 GKT, Jan¬ 
uary 29, and 1400 GKT, January 31» 1948. It was associated with a 
wave which formed in the eastern Gulf of Mexico on the front described 
in Figure 4. The wave noved northeast across Florida and up the Atlan¬ 
tic coast. 
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Figure 6. Cross-section of upper air conditions at Caribou, Me., 
Mar. 28, 1948. This storm was associated with a polar front wave 
which formed on the northern Great Plains and then nvoved eastward, 
with the tip of the wave passing approximately over Caribou. 
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jvrniOTj of tv ccid air, par+ic^lcrly if it is cl\ air trnvelinc over a 
re^i-ireljr var-t ¿rcœJ rurfáce and heated fror, telow, or if there 
ir * streng serf*** vLnd bloving. In the light Dorsey's discovery 
tiut snail sançles of s’Jfercooled v.-.t or con be poured fron or.e end to the 
citer of a vial or squirtrd through a seule without freesing, there seems 
to b* sene question whether turbulence of the degree encountered in situa- 

c*. thls could initiate freeing, however, if tie drops are 
uçrpï, tney rvo* be split apart by turbulent action and possibly this would 
be i mechanical shock violent er.o-ogh to trigger frees 1.;. It should also 
be^r-'-ntea out that in addition to mechanical stress,the drops would be 
ru-l-Kted to extreme tirperature stress fron less of heat through evapora- 
tlœ cr ventilatlcc. 

concept of the mechar .ism of elect formation has been 
q-aftsuicced recta,tljr (faylcr, 1951). It is now believed by many that the 
i-rrr« freeie, at least in pert, when they core in. contact with small ice 
crysn-v^s, probably from failing Luto an ice cloud in the cold layer. 
One*/art c! -* changes to ice,, the remaining portion can do so by 
firnvLcg on the ice crystals already forme-i. Dorsey points out that this 
7s **•-* characteristic behavior of supercooled water when a mass of ice is 
introduced into it. 

, ^.r ' cefere leaving this phase of the sûjject, it night be in- 
ttr-cs ,_-g to note that li-oc’xs has described sere rather marked changes 
if clpitaticr form enr the shert -xrtical distance of loo feet from 
the coo to the betfon of Tluc Hill, lass. In one instance (fsrooks, 1935a) 

* at th* -CP (aijf temperature 32°F) and non-freezing rain 
at ~-e k,ctt-cm iair temperature 33^-); in another (drooks, 1932) he ob- 
**rrii* uon-freeling rain at the top and sleet plus some glaze at the base. 
''D aether c c rasion he obcer/M sxjvflakes at the top of the hill and 
♦C**1* partic.ea at the bottom (Drocks, 1536). It should be pointed out 
r. “e:* 13 a pc^sibility that hcrircctal rather than vertical separa- 
'~az c- cbserrati.cn sites vas the prir.cioal factor accounting for 
then* -differences. (The shortest hcris.or.tal distance from the observa¬ 
tory site at the top to the babe of the hill is approximately 1500 feet.l> 

(W Priderce to support hypethes is 

(1920) lists as observed facts that support the 
¿lili formation fron supercooled rain: (1) the ocourrerce of 

dreps that freeie to objects without entirely flattening out (also cited 
ty -.a-i-, 1510), the format ion of glace :>cr. rain on twigs and roofs 
wer^r-rvl-a/.es had just been melting cr. these same surfaces, and (3) 
r f,!“-"*33 which drop.j of freezing rain are continually 
-ai-—g. Evidence cf a similar nature is presented by Harwood (19h5). 
.-.e rta .es that rain froze on the clothes and even the faces of observers 
on vtr .evis in Scotland. It is extremely doubtful that nor.-supercooled 
ra.s -rculd freeie cc the skin of a person's face. 
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d. I-gch.-uilcs of of supercooled rnln 

( 1) Forca of L-.r-^ct In freezing 

Aaaining the validity of the proposition that most glaia 

la cauo&d by supercooled liquid pracipltation, the next iten to consid¬ 

er is the mechanics of the process involved when the precipitation hits 
a solid object end frc-eces. Dorsey (l?l|8) denonstratea that a violent 

agitation will induce ■ spontaneous freezing in a mass of water, and the 
experiment in which he squirted supercooled water through a nozzle onto 
a test tube shows that splashing of a type somewhat similar to that 

caused by a falling drop striking a solid surface would do the sane. 
Thus it ceer.3 that the phase change from liquid to solid is at least 
triggered by the violent mechanical disturbance to the drop as it strikes 

the solid surface. 

The first formation of ice crystals within the shattered 

mass can be considered to occur instantaneously with impact, with the 
result that during this stage there is assumed to be no flow by conduc¬ 
tion of heat in either direction between the shattered drop and its en¬ 
vironment. Only a fraction of the drop will freeze in this initial 
step because of the inhibiting influence of the release of the latent 
heat of fusion which raises the temperature of the resulting mixture 
of ice and water to 03G. The percentage of the drop undergoing imme¬ 
diate phase change to ice is proporcional to the ratio between the la¬ 
tent heat of fusion and the degrees of temperature the drop is super¬ 
cooled at the moment of impact. It is explained by the expression 

80x - Tgin 

where x is the mass of ice produced, Ta is the number of degrees (C) 
the drop was supercooled, n is the mass of the original supercooled 
drop, and GO is the heat of fusion of water in calories per gram. If 
the drop is at a temperature of -0°C (17.6°F) at the moment of impact, 
x •• 0.1m, thus one-tenth of the mass 01' the drop will be involved in 
this initial phase change, ’¿hen freezing rain is undercooled even less 
than in this example, as is often the case, it can readily be seen that 
there is a possibility that a large percentage of precipitation will not 

become glaze, particularly on objects such as trees and wires where the 

unfrozen portion can drip off. 

(2) Loss of heat by drop to ambient air 

In most cares of glaze formation, however, other fac¬ 

tors enter the picture and cause an appreciably larger percentage of 
the impinging precipitation to freeze. Probably of greatest import¬ 

ance is the loss of* heat by the mixture of ice and water through con¬ 
duction, both to the atmosphere and to the solid surface with which the 
drop has collided. The amount of heat lost to the atmosphere In thie 

J 
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!: 9f rt,:tor8* ^«n-Mr over a sur- f-.r. r r* . V V * • * v.ur,r,ur r«3Ve3 0v«r a sur- 
.,V-U; h* ;f,uTed lhu «Ul v'« auch n»v^.«nt in alnorvt aU 

rn^y.?'“0 :r,ir."ltlevei‘ t:^^h motion n!ay b4 turbul«nt74 thin 
1,, r»r,^ "r hirfWil« °xi'’t' <n t,iei 3Urf‘1CtJ an<1 protect it fn.w extreme 
fill win°r h0» " Aa:ulr"ir-Z n smooth surface, the thickness of this 
film will be a function primarily of the win 1 velocity in the ambient air 

m port ant factors will be the thenal conductivity of the air, and 
th. temieriture difference between the mixture of ice and water and the am 

t.^Ä mÄ,® tte ,"l"r”1'’Uon of **1 f«- 

h, : iCd 
3 

K ‘in thl tlJi l T ff ^ .°U f€r r’econJ f>er ^nit area of surface, 
t een / C Uy aír> 0 the ^^r'-ncc in temperature b¿- 
t ^ rií- 0^!:W rt^ fUr* Uw wbient and Q the thickness of 

(3) !>f, beat from dron to solid surface 

which th. r8lt ;,11J ilr'° K“ 1o^“ by conduction to the surface on 
v iich th>. .laze fonns. In the ke.-innin*? this ma/ be <,ulte hirh or low 

In'Th^o" 0n rha ten''Perat'ure v‘* conductivity of'the material "involven. 
he case of a metal at a temperature considerably below 0°C, the vol¬ 

ent’J dron frorn ''ln ^Pinriing drop mißht be so rapid that the 
In a^-iTL i Mediately upon impact. However, ones 
tíre of the t ’LnS t0 fon,!' tha conductivity and tempera- 
Î7 eiatîro 7 d<!Cane in Stance and the conductiviti and 
coíSein- ' U1!" " ;3-'cr,1ant. Ice is a poor conductor of heat, 

. --1, , as it increases :n thickness there will almost alwavs h- a 

ior «.ettminim, n,ether ‘»la/.e or rime will fona. 

Vt) Loss of heat b” evanoratlon 

of the loe Ce,r^'l1n of water will evaporate from the surface 
iir iam-'ni t£ nTf ^ «^ane into tte free 
er thÎi c r'^s-ion aîi 0 c.f ovaporation with it. Evaporation rath- 

, 7 , f'iQn prevail on the surface of the activclv-fomin? 
sîrike t'h! r,,Se U;e C0r-3Urlt • ^tial ^eezin, of new drops "as they 
heat of fusion ^'¿1 r-,sociatcd continual addition of the latent 
0°C Ir T« T T temjerature of the i,-mediate surface very near 
LlUntX 7ù , y :1 C33î3 of fcnr.ation, w,a roer th.aí the 
of hail-ton»s ' l out ln conri';cticn with the formation 
at Kaw Observâtorv t7t,73 tbe°ry Í3 ßi',en ^PP01^ b/ the fact that 

,,n ■' •' bte existence of a supercooled fog that was 
freezing on exposed surfaces causal the temperature of an ice-covered 
thermometer to be higher than the teinture of the air. Ike^ ími) 
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not«s th® san® gradient cf temperature from an actively-forming Ice sur¬ 
face to adjacent free air in observations made during the formation of 
rime and glaze. The fact that t-ho temperature increase was greater In 
the glaze (formed entirelj b,, the freezing of aupercoolod water) than In 
the rime (which, in this instance, vas formed largely from Ice crystals 
in a fog) gives additional weight to the above ideas concerning the part 
played by the latent heat of fusion. 

(5) Factors determining type of precipitation formed ■ 

Various factors d-Ur~ine the type cf ice (hoarfrost, risse, 
glaze, or a combination of these) to b® formed in the freezing process 
just described. If precipitation is entirely the result of sublimation, 
the chances are that hoarfrost will form. However, there are accounts of 
instances where rime or even a glaze-llke formation was caused by sublima¬ 
tion from moist air at temperatures very near 0°C passing over a surfac# 
that was only slightly cooler. The formation of a glaze-type ice is faux- 
ly common on the pcorer-conducting parts of the surfaces of ships at sea 
in areas such as the North Atlantic, where very moist and relatively warn 
air masses prevail during the winter. According to Ekstrora (15>ljl), ice 
of the hardness and smoothness of glaze forma in this way rather frequent¬ 
ly on roads that run immediately adjacent to the coast of southwestern 
Sweden. 

Where ice results from the precipitation of liquid water 
onto surfaces, rime, glaze, or a transitional type between the two will 
be formed. Rato of freezing, drop size, and rate of drop impingement 
appear to be the most important considerations affecting the type of ice 
thus formed. Ideal conditions for the formation of rime result when 
freezing taJtes place rapidly, drop size is email, and the drops strike 
the surface at a slow rate. When this combination exists, there is a 
strong chance the individual drops will freeze before they can coalesce, 
resulting in the occlusion of large quantities of air in the interstices 
between the frozen drops and the formation of an ice mass of low density. 

Rodert (1951) has summarized some of the factors which 
usually play an important role In determining the speed with which freez¬ 
ing takes place. When the following conditions, listed by him as contrib¬ 
uting to rapid freezing, are highly developed, rime can resultt 

3. The degree of supercooling at aáiich the drop 
strikes the surface. 

2. The conduction of heat through the boundary- 
layer air. 

3. The evaporation of water from the wetted 
component surface. 

h. The conduction of heat away from the mJner- 
able region through the solid boundary. 

19 



The first throe of these should réstia fairly atatlo 
throughout the period of ice fonction, unless there is a weather change; 
tut the rate of conduction of heat away from the vulnerable region through 
the solid bor.dary nay change appreciably as the ice grows thicker. ïhe 
theinal conductivity of ice is different from that of nany common sub¬ 
stances on which it will form outdoors. The 19¾ editicn of the "Smithson 
ian i'hysical Tables’’ gives the thermal conductivity of solid Ice at 0°C as 
0.0053 cal/(cm2sec0C/ri). Figures are not given ior the conductivity of 
rime (which would vary considerably according to porosity), but anew with 
a specific gravity of 0.1 Is listed with a conductivity of 0.00018. Kot- 

; als likely to be found in exposed structures ’'ary in conductivity from ap- 
, proximately O.U for most steel to 0.5 for aluminum and 1.0 for pure cop¬ 

per. As Ice builds up on a surface composed of one of these materials, 
conduction of heat from the drop to the solid material decreases and freer 
ing proceeds at a slower pace. Johnson (195h) points out that in ice form 
ation on airplane surfaces, this rjy result in the formation of rime in 
the beginning and then glaze on top of the rime as iho ice grows in thick¬ 
ness. This fame seq-ence can no doubt be found in situations where ice 
is being deposited on bare utility wires by a supercooled fog. Assuming . 

, the conductivity of highly porous rime is about that of the snow cited 
above, it is possible thir sequence can also be observed occasionally 
on materials with relatively low conductivities such as the wood in build¬ 
ings (from about 0.00023 to 0.00090) or brick (0.00CO91 to 0.0001*2). 

On the other hand, Rodert lists as factors inhibiting rap¬ 
id freezing: 

. - 1» Conduction of heat to the vulnerable region through 
the solid boundary. 

j. ’ ; ' . . 

2. I'inor factors, such as the conversion of kinetic 
energy of the water droplet to thermal energy upon 
impact, and radiant thermal energy from the sun 
and surroundings. 

I 8lj® *130 has an influence cn the rate of freezing. 
The heat capacity of small drops is less than that of large drops; and, 
therefore, a small drop, in striking a solid surface, completes the pro¬ 
cess of freezing more rapidly than a large drop. Another influence of 
drop size is due to the surface tension of the drop. If the ratio of 
surface tension to drop mass is large, as it is in snail drops, there Is 
less chance for the shattering of the drops from the force of impact 
(Hyers, 19¾). On the other hand, large drops are mere easily broken to 
form a film of water over the affected surface. However, it is the writ¬ 
er's opinion that only drops tbs size of those found in fog have a suf- 
iiclently large ratio between surface tension and nass to be able to 
resist breaking upon collision. Certainly, drops large enough to be 

j classified as drizzle or rain and hitting with the Impact of such pre- 
j cipitation would almost invariably shatter when t' -trike a solid object. 

! 
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. . j aj * John80n explains the pert played by drop Isrpin««- 
nent by stating "...only when ¿repinta arrive at the surface In such pro- 

tîe fUrr''C0. °? vhich th^ *** Ringing cannot conduct heat 
away fron th^j fast enough to freeze them completely- before the next drop 

i denalí?.of i^9 «owj the densities eivenP 
in physical taoles.. Under thés» conditions all tue spaces between the 
drops fill in, givijig a solid ice nass of naxir.ura density»* 

e. Summary 

* *4 ? elaEe Urination, the temperature of the air, preclpi- 
tation, and affected surface are all at or below }2°F. A large mass of 
observational evidence indicates that most cases of glaze occur- when the 
temperature of the surface air lies between 25°F end 32°F, althou/'h there 
have been occasions when glaze was observed forming with the temperature 
wlif* TA '\S hißh ns 37<>?>* Direct measurements of precipitation 
temperature during glaze formation are non-existent, but theoretical con¬ 
siderations lead to the universally held conclusion that rain or drizzle 
responsible for glaze formation is supercooled. 

Dorsey shows that water can be supercooled far below 320F with¬ 
out spontaneous freezing, and numerous other investigators have observed 
the presence of supercooled water droplets in the atmosphere. Upper-air 
--¾ rain re\-eal a surface air layer with tesspera- 
\fol3 bäOW43?,Fi.abc^,rich la a ^ 1;,:'er with temperatures above 
r~i _^'ecipitation fallir.g from the Warm into the cold air is cooled 

ow i e freezing point, due to loss of heat through evaporation and 
conduction, but remains liquid. Upon striking a solid object, the force 
of ffPacfc and Toss of heat through evaporation to the air and conduction 
to the object struck and to the ambient air, cause the precipitation to 
freez-. Ihe type of ice formed (hoarfrost, rime, glaze, or a combination 
or «.«se; depends upon the speed with which freezing occurs, the size of 
drops, the rate of drop impingement, and the degree of supercooling. 
.¾¾0 °f ír^z^> drop Size, rapid rate of impingement, and 
slight supercooling favor glaze formation. 

3* gynoptlc meteorology of glare In the United States 

a* Limited information s^itsmarlzed 

(1) Absence of Information in literature 

, ... .. Meteorological literature contains little information deal- 
L.g with the synoptic meteorology of glaze. Studies of this aspect of 

4h9 ?tatus ruide by Brooks (l9lL), Frankenfield 
V 7 7; and l*e.i»álng0r at a tiA6 when the modem concept of fronte 
and air maases was not ful'Jy developed. Riehl (1952) has included a brief 
description of conditions producing glaze in the Chicago area in his mono¬ 
graph, 'Forecasting in Middle Latitudes". Studies have been made in Europ« 



ä: ; “rr- H1* ? *r’ £'n"r*u'' <■> « d ta. 
situation in a particular atom or ln a serisu of storas that 
on* csrtaln locality, and sines they deal sac lus 1 rely with Lurorian ccí>- 
ditiens, they cannot be taken as necessarily r*?r*sentatÍTe of the situ¬ 
ations which produce glaze in the United su*«a A fst-w i! , :i^plio^vrhá^ tMs^^s^a. 
îïbî; t)T / dMlL^ ^ synoptic conditions respon¬ 
sible far the storas (see Harlin, 1952, and h^ueen and Seith, «S). ^ 

In tlie discussion which ''ollows aa f. . 

si“ vr- 
s~ 

^ ^ ““ 111 “*•'* *•-•« f Hv- 

MehTs ar.alyals of Chicago area 

storae R1®ia'® ¿iscuasicn (1952) cf the synoptics of glas« 

of ™diUons\rthenChiéa r,F3 18 ^ !fC4r*'* th0^h brief trestasnt 
BureaS. ^ ^ Chicago Forecast District of the U. S. Weather 

"With very few exceptions, ice sterna occur during 
the northeastward advance of a low center, and 
they are quite uncommon with lows that nove east¬ 
ward to southeastward. We distinguish two types of 
ice ston* situations: ^ 

(1) A polar frcr.t wave moves northeastward along 
the eastern edge of a continental polar out¬ 
break ¿fig. ¿7, 

(2) A broad southwesterly currant ascends ever a 
sluggish body of cold air to the east Àg. 8? 
In this case the western surface low can be very 
weak. A good prediction depends on the cc*-~ct 
.©recast of the flow aloft and of the high't^'the 
C3.3 V a 

The .wo types differ as to the rate cf ice accum- 
Xation and the pattern of precipitation. When a low 
advinces northeastward, we observe tbs classical pro- 

ríníí 1 Cl0S9ly- accuczilaticc is 
rapid. Only in severe instances, however, does it 
last ™>r« than 12 hours, and within those few cases 
it ends within 18 hours. The southern edge of the 
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Fig-ire 7. SjT>opl*c xap of January 1, l?i.a, 1230 QtfT. 
Solid lines rern~e«ert surface Isobars; dashed llr.es,'500 ato. 
contours. Glace area Is stippled. Frets a cap In Xiehl 
(1952). Reproduced with the permission of the American 
Heteorologlcal Society. 

Figure 3. Synoptic rap of December 27, 19U, 0630 GKT. 
Solid lines represent surface Isobars; dashed linee 500 ab. 
contours. Gla¡e area is stippled. From a mao ln Riehl 
(1952). Reproduced with permission of the American 
Wetsorologlcal So.iely. 
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loin* »rea ivera^es 50 miles or mors to the north of 
the wirn front. lis width is 100-125 miles. We ob¬ 
serve snow to its north and rain to its south. Pre¬ 
cise location of the ice arua depends on the tempera¬ 
ture forecast. Temperatures must be below freezing 
in a shallow layer nsar the ground, but higher above 
the wars front surface so that rain rather than snow 
forms. The freezing rain or sleet changes to snow 
or quickly ends after the axis of the low has passed. 
With brosi ;,v.!fhw*‘'t,,r!y currents we observe ice ac¬ 
cumulation that is usually slower and lasts longer 
than in the situations Just described. But the ic¬ 
ing area may be elongated along the Jet so that a 
much larger area experiences ice at the saj-e tiae. 
The same arguments concerning temperature and rela¬ 
tive position of warm front and icing area apply as 
stated above. 

"A brief period of ice may occur in connection with 
many other stgrms of winter when surface temperatures 
range from 25 -35 f. Freezing drizzle falls for an 
hour or two after the warm front snow ends and before 
the cold front snow flurries start. This may produce 
an ice slick on highways," 

(3) General characteristics of glazc-fomlng situations. 

The widely-held belief that most freezing rain is associ¬ 
ated with warm fronts is probably trus, but it also occurs frequently 
wit:' cold fronts or stationary fronts: in fact it would appear that in 
some parts of the United States most freezing rain is associated with 
one of the last two types of fronts. In other sections of the country, 
polar front waves which have occluded seem to be the most frequent type 
of front connected with occurrence of freezing rain. Furthermore, glaze 
apparently can result from freezing rain or drizzle that is entirely non- 
frental in nature. Indeed, it would seem that freezing drizzle frequent¬ 
ly is non-frontal and can occur in a wide variety of meteorological situ¬ 
ations and over a wide range of temperature. Probably most cases of 
freezing precipitation at very low temperatures Involve drizzle coning 
from supercooled stratus-type clouds in a non-frontal situation. 

For almost every synoptic situation producing glaze, 
another that Is almost identical in origin, history, and final form can 
be found that did not produce glaze. It is not possible to say, for 
example, that all or even most of the,polar front waves that develop 
over the eastern half of the Gulf of Mexico In winter and move north¬ 
ward along the Atlantic coast will bring glaze to any area or location 
along their paths, even though a fair percentage of the glaze experienced 
In this part of the country is caused by such storms. Nor is it possible 



te «jy that s\xh storr.s vill /leid clsie «‘-.en asjoclatel with a particu¬ 
lar ¿irtrit-ation ar.d ir.ter.iU/ of hlch pre-rare or ary other feature of 
the ryrcpiie pattere. ‘.rJoubtedly, an exharjtiTo and careful stu<V would 
rrreal rcttle differences in the history of ^laae-fomlng and non-glate- 
f<rains storas, but they are aheost certain to be slight, since wry small 
Tsriatior.s ir. torpera.fare, both in the owrrurr.Lng warn air nass and in the 
cold wedge, deterrir.e whether rr not glase is to fora. 

Tb.e probier, is nade more complex when it is realized that 
glase-produoi-.g sterrs do rot necesjorlly cause glaze everywhere ¿dong 
thieir paths, factors cf local weather just prier to the storm and factors 
cf the ricroclirate :ay cause ene ¿ireu to experience glare while another 
clcs* by escapes entirely or experiences ice cf a heavier or lighter in¬ 
tensity. 

b. Analysis cf synoptic conditions 

{!) 

The results of a survey made by the author of this report 
cf synoptic conditions associated with glare formation in the United 
States are surrorized in Tables XU and XTTT in Appendix D. Two seta of 
data vere used to determine the occurrence of glaze. 

The data used as a basis for Table XII were .abstracted 
frm the original observational records cf the IT. S. heather Bureau sta¬ 
tions which give the beginning and ending times of freezing precipita¬ 
tion, the vater equivalent of the precipitation, and the maximum and min- 
imret temperatures recorded during the period cf freezing precipitation. 
Bespit« the fact that it includes no information on ice thickness, these 
cata hrae been selected because they are the most systematic and reliable 
available, and because they are all from predeterrdned and fixed loca- 
tio-s, thus allowing an analysis of a sizeable number of situations that 
affected cue certain spot. 

The informât ion in Table XHI is based on an analysis of 
eersiitiens which produced the glaze recorded in the "sleet rack" observa¬ 
tions (Association of American Ilailroads, undated) conducted by certain 
utility and ccrrrniicaticn companies and a iev lT. 3, Weather Bureau sta¬ 
tions. Ice thickness (radial thickness on vires) is included in these 
data, but little cr no irformtion concerning weather during ice forma- 
tira is giren because almost all measurements were made at sites where 
there were no reliable facilities for tricing observations of weather con- 
diticcs. 

A major handicap to an accurate analysis of both groups 
cf dita is ice fact that the time of day of formation of the deposits is 
seldcre given. This, of course, makes difficult the task of correlating 
the derelcpraeet cf the ice with the synoptic condition responsible. 



Th« iíorthnm Ifcml^jJiere Historical Ueath-r Kaps Duhliahnrl h-r tK- t < * 
Hsteorological Connitt« of the t’nited States 

;°n- 

(2) Ccneral concluaiona 

An exaninaticn of Tablea XII and XIII revéala aev-^ai 

Ä2S 

;ucH^ 

ing? n ' a ^ tho •frontal 3urface on irost occaaiona when glaze ia form- 

other type ^XtnVlSna SwÄrll^ ^ TL, 

Ä^ro^-ie0"^8 Crhern 3reat Pla1-* coÍ¿ Æ novirg 
Of iobãblv Í Table ;ai1» ^ i3 b33^ on stornn 
lv \ ^ r intensity than those .-ecorded in Table m, particular¬ 
ly -hows the importance of wann fronts over any other type. 

(3) Analysis of regions 

(a) The Mortheast 

tlo„ ta th, f“™: 

re^icBltni/v^í m0Vil18 h> a n’J1':h or northeastirljr direction toward the 
hm- iÛ A pressure area alnost always is found north of I’ei/ Fnol-inri 

otr^ Ähr11 Ä. 
£°îhS'.HrM°r r’“d ni oTÆ ?hê‘ôi;í ShS sr„™ sst 
whn. ihe ooid ï ^ IL^ll ^3¾ ’ 
anda n tnaaon ainnat idea! for th, iomaUon T/SSLÄrViS 



j in aXsost any rart 
Taw co.’ .e frc“ - - ' American continent, altho-.- 'aw m- . p„ — .. v*» »on 

also, they take almost any'-ûh -s th-i or «»stem Canada; 
«ver, by examining the Sl^e Ld níthí T* t0Ward tha ^^theaet. H^w- 
Caribou, Kaine, Prov'dence R - lrfhsHof wav!3 that brought glaM to 

It is »een that certain Âaî’a^VÎvcrer^ Chs9tar' «• 
cations, were caused byicrns that Ví 69, CA3,S^ at U'eü* lo' 
Gulf of Mexico (Texas, East cif ^ ^ " lht> vicinit-V »f the 
(See Figures 9-13 for cars d A'1&iltlc «ource regions),«* 
northeastern section of‘the --ntry that,brou€ht ßl««« to the 
divided between the other'so V«, WOr* falrly «venly 
In Caribou, Maine, ? out of ¡Ó c^e^n r °rth continent,* 
Pacific Coast. Stcrr.s « ,u * far Äway e3 Alb«rta or the 
areas generally move directlv“^ ^^coÍ!».30^'^1^1“0 “d ^31 ^ 
passing almost over the affe'-ed áreas orV "It* ^ tlp °f tha wav* 
storms moving out to see, fráec'ng precioiîstXn eA3‘ ^ t0 In 
wave tip and warm front áre locatfd^e U ? 38ems to occur th* 
fee ted area, although in orce- to dete^io*" aaôt-80uth«ast of the ef- 
at no more than 12-hour Inter-ais ílulTÍ tbd3 accurately, maps drawi 
ing from the south or couthwert o hjVe ^ ^ U3ed* In sto^ï• 
northwest of the r^¿or paS3 to tha va3t °r 
oriented in an esseítiaíly e¡^^? «f1™;’? ^ the vara fro^ 1» 
miles south of the affeVed direction and is located 100 to 30C 

originating in west^m l-'l ^Even ln wava» 
Cipitation most frequently áoá-s'^a ^ °ff e C0Untry» freezing pre¬ 
located south of thj region a-i -oiin^ 8xtendlnS warm front 
to this are waves moving from'the’ west Th* princlPal exce ¡-iu.-.j 
the front generally is alirr-.i ,,, ^bich b*come occluded and in which 
«ast. The center of the ÎS'press^ °r "orthwe3*-«outh- 
often passes several hundred r*l, • Prcri wd¿ch these occlusions extend 

Wh«re the center °Tl£ £ °f the “f8* Wh8re fora>- 
air mass is pulled from a northwest'th™ 7*® aftit pa33e3> tha cold cP 
result that it is either ccmpWy with th. 
or only slig .tly modified, whe-a/th^^fi d by Pa33a£« ov«r the se» 
storm, the greater the r since of ' i^n f inland tb« route of the 
over the area, f higiay miodified Cp nP air being pulled 

glaze occurred at^feh^sticr^-at^ '’j1. the basls of th* number of times 
the whole region, sáme Td^8 ba3ÍS of stora3 »ver 
gional sumaíT-. b C0Jnted c>ore than once in this re- 

■^For designation of arof in --wirv, 

°f 3orth -- - nÄTÄÄ 
in which tw^glaceíproducingÍro^ron^'1* qV (Jailuary 7'10* 1956) 
region. 2 4ront •■'ov‘,d Prom east to west over the 
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Figur* 10. Th« storm of January 1 and 2, l%8, In a highly d«v«loj»d 
etsga. At tha tima of this reap, fraazing rain wa* falling in parts of 
Missouri, «astsm Iowa, Illinois, Indiana, and northsrn Ohio. In som* 
places, ic« accvniulatlons up to two inches in dlaaeter resulted. Map 
reprinted from Daily Weather Mí i Jnalyaed Series Ko. 37, 8«t No. 1 
(M.E. Ellinvood), by permission of the U.S. Weather Bureau. 

Figure 11. The upper air 
picture at 1030 E3T on 
January 1, 194#, three hour* 
after the tiias of Figure 10. 
Note the strong flow of air 
from the southeast as indi¬ 
cated by the wind arrow in 
eaatern Illinois. The area 
of potential frseaing rain 
correspond* fairly closely 
with the actual glase area 
shown in Figure 7. Sam* 
eource &s Figure 10. 
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Fig\jre 12. Final stage of the storm of January 1 and 2, 19¡¿8. Heavy 
freezing rain is falling from Pennsylvania to Massachusetts. Map re¬ 
printed from Daily Weether Map analyzed Series No. 37, Set No. 2 
(M. E. Ellinwood), permission of the U. S. Weather Bureau. 
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Figuro 13. The upper air 
picture at 2030 EST, Jan¬ 
uary 1, 1918, $ houis before 
the time of Figure 12. In 
this instance there is poor 
correspondence between the 
area of potential freezing 
rain and the actual glaze 
area shown in Figure 7, 
From same source as Figure 
12. 
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Th* rtata for Caribou and Providence ("abie XII) shea# cP-»«P 

occurring Oiily a lightly acre often than unaoiifi-i cP. The picture 
indicated by Table XIII ia different because alaost without excéptico 
the cold air Hated as occurring in the stores at Nev Haven, and Chester, S.J. 
is cP-eaP. This could be of some oignificar.ce sLnce the average intensity 
of the atonas in Table XIII is greater than fer those in Table III. la 
24 storms at Caribou and 23 at Providence there seems little doubt t*<* 
wars air mass is genuine mT, while in 3 storms at each place it probably 
is a cP air mss that has been wanned by a long trajectory over the ocean 
(but not enough to be called mT) before returning northward or westward 
to the land. 

In many storms the surface air, with temperatures above 32°P. 
in the warn sector of the wave, never passes ever the glased area. This 
is particularly true of occluded storms or, if open,storms in which the 
tip of the wave passes to the e st or southeast. Is such stores pass, 
the temperature usually drops n farther below 32° F. as fresh cP air 
moving from the west or north „mediately replaces cP or cP—e-nT air 
which has been blowing from . more easterly direction. However, ex»»dn*_ 
tion of temperature conditions on the day following glaxe at Kew Haven, 
Connecticut and Chester, How Jersey, shows a maxima temperature above 
32° F. in most cases (usually between 35° and 45° F.). If the daily maxi¬ 

mum temperature reruina below 32° F. after the storm, it generally does 
so for only one day. Data giving the duration of ice on utility wires in 
Massachusetts, Connecticut, and New Jersey (see Fig, 19) indicate that 
glase deposits in those .states seldom last longer than 24 to 36 heurs, as 
compared with considerably longer durations in soos other sections of th# 
country. 

The freezing precipitation causing the glaze lasts only a few 
hours in most storms. In 55 storms at Providence, Rhode Island, and 
Caribou, Maine, it continued 20 times for 6 heure or more and continued 
7 times for 10 hours or more. In the storm of January 30 and ^1, 1946, 
freezing rain fell almost continuously for nearly 20 hours and deposited 
0,85 inch (water equivalent) at Caribou, and 0.20 inch at Providence. 
However, the resulting ioe possibly did not aacuit to much because the storm 
was not reported in the severe storm su-srariee of the Ü.S. Weather Sureau. 
There seems to be little difference in the duration of freezing precipitation 
with different types of fronts; the mean value for occlusions and warm fronts 
were nearly the same at Caribou and Providence. The durations were 2, 2, and 
1 hours respectively for 3 cold fronts at Providence, and 13 hears fer 1 cold 
front at Caribou. The mean value per storm of the water equivalent of 
freezing precipitation at Caribou and Providence was slightly less than 0.10 
inch. The few cases of prolonged and heavy freezing precipitation in this 
area are generally cauded by warm fronts which becone stationary as they 
move up the coast or which move only very slowly. Table XIII and Figures 
25 through 27 show the thickness of glaze cozccnly experienced in this 
region. 
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saldos occurs by uJlf 'lr^tM/rcor ,ril11» 

‘¿¿z Ärr/Är^ü»^"“ ^ ÄS* 
di,irtbutio;VrVr.cr iu^fr *cœ* ^ 
of non-freezing rain along tile i-izedlate^osit ^ ,;ountrl' i8 A strip 
freezing precipitation lÎYbeit™« ^ “'í1'““»» "f 
then a considerable area with âi tha *irther inland, and 
of th» cold air Is tno warm for th<? tcmP«ratnra 
inland the teaperature of the overrnññi "lng’ -1° th® #now area 
above 32° P, rrunning wans air does not rise 

. , j-orthem Ohio and Western New r-^t, <•. 
for locations in northern and wTiT^Tir—7——*■ ~ Stcrila analysed 
Ot.io indicate that, synopticallv a^rn^ SUte 'V'd in northern 
prevail during glase forraUoí ai iíthereíicn ÏÏt^ C^itÍ0na 
layout of fronts, pressure svsterus gi ” Jjst disc^8«<i. Th» 
is typical of manyólo™, arSctin« the tl*^***3 1*°™ ln Figuri!' 1(1 
that is fairly comon is shorn in Figure a£®a* pother type of storm 

¿ÂiŒ:\'rp^îÂr *;tf 
this reglen and the far N^thea^Ti f tí f r t0 U n°Ud betw«n 
in the area near the Gulf of Mexico* out of*™1" t* ^ stona3 originat 
12 cae» froa the Texas, East Gulf ’ir ’e tw «^i5^0"33 reP°rte<1» °nly 
Twenty storus originated in «ith-i X °bh Atlantic source regions. 
Cm oral „gionsPS^ „.^cí" 
Ths avenus of approach of uav.s to this 5* PaC,lfle Co“t- 
directlo.1 from south throu?h northwest c a ^.44°° almost any' 
from the n-rthwest, althoïfh the rrevem^nt 0?*^^ drm °n C1®',reland 
cane of those that were open waves wa* rt ^ frcnt> ^ th« 
passed over the station. ^ ’ f the 80,ithw«3t as it 

north. , S’dSo^t'JgíI" “•c,n„0trth'^,0r r"1 “• 
and Erie, ii.Y., ln March 1916 rfírnL Í t Chi°' Ith«a 
trending warm front moved toward thf e° that 148 ncrth-south 
The duration and amou- t of precinitatiin4!^0111 e<i3t ln NeW ^1^4 
systems moving from the west or Lrth th 1 . 0r‘sldftrably less Tor 
the south or southeast. In all caaen ^°r tr'os* wi',icl1 ^ve frea 
from west to nerth.a Ürre rP 1 ^ 3t0rT* aPFrcach Cleveland 
north-south and located near the eaít co^t ^r^í1' rÍdge line orient«<i 
streng flow cf cP->mT or S Sr uo lSiï« f the continent, sends a 
In addition, the SOO-miUibar chart indie t l33Ípri ^ ^1° valleia- 
south aloft. Chart indicates a strong flow from the 

to th. s.o^s'^.^S.Hudí't'h"^,1““” »itH nsesrd 
deposited ns inch or »ors Ico tha¡ thoss"i*¿Sch'U ^15 ”™ 
____ n ir‘C3e ln which «rm or occluded front 

Keith (1950)! PreVÍ0U9ly nentiçned st°™ described by McQueen and 



w*r« active Cold fronts apparently causa ßlaM t»r« orteti ^ 

ï* t î^St thln ^ ^ far Northeast, altho-i 
t..è aacunt cf precipitation is scall (a trie« in 4 of the 5 tha* 
occurred at Cleveland and 0.01 inch in the 5th). Jtlso, the cold air 
Is nearly always unmodified cP; Atlantic cP-miP air cay occasionallT 
reach as far as central Kew YorV and he associated with ¿la*® 

eulatien of the cold air frequently is fren east to west tut s.ldoa 
does .. extend far enough east to have any trajectory ever the Atl-nMe 

fled than in th« «xtreni« Northeast (esr-^oii^lv fnr »-.♦ • « .. 
-:- „P th. .:¾ ^ 

Auntie CO.,!.-. ..tor,. In t.o ,Ura .t Cl.ril^T tr, ÎTr^!.. 
tuto«.. Pacific „ air «old h.v uAttl ^ 
Tha centers of aost stoma cross tre region in .. # 
eastward socewhere between Lake Ifarcn and eastern Per^W?* a°'>~* 
an occasicna! storm in which the vare is located entirely o^thf 
Atlantic Ocean produces glaze as far west as Clereland. 

.. ,, ^'-t Great kikes and KissisSirri V-.17er _ r«w > 

irtLP^M oriïaù in the vicinity of the Gulf. However, a fairly larca crenel. Ir 
those fron the west co swing down over the lower portiij of the Great 
Plains of the Mississippi Valley, and therefore have anple opporturity 

nl fhe aio ^,Carry it ^ - the northeastwak evií^cí * 
up the valley. Hiehl’s contention (1951) that glaze rarely occurTin 

ÍeceSínT ra VÍth, k°” fr0a th8 Ve9t or ßo^Mt is not^ 
In 18 ' I ^ 8tra by the present writer, 
i-rtf ^ lr "t - °^/laza at stations extending fre® Sault Ste. 

ÎTe irïT^l5^Sneltl lU-’ ^ Whlch thora 1» a well-developed 
This î^ ^^i ,C!n 'îr, the ~-t i3 from the west or northwest 
IS Kd not include atoras wiiich originate in the west or northwest 

faí S0Uth OTer thö C-at Plains, LtuaST^1 
rd the affected area from the southwest; nor does it include seré«! 

s hSla ^ ^ northwest. It waS noted, however, that the sterns In Table XII which 

thlle coS“ fWe3\wr n0rt^e9t de^sit 1633 precipitation than 
those coniçxn from the southwest. Ch the other hand, of 23 storm» 

Ä.s,n6.ÄiTrÄ?; ssrs s-r- 

o!3 fo"thoiTfT'o*™dT5it?‘33’trac,,, trac*' °-18> 
storms from tile les^^or 

storm, from the southwest, but a larger ?ercenUge ofsürlf frl^ Ih^ 
uthwest deposit eeasurable thicknesses of ice. Of course a larcer 

number of storms would have to be analyzed before any ccr.cl¿BioÍ¡ 
such as these could be considered valid. 
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Ö»» centrait batwetn this reglen ani tha Korthesat, particu- 
?arly thj New England section, Is that ln & largar perc*r.Vi*e cf tha 
atonas tha tip of the wave passes to the south cf tha glaied area, 
which r».inj fewer cases where tha surface air in the wars, sector with 
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its 32AF., or higher, temperature passes over the glazed area. Often w r « r - v . • V > i w «• V ve • V-* • V/ a vv> i t 

fr^sh cP air with temperatures vieil below 32°F. replaces air in which 
glaze fers», and then dorainates the area for several days. La aoat of 
w..e states in this section, ice on utility wires last, 43 hours or 
longer in at least 25 percent of the sterns. (3ee Figure 19.) 

> .’,y,iVAV-y 
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Riehl’a type No. 2 (Figure 8) probably is responsible for 
the fcnaatico of glase in 11 or 12 cases. In nost of these situations, 
a cold front or stationary front is fc;nd to the south or southwest of 
the glase area. To the south of this front is old cP air which has 
been wanned eoaewhat, but not above 3¿°T. Farther south, alen? the 
>ilf coast, or possibly out over the lulf, is another front, generally 
a fairly active wana front. To the south and above this front is very 
wans =T air which has coved northward in a broad current ever the two 
frental systeaa to the north,bringing «ist air with teaperatures 
greater than 32°F. over the glaze area. 
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With regard to air masses, both tables show cP and d pre¬ 
vailing alnost exclusively, though Pacific cP could be the warn air 
rass in j of the storms at Milwaukee and in the 1 at Springfield, Ill. 
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(d) The Southeast and the Ouif Coast - Accumulations of 
g~Aie at points in the south and southeast sections of the country are 
caused primarily by polar front waves which originate over or near the 
uulf. Very few cf the waves from farther north or west that bring 
glaze to points in tha central or upper Mississippi Valley «.r the 
Northeast cause freezing precipitation in tha South, even though they 
sight swing far down over the area. T..o explanation possibly lies 

^act‘ temperatures in tha cold air mass are warred to above 
,4 .. by the time the air reaches these southern latitudes. Probably 
of greater significance is the fact that the air in such storms, 
especially those that come in across the Colorado source region, 
seiden is fresh cP, but instead a mixture of cP and Pacific mP or 
simply Pacific rep. Furthermore, it has been warmed more adiabatically 
than cP air which caces directly down the Great Plains frea the north. 
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At any rate, 12 of I4 storms producing freezing precipitation 
at Washington, D.C., originate in the Texas, East Gulf, or South 
Atlantic source regions, and of the 8 storms shown for this region in 
Tabla XIII, every one originates over or very near the Gulf. One is 
fren as far south as the Yucatan peninsula. Maps for Storni' in this 
section usually indicate a largo cP high, occupying virtually the entire 
Mississippi oasiii from Canada to the Gulf and from the Rockies to the 
Appalachians. After tha cold front which leads this air south and 
east moves to the Gulf, and has remained there 24 hours or so, the ■ < .,<■ y   y. 
occurrence of cyclcgeneaia along the front results in the formation of .'/ -Á >N'^- 
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& wave which then dow-s r<ortii*4_t Carrying ¿-.“eewing r»in «r driitle 
with it. 

Wave fanaaticn ¿ces not seea t.o bo necetsary in order for 
glaze to occur. Freezing raLn irias beer, reported at Atlanta, Batea 
Rouge, and San Antonio, both while th-j cold front was actively 
noving south over them and .liter it nad bec'îœe stationary ever the 
Gulf and before wave demotion had begun. TannehtU (1929) has 
described the occurrence cf these latter stonrs along the Gulf 
Coast, calling then "aVt-Jicrthers." However, he found gl&ie asso¬ 
ciated with only 3 of then in the period 1901 to 1925. Occasionally, 
one of these Icrig cold fronts nay become stationary before it aeres 
south and east off th'j continent, in which case freezing rain «M 
snow uuy develop aloi^ the front (Figures 14-15.) 

As has been suggested above, the cold air cuss associated 
with glaze formation in this réglai is invariably cP that has com 
alnost directly from the source region, although the one case at 
Richmond, Va., secas to involve a cold air mass that Eight be called 
cP-^nff. The only warm air ansa indicated for this region is aT. 

Below-freezing temperature? seldom last more than ' few 
hours after glaze stonrjt in this section of the country. Polar 
continental air generally prevails after a storm but it varsa ta 
temperatures above 32° F. very rapidly. After 7 of the 8- storms in 
Table XII, the maximal temperature on the following day is indicated 
as being above 32° F. ami after the 8th storm it is exactly 32° F. 
Nevertheless, glaze can remain on objects for extended periods in 
this region. The mean duration of ice on utility wires is: 

State No. of storms Mean duraticr. 

Texas 
Alabama 
Georgia 
North Carolina 
South Carolina 
Tennessee 
Virginia 

7 
3 
4 
8 

10 
6 
6 

(Hours) 
60 
26 
54 
21 
23 
54 
15 

These storms are probably heavier than average because they hare 
been taken from the Ediscn Electric Institute data which are based 
primarily on atoms serious enough to inflict damage to utility 
installations. 

(e) The Scn.tp.em Great Plains - Based on the data for 
Cklahoma City in Table HI,aost glaze in this area is brought by cold 
fronts that advance rapidly southward over the plains ahead cf eP 
outbreaks. Oat of 20 storms at Oklahoma City, 14 are the result of 
this stitualion. fnly ò of the stems consist of well-developed 
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Figur« 15- Th« number« on the map Indicate th« date« on which 
f:'«ezing rain fell in the various states. Many measurement« of Ice thick¬ 
ness could not be plotted because of the small «cale of th« map. Thia is 
one of the most widespread glaise «toma to have occurred in the United 
State«. The average glaze storm does not affect more than 1 to 3 otates. 
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,oUr front waves wch as bring freeiing preciplUti.on to location» 

a? nûrth* W5ldd b* ex^:U1 theM condition», fresh cP and mT are usually the associated air masses. There is 
e.^cnce in 3 storms, however, that cP is the overronnlng air mass, 
in 2 storm», cP with a short trajectory over the Gulf and which, 
therefore, should be called cP,eT, is the overrunning air mass. 

,i n n in ?03w °e V'9 3!,0rm3 at CkUh:>;A City allow deposits of les» 
di^ferêi?-1^ M fr9eli”S precipltatica and there is no apparent 
One of the •«< i'" JeiX!si*-ô';i by th* various type« of storms. 
ï!. fwth 3l:^# Coid rronts droPF9d inch of freezing rain, 
more than any e.ona in which a warn front was involved, and the cold 
front Usted In Table XIII depositei C.2? inch of ice.’ Se upper 

S!« S o5"ÜSf ^ "”J 10 fro* ^ d.i»,it.d 

dav. nr* Tenp*raturiS than 32°F. cocmoruy prevail for several 
oryii wtCr * Cj-aza,ftona in this region. The ice lasted an average 

aiâoÂÎÙ",“ ’toras ln “d w h0"” 5 m 

Plain, (rl'K fig-H^^rnCrcat PI a - On the northern Great 
riains I from Nebraska north)/ there are four situations which pro- 

frenteÍr*’ the establishment of a stationary 
front along the^westem edge of the Rockies, -with the front generally 

síardMg fr0111 ^h**”1* southeastward Into Colorado or Texas,^and 
Îe5t of thaVewr cPpoutbreak to the east from Polar Basin or cP air 
several °f this ty?* stationary for 
several days and occasionally for a week or more, and then move slowly 

st- «‘ThT^T1; i?1 thl> map* anÄlyzed» it is during this moving out 
m"! tu‘at £'0at °f th® fr08Zin« precipitation was shown to occur at 
Bismarck. The movement of the stationary front seems to be stimu- 
wl°n 30:D! ■,c^a3i°n8 by the passage aloft of a weak front or 
whwr^iassociated with the eastward movement of mP air. Of 22 cases 

BisZrîw It3 pOS*l*U ^ £8t ^ idea of the nature of the warm air at 
ï r^r8*1^8 th* 3Urfac'* r“aP» rJ> or Polar air is in- 
dlcated 18 times. These two air masses are not markedly different 

warm Th«™7? ^frc^ Bockieo, since both are dry and relatively 
and d^i^,158111 *re!lC! 18 USLally the greater subsidence, warmth, 
Ssin V83 E*a3Urad by mixin8 ratio values) found in the Polar 
S 1 out â'i0n °f ^0°0 t0 ^003 f9at abov# the surface, 
been veri rí J Slate storms, the presence of mP air above Bisioarck ha» 

.-wo occlííí" h Ä:* '!pp*r *lr th« »th-- 

at b* a3k*d why S1-*19 occura rxire iiequently 
tí. p! í«k p“1, "oí northern portion of the Great Basin, sine» 

■» Pacific mP air that supposedly brings glaze to Bismarck must pas» 



across tho Groat Basin. Tho answer probably lies in th« fact Uut tho 
bP or Polar Basin air Is usually a aurfaca air mass in tha Croat Basin 
but u found overrunning cP air at Bismarck. 

The cold air is nearly always cP at Bismarck an^with this 
typo of situation, seems to be about equally divided between fresh cP 
air blowing from a north-northeasterly direction and return- 
circulation cP from the southeast. If the stationary front »ovo» 
across Bismarck to the east,, temperatures above 32° P. generally 
follow closely in its wake, possibly accompanied by a mild "Chinook* 
effect. Koto that in Table XV the mean duration of lea after 3 storms 
In Nebraska was only 14 hours, and after 2 storms in Montana, it was 

20 hours— values considerably lower than those for areas farther 
south. 

The second situation is created when a polar front ware 
moves eastward towaxd U’.e Great Plains from the North Pacific or 
southeastward from Alberta. The wave frequently follows a day or 
so after a cP outbreak has occupied much of the eastern half of tho 

United States and then begun to move out over the Atlantic. Sooo of 
the waves are open and some are occluded. In open waves, the glaso 
is associated with the warm front. The important condition ia that 
warm mP air is brought in from the Pacific above cP air at Ue surfaco 
On one occasion, however, mT air has been pulled north over bisaarck 
as the overrunning air mass. The cold air usually is reluming cP 
from the southeast, but on some occasions it may be relatively fresh 
cP from the northeast or north. In 10 years, 11 cases of glas* wer« 
recorded at Bismarck in which the temperature dropped below 15° P. 
during actual glaze formation; *n one occasion it went t« 5° P. and 
on another to 4° P. A new cP outbreak from Canada, carrying sub- 
freezing or even sub-zero temperatures, often follows directly ea th« 
heels of the low as it coves eastward across the plains; thus glas« 
may persist for long periods after this type of storm. 

The third situation occurs when a wave forms in Colorad« «r 
Northern Texas and coves northeastward. The wave usually deveio}* sa 
the west side of a large cP anticyclone and travels northeastward as 
the high moves over the Atlantic or the Gulf. The passage of the wav« 
across the central part of the country frequently bringe a fresh out¬ 
break of cP air into the plains area, while nit is pulled north Int« 
the storm. This typo Is the least common of the 3 mentioned thus 
far, being responsible for only about 1 occurrence of glaze in every 
5 or 6 at Bismarck. Undoubtedly, this type becemes progressively a»r« 
important southward on the plains. 

A fourth situation that brings glaze to the northern Great 
Plains is found when a cold front moves rapidly southward over th* 
region. If the cP air behind the front replaces an air mass vana 
enough to have temperatures abovu freezing after being lifted «ver 
the front, freezing rain or drizzle result. 



Th® amount of fre-stirv, prooipitatloo ¿»posit®i at RísbatcSc 
by any of th® stonna usually i>ro*-^ts to only a trac® or, at host, a 
few bund rod ths of an Inch. . Ecth aP and nT air would ba coaparatÍTolj 
dry by tha tin¡« it raacbed this far Inland. Kaverthaloss, ie# of 
nujor thiclaiass can fora occasieoally in th® r.ortham üraat Plais» 
(Figur® 27). 

(g) Tha Grnat Sasir. ar.d Rocky Ko'^r.tains - Ginza is « 
ralativaly rar® phenomenon in th® Great Basin and Rocky Mountain 
area; therefor®, few maps are arailable for analysis. Hevever, o 
description of 5 situations that caused glaze in this region will b® 
presented: 2 for Lander, Vr*., 2 for Elko, Kev., and 1 for Grand 
junction, Colo. Spokane, »ash., whicn is located in the northern 
portion of th® Basin tr.d which apparently has a higher incidence ®f 
glaze than the rest of th® region,will be discussed separately. 

On® storm at Lanier was caused by an open wave which mured 
in from the Pacific across Puget Sound bringing cP air with it. Th® 
tip of the wave passed directly over Lander. The freezing precipita¬ 
tion, which lasted for two heure, recurred shortly after the tip maved 
on to tha southeast at a tire when the surface wind was bringing cP 
from the northeast. Tha ether storm was the result of the movement 
southwestward of a cold front associated with a rapid cP outbreak ever 
the northern Great Plains. In this case, it Is iupossiula to tell th® 
nature of the warn air by «paadning either the surface ®r the 503- 
millibar chart. 

The earlier stons at Slk®, which lasted only one hour ard 
deposited barely a trace of precipitation, occurred with the paissg® 
southward of a cold front fma Washington and Oregon. The warm air 
was Pacific nP or mT pulled northward aloft by a low centered over 
Reno and another Just off the northern California coast. In the 
other storm, precipitation again was only a trace, but lasted for 6 
hours. A ridgs of high pressure lay to the east of Elko along a line 
through western New Mexico, ¿alt Lake City, and Pendleton, Or®. X law 
was located off tha coast of southern California and My hare beea 
causing a broad current cf Pacific air to flow aloft over the Basia 
air moving southwestward from the ridge of high pressure. 

The storm at Grand ¿urcMcn was associated with the rapid 
passage of a Pacific occlusion aloft over cP air located at the back 
of a huge cP outbreak. The precipitation lasted for approximately 2 
hours and amounted to a trace. 

Seven maps were analyzed for Spokane and they fall into 
essentially two situations. Five involved the pas*-go of «n 
occluded Pacific wave inland across eastern Washington. In two of 
these cases, the occlusion moved aloft over a well-developed Crest 
basin high. In sons cases the ware originated in the Aleutian am.* 
and In others as far south in the Pacific as 35° K. Lat., but in 



either event the warn air carried into the system cane frca the south¬ 

erly rone in the ocean. This frobably is a requirement for the foraation 
of glare in the Spokane region, because nP from farther north would seid» 

be wars enough in winter to maintain temperatures above }2°T. after being 
lifted 2000 feet or so. The largest amount of freexing precipitation left 
by these stores is 0.08 inch, and its duration was not tore than 2 to U 
hours. Two of the caps for Spokane whow quite another tyre of situation 
as responsible for glare formation. .These resemble closely the second 

stora at Elko, Kev., where a low off the southern California coast and a 
high over the Great Basin combined to force the flow cf southern trajectory 
Pacific ri* air aloft over the Great Basin area. There is a possibility in 
this instance that the precipitation was air mass in nature and caa« fro« 
.low stratus clouds which covered the area. 

(h) The Pacific Coast - Glare formation .is associated with only 
a small percentage of the wincer storms that strike the coast of northern 
California, Oregon, and Washington, due primarily to the general absence of 
cP_air in the area. Southern trajectory mP air warn enough to remain above 
32^. after being lifted over the cold air nass comes on shore frequently 
in this area in the winter, so that if there were a high incidence of cold 
cP air along the coast, glaze storms would be frequent. Furtheraore, be¬ 
cause of the high noisture content of the mP air, glare storms along the 
Pacific coast undoubtedly would be severe. However, the right combination 
of air masses does not often occur and then for only short periods, with 
the result that when glaze deposits form they often are not Vary thick. 
There are «receptions to this and one which occurs occasionally will be dis¬ 
cussed shortly. 

The two case- of glaze at Seattle occurred when cP air was 
forced across the mountains and onto the Pacific coast. Ca one of the 
occasions the air was forced over the mountains by a strong high located 
over the Great Basin, and on the other occasion by a ridge of high pres¬ 
sure extending from northern Alberta to northern California. In both 
cases ai occlusion passed inland over the top of the cP air. 

The two storms at Troutdale, Ore., were caused by essentially 
the same situation — a high over the Great Basin which forced cP air down 
through the Columbia gorge while a Pacific low carried southern trajectory 
mP air onto the coast ana over the cold air. The ice left by these storms 
was 0.05 and 0.¿0 inch, respectively. 

The first occurrence of glaze at Blue Canyon, Calif, resulted 

from the formation of a wave extending from Montana to the Pacific across 
central California. This wave caused Polar Basin or partly modified mP 
air to flow from the northeast over Blue Canyon and warm nP air to flow up 
from the southwest. Where they met, just southeast of Blue Canyon, a warm 
front formed. The second storm involved the rapid aovwient of an occluded 
wave southwestward across Oregon and into Nevada. The cold air appeared 
to be northern trajectory nP, while the warm air was a? with a more south¬ 
ern trajectory (from southwest of San Francisco). 



'»^ *." 1 '„ V*. -1"' 
h >/,- 

^é::j 
‘,; *,. "i » 

t''-> •„ 

, •*. --( 

“V 
r-v 
^.-- 

t-V- * 
c -1' • 

IP 

\'*\y 

■ '-i 
sr i * 

V-J 
v.v 

•S» %. 
»'''« ' ~~itr '*.- —t.:f 

r«y.: 
fÿv 

Tn * study d«%Mr.f with ico *n stands of Doubla, fir, 
V. ?. yc!>illoch (19A3) describas a stora involving the invasion of the 
ccAst»l lowlands by cP air and which, in contrast to the stents r^nttoned 
above, deposited a thlc'< la;,-er of ice on all surfaces and inflicted heavy 
IvAve on forest trees.* 

"A olar continental air tuss covered the Pacifie Northwest and 
Northern Hooey Mountain ar.i Plains states at the beginning of January, 1942. 
Temperatures ranged between 0 and -10 degrees F. between the Cascades and 
the Rooties. At this tine, a weak cyclone developed rapidly over 'west- 
central Caneda ani the doce of cold polar air behind the cold front was deep 
.an! very cold. £7 the fourth of January, this doae of cold air hid spread 
southward and bler.ied with the older polar continental air nass over th® 
we,tern United States, so that entire United 3ta.es froa the Mississippi 
Valley to tne Sierras and the Cascades was dominated by a very cold air aass. 

"Continental colar air drained Into the valleys west cf th« 
Cascades until a layer approxlmtfly 410 feet deep covered aost of the area 
west of theCascades and north of the Siskiyou Mountains. On the aomirg of 
th-» sixth ¿January/ pressure bagan to fall fron San Francisco to Vancouver 
Island with light rains reported fron coastal stations in northern Cilifomia. 
Overrunning warn air frea the south attained a depth of approxisutely 10,000 
feet by thi seventh. The boundary between the continental polar air and the 
tar.tire polar air on the sixth va- *4tuated in an east-west position over 
the Siskiyou Mountains with this overrunning vara noist air cosing inland 
fren off the coast. Rain falling froa the overrunning vara air, as it 
ascended the slope of the dens of continental polar air north of tne 
Siskiyous was chilled considerably in its descent through the continental 
polar air that filled the valley west of the Cascades. Here teareratures 
had teen below freezing since the first of the year. As a result, thia 
chilled rain froze luniediately upon striking the ground or any cbject, form¬ 
ing a layer of ice on a.l surfaces. During the entire period, continental 
polar air continued flowing froa the Columbia Basin via the Coluaiia gorge 
and tne other mountain passes, maintaining the supply of cold air in the 
valley west of the Cascades in northwestern Oregon." 

In addition to the above description, it migh*: be of value to 
quote froa another by Donald 3. Lawrence (undated) in which he describes 
th)« manner of occurrence of glaze storms in the Columbia River gorge area. 

glaze stem at Crown Point is regularly preceded by a freez¬ 
ing winter gale without precipitation, which blows through the gorge from 
th« east for a week or longer. Sooner or later, relatively vara coastal 
air begins to move inland over the gorge from the west, the velocity of 
the persistent east wind begins to abate and precipitation results. At 

The^description of meteorological conditions in this stora was prepared 
by Louis R. Jutwitz of the U.S. ’(feather Bureau Office in Portland, Ore. 
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first, thi; has tha fom ct ordinary snow, accompanied by a strong »ast 
vir.i î^i slowly rising tesperatürs». The initial srw« is apt to change 
wi* -r a re* hours Into graupel, and bomewhat later into sleet. The 
solid particles that iraké up these foras of precipitation are driven west¬ 
ward alacst horizontally at perhaps 30 ailes per hour or tore. After the 
graup-1 or sleet has continued for a few hours, freezing rain supervenes, 
driven by the strong east wind, with velocity still not greatly diainished, 
the gin* accumulates cainly on the eastern side of trees, cowring evsry 
needle ar>i twig of the crown and even the bole. 

, "A S’-ase storr may continue for twenty-four hours, with east- 
west ve.ccitles between 25-30 miles per hour, while branches and twigs on 
the east and northeast sides of a fir crown may becosa covered with ice 
coat.rgs as much as 3 or t inches thick. As a glaze stone cases to an end 
.be air temperature and the rain become waraer. and. the east wind abates 
and is supplanted by a gentle southwest breeze. The temperature continu'.« 
to r.se and warm rain continues to fall for ceveral days; consequently the 
stora ends in a rapid thaw and the ice soon disappears..." 

According to Lawrence, such storms occur in midwinter or later, 
a rew winters have been characterized by several of then, wnereas other 
winters ..ave passed without any occurring. 

Wells (1921) describes the rapid thaw that may follow thes, 
storas in writing of one that occurred November 19 to 22, 1921. During 
th.s particular storm, the wind at Portland was from the east and temper¬ 
atures remained around 29^\ Within approximately half an hour after the 
lower -evel of clouds was observed to be moving from the southwest (on the 
afternoon of Ncv. 21), instead of from the east as all through the storr., 
the temperature rose 10 (F) degrees and the ice rapidly disappeared. The 
synop-ic situation for November 19 - 22, as given in the Northern Heai- 
sp.^re us.orical Map series, indicates that from Nov. 19 to 21 an east- 
west-exterding warm front lay just to the south of the Columbia River. To 
tne north of the front, cold cP air w&s forced westward by a ridge of high 
pressure -ocated over the Northern Rockies. A high off the California 
coast caused very warm Pacific maritime air from about 35° latitude to 
flow northward over the warm front. Or. Nov. 21 the wave, of which the 

pArt' iraand carrying onshore nP air with tempera- 
tures ftDCTç 32 F, 

c, S'Æimary 

» . . Since the appearance of the pioneer works of Brooks (1910, 
Keisinger (1920), and Frankenfleld (1917), all before 1921, meteorological 
literature has been almost totally devoid of studies dealing with the 
synoptic meteorology of glaze in the United States. An exception is 
Rie..l s recent study (1952) on glaze in the Chicago area. 

A study made by the writer of this report has led to the fol¬ 
lowing conclusions. Most freezing rain or drízalo appears to be 
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j¡nioci*<t*S «.'ih w»ra f.—,nt Actirit/, but H ilso fre-í'.s’.tijr occurs vith 
coLl , as c-r, IV 5out^m 'r^at Plains, or static-A-r fronts, as on 
the Nort'*m Crest Plains. In ä! lit ion, ^1 ace apç-arer.tly can result fnoa 
freezir.c, run. or dr:irle which i entirely non-fr-rUl in nature. T1.« 
cold surf ice air ruase involved in »tlace fcnrAtion almost invvriably is cP 
with the exception cf certain areas shch as Sew c-nrlini ut.ere the cold air 
usually i* c? partially aodified to r.r. The overrunning «ara air is alw'st 
always n.T, except ir the Pacific Northwest where it is none likely to t<s cF. 
The ccmnonly hell iicajinat in the central part of the country heavy glaze 
is assoc:■-te-t only with polar front wives moving fren southeast to north- 
cost,does rot seen to be valid. 

**• Chzrzcteristlcs of Glaze Ûterns 

a. Pice of stones 

Figure 16 shows the variation in the sice of glaze stores In 
the Unite* States during the winter of 1936-3?. Fcr reasons pointed cut 
elsewhere in this report, the boundaries of the stores cn this nap cannot 
be considerei definitive, and cannot consequently be usii to draw conclu¬ 
sions wit h exactness. :k;wover, they probably are accurate enough to give a 
fairly cooï indication cf storm size and configuration. Kote that most of 
the storms appear to be wholly local, whereas sore cover huge areas er.coa- 
paasing large parts cf several states. The biggest stem on the map, that 
of January 6 to 9, extends froa west central Texas to central Wisconsin. 
The storm cf January 6 to 9, 1930, illustrated in Figure 15, is even larger, 
covering an an—a from Texas to New England. Such outsized storms, however, 
are rather unusual. Siring the 9-year period for which capo similar to the 
one in Figure 16 were prepared, some winters passed without any occurring. 
The average stom of rere than local size probably is 200 to 600 miles in 
length and covers parts cf 1 to 3 states. Although it is not shewn quite as 
clearly or. this r^p as on most of the others, there is a general tendency 
east of tbr Heckles for the glazed areas to be longest in a northeast- 
southwest T east-west direction, probably because rest stems in this sec¬ 
tion of the country travel across the area from west to east or from rcuth- 
west to n.rtheist. A few cf the stems occurring or. the Ire.*t Plains^north 
from Nebraska, had their long axes oriented along a nurthwest-southeast line, 
corresponding to the path of rovenent of lows from Canada. 

b. Distributl~n of glaze within storm areas 

As a place-producing storm roves across the country, it does 
not necessarily derosit ice ever;r^h‘*re along its rath, es-ecially if it is 
a light stem capable of laying down only a thin layer cf ice. In some 
cases, a large glaze-covered area has scattered spots where no ice formed 
at all. Other stems leave ice in widely separated locations -with the area 
in between remaining virtually free of deposits. An exarpie is the storm of 
January H, 1937, which deposited ice in central Texas ar.i then left an ice- 
free rap nearly 300 riles in length between that area and central Arkansas. 
In additicT. to this unevenness of distribution of glazed and non-glazed 
areas, rao.rt storms shew a wide variation in the thickness of ice deposited. 
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frequently, Ice of nerkedly different thickness Is found In close proxto- 
Ity (see Flgore 21}. Huch of this results from changing conditions within 
t..e storm itself, such as strengthening nr weakening of cyclonic activity, 
although microclimatic influences often are equally important. 

c. Influence of nicrnclLmate 

°f the changes just described can be explained on the 
basis of the influence of purely local factors related to the microclimate. 
In fact, in probably no other major type of atom will the comnl«>xlty 0f 
the microclimate, as determined by elevation, aspect of slope,*exposure to 
wind, composition of ground surface, etc., have as great an opportunity to 
express itself and cause large variations in storm Intensity over short 
horizontal or vertical distances. This is brought out by the following 
statement by R. Geiger (1950). ^ 

"Glaze is probably the most sensitive syniptom of changing 
ground conditions. Whoever walks the streeta with hie eyes ooen when 
there is much glaze present cannot avoid astonishment, questions and re¬ 
search. Every street, every curb-side, every kind of ground, every kind 
; ^one t-a3 Its own (different) glaze fonrvition. Long-filled excavations 

at ..he side of the street are plainly visible. Surface roughness, the 
t.^ckness and type cf stone facings, the inclination of the ground - 
everything shows up. Truly, if anyone wants to take a hard tost in micro¬ 
climatology, .et ..1.- take a w»lk when glaze has formed and answer all the 
questions that Nature compounds." 

^‘a particular influence of the microclimate referred to in 
,s Quotation if »he heat-conducting and heat-storing ability of surface 

materials of various types, winch is important because of the direct bear¬ 
ing it has on the surface temperatures of these materials. Because glaze 
usually occurs when the surface temperature is fairly close to 32°F. and 

e fal.ing precipitation is not supercooled more than a few degrees, the 
variation in surface temperature from material to material can be a de¬ 
ciding factor in controlling the formation and thickness of glaze. More 

on this can be found in the sections of this report dealing 
with the economic effects of glaze. 

„i - II1® tarnP*rature ot th* air near the ground is another faezer in 
gla-e formation, and like t is temperature of surface objects, It is limited 
b^deorrao^Ze í.3,de^el°Pin« t0 a narrow range of values in the neighbor- 

f 3 r alrftaJ-v t««0 presented indicating the values of 
temperatures. Such a small range is less than the variations 

in temperature sometimes found within short horizontal and vertical dia- 
tanees due to changes in microclimate, even under cloudy and windy storm 
conditions when microclimatic influences are at s minimum. Brooks (19H) 
^escribes storms that were confined entirely to the top of Blue Hill be- 

slightly lower temperatures there than at the base. In writing 
about the December, 1929 storm in Massachusetts, he illustrate.! (193O) 
deLr^n Ir IrFtIa^r® °Vr * Sh0rt ^tstance bring about a sharp - demarcation of the boundary of a glaze storm. 
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j. r . "In W^cestii*, An nltltudo of 570 f?,t abov, a« level alvlrtel 

deacrl!»f ar9 f7^% Thf llne Wtt3 30 de£inite °n treea that It could b* 
described a» at the level of the tops of first story windows in a cer^a'n 

Offize." * l0W*r fcrancho8 Wör« the tree tops bent under 1//» inch. 

especially (^40) elevated areas open to the wind are 

of^he Soviet Unlo-and h* oltas a ca9° in thö southern part 
physical Obsorvato'iñ'Wt19r9fM i- * aCr9 °xp09ed location of the Rostov Geo- 

(6 6 , ûd 19 5 'Z')rÿCg îï 9tatl0"s inade ût a btlsM °t 2 and 6 notera 
s imi fl cantil ;°C^ awf'f the Sr0Jnd show glaze thickness can incrcasa * 

fav^Lhí- t 7 ^ eV9n tnl3 Short stance. On occasions, conditions are 
In lurch 1923 gla“9^hlc^9s9 ^th height. At Toledo, Ohio, 
in «arch i928, observers noted that ice on objects 10 to 30 feet above 

WSsfr^iníÍ^^ke^fÍgiOal0^49 0n Ofb¿octs r,ear tha ground (Alexander, 

flnanort tv»»1? addi*ion to Its effect on thickness, microclimate can in- 

SosSre to í,n,° SÎ&Z9 R00t (1924) glV09 an ox™Ple ot ««ster 
o^th« ^ wind causing ice on trees to disappear more rapidly than ice 

exnosoH fu , / ■ Tu b glazo can ba l09t through evaporation when 
exposed to the wind even when the air temperature is far below is 
shown by an observation made in Topeka, Kansas by 3. D Flora (1922)! In 

dropped^from 17^^^ durlrig tha night a9 temperatures 

tM wirJ iu m «cc«:“Ó ^.5°¾¾ to 1 
ccn».ucting and heat-storing capacity of surfaces may be a- important factor 

cat« *hAt nvsr»«*. ' 7 * uiuau oDaervaLicns would indi- 

r“” .;™ t™ ‘V “U1 •“•*»»••• .. „pfdir 
out US ot,síí^,ti„„VJ,úr»,..“t.sí'í?,™ího,r' n "* “orthxhUo to poi.it 

■ bee bigurea 1?, 18, and 1Ç on following pages for information on the 
duration of gl.t, in th. Unlt.d «at., ã TShol, and "t,“*,. 
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Karj other obaer/orî hav« rr«s8nt«d evldenco to show th« li*.pcrt- 
»nc« of local influences in cai.ain¿ differences in glaze occurrence and 
intensity. Since nest of this natenal concerns danage to trees, utility 
installations, and the like, It has been included in the sections of the 
report lealing with these subjects. 

d. Distribution of precipitation types 

k pure glace storm, that is, one In which the only type of 
precipitation which falls is freezing rain or drizzle, is rarely seen. 
Some other form of precipitation noreally precedes or folio«, and even 
frequently accompanies the formation of the glaze, ihis is because storms 
with which glace is associated are usually dynamic moving systems from 
which several types of precipitation are falling simultaneously. Where the 
storm consists of an active warm front, a classic pattern of precipitation 
may be observe! (see Figure 20.. If the wane front shewn in this hypothet¬ 
ical case advances toward a certain location, snow, sleet, freezing rain, 
and finally non-freacing rain should be experienced, in that order. How¬ 
ever, the situation is seldom this ideal and almost any combination or 
sequence of precipitation types can result. Brooks (1932), in describing^ 
a storm which occurred in the nertheastem United States at the end of IS'c-*- 
notes that the sequence was: heavy freezing rain, rain which did not frees«, 
and finally several Inches of snow. A Louisiana storm of January, 19Lî», 
consisted of 3& hours of free ting rain followed by 4 inches of snow (McXayr, 
1944). During a storm in Illinois in December, 1924, sleet and freezing 
rain alternated (Root, 1924). The storm of December 17 and 18, 1929, in 
western Lew York^had rain, sleet, and heavy snow in that sequence (Spencer, 
1929). 

Weather Bureau records for Trenton, N. J., from 1943 to 1952 
show that in 41 stoma the combinations of precipitation typ«3 occurring dur¬ 
ing glace formation are distributed as follw.'s: 

Storms 

Freezing rain or drizzle 

one 
.nd sleet 
leet and snow 
nd snow 

15 
13 

8 
5 

Host major storms involve all three forms, often occurring at the 
same time. Vfcpre freezing rain or drizzle alone occurs, the duration of ibe 
storm Is frequently only an hour or so and often confined to the early morn¬ 
ing hours. Where seme form of precipitation precedes or follows the forma¬ 
tion of glass, non-freezing rain precedes on 2 occasions, and snow on 6, 
while non-freezing rain follows on 8 occasions, and snow on 5« Snow follows 
glaze at Trenton in about 1 case out of 9. When this occurs, extremely dan¬ 
gerous conditions are created, particularly for motor vehicles. 
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Figure 21. Distribution of loe thicknesses ln 
Visconsin resulting froa Cae bsity giste stors of 
Fetrusry 21-23, 1922. Kote the g re st verlsticr of 
thlcknsss oT’sr 6¡*crt dlst-»n»ces. After & nsp in 
LocV-vcoi (1922). 
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Consl'ierinfl tho entire area affected by a storm aiid not merely 
a single joint as In tho above caser, the classic distribution of precipi¬ 
tation has been observed many times. One example ia the great New England 
atom of November, 1921, In which heavy enow occurred in northern New 
Fnglan 1 and heavy freezing rain in *-he south, while along the coast there, 
was rain which did not freeze. In Figure 21, something approaching the 
classic distribution Is given for a storm that struck the Great Lakes area 
on February 21 to 23, 1?22. 

In the average glaze storm, the area of freezing precipitation 
In generally located some distance ahead of the advancing frontal system; 
in the case of warm fronts in the central or eastern United States, 100 
miles or so ahead of the front. This is the distance vepreaenteu in fig¬ 
ure 20, and it checks fairly closely with those shown in Figure 7. Cave 
(1940) gives a similar figure for the January 27-29, 1940, storm in Great 
Sri4 a in. 

The steeper gradient of cold fronts rapidly lifts the warm over¬ 
running air to heights where temperatures drop below 32°F.; theiefcrv ‘■ha 
zone of active glaze formation is located closer to the front than it us 
with warm fronts. In addition, glaze follows rather than precedes the 
front, although a band of light freezing rain or drizzle eometimes is found 
ahead of a winter cold front. The writer observed glaze in this latter 
situation during the passage of a rapidly moving autumn cP cold front near 
Lincoln, Nebraska. The resulting ice was not thick, but was sufficient to 
make highways slippery and dangerous. 

Wind conditions 

Table II gives the wind speeds occurring with freezing rain 
and drizzle of various intensities at Indianapolis, Indiana, in the 5-year 
period 1948-1952. Moderate wind speeds were most typical, with approxi¬ 
mately 92 percent of the observations recording speeds between 5 and 19 
miles per hour. 

TABLE II: FREQUENCY OF OCCURRENCES OF FREEZING RAIN OR DRIZZLE AT CERTAIN 
WIND SPEEDS JAN. 1948 THROUGH DEC. 1952; INDIANAPOLIS, IND.* 

'Wind Speed (mph) 

iOilA JJbl2 Mfi Qdk id 
January 
February 
March 
November 
December 

6 
0 
0 
0 
1 

33 
1 
9 
0 
6 

33 
26 
13 

1 

Ik 

3 
7 
4 
3 

Ik 

2 
1 
1 
1 
1 

77 
35 
27 

5 
26 

Totals 49 87 31 180 

■"Source: U. S. Weather Bureau 
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Of greatsr economic value than information on wind an*«da 
re cor led during actual glaze formation ie Information concerning^ n«- 

Sftx^aed ÍMecta^^H ^ lc* ^ ^he surf«. 
L» ^ s, íarticul*rly on trees and communication wires Relia¬ 
ble nf0 ration of this type i, scarce, despite great efforts of inteîesUd 
parties, sucn as power company associations, to collect it. In throe of the 

viSiL îL SL";11*“* ’1th: writ"u' 15 
tílSneís and wln , h^*v«r* all cases observations of 1c. 

imT;1Xî:: ::::/1 Bur**" »“u»- >» «...... 

taken at th//™ f3\r^tion3 in ^ich i« thickness and wind velocity were 

wn„u .«„g. ,lurlr.s ÄSurÄiXC'tS* 

Thí dw n¡t o3* ^ Create3t accumulation durirrg the Icing period. 
The two did not necessarily occur simultaneously. ïhe range of wind 

Is1!? V^nril8!^* m cas« varies from 0 to 50 miles ã hour. The mean 
miles Mr hon?‘a rr/r1 °f the CÄfl6S iridlcat« wind speeds of 20 or more 

T/r lZ. Sf ihe 32 in^U 'iRj S^ed8 0f 25 or -or, mïïe. 
elated with « ÎhL32s ^th lc* 0,25 inch or ^1-3 thick, 2? are asso¬ 
ciated with a wind of 15 or more miles per hour and 12 with speeds of 20 
miles or more per hour. The mean wind velocity of cases wit^ce afleîst 

r ^ radlU3 18 19‘9 -11« P«r hour. Considertng some of tí. 
2 87 inr>*i f0111* ^l0^®39» a 30-rrdle-per-hour wind la indicated with ice 
the^lineo wouldí ÍProbably not glaze, but the wind pressure effect on 
i íhef w f “TÍ* *nd f0r 0thar8 th® relationship is, ice l!?l 
i ¡ches, .xnd lo mph; ice 1.5 inches, wind 21 eph; ice 1.1 inches wind 2fl 

/nd velocity^!5^811«s'1 13 h?h <3 ct9a9)* Considering the ó cas« with vend velocity 35 miles per hour or greater, the relationship isi 

0.39 
0.78 
0.30 
0.26 
0.79 
0.19 

Kind speed (mph) 

35 
35 
40 
45 
45 
50 

Inrtuî*i;tdrta0lQXBtrlCia‘on5al‘îr0ad9 daU 1927 ^ 193?i maon SleHric 

i»? to 1925 (.il th/. ^ *"d T,l*er‘ph c<>- 



It should be *pparor>t that although cc^binations of hl«h wind speeds 
L gîri it. tLlckn.,..» T. unusual* thV ara .ntlr.1, posslbl. in th. 

United States. 

TABLE III: WIND VELOCITIES DURING PERIOD ICE VJA3 ON UTILITY WIRES 

(Data: Edison Electric Institute, 1926-27 to 1936-37) 

Wind velocity 
(mph)* 

All cases 
No. of /'Tf cases 
cases y lower limit 

of cater.orv 

No, of cases where Ice 
was 0.25 inch or more 
in maximum thickness 
(radial thickness) 

50 - 54 
» c i.O 
HS *+* 

40 - 44 
35 - 39 
30 - 34 
25 - 29 
20 - 24 
15 - 19 
10 - 14 

5 - 9 
0-4 

1 
2 
1 
2 
6 

10 
27 
46 
35 
17 

1 
143 

0.7 
• 2.0 
2.7 
4.1 
8.1 

14.9 
33.1 
64.2 
878 
99-3 

100.0 

1 
G 
1 
1 
3 
6 

15 
3 
2 

J> 
32 

? Fastest"average 5-rinute wind speed darin* period ice was on wires 

In an occasional glaze stora in the United States hish winds may 

storms between southeastern Louisiana and north-central Mississipp 
9 , . n_j fv Tind"! and to b€ hQAvior than it. would 

damage to ^rce3. 1^2). Severe thunderstorms added to 
have been from the ice alone * 1Q51 anc4 uowe 
the havoc of the New England storm of November 1921 (Brooks and Howe, 

1921). 

Brooki 'r’y h.t 
ÍüSh^Sori.rônim^tb^púotabíÚtru^útTOng »tnd. osuurrlng with el“»15 

m/sec in velocity tii.¿ mpH>. .u / w-a-n.. fia u tQ 22.4 

usrÄ.“Ä --- 



winds up to 20 m/sec (44.7 *re possible In coat of the territory, 
with the exception of places in sheltered locations. He adds that neun 
velocities during ßlaze are generally veo* close to ce an cor.thly veloc¬ 
ities in that region during the winter period. If the sace c.an be said 
of the United States, wind velocities during glace are higher in this 
country, since on the average the wind blows harder in the central and 
eastern United States than in any cccparable area in Europe. In fact, 
Zikeev's figures, which according to hie indicate strong winds, would 
not be considered especially strong when cocpared with fig-ures from the 
United States. 

According to Winter (1936), strong winds seldoc are exj^eri- 
enced during freezing rain or drizzle at Vienna. Hore than half the 
total cases reported at Vienna free 19Û5 to 1935 hid a wind velocity 
under 10 km/hr (6.2 mp'n). Kifteen out of 20 cases in »-fhich freezing drizzk 
alone occurred had wind velocities less than 10 kc/hr. 

f. SuTj-.ary 

The area affected by any ore glaze store varies in size 
from a few square miles to distances that extend from the central part 
of Texas to southern Hew England. Tne average storm of cere than local 
size probably deposits ice cn an area 200 to 6-^0 miles in length. Due 
to the changing nature of the storms as they rove and the influence of 
the microclimate, there is generally considerable variation in thickness 
of ice deposited w'ithin the affected area, locations exposed to strong 
winds and in which temperatures are apt to be low during storr.s are most 
likely to receive heavy deposits. 

Freezing rain or drizzle seldom occurs by itself. Snow, sleet 
or non-freezing rain or driznle almost always precede or follow or even 
accompany the fomation or glaze. A classic sequence o; precipitation 
consisting of snow, sleet, freezing rain, and non-freezing rain, in that 
order, may be observed as a storm passes over a peint, but almost any 
possible combination or sequence oí precipitation types can occur. 

Wind data during the period of glaze formation and the period 
during which ice remains on surfaces are scarce, but the small amount 
available suggests that noderate velocities prevail. However, speeds of 
25 or more miles per hour are rot unusual, and there have been cases of 
winds in excess of 40 miles >er hour occurring with ice deposits 0.5 inch 
or more in thickness. Strong -winds with glaze appear to be more common 
in the United States than in other parts of the world. 
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1. Th<* UnUfrj Stttgs 

». Sources of Hr¿únatln¿ and Present^¡t» 

See« features of the clíoatolo^y of glaze In the Urates States 
»r» presented Ln figures Z2 to 32. It will be noted that c-any of these 
jn-j are characteriaei by a general irregularity of pattern and lack of 
siwothness of isartttrs. This probibly can be explained by the shortness 
at tha period of record on w.iich they are based Few of the records ex¬ 
ceed 10 yesrs; therefore, it is not unusual to expect variabilities In 
freiuer.cy ar.d intensity within areas which, given a longer record, would 
probably ba hosoge-e :0.5. The fact that glace is a sc ce what s petty, dis¬ 
continuous phenosenen in its gecgraphic.al distribution (vs is th-understoro 
precipitation, for exsnple) suis to this. In locating issr.-h—s, the 
author to » certain degree rdr«w for the data". So;te generalizing Is done, 
but not as nach &s is possible, crizarily because the shortness of record 
does not seea to Justify tt. For example, in Figure 22 the 9 to 17 storms 
category that extends southward auong the Cascade -—Sierra Ne\a-a Mountains 
vsry likely should be continued to the south to Join the similar area in 
the mountains of southern California. Kost of the maps are cccpiled on the 
basis of the total number of storms occurring within the periods covered by 
the data, instead of or. the basis of the avsrage number of storms per year. 
This is done to avoid giving the depression that there maps are representa¬ 
tive of long-term frequencies. 

-, 

Before proceeding with a detailed discussion of these maps and 
diagrams, the data in which"they are based and the âaiæer in which they are 
ccapiled will be described. 

(î) 'J. S. Seither Pireau data 

A Halted amount of direct observational saterial pertain¬ 
ing to the thickness and duration of ice resulting from glace stores was 
obtained fro* the U. S. Weather 3ureau. With two exceptions, the ’Weather 
Pureau has net undertaken a systemtic program of glaze observations; al¬ 
though, of course, freezing rain and dri Zo.e are regularly observed. Daily ■+ ■ 1 p X-'A. a- W/ WiA - W. J «»'•'wow.' * V* - 

neasurecents of the thickness of snow and ice cn the ground are made at Beasurecenus (-■» .¡.a: v. ---- ■.*— -.- a- 
nest stations but nc distinción is made as to the nature of the ice or its 
cririn. In thf section entitled "Remarks, Notes and Miscellaneous Phsnaa- 
e-a" of standard cbservitional form No. U30, occasional reference is made 
to the thickness and duration of glaze, but not on a systematic basis. 

In the l',„-0 ’ s, the Bureau cooperated with the Edison Electric 
Institute and ether electric utility organizations in the ccservation of 
glaze deposits on so-called "sleet racks." These consisted of frames, 5 to 
6 feet high, upon which several sizes of wire were motucle-d. Approximately 
3D '.feather Bureau Stations cooperated in this program. According to in¬ 
formation contained in an unpublished relx.rt by Smith (19;6), 29? measure¬ 
ments of glaze were taken fren these "racks" by ’feather Bureau personnel. 
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Although tlio.'e di**,<* aro osaII in quantity and oomo aro aisaing, thoy aro 
of value, particularly in providing Information regarding ico duration 
on wires. With similar information collected at telephone or power 
company installations, the data have boon used as the basis for tho 
material on the duration of ico presented in Table XV and Figures 19 
through a. b 

■**K 

So far as this -writer knows, the only otlwr systematic obser¬ 
vations of glaze by the Weather Bureau are those taken for tho present 
report, during the winters of 1953-¾ and 195Ú-55 at UO stations east of 
the RocKies, In selocting the stations, an attempt was made to choose 
those located where personnel could observo the behavior of ice on the 
ground and highway surfaces with a minimum of departure from their custom¬ 
ary routine; thsrefcre, it was not possible to obtain an ideal geograph¬ 
ical distribution of stations. However, because the primary purpose of 
tho observations was not to establish a pattern of the climatic distribu¬ 
tion of glaze in the United States, but to collect information which would 
allow comparisers to fee made of glaze behavior on different surfaces, this 
defect in distribution is probably not of great significance. 

The Weather Bureau furnishes brief descriptions of most glazs 
?toras occurring in the United States in the section of its monthly publi¬ 
cation, Cllm3tological_Data. National Surmary called "Storm Data and Unu¬ 
sual Weather Phenomena." (Before 1930 these descriptions appeared in the 
Monthly Weather Review -under the title "Severe Local Stems.") The writer 
extracted ail information pertinent to glaze storms in these summaries for 
the period 1925-26 to 1952-53. This material, however, is not of a quan¬ 
titative nature and tho amount and type of information provided varies 
from summary to summary. In some instances no distinction ic made between 
sleet and glaze. In such cases an attempt has been made by the author to 
clear up the uncertainty by sending a questionnaire to first-order Weathsr 
Bureau offices in the storm area. All questionnaires wore filled in end 
returned; therefore it has been possible to resolve virtually every case. 
Sometimes storm areas are accurately described, but more often the de¬ 
scription is general (o.g., a storm will be reported as having occurred in 
northeastern Minnesota, or possibly only one city or town will bo mentioned 
as having experienced the storm, without specifying to what extent it oc¬ 
curred in the surrounding area). In addition to the location and dates of 
etorms, information is often given concerning the estimated cost of damage 
and any injuries or deaths caused by tho atora. Occasionally, descriptions 
of storm conditions and economic effects are completo, but in general they 
vary so much in tha quantity of information that they cannot be used as 
the basis fer an investigation, Definite data are rarely given on ice 
thickness. The coverage of storms in these summaries has not been the same 
throughout the period during which they have been published. More than 2 
or 3 times as many storms of all types have been reported recently as were 
reported in earlier years. But even In recent years, some storms of fairly 
large size and severity have been omitted. Despite these disadvantages, it 
is felt the value of this material warrants preparation of the map in * 
Figure 23. It should be used with caution. 
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(2) Public utilities data 

B«cau9« of tho effact glaia has on their operations, 
various railroad, electric power» and telephone associations have taken 
great Interest in the collection of glaie data. The studies conducted bjr 
these associations were, of course, designed to meet their own particular 
needs, consequently the data somctiroes have deficiencies for purposes of 
general climatic analysts. For example, virtually all thickness measure¬ 
ments pertain to ice on wires of various diameters, height above the ground,, 
and general exposure. To apply these Utit & to ground and structural surfaces 
would be unrealistic. Another handicap is that none of the material repre¬ 
sents the period after 1937, and none covers a apian in excess of 10 years. 
Considering +he somewhat cyclic nature of climate in North America, it es¬ 
comes obvious that use of the data could give an unrepresentative picture 
of the present-day frequency and distribution of glace in the United fitates. 
Another drawback is that generally no clear distinction Is made among the 
different types of solid precipitation which fora on wires. There is no 
doubt that the thicknesses of wot snow and rime deposits have been included 
along with glaze measurements. The great difference in the density of th* 
three forms would make the use of such data rather dangerous as a reliable 
basis for structural design. Another difficulty la Uuit a sizeable per- . 
centage of the observations were not made at fixed and predetermined loca¬ 
tions; most appear to have been taken at random locations wherever a line 
crew happened to be repairing some damage. A final limitation arises froa 
uncertainty whether a standardized technique was employed in making the 
thickness measurements. 

(3) Association of American Railroads data 

The most useful of the studies referred to is one made by 
the Association of American Railroads for the entire country, covering the 
period from the winter of 1923-29 to the winter of 1936-37. The data, all 
pertaining to the occurrence of ice on utility wires, are drawn from three 
sources.*- railroads, power companies, and a few Weather bureau stations. 
The compilation consists of ice-loading and wind-loading measurements taken 
at more or less random locations. Because the technique used by the present 
writer In preparing this group of data for mapping is also used for data 
from several other sources, it will be described In some detail. 

(/,) Analyzing and mapping public utility data 

The data for each state were separated as nearly as possi¬ 
ble on the basis of individual storms. Each measurement of ice thickness 
was plotted In its proper location on an outline cap. Tne 1;5,000,000 
county outline map of the Bureau of the Census was used for th»s purpose. 
A total of. more than 1,600 measurements were plotted on the 9 annual maps 
prepared. Once this was accomplished, an attempt was made to delineate 
storm areas by drawing boundaries around the edges of the storms. In doing 
so it was assumed glaze would extend approximately 20 dies In all 



directlom rrom a uit« wher«* on observation vas token. There is no doubt 

that, drawn in this iwinor, the si;'.e oni tUifiguraticn of stcrra are far 
frora being precise. It Is not known, for example, ".vt.ether glaze formed at 
every j^oint within the area thus bounded, although this was assumed in car~ 
Tying out the next step. Certainly sore of the storms must extend consid¬ 
erably more tho . 20 miles beyond the drawn bouivlary, especially when it la 
recalled that a large percentage of the observât it ns vero taken only at 

sites where damage occurred. Observations in a few of the storms apparently 
were confined to points along railroads. Cnr storm, fcr instance, follows 
the route of the Uurlingtcn Railroad acros i Iowa and Nebraska, and another 
follows á railroad i .ne extending from Atlanta, Ga., northeastward into 
South Carolina. Figure 15 presents an examnle of the method Just described. 
Because of the limitations of map scale, all of the measurements for this 
particular atorra are not shown nor are they precisely located. 

The annual caps (see Figure 15, for an example of one of them) 
have been combined into single maps representing different aspects of th« • 
glaze climatology of the entire 9-year period of the study. Because of the 
random location of the sites frora which the data were collected, ordinary 
procedures of climatological mapping could not be followed. Instead, a 
grid of squares 60 miles on a side (see Figure 27) was drawn on a sheet of 

heavyweight, transparent vinylite; this was placed in turn over each of the 
9 annual maps in order that a tally could be made of the number of storms 
occurring in each square.« Notation was suie of the date of occurrence and 
the thickness of the ice. Where several measurements were made in one 

square, the maximum thickness value was chosen. In some cases, no measure¬ 
ments were taken in a particular square, yet it seemed likely glaze had 
formed there, because the area was surrounded by locations in which it did 
form. When this was encountered, a stem was considered to have occurred 
in the square and a value for the ice thickness was obtained by interpola¬ 
ting between the given observations. 

With the completion of this tallying process, the next step was 
to choose the form of the final mape to be published. It was decided that 
the grid was fine enough (975 squares tc cover the United States) to permit 
the drawing of isarithrr.s, by using the center of each grid square as a ref¬ 
erence point. 

(5) Edison Electric Institute data 

Another group of data va; obtained frora the Edison Electric 
Institute of Hew York City. Those data were measurements of ice thickness 
and weight on utility wires, plus wind and temperature data from the near¬ 
est Weather Bureau station, which in many cases was 20 or more miles away. 

* The maps are all constructed on the Albers equal-area projection; there¬ 
fore, each grid square represents on the nap precisely the same area as 
every other square. 
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Th« dita wer« collected ln 3+ states; som» Imfortant states, such a» 
Pennsylvania, were not represented. In some states, d ita were ccliected 
during the period 19^6 to 193d; in others, during the ;i«riods frc« 192? 
or 192d to 19J5 or 1936. Kcjt cf the observations appearing In this group 
are also Included in the Association of American Railroads data, a few ob¬ 
servations in the Edison data and not in the Railroads data are used to 
supplement the latter. 

(6) American Telephone ind Telegraph Ompany data • 

The American Telephone and Telegraph Company began system¬ 
atically compiling inforraticn of glaze on utility lines from their local 
affiliates throughout the country in 1911 and continued the practice until 
1933- Host of the original data have been lost, but one group, covering 
the period from the winter of 1917-1913 to 1923,-25, reauins. The data, 
which are for the entire United ftales, give ice thickness, coincident wind 
velocity, and number cf poles downed at locations in each storm. The infor¬ 
mation on ice thickness and wind does not seem reliable and this information 
has not been used, but the geographical location of atoras has been napped 
using the method outlined for the Railroad data. The map in Figure 24 
gives these results. The observations on which the map is based are lim¬ 
ited almost entirely to storms in which damage occurred to telephone lines 
or poles; therefore, it can be considered as a map of only the mere sever« 
storms during the period in question. 

Figure 28 is a version of a map made by the American Telephone 
and Telegraph Company on the basis of the data they collected between 1911 
and 1933. Like the data above, it also represents only those storms which 
inflicted damage to telephone installations. The preparation cf the map 
has been explained in a letter to the writer from C. K. Kapes, Assistant 
Chief Engineer in the Kew York office of the American Telephone and Tele¬ 
graph Company: 

"The local Telephone people throughout the country were re¬ 
quested to report from field observations such pertinent material as dis¬ 
tance in north-south and east-west direction between the destructive limits 
of the storm and the center of greatest damage; dimeter of ice-coated wire 
...and the amount of damage in terms of poles down, wires broken, etc. 

"These data were reported each spring by all operating companies 
of ths Bell system, and associ'ted with previously reported data, the whole 
analyzed anew each year. 

"...the 'heavy and medium* storms used in this report were not 
the 'heavy and medium' stores as defined by the National Electrical Safety 
Code. When ths diameter of the ice covering the wires was 3/4 inch or 
greater, the storm was treated as a heavy sleet ^{laze/ store. Also, in 
certain cases where the thickness cf the ice was not reported, sleet 
/glaze/ storms were classified as heavy in consideration of the amount of 
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dÄiiwg* having bflen con¡ni*naurate i^th that occurring in -¡torna ln 

w‘n.l:r ä?clt hi u%°', s: 
pi^t, th, „toi m, t;.a:;a“s âîw 5t^:.,!,p^"ubl• ^ w 

(7) PtAnsylvanl* Electric Aa:¡nrian on data 

U » ., Jha Pennsylvania Elsctric Associatif, a stats power arercr 
has bssn active in coirpiling glaze data. Between 1?27 and 19U. data c* ** 
«ml^g 1c. th ck„.„ ,„d MM m wlr„ „„ obtJJd^ 

t!r3 8^att<9r'?d throughout the state. Wind mi teir.perature data a^s 

thl lïr m1" 0tOrtJi bUt' aS 1x1 the casa of Previously described data 
to thlí Itttrf0n1lTrübt;ih,1<,'J fr0B th° ne‘ir,S9t rather station. In additif* 

this atandaid in.romation. the approximate rercentage of the area cf 

Sníe8rí^1ôfCtTrnnby/ilCh 8tC™ iB ^ ^ interestto Jcíí that 
21 percent of the 110 storms reported covered at least 40 percc't o' 

pÍrcentaüraioss°r ^°0° ä>mr9 nvUes)' and that Percent c^rei 10 percent or l°s«- Again, there are certain limitations to the use of th« 

th^íiod lh' sUtion3 wera not established at the beginning ef 
the period and others were moved subsequent to being established. * 

(8) M^i^Ündivldual public utility coT.nani.es 

Piled detailed utility companies of the nation have ceo- 
piiea detailed ice data about their own systems, however only a ver-r 

!r; ÏT,“5,d b? the Prt^rily o^-nf 
have y! 7 tfbuiated forB and a tremoivious amount of time and money vmuld 
?n thî r T1U red t0upr^ra etlöu-h °P it to obtain a pictu« o? coÍ-^f. 
Ïdîuon T ac fuWh0l°' 0r f0r even larSfl étions of th^ eoíntíí ¿ 
addition, much of these daU are not comparable, having been collected 'or 
different periods of time and unier different observation!! cfäti^s L- 
quests were sent to some utility companies asking if they could 4 

h.wwrrv'*t,,s ,fi"1 ^ 

b.« ofÄ v^rj'tbTsLV0“ >''ith 800,10""1”11“* -■-« b.™ 

b* Geographical distribution 

(1) Location of "(Haze Belt" 

aost íUm atom, li, till l.iîilit StatiriÎTOL|hth/ïuîà-tïcî’.fbrt1JS*lp 

IxImSfl0".1" Januay. thls “'«bib8 OS th. air it,..., uoüYt« 
along a line extending from southern Hew Engl.md west-southweei om- 

niinoi!dusiir "r1"5 ;nto the south-3b -d -utrL^r^L1:, 
llinois, idssouri, eastern Oklahoma, and northwestern Texas. Reference 
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to Figures 22, - .a>1 -¾ vtU reve a that this line Ilea near the south¬ 
ern margin cf the principal jlnre cf the cuintry. That the Une 1« 
fount near the southern rar gin of the glare belt is understandable, sine« 
glare alrost invariably forra in the area dominated by the cold air raes on 
the poleward side of the frontal 'one. Also, the line would be located far¬ 
ther south in January than in any .Pier month. Haurvitc and Austin (i5u) 
place the re ir. January position of the polar front, which is essentially 
what oorchert's line is, far to the south, ever the Gulf of Hexico ani 
florida. The most frequent meeting of eT of ... the surface will Vie 
place sotaewhere in the vdde area between the Borchert position end the 
Haurwit.: and Austin position. As pointed rut above, with freezing rain 
developing after i.T has overrun the cF for :or.e distance, one would ex¬ 
pect most glace development to be located to Vhe north cf this zone of acst 
frequent surface contact. 

However, to understand why the glaze belt lies where it does, 
the temperature must be cc.-idered. As Brocks (1938) says, the glaze belt 
is found in the central portion of the eastern ’united States bee .use. 
Toward the south, the temperatures of the lower air fall feeler./ freezing 

less often. Toward the north, the frequency of upper air tern, entures abov« 
freezing diminishes." Monthly map« of the average daily minimum temperature 
in the AU.a« oXjWîjJran Actlçnlture (U.S. Dept, of Agriculture, 193Ó) lo¬ 
cate the 30^. isotherm from December through Februarj' along a line frea 
southeastern Virginia across central North Carolina, northern Georgia, 
southern Tennessee, and northern Arkansas, then southwesWard across south* 
eastern Oklahoma and into north-central Texas. South of this line, fever 
than 60 days each year have tem;«ratures below 32°F. and most of these occur 
under ccnditiens cf strong anticyclonic circulation when there is little or 
no Chance for the overrunning of m? air. Similar infenratien concerning the 
location of a line north of which temperatures in the overrunning air seldon 
are above 32^. is lacking. Brooks (1938) explains the small number of 
storms experienced west of the glaze belt on the basis of the weakness of 
the cyclones occurring in that area. Actually, the weakness of the cycWa 
and the low frequency of glaze are both in la ¿e measure results of the sane 
thing — the infrequent occurrence of warm, moist, ani conditionally un¬ 
stable ml air in the area. 

For the reason? previously pointed cut, the writer hesitates to 
make generalizations on tne basis of any of the maps. However, if the 
shortcomings cf the maps and th* data are kept in rind, certain joints may 
be made. * 

HI 

To describe the location of the glaze belt <-.r the country more 
accurately, one would say it includes virtually «11 of the United States 
east of the F.ockies with the exception of the north-south strip irr.ediateJy 
east of the F.ockies occupying what is sometimes called the High Plains « 
strip about 200 miles wide along the Gulf coast, a narrow section 50 to 75 
miles wide along the Atlantic coast south frea southeastern Virginia 
(Florida is completely outside), extreme northern New England, and possibly 
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th* *x*r*n* northern portion of the 3reat I,ak«9 area. These exelud«4 
areai experience çlaze, but not with the r-^iarlty of the a^aa within • -»-- — ----- 

the telt. Acconlin-î to Figure 25 I or 2 storms where giaue reaches .-.t 
least 0.25 inch In thickness can oe experienced in a ¿-year period alor.^ 
..e western half of the Gulf coast .and in rorthera Hair.« Xtese cures 
»re to be contrastei with frequencies of from 6 to 3 to as high as*13+ 
*n heart of the belt. Despite theluv frequency of stort.3, these 
»revs outside of the glaze belt can experience glaze of unusual thickness, 
w.a.e wi.h a radius cf 1 to 1 1/¼ inches has b-jen observed on utility w'res 
»lo-.g toe Louisiana coast and in northern Vermont. I - . . . »y* , , y , JC2 Jl ^ —  ■ ~ — 
di-s has been reported from northeastern Montana, but it is r,at cer'a’n 
whjether it is actually glaze> (See also Figures 26 and 27j 

ra- 

There .are «ocï arena within the belt which appear to have fre- 
i r> <c » . ï 10 »» *» .-.1 - r tL... /* . 1 _ * cuer.cies consldenaly below the rest of th area, Some authorities r.r, 

d.sagree wi.h the frequencies shown for the central and southern 
•Spa.aoh bans, but it appears that this area plus almost all cf Kentucky 
ana .ennessea fall into a low-frequency category. Tnis is borne cut by 
aU cf the maps and most significantly by the r.np showing the totU r.-Iber 
Jr :tjy , ‘r03z;““^ precipitation (see Fig. 27)- Before the preparation 

* vhis map, it was thought the low frequency of stoms shown for the 
areas on the other raps was probably observational in origin; the mars are 
t/' “ ' f!"ta fror- telephone, electric power, and railroad sources and 
t-ese have only very liirdted facilities in the mountains. Sut when Weather 
ibreau stations, notably Asheville, K. C., and Parkersburg, W. 7a., also 
Sh-W TOW _ , , ..... . * ^ow frequencies, it is obvious the idea that the central and southern 

^acM.nrs* t <î Ur* 1 vr. a ^w. ^ . b_ ..a. 
•»-V.4 » 4 . wiiav» U4.-95 X «. 1. fvfia souvcerr 

ns is *r‘ area °f rather frequent glaze occurrence ir- not neces¬ 
sarily trie.*-* Plant ecologists in particular have held to this belief 
vrry 1 ik^ly because glaze d.anage to trees in the mountains is more notice- 
ab.e than on tl.e adjacent lowlands because the mountains s-e f^-erally 
mere heavily forested. There is a possibility that the drier."and Wrdt* 
BCin^ir.s ot tlew England and the Adiror.dacks of New York also are areas of 
lower .requency of glaze than the surrounding lower country. If the suun- 
airs are areas of lower glaze frequency, and the writer is bv no means 

cot.p..e*e.y convinced t.-is is true, the explanation is believed to be as 
Ic-l.cws. A short increase in elevation cf 1000 feet*** -.ill very likely 
result in an Increase in glaze occurrence because the cold air ma-a will 
frequently have a temperature below 32°F. after havLng been lifted this 
distance. At higher elevations,the frequency ci glace should decrease 

* f*r f,Cl?Unts c' pxissibly the thickest ice ever deposited widespread in 
th* uni tea .States^ see Henry (1921, 1922), 

*« Cf these two places, only Asheville is situated within the mourrai ns 
and it is located in a basin. 

This figure is chosen only lor pui-joses of illustration. 
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b^cau»ii th>»r» is a possibility of the war» air suss being lifted so high 
it cools to t<low 32??, The fact that the teæperature of winter aT 
air at *a elevation of 3 kilometer# (approximately 10,000 feet) over Due 
West, S. C., as given by Pet terser. (I9/.O), is 3°C. (37.L0?.), possibly 
invalidates this idea. Howsrer, since Pettersen's figure is a ne an, there 
would 'b* a possibility of a fair nustber of cases in which the temperature 
was btlaw 31°P. 

In the Great Plains region there is sn extension of the low 
frequency area southeastward into northwestern Nebraska and possibly even 
into northern Kansas. It was also believed that thi# was observational in 
nature, tut Figure 29 again ahcws that it has so30 basis in fact. 

On the basis of the asps, it is impossible to detenaine posi¬ 
tively tie expected frequency and intensity cf glaze that might be expected 
in the ¿laie belt within a certain period of tir.e; nost parts of the belt 
will experience ice tetwesn 0.25 and 0.50 inch thick once every 3 year*. 
(Figure 25, 26, 28). Virtually the entire portion of the country east of the 
the Fi-ciL*#, with the excéptico of tie southern half of Louisiana, Hissiei- 
ippi, lia cana, Georgia, and South Carolina, ard all of Florida, can expect 
ice of this thickness once in 6 years. The verst area from the standpoint 
of high frequency ard severity cf stores app.xrsr.tly extends froa eastern 
Iowa across northern Illinois, Indiana, and Caio, into Pennsylvania, 
soutfcerc Sew fork and northsra Kew Jersey and southern Kew England. Figure 
22, which probably is ths lest of all the naps showing total nuaber of 
glaze stem* (it has bean verified by infontaiion from other source* and is 
00b linchad to storms serious enough to cause damage). Indicates that a* 
nany ts 13 to 26 etorsj bars occurred in this area within a 9-year period. 
The eastern portion of this area froa eastern Ohio to southern Mew England 
appears ec. asost of the @»pe to have even higher frequencies of occurrence 
than the -»stem portion. Prca 27 to 35 sterna of varying intensity 
occurred Lt this soot ion and apere xirately one-third of these recorded 
glaze cf C.25 i"*' or ners in thickness. Kerthern Connecticut and most of 
Massachusetts he. fro* 36 to atoms in ths 9-year period represented by 
Figure 22. 

(2) Glaze wst of the Rocky Mountains 

Meat of the Rockies, glaze is relatively uncono.'xn for 
reasons explained earlier in this report. It ia practically unknown in 
the Great basin. Nevertheless, freezing rain is not enti'ely unknown in 
at least the norti.am Ro-ckiec and Great Basin and the Cascade-Sierra 
Nevada Mountains. Figure 2? reveals that iscst of this area had a total of 
at least 10 to 29 days with freezing precipitation in 10 years (1939 to 
191*6)• cerne 01 the naps, particularly Figure 22, indicatii a high frequency 
and Intensity of occ-urr-erica in the oountains cf northern California and on 
the Colaabia Plateau in eastern Masfclngton. The writer cannot offer an 
explanation for the latter, but in the mountains of CaUfomia most of th* 
reportei cases of glaze appear to be deposits of rime or wet snow that in¬ 
crease it density as a result of alternate thawing and j’reeaing as it clings 
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t= utility lines (Pa^licn, 1953). The ar*» cn the r.cific Coast 
Khicfc prot-ably has the highest IncUler.,« of tr-.e glaze, the Ccl^bla 

s^rge, does not stand out cn roost of the isape. 

(3) Occurrer.:» of severe stonas 

The data presented in Figure ¿7 show that almost every 
sect.on of the country., including those where glace Is unconrcon, can 
be nstted by severe storscs. Various places in the Great Basin have 
h*.<*C* :V*r 40 lnch ln radial thickness develop on power and cowauni- 
cav.cn -ires. In February 19.'6, telephone lines approximately W miles 
west c. ^.ko, Xev. accumulated ice 1.Í5 Inches in radius. Northern 
Haine has known ice nearly 0.75 inch thi.k, and in northwestern North 
D4^* **- ha3 «‘«««ded that figure. Curiously, the highest values re¬ 
cord«- during the 9-yc-ar period represented by Figure 2? did net occur 
In t..e rain portion of the glare boltj ice under 1.50’inches in thick- 
ness »as the heaviest reported from most of this area.* Only in north 
cen.ra- .exas and Massachusetts, at the two extremes of the belt, vare 
measurements taken in excess of 1.50 inches. In the heart of the glase 

i., eastern Iowa to southern New England, roost places experienced 
glaie t.dcxer than 0.25 inches during a relatively sroall percentage of 
the s.crrs. For example, in northern Illinois only 20 to 25 percert 

iCa h8aVler than °*25 lnch«3 ln the period 
-o -93.6-37. I>uring the sane years, the maxticua decoslt In 

this area amounted to 1.25 inches. 

(4) Seasonal distribution of storms 

Vith the exception of the Rocky Mountainsaud High 
Plains areas, and the extreme northern part of the countty a’ong the 
Canadian the occurrence cf glaze appears to be confined' largely 
to .„s per.od from the middle of November to the middle of March. 
Figure jO shows ttet in all of the West and South and In approximately 
the southern half of the glaze belt, less than 25 percent of the storms 
take p-*ce either before November 15 or after March 15. In the northern 
half cu t..e g.ace belt, wt.sre these percentages range between 25 and 49 
per cer.., va.ues close to ^.9 per cent are not found until the Canadian 
w?r.'vr i9. 4?f'ro4ched- In the greater part of Nebraska and a large part 
o„ tne ^ct*s 50 to 74 per cent of tiio storms occur before November 15 
or after March 15, and in Colorado, ’Wyoming, and Montana the figure is 
/„ Foncent or =cre. In the vicinity of Cheyenne, Wÿc., 15 of 18 storms 
occur be ore or after these dates. Storms as early as September or as 
late as May are almost entirely limited to Colorado and Wyoming, although 
a stretch of country from southwestern Missouri to the Great Lakes has 
experienced storms in May. 

* See paragraph 7 of Part III for accounts of ice on trees that surpassed 
any of these amounts. 
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In states Nrr^frlat ■'>alf of hrxico arid along the 
itlmtic crsvít scuth cf r.-r^v;«\>e 3a", virtually all glaie »toras occur 
in Oec-nter, Jiimry, or Ferruary (see Figs. 31 and 35). Over the Great 
Basin ani n-rtSem Pacific Tcvst, storms are encountered from November to 
iyril. Alor.? the nerther-. half of the Atlantic coast the first atora of 
the rear seems scoevhat Inter coapared with those areas west of the 
A pro 1 »chiens, but rvo sisdl'r effect is n t»d with regard to the last 
stera of the year. Siut*ern Sew Jersey, for ‘xar.ple, has evjeriencei 
stores fron le:enter to Arril, whereas directly vest in Chio the season 
hit extftnied frrn Cctcber ta April. In southern New England, northern 
Sew Jersey, .and eastern ?*nr.»ylvania, the earliest st iras occur in 
Ncreaber (and almost entirely after November 15), and the latest storms 
in April. 

Using the data fer freezing rain (Table XIV) as a basis 
for establishing the renth of highest frequency, an interesting pattern 
energes. Along the Atlantic coast north of aashir.gton, D.C., Decesr.ber, 
J&naary, and February seen to be abiut equal as the months with the 
raxiuaa nuaber of days of freezing precipitation. March also ranks 
high. At rest stations, January has a slightly larger total than 
Peoerber or February. Fron 'ras hingt on south, the three months continue 
to be the rest important, Hut January bsccces pre-eminent. West of the 
Appalachians the sane months are the most important, but from Indiana 
eastward, January has a larger percentage of the total than east of the 
Appalachians. Vest of Indiana, December takes over as the leading month. 
South of Ckiahora City, rest stores occur in January. On the Great Plains 
fr:a Kansas north, no one north sewts to stand out. 

c. Suma ry 

Glace is a corron phenomenon in most of the United States 
east of the Kooky Mountains, with the area of most freyuent occurrence 
found in a bread belt extending fix •M north-ccni r .al Texas to southern 
New England. Kost parts cf this belt experience a atora with Ice 0.25 
to 0.50 inch thick once every 3 years. Virtually the entire portion of 
the country east of the Sookies (with the exception of the southern 
half of Louisiana, Mississippi, Alabama, Georgia and South Carolina, and 
all of Florida), expects ice cf this thickness once in every 6 years and 
deposits of 1 Inch or »ere hare been recorded in most of this area. 
Tecenber, January, and February are the months of greatest frequency al- 
theugh in scat sections cf the country the season lasts from mid-November 
to Kid-March. In Nebraska and the Dakotas 53 percent or more of the 
storar occur before rid-ACcreitber and after mid-March; for Colorado, 
Vrcrlng, and Mentara the corresponding figure is 75 percent or more. 
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a. fiorth Arrcrtca 

(1) Canada and Ala 

,, , Although tha principal area in North America In which claz. 
occurs lies alnv^st entirely In the United States, the phenomenon Is ffr 
from unknown in other sections of the continent. Flinirs 31 la a man 

,¾ it.";’: s fir..ro.r: (i?«> »i»'»* :.r 
r.n » 4 ' “^nt* ,a*n "orXÎÎ Aitiflrlca. net snow was considered as snow- 

11 at temperatures abive 32°F., and freezing rain was assumed to have 

belowri20? CUz FXnciPiUtior' rel1 "ith air temperatures at or 
mei therefore th , not necessarily fons when these conditions are 

distribution of nl rU° , mAp aS a ln determining the 
Í fre'Tj!?ncles is sharply limited. It is doubtful 

Lo inlWh f0T3 7°r N<,wfoundland and southern Alaska as the 
in^icate8> fnd "ost of that which does form probably consists of 

light deposit» resulting fron fog or light drizzle In stable mP alrf 

,,, . A group of data for Canada (undated) consisting of the 

Mpîednîï Fig 3/dÄySTh.lth raÍn dUrÍng 1951 anri 1952 *as been capped in Fií- 34. This shows the maximum frequency occurring in the 

í [o iî" Crt'T’ the absolute mfxlmum^with 
t tal of 35 days. Torbay, Newfoundland, is next with 53 days. It is 

impossible to interpret these high values for Newfoundland in terms of 
Vrlgl\Z? bacsys«» « Hare points out in his "Climate of the Island 
of NewfoundUnd" (1952): "No precise statistics of the frequency of * 
ice accretion exist." He also states that, "...freezing rain and dH 
...are significant elements of the climate in winter." This is borne out 
by the material in Table IV taken from Hare's study. °Ut 

TABLE IV 

Freezing Bain or Drizzle at ¿ander, 
•¿ewiounciar.d, as a_Percentage of all Observations 

±202 - 

^ Arr May Jun Jal Aug 3e£ Oct Nov Dec 

3.Í 6.3 5.2 3.1 1.6 0.4 0.0 0.0 0.0 0.2 2.6 4.3 

wok e , RoferrlnS aS»in to Figure 34, the total number of dare 

Ur aí<TthZe PÍUtÍOn,Vari03 fr0m 13 t0 36 in the St- Lawrence8Val- 
ÍILe freí In the We3t Rnd n0rth ot Canad‘ va^» 
and 20 d^,°.í y^, ¾3% h rna r,icordei at Whitehorse, Yukon Territory 
in valu«^rôm ^ GrCat.^^e Uke. There is a sharp decreaTa 

^ ^3t aCro9S the PrAlri0 ^evinces. Vancouver and 
Victoria, British Columbia, report only 4 and 2 days respectively. 
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Figur* 33. Mew annuil perc«nt*g* of hourly weathar ob- 
sarvations with freeaing rain. North Anoric*. Baaad on a 
map prepared ir. 19W) by the Weather Information Service of 
the U.S. Arngr Air Forces. 

Another set of C&nsdisn data (for 105 first-order stations 
with lengths of records varying from 5 to 12 years) is presented in Figure 
35 and Table V, and essentially confirms the information Just presented. 
Th» highest frequencies are found in Newfoundland, Nova Scotia, and New 
Brunswick, with Gander and Torbay, Newfoundland, again leading all other 
stations by a considerable margin. High valúas are found, however, in 
the entire eastern -half of the country; proceeding westward, it is not 
until the Prairie Provinces are reached that frequencies drop appreciably. 
Values are lowest in the Rocky Mountains and along the Pacific coast of 
British Columbia, with ¡aost stations within the latter area having values 
which indicate that freezing rain and drizzle are seldom experienced. 
Surprisingly high values are indicated for Fort Churchill, Manitoba end 
Fort Smith and Yellowknife in the Northwest Territories, considering the 
Infrequent invasion of the area by warm maritime air masses. 
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riAiJi 
at A’* 

Sep Oct Sov Dec Jan ?eb Kar Apr )'-ay Jun 

>Uritij*e 
Proriñees 

V-efccc 

Ont.ario 

0.1 3.9 9.7 20.7 23.3 27.3 12.8 2.1 * 

O.li 7.7 20.ii 32.6 13.ó 19.1 h.7 1.3 -- 

Ui 16.2 20.5 27.8 1.7.U 12.7 3.0 1.0 * 

Prairie 
Pro rinces 0.7 5.0 30.5 17.1 11.2 10.2 11.0 7.1i 5.7 1.2 

T-ion ('i.U. 
Terr., ÎÎ.E. 
Brit. Col.) 1.5 16.3 66.7 1.7 3.1 2.3 3.9 1.5 * 

British 
CclerMa 21.7 21.7 .’.2.0 13.1 1.5 

» Yr.fcoê figures represent the percentage of the total axunual average 
nurier of hours with freccing rain and drizzle occurring in each 
ronth. The fijnire "t* represents ralees of less than 0.1 percent. 

Canada (1955)- 8ase*1 on data frora 1L5 stations of the Keteorological 
Division of Canada. The length of record for the various stations 
varied fron 5 to 12 years. . 3ee Tigere 35 for the areal extent of 
these regions. 

*1” important. 
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The data presented in Table 7 indicate that alnost all 
parts of C.anada experience freezing rain and drizzle fro;.- üove-ber through 
April. In some areas, notably the Trairie Provinces, it occurs as early 
as oeotenber and as late as June. Close examination reveals tnat the 
nan*izs of heaviest concentration shift progressively from fall in the west, 
to late -inter in the far east. In the area consisting of the Yukon, 
Korthwest Territories, and northeastern “ritish Columbia, 83.^ percent of 
the total annual hours reporting freezing rain and drizzle occur in October 
and '¡cverber, with 6’overber alone havin.- £*j.7 percent. On the Pacific 
Coast and in the locky fountains, ns represented by the fimires for British 
Columbia, h'overber, December, and January clearly are the leading months, 
with January the staidout at l;2.0 percent. In the Prairie Provinces, t’ov- 
erber and December constitute the primary season, while January through 
.Larch are of secondary Lnport.ance. Jll the months from Loverber to Tebru- 
ary rank high in Ontario, but J<->Jluar;.• is the leader. December through 
"arch lead in Quebec, with January again haring the highest percentage. In 
the ilaritire Provinces, the period of highest frequency shifts entirely to 
the period after January 1, with ¡'.arch ranking hirhest and April being 
fair: 
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¿) y»xico 

Olaz« very likely occurs ir. northern Mexico 
undoubtedly at rare intervals. Occasionally, cP air w:th te.’içerttures 
below freezing will '■e observed in Chihuahua and Coahulla, it la 
possxale for wanr Pacific or Culf air to be found aloft on these 

occasions. Any ireozing rain resulting iron such a situation would 
probably be light. 

( 3 } Orennl and 

, Conditions favorable to the formation of gl&j* .ijoarer.tly 

MocAsP occa3ion'llly over the Greenland icecap. Hatthes acid BeLsoat 
U950J present evidence to indicate that cyclonic disturbances that 
cross the island or move along its west or east coasts are unable to 
sweep away entirely th/' cold layer of air characteristically fcund at 
he surface of the Icecap. As a result, the warmer marine air carried 

by the disturbances is forced to rise over the cold air, creating a 
situation analogous to the warm front w^th which most glare is associ¬ 
ated. They cite an instance described by Belknap (19U) in which rain 
fell on the surface of the icecap at a tire when the temperature of the 
air wU3 2.2°C (23.0°F) producing an ice crust on the surface cf the 

fioTia ^ a of Hatthes and Oelront paper, C. E. P. Bracks 
llVolJ etates, "This condition ¿the occurrence of freezing r»ia or 
glaze/ . . . is probably quite common in Greenland." The presert. 
writer believes this is too aweepirg a generalization and that the 
relatively meager observational information available for the icecap 
indicates glazs rarely is observed on the icecap proper ani then only 

during the summer months. On the margins of the icecap it is apparently 
more common, but data giving frequencies are lacking. 

b. Southern Hemisphere 

(1) Southern hemisphere in general 

Like tornadoes, glaze stores are weather phenomena acst 
typically associated with North America, both are products cf the opti¬ 
mum conditions in the eastern two-thirds of the North American continent 
for clash between cold, dry cP air and wans, moist raT air. In searching 
other parts of the world for areas in which glaze might occur, one should 
look primarily for those in which there is a frequent chance for these 
tv« air masses to come together with marked differences in their proper¬ 
ties, particularly temperature. This means tney should be relatively 
fresh from their source regions. 

In the southern hemisphere, there is little chance for a 
meeting of these air masses, primarily because of the absence of c? air. 
Air from the Antarctic undoubtedly is cold crouch when it lestes the 
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s^re* r^ri-r,, r..,t fc;r *h* ti.-* :• r-i.h-s sa-iih*m Africa, Austrália, 
or r<wf! Writ i, i* MS travas a 1-.- jiatarc« over open water so 
that the ressibilsry cf its teaperiVire beir^ .below 32°F, Is relatively 
srai; ev ,v^ Cf the t-.re» arets .teisouthern South Air.erica stands the 
creates* chance of experiencing rlaae, southern Africa thu s.-Mllest. 
■elaie '--sioubtedly cccurs occa*icoaler in southern Chile and Argentina, 
vvi in the latter could possibly occur as far north as Dueños Aires. 
. réélira iridie frea relatively stable rr.P air crust csrtainlv occur at 
ti-es in the extreme south of Chile, and rir-e or glace from supercooled 

the mountains of southern Chile and 
Arr-rtina. Tby southern tip of Africa extends to only 353S. latitude 
ar>i has a C-uly rean terp-arature oiJO* to 60°?. (the lowest temperature - ^ -/V i . tc.'Ufwrax.ui 
ever r'ccriei at Canetown is 31^.): consequently, it Is difficult to 
-TAgir.e the formation of glaze in this area. It also Is doubtful that 
glaze vrzli b« experienced in Australia, although there is a possibility 
for its occurrence in Tasmania. 

'2) *> v Ze al and 

A possible area for glaze development in the southern 
hemisphere is Tew Zealand. Leslie Curry of the Department of Geographer 
in ..uzitland i’riversity College was kind enough to collect and send to 
the w. .ter information pertaining to glaze in that country. From this 
Vorrat*or., it se-cm fairly certain that glaze from supercooled rain 
or crizzle ir.volvir.=r a frontal situstlon seldom occurs in New Zealana, 
although it is experienced occasionally on the Canterbury Plain and in 
the ao-untains. Six.' or glaze from, freezing drizzle or supercooled fog 
may be fairly frequent phenomena in the higher parts of both the North 
aro. -couth. Island, hut there is little direct evider.ee to testify to the 
accuracy of this assumotion. 

To quote fro-, a letter by H.A.F. Domett, Director of the Heteoro- 
loglcal -ranch cf the sir Detriment in the government of New Zealand: 

ut is this 1--st condition ¿the lack of temperatures below 32°F in the X.   * V. J uzxua.u/*e j*. t JLil b 

bmneith fronts affecting New Zealand/ which makes the 
occurrence cf glaze frost in New .'«aland so infrequent, except possibly 
at high altitudes. This country is separated by cony hundreds of zl'es 
fro« the rea-est source of cold Antarctic air masses. 9y the time any 

air mass from the south reaches our shores, the surface air layer hau 
been warned considerably by contrast with the sea surface. In except- 
-onal cases the arriving air r^ss has its surface layers at a tempera¬ 
ture in the lower thirties, but sel ice, if ever, is it below 32°F. 
During the Canterbury snowstorm of Duly 1/., 19/.5, hea'y deposits of 
w at is referred to in the newspapers as 'wet snow' collected on tele¬ 
graph lines, trees, etc., and cause* much disruption to the telegraph 
service, through vrcken wires and roles. This deposit was probably a 
form intermediate between glazed frost and rime. Glazed frost probably 
occurs at tiroes in the South Island above 1C00 feet, and in the North 
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Island above 20CO-3000 feet, but authentic reports are lacking, nalnlgr 
due to the sparseness of population at hl<{h altitudes in New Zealand.” 

P.N. Cryer, Director General of the General Post Office has the 
following to say about damage to cciwnunioation lines in New Zealand: 

. . I have, by direction, to say that no precise details are 
available regarding damage to telephone lines by glaze storms. In gen¬ 
eral, however, damage is confined to mountainous areas in the North 
Island and to Canterbury, Central Otago, and mountainous areas of the 
South Island ... If conditions are severe enough, the Ice load builds 
up to such proportions that wires and poles give way. Such conditions 
are more common in Canterbury, where the last major breakdown occurred 
in July, 1945." 

c. Eastern Asia 

(1) Asiatic mainland 

Apart from the eastern part of North America, 
the best area for frequent conUct between cP and mT air is found along 
the eastern coast of Asia, particularly the coasts of China and Japan. 
However, whereas in North America nT often penetrates far inland during 
the winter, the pronounced anticyclonic circulation that dominates Asia 
in winter limits such invasions to rare occasions (Haurwitz and Austin, 
1944). The strength and persistence of the anticyclone results in the 
almost continual winter-long dominance of cold, dry, cP air over the 
entire area from eastern Europe to the Siberian and Chinese coasts. 
Kendrew (1^53) describes this dominance oí the east coast of Asia by 
cold dry continental air as follows: 

:-'--- _ .1—4-- -1-.-w. 

"The prevailing and nearly constant winds are NW and N in north 
China, N to NE in central China, and NE and ENE in south China. The 
winter monsoon is shallow and is overlain at about 6000 feet by 
westerlies, dry and probably fairly constant winds of great velocity." 

In North America a large percentage of the low 
pressure systems which originate over the subtropical oceans to the 
south and southeast of the continent actually move across a part of the 
continent; along the eastern coast of Asia the great bulk of lows have 
a completely oceanic trajectory (Klein, 1955). Onlv occasionally will 
a low swing close enough to the coast to force mT air over cP, thus mak¬ 
ing it possible for freezing rain to occur. Cyclonic disturbances that 
develop rather frequently in the weitern section of the Yangtze Valley 
in winter and travel eastward across China can be an’agent for bringing 
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** ü cvnr «i* Chin* t*iinlan.1, but because they are very 
a^.o* ^ feeble xtear tendency to Jo so is not pronounced. Periodi¬ 
city. * cold burst i- c? ..ir. lei by * cold front oiiented in .an east- 
«n -irerticn will iweep J0un over central and extern Ci Ina; but they 
rey**c« i-er cP jut anich is too cold to provi ie 32°F. te: peraturea aloft, 

, . 4 ^ of all this is that the eastern portion 
i U^a î.w «ry lati* precipitation of any t-.pe in winter, especially 
in.**ïsi *w*# .roa the -anéalate cwsts, and that glaze in particular is 
fCT** ^ ■•»'Klops would probably do so n»st coae^nly in 
v-e e*.^ or -a.'.* soring when the anticyclone is relatively weak. 

Í2) Japan 

,,, their greater exposure to aaritire lows from 
t~* sotih U-ein, 1*3,, the Japanese islands undoubtedly experience 

gUn. than the munlsnd of Asia. Tb.e clia.te of the east coLîs 
*; ko^;hi:,r f.«f-*-t siailar to that of the Atlantic coast 
cf —.-h i*ric* frosaocut Virginia north to Newfoundland. The writer 
: ^dit* concerning the incidence of glaze in these 

^-«»criptaon» cf two atoms that struck Japan are available 
voxa^a, Fror Icese reports it seec.s that ca;ditiens prevail that 
*.-• s-n™ir to those along the eastern coast of the United States 
«--ns £_ii« fornatior- To quote froa one of theses 

__^-8.lrl7 ot Janu4ry 8» 1902, a rsaarkable glaze frost 
^y2- th,s neighboring districts. Th.e branches and 

liares cf trees ^ij jCJ , . —.exposed objects were covered with transparent 
— c. a .a_:icr.es3 o. incut 5 to 10 rd.llimeters /^/16 to 3/d inch7. The 
grevni vas a-so coverec with a coating of ice . . •. Th.e temperature of 
t-e air rtnimed - derrt« below the freezing point, but that of the sur- 

-:,- ground was a. Uttle above it. The winds blew fron the 
E^-vrn tne feme be.-^r moderate. Rain feU sir.ee 2 A.H. cf the day. 

^-r 4 4*x- n ir.to Sleet. We have no observations from the 
we hav^ V°ir1/ observations taken on 

^ osíSI t'1 ’T ?7^rCte” ¿2'8% fee^ hl«h) at a ‘i^ance ; ' *""setero ¿LO.i, mules/ to the northe ist of Tokyo. Free these 
^-5erTu.,;rs we know tt-t at the height of 8?0 Eieters above sea level 

f the *nitkwest «•••« blo-'ing and rain was falling slight- 
"f* **'* ‘«“F^ruture r_ the air was above the freezing point and was 
a-C’-» 3 or icre degrees hug her than at Tokyo." 

-u,-.v,; 40 „ ^':“r occurred at Asahigawa (east central 
¡V.--- rcîîarch ,, -,•_*, glaze 1.2 centimeters (0„47 inch) in radial 

*<fX8?kcr‘e vire3» and the the walls of the 
*;*T! ir^- <5bsefVB“*”^f were covered with 0.6 centimeter (0.23 inch) 

*. --ize resulted from freezing rain during a north wind, and 
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follow»à a heavy »nowfall^ sie«! also occurrad. Th« teraparaturo during 
the freezing rain varied from ~0.a°C. to -2.?°C (30.6° to 2a.0°F). Very 
heavy damage was done to trees and cosjaujiication poles and wires. The 
ice remained uamelted until March 10. 

d, Europe 

(1) Europe in genera^. 

Glaze can occur in Europe from the British Isles to 
the Urals (and beyond into Central Asia), from as far north as Scandinavia 
and Murmansk, U.S.S.R., to as far south as Greece and Italy, and at least 
one case has been reported in Algiers in North Africa. However, south of 
a line from the Cantabrian Mountains (Spain) and Pyrenees Mountains east¬ 
ward through the French, Swiss, Austrian, and Diñarle Alpe to the Balkan 
Mountains of Bulgaria, casee of glaze loraatlon are rare in the lowlands 
end only slightly less uncommon in the mountains. The primary reason for 
this low frequency in the Mediterranean region is the rare appearance at 
the surface of continental air masses with subfreszing temperatures. 
Figure 36 probably presents » fairly good picture of glaze distribution 
in western and central Europe. The areas in Great Britain affected by 
glaze storms are shown in Figure 37. Figures 40 - 43 show conditions i* 
the European part of the Soviet Union. 

Though glaze is fairly cosrwn in parts of F.urope, frequencies 
are probably nowhere as high as in the major portion of the glaze belt of 
the central and eastern United States. Most of Europe does not experience 
the extremes of winter climate resulting from the frequent clash of cP and 
mT air common in North America. The dominant maritime air mas» In winter is 
Atlantic mP which, unless it has trajectory relatively far south over the 
Atlantic, is too cool to provide temperatures above 32°F. when it becomes 
the overrunning warm air mass. Mean temperatures at 1750 meters (5740 feet) 
in winter mP air over Europe are1. ~4°C. (24.8^.) at Lyon, -5°C. (23.0°F) at 
Nancy, and -4°C (24.8°?) at Berlin.* Maritime tropical air, despite the cus¬ 
tomary long trajectory over the cool northern portion of its «ourco region, 
generally reaches western Europe with surface temperatures of around >j°F. 
which is sufficiently warm for glazo-foming purposes. At 1800 meters 
(5904 feet) elevation over Nancy, it has a temperature of 3°C. (37.4°K). 
This is compared with a temperature of 9°C. (48,2°F.) at approximately 65OO 
feet over Boston. After it has passed inland as far as Berlin, the average 
temperature at 1800 meters is 1°C (33.8°F.). Over Moscow, mT has a mean 
temperature of -3 C. (26.6°P.) at an elevation of approximately 5000 feet. 
A contrast between mT air in Europe and in North Africa, which has a 
bearing on the intensity of glaze formation, is that the European air is 
not as conditionally unstable. This is because air coming from ths 

«These temnerature values and those that follow were taken from 
Petterssen (1940). 

89 



u 

K . 

® -Ã ♦J -C ,. 
r) <j O 
5 
q T3 

El 
ss* 

s§* 
N • S’ 

S Si 3 
^ 3 « 
-H O 
«> « h 
a V 

51¾ 
• hf 
tc-rl • 

s ° • 
"’il t> «J 
S c; 3 1 5 5 

■«¿•^ * 

. c a 
O > 
cm® 
O JS 

*-H <n 4J 

S3 

5 §2 

5 * 
'O I 0 f'l c 

r* 5 ^ tv. z 0 

.‘tt 

V. 

s' s’ s" s' s' s'.*-y* 
'.y-.'’.-'-.''.-V-*- ^ 

• ■.' VA-.V •-- >. 
. - .■• ,bX. -v** . • V .- 

\S\ 

r 

-:4 

» *•- a* 
r v”1 --., « * m * 0 
, ^ W - v 

, * . * m ^ 1 - ■ I» " U. 
.-'j»*. "( » ’'J* ^ h, V»* *“ • “ i» » * 

■•/V ■.' -.'.sÿs’y-'.s".'- .sá 
-vÁ 

. - . - h A ^ - * • - * -1 
.-.-.-.k Aj. ,* 

. a ■ av;sv/:s''-> 
■-' -.' S LS1' » i - Á 1 s"'- ' 

pSPP 
pr-"~ ' w 

,-.,r J-’V.-'. 
" ^ « * % , - . . r - 

■ .™ a" \* «Ç^j 

s - V VV * 

'.► ■ ■ - - * .S .s s* -, 

: ..s -vr - - - « -. 

'-Á# ^-1ASkl 
T“ 

, .V • 

I »-r. , -yi;| 

r 
‘j» - n**- n*'* »N 

'■ \ \,~ ^ '•m'" - - I 

A . A A 

V 

. *. ■*-, "S. >, % ^ V' «IL»" « 
-r -* .J \j* .j* 

.. ïl."K- 

• s1’- 'W "*> ' A j» " - 



™ V* pppPRHM.pMipilipi.ipppppi 

eastern sides of the subtropical hi^h pressure centers experiences greater 
subsidence than air on the wertem sides. As a result, gla-e forration in 
Europe will usually develop at a slower rate. ^ S1* * rotation in 

North Am«r¡raJUM ^ r”8 6lr masse9 art) cooUr 1" Europe than in 
rt.i An-enca, the co,d «ir masses are warmer in Europe. There are two 

ïirrfrom\T Jh ^ ^ 1X11154 lnt° Eu*”°P® Maritime Arctic 
rintl ã h° nor^hufre,5,J,,nUy Invades Europe in the rear of deep cyclones 

\l ttZtdTn\h7\ rn ET^ b,Ut by the tin9 lt reach0S tha c^tinent it is warffled ln the surface layers by passage over the Atlantic and usually 
has a surface temperature of 2° to ¿,°C. (35.6° to 39.2°P.) upon arriva/ 

oîtbrêaîï ofcÊ* Z T ^ »Pwrtrr ln fonEatlon ir> ^st instances. ’ 
Sd rente/ r h<? E'Jra3lan «anticyclone frequently invade eastern 
Atl/uc Von/r hi ' ter 3nd occa5ionally reach as far west as the 
Îm/ÎÎo'k J0.n,i¢íera^1¢ arming takes place during the westward surge of 

• s a ..but températures well below freezing are still coimon. The mean 

íemp!!atÍ'r* at Mu^Ch /Urln,î d0nilnation by winter cP is -11^0. 117.2 P.}, and at Nancy -6°C. (21.2°F.). 

with »1«, « ^«r® I® a moderate amount of descriptive material dealing 
stuï/î of ? 0Pr aV\iUble in the li^rature and some fairlycfetaiîîd 
ernntrt ?/Za ^1601,010^ and climatology exist, but data for whole 
countries or large sections of countries are almost totally lacking with 
the exception of a moderate amount of material collected / the Soíiet 

(2) Cîreat Britain 

available on th« V rpres6nt8 e9s<!ntially »11 the information 
availabie on the climatology of glaze In the British Isles. Although the 

;apr! °r! Är 19 not complete, it indicate, that eKast 
In ^eaíin^ of fín fr%1/ited tu the higher portion« of t he island. 
In speaking of the effect of glaze on power and comaunication liner, 
wintíep1/ tstates that it appears as if trouble can be expected every 
in rre«/peírf ?n3*w^Ve 1000 Elevations of this order are found 
in Great Britain in the extreme southwest In Dartmoor and Exmoor, in Wales 

and in/h8 Southern uPlands »"à the Highlands of Scotland. ' 
the dîaieZ apparcnbly ^ ^11 known ^ Dartmoor, where it is called by 
the dialect name anwll which is derived from an old English word amel 
meaning enamel (Botley, 19«)). Ä M 

Fifnire 17) t (192i,)t P°int9 out that (despite the implication in 
Figure 3,) the eastern counties of England are not immune to glaze, and he 

io1 ?Q/St1nC8S WhÍCh occurred in that area on December 31, 192?, January 
rw/n/ii/r^V0’*1943’ Aíld Jí*n’jary 30« m5» ln which ice in i ^ounü 

^ f0/ lea3t * ^uarter of an inch formed in the east Midlands, 

Semi r/ïVrr foraed in Ra3t An«iia* a ch<,ci< °f N-th«™ Hemisphere Historical Weather Haps by the writer of the present report 
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show*0 that the Ducember 31, 19?7 
«tom apparently was cauaed by iwsd* 
ifSed Arctic air iron a hi?h prea- 
#ure center which had roved down 
iron northeastern Groenland and 
occupied all of Europe fron 
-candinavia to the Balkans, ooain* 
*n contact with warn, kP air Boring 
over ureat Britain behind a north- 
south aliened occluded front. 
There is a strong possibility nT air 

the W.1" th9 0CClU'led °f 

Figure 37. Glaze in England 
and Wales. Map represents in¬ 
formation for a period of about 
25 years. Based on a map in 
Grlmnitt (1925). 

/1 iv r \ „Accor'^nii to Harrower 
l 9i.5), glazed frost is rare at low 
levels in Scotland, but coanon on 
mountains above 2000 feet. Froa the 
descriptions he gives, there is a 
possibility narrower has confused 

fan Vííh r1?! ,v,d ^ the B^itish 
call -silver thaw-.* Harwood (19i,5) 
reports 199 cases of silver thaw <n 
six years on 3en Nevis (maxima* ele¬ 
vation 4,406 feet), but he also ren- 
tions occasions on which rain froze 
on the clothes and even the faces of 

servers; so apparently glaze can 
wUcLlly tírr-in* f u „ a « actually occur at that height. K« 

points out that Eskdaemulr (800 feet 
above sea level) in Dumfriesshire has 

8laM since 1917 ( to 1945) but on “-e Jh—w/i?17 3 Case9 °r d9Í,inlt* 
The present writer believes that much o' IZ în? “ ad 36 cases of ria«- 
T*3 ?! Great Dritain 13 actually as s- 4estS fv rep°rfed ln thô «Shland 
where the density of th« V- is^w ¿ Tî’ rijr'e or« ^ ca3e3 
or light rain in situations where no f-ot1 is ;Crr"d Jr3mTsuPercooled drizsls 
age in Scotland, Crinmitt (1945) sava rõ-e t In speaking of daa- 

Scotland and along the west and ea^ c^.sts but thatTrf1'"0^ ■* Central 
b"n «r»pi,„s, .......U, 

*"ln the Meteorological Glossary (Gréa* «ritiin lojni 4, 
scribed: "After a spell of severe 1 3Ílvec thaw is de- 
damp wind may lead to the formation 0' '-c * sul‘den settin« in of a warm, 
a low temperature cause the moisture lo^fZT ° Jectf » which betng still at 
• liver thaw." tUr« -o freeze upon them and give rise to a 
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K . whil" P°lntinS out that glaia la ^ unconmon 
phanofcwnon in th« ünlted Kingdo», duacriba# U occurrancaa within 1 aue- 
cesaiva yaara within a valley on tha waatarn flanka of tha Pennine Koun- 
talna. All U occurrencea ware in January (1953, 1954, 1955). On one of 

a occaaions., ice on traea, houaaa, and telephone linea peraiatad for 5 
days altar foremUon. ivr ? 

n,*» « One of the moat aeriova glaze atomía ever to atrike Great 
Britain -.ook place on January 27te 29, 1940, with ice of unusual thickneaa 

^ Cer\a.ln *r®a8-* In Worcestershire an automobile was covered 
mol lTnhúñ»fsíC*' ?;Kl iC# U lnches thlcIi waa cownon on twigs (Newbold, 

Wiltshire ice formed to a thicknesa of 0.75 inch on teleirr—^ 

mính» "; 119\° ‘ ^p1 a"oth',r location, ice on a telegraph wire waá" 
?.4 inches in dlaaeter (Pattlnaon and Dinea, 1940). At some sites the 

Sê-üiff'Tlfü tr<’*9 8nd WireS aeven ^ aft,r the 8tonfl- Toi» utora was 
Envlilh rhA Î ? ^ionary front that lay acroas Great Britain and the 
English Channel in a northwest— southeast direction from January 27 to 30. 

If th* ^°nt' Wind8 80Uthweaterly with a temperature 
hli™ f ’ t0 Iw* northeast, the wind was easterly with a temperature 

of1th«ff^tÍng^.Ihrr* T a b0lt °f Pr*oiPUati°n 200 miles wide northeast 
of the front, wi.h freezing rain extending in a belt 100 to 140 miles froa 
the^front between non-freezing rain to the southwest and snow to the north* 

(3) Scandinavia 

Information on glaze frequency in Scandinavia is 
extremely scarce, and oniy three references on the subject were uncovered 
^ b O'WS^trom 1941) deals with glaze on highway surfaces and 
this^therefore, is discussed in the section of this report dealing with 

22rrha l?% Kfthe* con3l8ts of a short statement made by SaSdstr&i 
U922J that in Sweden glaze, along with moist snow and hoarfrost, is lim¬ 
ited to the mountainsides in alpin« regions. The final reference consist* 
of a paper published by Rossi (1939). Data for this last study were ob- 
tained fron the meteorological observatory at límala, Finland, from the 
winter of 1926 - 27 through the winter of 1935 - 36. During these 10 

months as follows*^ ^ wer9 dlvldocl «uaong the different 

Nov Dec Jan Feb Mar Apr 

Number of days on which glaze was observed: 9 12 20 23 17 3 

»Brooks and Douglas (1956) present an excellent and thorough discussion 
or this storm, with particular emphasis given to the synoptic conditions 
responsible for its occurrence. 
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Kantien lit ^lao n»d« of *v aeries of ohserv*tic*tt, which 
Rossi believes did not Include ^11 5torriSf n^de over i feriod of 30 YMir* 
(líí83 - 1912) «I f^lsirkl, <n »tiich a s»an of 3.6 d*yi cf *:am occurred 
annunlly, and tk.« -onth of OAximun occurrence was Jaasury. Setumiiw to 
f h#* Tl rr»! » ^î.0 * C -u__ « . * ^ 

- V. - . * fc ^ 

the Ilirai» dal», 5 of the obrervattons were of glare that . --— c,---- *-*». *as » carryoTer 
from the rrevivos day, consequently, there were only 79 cases of actual 
gla?.e fornatic««. Out of these, in only 

"...26 cases could the beginning of glaze fondation be established 
exactly. There ca-es can be divided anon g the various cercle gi cal condi¬ 
tions as follows: 1 during a cold front, 2 during a want frcr.i, 17 during 
an occluded front, and 6 during a relatively wars air nass. Tr* e«m» ten- 

l{ ^ Ai: ^1-2,3¾ ¿27.9^7 in these cases. ar>t the relative 
humidity 96 percent Tlce low-st tee per ature read - 9,0'Z .15. ^-'r "and the 
highest 0.5C¿32.9'VF7. - 

. 

"An analysir of the weather situation ezphasised the fact that glase 
occurred most frequently on the aide of the cold air mass preceding the 
oncoming front. Thus we can conclude that in 76 percent of all obeerra- 
r.ions the wars or quasi-warm front was the cause of glasé ícrBaiicw. I* 
j'enera^, this front Is not very strong, since acst cf trie crrlcr.es are 
occluded before they reach Finland. This fact is further substantiated br 

^act that in l1? cases where glaze has formed in cash;»—icn with a 
iront, the air pressure fell on the average of 0.5 œ -¾ within 3 hours. 
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If glaze fonts during t relatively war* air nass, it is scat fre¬ 
quently influ-ncei by mP, or .'r. sine cases by *T air, {—a. the SW or W. 
In the six cases reported, the temperature was -1.5°C /29.;~?7 c» the av- 
erage, and the humidity 91 percent when glaze began to form. la cm case 
i Jan. 29, 19.,4), measurements in the free atmosphere indicated a rather 
strong air current froa the west bringing mP air. On the ¡rrcuari the tem¬ 
perature ranged from -3° to -5°C /26.6° to 230^ toward th. west . few 
positive temperatures were observed. According to aeralogicAl wasue;- 
mente, UJ;ti (Lat. 60 53'N., Long. 26° 53'S.) and Sortavala (Lat. 6l°40'«_ 
i-ong. 30 U’e.., experienced a strong ground inversion abort 9:C0 A.M.. 

ehiCh tAte=-MrdtuM wa3 33 t0 10°C- hiSh'r th« “-i* err-umd. At 
10.30 fog was observed at the observatory at límala which ccatL-.ued for 
lh* ^Ll900;/7 P-*J ^ formation began; the iemperature 

uT ^ Z^1-0 £/• Glaze, therefore, occurred in coajur-riicn with fog 
which was probably formed by the mixture of the stagnant cold air laver with 
the warmer air above. The weather cap of 2000 /5 P.M. 7 shewed onlv'a few 
negative ground temperatures." - -r 
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(Z) France 



(5) Svlt«>rI>M 

Gl**« in ÍVltaerUnd is described by Sidar (1954) 
«ft» states tS»t tl*i« fro« sup«rcooi«J rain can ntt*in cons’id«r*bl« thlck- 
Ti«a«a in Switierlwd, up to *s auch as 2 to 3 centiaeters (.79 to 1.18 in) 
cm ücríiontai sarfaees and 4 c«r.tis«t«.-s (1.57 in) in dianeter on telephone 
atrss. According to «tat Sider considers rather coaprohensiva and reliable 
tów-rations, Sasel rad 24, cases of çlaï* in the 20 years fra* 1931 to 1950, 
t-strlbcted cn a acr.ttly basis as follows: Kovember, 1; December, 4; 
.'atuary, 16; Febna-ry, 3- A descriptica of temperature conditions during 
ttttM cases «ill bo forni in paragrafii 1* of Fart I of this report. Bider’e 
revert on neteorological conditions is as follows: 

""— **11 distriboted cases of glaoe occur essentially at a south, west, or 
saetiaes southeast espesure, «here high, wars, moisture-laden air from the 
sruud, «est, or southeast is present abers stagnant ground air of a previous 
hith, crecipitatioa resulting as a cor.sepience. Later, tU wars air also 
-rwhetrstes tte lower layers. The weather sap usually indicates strongly 
ae-r-loped decressiora ever the Bay of Siscay or the English Channel, and a» 

. eashwhrd—aoving want front. Frequently, a fohn* situation develops, In 
wfttch. the fehn overrides the cold air orer Kit tell and. At times, a depres- 
sim is situated In northern Italy, vith Míe*» present in the lower layers 
peer which the v*r* o-oist air froa the »rutheast glides. The warm air 
layer with a tesoerature over 0°C. is usually only a few hundred meters in 
height, which is sufficient to cause falling snow to melt and change to rain 
by the tine It reaches the lower cold air layers... 

"The few cases Of glase originating by falling temperatures are incer- 
ennisg to consider. Here a wedge of cold air displaces the warm air of the 
lower air layers. Esin falling into the belcv-freesing air layer is super¬ 
cooled and freeses on hitting the ground. Usually rain changes to snow in 
Itiest* cases if the cold air reaches high enough, and the snow consequently 
CCTers the layer of glue. 

"Striking cases of this type were cfceerved in Basel on January 1, 1941, 
anc dsril 1, 19;2. 0a both days, cold air froa the north-northwest moved 
s-ow.y n»er the co-’ostry... In Basel it rained for hours at temperatures be¬ 
low che free*in« point, forming a conspicuous layer of ice, until the rain 
charged to snow.* 

(6) Spain 

Glare can be expected occasionally in tde Iberian 
Permsula, but probably is lislted to «rastain areas and the Central Plateau. 

* ííhn (or foehn) a war», dry, southerly wind. 
**Tcae (cr bise) a cold northeast wind. 



On« cas« of ica dama*« to eluctric pow-r lines is shown for th« Pyr«ne«s 
ln Figur« 36, although it is not certain wtut type of ice it vas. Th« 
Poletln Mensual Climatológico <M Servicio Heteorologico Kaclonal published 
by the Air Ministry cf the govenunent of 5f«\tn gives n»nthly totals of th« 
nuafcer of Jays weather elements of various types occur at 117 meteorologi¬ 
cal stations in Spain. An examination of this information for the year« 
1947 - 54 revealed 2 stations reporting only 1 day «ach eith glace. Th«s« 
wer« Oviedo, on the north coast in the foothills of the Cantabrian Mountains, 
and Leon which is on the Plateau Just south cf the Cantabrians. It was im¬ 
possible to determine whether these two occurrences were related. During 
the period of years mentioned above, sleet (U.S. Weather Direau definition) 
occurred on several days at a fairly large nimber of locations, thus indi¬ 
cating that conditions at Isast close to those necessary for glare formation 
Bust occur rather often in Spain. Across oh« Mediterranean Soa, in at least 
on« instanca, what appears to have been glaze famed on electric power lines 
near Algiers (Haour, 1939). Development of the formation followed a serl«« 
of violent thunderstorms accompanied by snow. 

(7) Italy 

Two references to ice formation on power line« 
In Italy were uncovered (Crestani, 1942 and Kredia, 1942), but th« present 
writer was unable to obtain the publications in which they appeared. Ho»e* 
ever, an abstract of one of them (Eredla, 1942) appearing on a SIFHE* bib¬ 
liography card stated that ice formation is frequent on power lines running 
west to east in Italian valleys. 

(3) Greece 

A brief description of the occurrence of glase 
In Greece is given by Mariolopoulos (193®). He states that records of 
glase occurrence have never been kept systematically in Greece and, there¬ 
fore, it is impossible to say Just what is the true picture. Rime is 
fairly corcison in Greece, but glaze apparently is rare and is noted only in 
northern Greece and the high places of the south. Two documented cases of 
glase at the Meteorological Institute in Thessalonika, one during February 
I932 and the ocher during 1936 are mentioned. Phillippson (1948) describe« 
an occurrence of glaze in March 1693 at 1200 feet above sea level on the 
north slope of Mt. Parnassus. 

(9) Germany and the Netherlands 

Sebastian (1949) presents a interesting dis¬ 
cussion of the glaze storm of January 11 and 12, 1948, in the Netherlands 
and northwestern Germany. The formation developed from freesing rain 

* Snow Ice Permafrost Research Establishment, Corpa of Engineers, U.S. Aray. 



»«s-ocif.ei with th# of a warn front. Translated excerpts fro« 
SeSastiar'a ilscussion follow. Fibres and 39 have been adapted from 
his paper ini vh»re he refers to them, numbers correspondí.".« to those In 
this repert ture been substituted. 

•TV heaviest fontitiojj occurred in the coastal region. At 
Serie—er, for example, cc. tv evening of January 11 a transparent ice 
-ijer, J 1.-2 to 3 ns. in t hi cores s was observed on the ground and on ob- 

—t—* very urrusual for the East Frisian Islands. Schleawig- 
ho^stein ini the Hamburg are* w-re also exposed to hetivy glaze of several 
h-y-rS' duration starting in the early hours of the 12th" of January, while 
tV seethe—, part of tV affected area experienced leas glaze of an inter¬ 
rupted nature. 

mOn Jiruary 10 nothweste— Geraany came ur.uer the Influence of a 
cold air nass which followed on the heels of a low moving towards central 
Sussia. TV southern boundary of this cold air ... is characterized by a 
eorverçence aloost coinciding with the 0° isotherm. Along this boundary, 
a 150-<x. band of snow and rain cues diagonally across Germany forming the 
precipitation associated with a new warm front over Holland ... Figure 38 
shews a vertical section of the frontal zone of the warm front, giving the 
conditions around midnight iron the 11th to the 12th of January; by this 
time tV war« front had practically caught up with the slowly retreating 
southern ulrit of cold air ... The advancing air at high altitude with 
temper at a res over 0 C. is clearly shown in the diagram. After it attained 
sufficient extent, the stow in front of the warm front changed to graupel 

a Bixture of snow and rmin, and then to supercooled rain. 

* -i-re 39 depicts scVe'atically the various phases of the developosnt 
of the transition of snow icio rain and the position of the 0° isotherm on 
the ground. The two lines first approached each other on the morning of 
January 11 ever northern Hcllar.d, and as soon as they had crossed, the pre¬ 
requisite* for the formation of glaze were met. The wider the enclosed 
area, tbs m;re intensive t.h,< glaze formation. The points of intersection 
of both Tines indicate the »cuthern limit of glaze. If .V actual boundary 
a..er tV cc.5et of glaze runs abc-it 30 to 50 ka. farther north ... it U 
due to the fact that the surface air layers with temperatures under 03 
petered out towards the south; the air layer must V of a certain extent 
(in this case about 30ûi. ¿ 3*8 in order to provide a sufficient 
supercooling of the rain. 

oco-rlusion, it is netewerthy that the ground temperatures rose 
above C^T. shortly before tV advent of the Van* front, whereby tV removal 
of glaze was facilitated ...• 

(10) Austria 

Tata concerning the occurrence of glaze In 
V-* between Koveeber, 1925, and Karch, 1935, have Ven analyzed by 

H. Vinter 1*30. During this peried, there were a total of 244 days in 
which the pVtcmenon was observei. According to Winter: 
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"The origin of formt ton of tho 2i>!. c.iüei ^er« «ttributod to: 
drlzilln^ fog in 60 cuses, a mixtura of rain and snow, perhaps accom¬ 
panied by sleet or grau ¡el in i.1, pure rain or freezing rain in jwr* 
snowfall In 33. snow with drizzling fog in 12, drizzling fog with rain or 
freezing rain in and a mixture of drizzling fog, rain and snow, perhaps 
with freezing rain or graupel in U cases. Of the remaining i.8 cases, no 
particular form of precipitation could be detected. However, in 32 cases 
thereof fog had been observed. A great many of these undetermined cases 
can be traced back to residual glaze from the previous day. 

"The annlal dis 1 ribution of the .>... cases of glaze is classified as 
follows: 

Nov I3ec Jan Feb Kar Total 

Number of cases: 30 P6 82 A4 2 244 

"The maximum lies in December. However, if all cases are omitted 
that are not cons id¡red to be glaze in the strictest sense, i.e., those 
that did not occur by supercooled rain, ice storm, drizzling fog at tem¬ 
peratures below ö°C., at least on a frozen surface, there remain 106 cases 
which can be distributed thus: 

Nov Dec Jan Feb Kar Total 

Number of cases: 7 40 ¿6 12 1 106" 

He also describes the meteorological conditions associated with 
two individual cases of glaze formation. The first deals with glaze that 
developed from two successive days of what Winter calls drizzling fog. The 
Northern Hemisphere Historical Weather Haps show that during the two days a 
high pressure center, which had come from the Soviet Union, dominated all 
of Sirope from the Urals to the Atlantic and from northern Scandinavia to 
North Africa; therefore, the freezing drizzle very likely was not frontal 
in nature. Heavy damage to telephone facilities in Vienna resulted from 
the ice. 

Winter's second example of heavy glaze formation in Vienna, Feb¬ 
ruary 14, 1935, involved the passage of a north-south oriented warm front 
carrying behind it southern trajectory mP air from the Atlantic. Polar con' 
tinental air from the east had dominated Austria and the rest ol central 
Europe for two or three days previous to the approach of the warm front. 

Another part of Winter's paper, in which he describes the condi¬ 
tions observed following glaze formation, is interesting: 

"... the rule that glaze is followed by a rapid thaw ... is limited. 
Only after glaze due to freezing rain is a strong temperature increase 
apparent in the great majority of cases. Out. of 20 cases, a temperature 
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n«*t 24 bourn, the teraoent-’iM vi Vi-ule• f' .'C ,0' withln f'h® 
«laze formation: rr.oit pprouent’ ir, i at the time of 
-lovever. ««.„.'«ni XTf^'Sït *nd J-« 
off period seta in, ft tot,ill-, diif.ilnt 1 . inzre^ a cooli.^- 
«laze formation due to drizzltr,,» f „ - ’ \ r...inf?r',^r? ",roceluro occurs after 

or rory „t»l„ -.he ,»«. .¾¾ •. U ^^ZVnV'T'fT rt~ 0f *’ 
14 cases it even rem -tr-i below 2° *n.-nPh " L 1 17 of 19 cases; In 
has follow 1. Thu v«r- pro-irent’, h(J? Cí>jlir->off in «eneral 

r-w. or r.o to ¡,>’ 'ifi?;; “o .MP T V *r>”*r ™“ »'» U th, 
tinctl.v divulc.i Into thoie w-<.-« A .,1 ! ‘4 ^ C1a<?3 «ro r.is- 

however, nroceeds at a auch slower f0110'«* which* 
those where a cool in'-off i.erio-i follo-r. • l,-frT . zln'\ r'lin* and 
occui. only in e^ptir.-n^-,:, afîîr thi , 
perature rise 
of 19 c .nos 

loa.-t .iftu-t 4‘ I CX t, TTi.i— 
hour., can only bo expected in 3 out 

(ID 

occurred ;n Hungry on Wrr^ry ll?to 13 5 r/"!'" ’I1'12'5 stonT1 that 
al°n* a stationary front tha'7, loinAn * ,1, ^ freezin? rain 
west of Mia,est ilunnc .‘a. ., ri„. ,Or?cd , n? 5 '1,r;ction -1u3t to the 
trees, bul Id 1-:,1, md the s-, r face of the ^,-0 r.r 7 thiC:< °n 
Inflicted upon corr. l.-ÜJ et, - , ' < tremendous damage waa 
t rans nortation. In ^ ™4 

tunlly paralyzin'* all outside act - v ity '7r several p,*6 ß‘'aze' vir" 
is not unusual m the Ufoll n 0‘f ,.V^ * 'la2® apParently 
no storm anywhere approach ir* t, , „ I o ...r, but in 45 previous years 

aj-proucnin,; t,.i .t-n-, m severity had oeen known to occur. 

' 1 ^) ' .-.Vir-t 'i.- Si I 

heart of Kurasia, c.-e iik>vc' ’f'arthè”r ri 1 ,íri>m VWÍ,t''rn -"rope toward the 
masses, and therefore' in o , ‘7 , th" ’"A maritime air 

less. Rastern Zuro^’aíid HuSHre ÍÕ^Ínat^ ^ 
time In winter by the .islatjr -mticvrlon^ !, fí -ereentape of the 
under its domination almost continual lv tV"11 far|-ier 0131, Siberii comes 

surface, invasions Sf mT al 7" the At th® 
eaotwani. At upper levels rf air- j- 1 -l*-y fmn Russia 
of stron« cyclonic activity 7H Jr 1 t0 U‘t‘ are'- ^rin« periods 

Atlantic lows weaken perceítihl-i is^tev1^00^"' ho"cver* cir‘ce -^st 
penetrates of thesnícÍs ÍÍ ’ * the time mT air 
is characterized by only troderUolv UpW .L’ C3rli,11‘crihle modification and 

«ives a temperature ?CttersSen ^ 
level (approximately 6(>.)ò fêotTõverVoscow and ^“, ^ the ^ill'bar 
with a temperature of 1°C (33. A) at ierlin 3">c' f ao^o-'l 3 
apnroximatr-ly 9°C ((,« \ nl., _r ... ’ ^ W-1* f) et Cologne and 

• / u (.4 r . 3 it 30-ton, inns. Nevertheless, in eastern 
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Eure»'«*! asuch of 5:a5si*, çl**» occurs {recently en-iu^h to b« » 
prci:!«» that njst t« vlth. In ext rer.« northern *n-l ««tern 
Rus-sU ai>i virtually all of Siberít, giste is a comparatively rare p»«- 
ncimenon an>i probably áces not aasount to much when it does fora. 

In trw* Soviet l*nior, glare mat frequently occurs in an area 
shaped roughly like an 1* that extends from the general vicinity of 
1erir..Trad south to the soutnem Loraine along a line that keeps west of 
Koîcow, then east to cr beyond Stalingrad (Figures 1*0 and /*1). Through¬ 
out rost of this area the seia frequency of glare storms is at least 1 
per year in the iS-year period 19^3-24 to 1932-33 (Figure 40). North 
and east of Moscow, the irec-ency falls to less than 1 storm in every 
2 years. 

In the ITtraine and Don regions, which appear to be the most 
susceptible pa-ts of * — reaped area, frequencies of storms run from 
l.C tò Î.9 storms per year. Figure 41 shows that in most of the Ukraine 
and *on regions the r.axijtja a*d . of stems experienced in any one year 
is at least 3, and runs- as higi. as 10 to 17 for a few places. The inten¬ 
sity of stores, as shewn by the maximum rauial thickness of ice on utility 
wires in Figure 42, also appears to be heavier in the southern and western 
portions of the L-shaped region than elsewhere, although ice 0.75 inch 
thtca has been recorded almost as far east as the Urals.* 

An interesting feature of lhe distribution shown in Figure 40 is 
the fact that the sene in which an average of one storm a year occurs, ex¬ 
tends as far east as the Aral Sea. This is an extremely arid region with 
verr little winter precipitation, and it is surprising to see as many 
storms occurring here as in the more moist regions located farther west. 

I Figure 43 and Tables VI and VII show the seasonal occurrence of 
glase in Ithe U.S.S.H. In the European part of the country the seasonal 
distribution seeas to be iruch the same as it is in the central and eastern 
United States, with Novescber to March representing the glaze season. On 
the Arctic coast east of tó°S. Long., a sizeable portion of the glaze, if 
it is true glaze, occurs during the warm half of the year. Twenty years 
of data at Dikson (Arctic coast of Siberia near mouth of the Enisai River) 
shew a fairly even year-round distribution of the number of days with 

gllse. 

* Shishkina (1955) describes an exceptionally severe glaze storm in the 
ar-*. cf Tuapse (north shore of the Black S-ea east of Sea of Azov) in 
which ice up to 5ca (1.97 in.) thick formed on wires and trees 
remained for almost 5 days. 
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TAFLE VI 

station 

Tu; Z ( 
*ns’< 
Famaiil 
Chita 
Hy^ovskoo 
Veri.yi 
Vladivostok 

U.riï.*: OF i'AïJ Wii’ri (¡i.AZr. I,i ôIPRTTA, 

iüD Ü2¿ üä£ *££ Hàl 5S2 Oct 

5 ? li 

1 
1 5 4 

1 

- 1903* 

Nov Dec 

3 

¿ 3 

6 
U 

Tr 

12 
1 
T 
1 

16 
8 
1 

* Data supplied by Hr. N. T. Zik««T 

"tat Ion 

Valgach Is. 
(1924-1934) 

Yugorski Shar 
(1924-34) 

Dikson Islana 
'1924-34) 

f.’ovyl Port 
(1924-1934) 

Kntnsomolsk Pravdy 
(vrs not given) 

Great Liakhov Is. 
(1928-1934) 

Tik-i Fay 
(1932-1934) 

îiil un 
(1 25-1928) 

Chetyrekhstolbovol 
(yrs. - ot given) 

Cape Otto Schmidt 
'yrs. not given) 

Uelen 
(yrs. not given) 

TABLE VII 

TOTAL NUMBER OF BAYS VTTH GLAZE* 
{AkOTXC c... ... .,. ,.. 

Jan Feb Mar A^r Ha,y Ju« Jul Äug Seo Oct Nov Dec 

93 7 17 20 9 4 8 7 

27 1 18 21 11 9 6 12 

2 5 7 9 4 4 5 27 

01 0 0 0 0 0 2 

oo 0012395000 

0 0 0 0 6 34 12 1 30 37 3 0 

1 100 5 2 0 0 1 10 0 

00 00 0 0000000 

3* 17 25 12 9 

10 3 3 5 

5 0 3 1 

* Source: Air Weather Service (1946). 
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Table nr “e-t*.-irs data for setersl stations lorited on or near 
the Arctic coast of the Those data confirm the osccrence of 
glaze during the vs—er : art of the ;,ear in this area. Fren 19T^ to 19.¾ 
Vai^ach lala^nd (bitv^r. Kor^a Zenlya <L-id the rainland) sn¿ Tx^orskl 'har 
(on the FAinland o pro site Vaigach Island) experienced s totil cf 20 and 21 
dajs respectively vith piase during the ninth of June. Great Liashor 
Island {OstroV Lia-rsoTs-voi in Figure Í.3) had Jli days in June, 30 in 3ept- 
enherr and 37 in October fror. 192b to 193-.- In contrast, ?ulun (near the 
rmith of the Lena liver) received no piase fron 1925 to 19'¿ and tîovsi. 
Port (southern tip cf Gulf of Ob), reporting only for the maths harch 
through October, received a total of just 3 days fron 1??¿ to l?3ln 

In aeditien tc the data presented above, snail aroents of data 
on plane are found in aussian literature, .his inforr-aticn is presented 
below. 

Data collected fron 1936 to 1935 (Foslov, 1937) i-cicate a 
rather high frequency of glaze on the shores of Yugor .'trait (v'uror Shar) 
located just off the Arctic coast of Suropen U. 3.3.1. An irert-e of ?3 
days per year is reported with glaze, with the highest mxnt.hly frequency 
being 9 days in hay. It is not made clear whether this ref*rs to days on 

flnze actually forms, that is, freezing rain is actually observed, 
or whetner it rerely rtiers to davs cn which glaze remains cr the ground. 
The maximum thickness of glase reported 
(0.51 inch). 

is reri-d is 13 m. 

Observations taken on Sergei Kanenef Islands in the Fara Se. 
(Rusinova, 1?36) froa October 1930 through August 193Ú sucw glaze occurring 
on an average of h tines a year. 

Data for 22 weather stations In the vicinity of the Kara 3ea and 
fron ships in the Kara Sea indicate glace formation occurrin,* between lt95 
and 19313 on about 1U cays per year, prir.arily during spring and autumn 
(Prik, 191.6). 

Another reference (Riazantseva, 193Ï) gives glaze frequencies for 
two locations on the Arctic coast of Siberia in the vicinity of the mouth 
of the Lena River. Lyakhovs.-y Island averages 7 days per rear with glaze 
and Tikso Bay, 2 days. 

A paper bp- Kuretov (1930) discusses briefly the resells of glaze 
observations made at 130 places in the U.S.S.R. in the l??D's. Ice 25 en. 
(O.98 inch) thick is reported in 7 percent of all the cases recorded. 
The maximum thickness encountered is a diameter of 111. mm. (L.Lb inches) on 
a 5 mm. (0.20 inch) diameter wire at Tokmak in the Chu »alley of the 
Kirghiz Republic. This particular ice deposit lasted 10 dxys before dis¬ 
appearing. The author observes that, in the stuoy as a whole. Intensive 
glaze lasts on the average fron 1 to 5 days. 
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1 

‘Vtween aM 1901, fr»«»in^ r^ln occurred 65 ti»** at Ki«* 
»nd was observai in all months but Jul/ and Au^st (Zhuk, 1¾¾). 

In the period 1912 to 1925, glaze wa*. obeerved on an average of 
6.1 days f)er y-->r at Voronezh in the Don Valley (bhipeninskii, l^Zd). The 
season of occurrence lasted from October to April with a r-axiruo of 1.1 
days In Decemb-r. 

Observations at Dogoroditskoe-Fenino in Kursk Province (no »Ile» 
south of Moscow) between 1M2 and 1906 indicate a nAxir.ua of 11 days with 
glaze per year (Pul’nan, 1907'. 

A report by Lebedeva (1937) states that glaze is usually not 
observed more than twice a winter in Estonia ard Latvia. At TallLn on the 
uulf of Finland, it is nast commonly observed in January, at other loca¬ 
tions in November or December. 

e. Sumary 

^aze is a weather phenomenon i#ost typically associated 
with the United States, but is not uncoamon in Canada and Alasca and is 
even known in northern Mexico. 

In the southern hemisphere, cP air is largely unknown, conse¬ 
quently conditions favorable for glaze formation probably do not occur 
very often. Nevertheless, it has been reported from New Zealand and very 
likely has been experienced in Argentina and Chile. 

Tne pi-onounccd aoticyclonic circulation that dominates Asia ia 
winter prevents the incursion of ¿T air into the mainland of Asia and 
keeps the incidence of glaze to a minimura. Data for eastern *«:a are 
almost non-existent, but one set of old data was obtained and shows 
Vladivostok, Siberia, experiencing 1 day with glaze in a 10-year period. 
Due to a greater exmsure to low pressure centers moving from tne south, 
the Japanese islands undoubtedly experience raore glaze than the mainland 
of Asia. Descriptions of two storms that struck Japan indicate conditions 
similar to those found along the eastern coast of ths United States. 

Glaze is cormon in many parts of Europe, particularly in the 
central and eastern sections, although frequencies apparently are consid¬ 
erably below those reported for the United States. The princiral area of 
occurrence anpeers to be a broad belt lying to the north of the Fjrer.ses- 
Alp-Balkan mountain complex and extending from eastern France to south¬ 
central European U.S.S.R. Vienna, which is -.veil within this area, had an 
average of better than 10 days a year with glaze on the ground between 
1905 and 1935. Data for the Soviet Union show at least 1 stare per year 
during a 10-year period in an L-shaped area that runs from Leningrad to 
the southern Ukraine and eastward past Stalingrad and extends as far north 
as Moscow. Frequencies of 2 to 3 storms per year are cocron north of the 
Black Sea and Sea of Azov. 
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*♦ Da-t.jm:« an-j Economic Effect» 

Í1) Âcononiùc effect» 

Vith th« possible exception of forest end woodlot, the 
greatest economic l?ss frr^ glaze atomis is suffered by the electric util¬ 
ity, telegraph, arri telephone industries. Glaxe on highways is responsible 
for inconvenience and actual monetary loss because of delayed dellveriee 
and misned trips, and considerable euws of money are necessary to pay for 
the repair or replaceoent of automobiles and trucks damaged in traffic ac¬ 
cidents on slippery roads, but none of this can compare with the financial 
setback of the utility company unfortunate enough »o have its outside fac¬ 
ilities subjected to a severe glaze storm.** It is not uncow.on for the 
total cost of repairing damage to lines and polss and the loss of revenue 
from suspanded service to exceed several hundred thousand dollars for com¬ 
panies in an ara* «truck by a heavy otormj on many occasions dataage has run 
into the aillions.*** The secondary erficis of such storms on factories, 
businesses, aad schools, which must suspend operation because of the loss 
of electric power service, may swell this figure to a considerably larger 
total. 

(2) ??>«« of damage 

The damage inflicted by glaze storms on utility operations 
most commonly is of a mechanical nature and is limited primarily to the wire 
system. Electrical daaage can also occur, and mechanical injury may also 
extend to inducía inaulatora, transformers, switch««, pd«» and even house 
»îtsrs. vjdholes*, virs-d-ytags remains prô-*»iaiiient because electrical 
damage ie seldom important end mechanical damage of the kind just mentioned 
is almost always initiated by line trouble in the form of greatly increased 
tension, violent agitation, or outright breakage. 

* The term ’•utilities" when used alone refers to electric power, telephone, 
and telegraph cospanies. 

** Nothing, of course, is of greater consequence than the human suffering 
resulting from injuries and loss of life in traffic accidents caused by 
glazed highways. 

*** The storm of Fetruary 21-21», 1922 in the Great Lakes area inflicted 
$9,000,000 damage to utilities in Wisconsin alone (Lockwood, 1922). This 
amounted to one-half of the total investment in utilities in the state. 
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O) C&UX Of daaaja 
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Th#r* «r« thns« princl?*! causas of wir« Jaaag«: (l) lc« 
lo*i acting alon«, (2) ic# loei And wind working in combination, O) ic«- 
brekt^ tr^es and trs# liabs vrhich fall across linas* Any study of tno af- 
facts of glass atoms on utility operations should, thsrofore, b« focussd 
on the Mthods of foration, and tha thickness, fraquency, and duration o. 
ic« on wir«s and th« wind coi»ditions which can b« expactad to accompany 1c« 
fonutions of diffarent intensiti««. Ica on treas is discussed at length 
elsawhera in this report. 

b. Typas cf ice has arde us to wiras_ 

Although this report is coacsrnad primarily with gl*** fo««<* 
by freezing rain or driszla, other tjpws of ice, such as rime, hoarfrost, 
and wet snow, ®ay for* on utility wires and do great damage. These other 
trees, however, Ar# not as a rule as itrlous a danger as glAis, lêrgsly 
because of thair lower densities. An exception to this is found in so»« 
high Bountain areas whore tho t'uicknasses of riae and wet si»w on lines 
can reach considerable proportions. 

(1) Hoarfrost 

Hoarfrost is a comaon phenomenon on utility wires, but 
teldo» is it the cause of serious aechanical damage. In the rare cas* 
where frost is responsible for the injury to conductors, it apparently Is 
because the ice deposit, with the old of tM vini, h.-.i ihltiatsd tne i|i*- 
roas non V.r.own as »«enolruS ccRdacUr«.** in a report furnished the writer 
by the dispatcher's office of the Northwestern Public Power Company of 
South Dakota, listirj- and explaining the reasons for all outages experi- 
er.oed by ths system’s lines, U instances out of a total of 50 in a 7-y«ar 
period, indicate that lines were taken cut of service because of dancing 
conductors caused by frost. Whether Injury to lines actually occured in 
these cases is not specified. Hoarfrost deposits on wires usually ®re of 
short duration, most coeaaonly forming on lines in the early aoming and 
dissipating a few hours latet is the s«a comes up and the temperature rises. 
Infrequently, they zay remain en vira for '•**•>r*l days. Various methods 
hAVA b6*n t*i«d to r^jsove l\oarirost freat lirwis, forexAmpl«, drA^ging a ropA 
along U;e lines; but such practices are net widespread because this type of 
ice is not cons id» red a ssrious threat to line safety. 

(2) Hire 

Here nearly approaching glass as a serious peril to util¬ 
ity wires is rime. This »ay occur wn-rever conditions are favorable for 

* For a »ore complete description of this phenomenon, see par. d (5), this 
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îc* fomotion, but is oncount«red a»9t frequantly in »ountaln region* 
where It probably occurs much »or* often thftn glase. It Is particularly 
well-known In the mountains of western Euroj*, in the Caucasus of the 
southern part of the Soviet Union, in the Cascade, Sierra Nevada, and 
Coast JUnaa mountains of the Pacific coast of North America, and In the 
highest elevations in ths northern Appalachlaris. It prcbablyalso occur* 
frequently In the Atlas Mountains of North Africa and In the mountain* 
of southern Chil* and southwestern New Zealand. As haa been pointed out 
earlier In th* report, rims has a lower specific gravity than glase and 
therefore Is not as often the cause of mechanical damas« to wires. 
Nevertheless, in mountain regions subject to.invasion by moist, stable, 
air masses, rime can reach such great thicknesses that sufficient weight 
is added to wires to cause their failure. The Public Service Company of 
Colorada (L. H. Robertson, 1953) reports rime ice up to a foot or »or* 
in diameter on He lines crossing the Continental Divide. If, under 
such conditions, a moderate or etrong wind i* blowing, the chanc* of 
line failure is great. 

Methods of combating ria* are tîw ¿¿¿«ã «s the=3 used for 
glase, with one possible exception. Long wooden polee equipped with 
hooks have been used successfully to knock rims off wires but have not 
proved practical for gl*se removal. 

Non* of th* types of ice being discussed always occur on 
wire* in it* purest fora. Rin*. for *xa«pl*, can vary from ic* that ha* 
such • low specific gravity it should properly be called hoarfrost to ic* 
that approach** gl*s* in character (see par. lb, Part I). In addition, 
different type# of ic* *r* often found on th* a««* wire. For reason* 
explained earlier, the dapoaition of ice on a wire stay first take the 
fora of rime, then gradually change to glue. Also, alternate thawing 
and freesiag of the outer layer of * thick rlne deposit may change that 
part of the deposit to ice with * density approaching glaae. Barray 
(1939), atudying riff3 formation on elactric vdraa in France, found that 
when this form of ics ’•amain* on wires for orolonged periods, it usually 
increased in density daily. Hmdlcka (1936) found that the specific 
gravity of rime and hoarfrost deposits on wires increased from 0.1 to 
0.6 with age. 

(3) Wet enow 

Deposits of wet snow also build up on utility wires, 
but usually not in sufficient quantities to cause breakage. In th# 
Sierra Nevada and Cascade mountains, and undoubtedly elsewhere, a con¬ 
dition can exist that may result in the formation of extremely heavy 
loads of wet snow on wires. It has been described in a personal cobmu- 
nUation from the Public Utilities CoitMisslon of California (Pajalich, 
1953) aa followss 
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"In California th« problaa do«i not appear to b« ono of ¿lazo »toraa. 
Tnatead, a dooosit may form en conductora duo to a aorlea of atoras loarlng 
layers of wot »now on linea. In the internal between eucceaaive atoras, 
little cr no unloading may occur because of ovurcast conditions accompanied 
by little solar heating and below freezing air tewperaturee." 

Thia effect can obtain through alternate thawing and freezing of enow, 
causing it to cling more tenaciously and therefore remain on the wire until 
the next storm deposits a new load of snow. Such a condition Is not neces¬ 
sary, however, for wet snow to cause breakage of utility wires. Cases hav* 
been reported, and not always in mountainous regions, in which the weight 
of snow from a single storm with possibly a moderate assist from the wind, 
has been responsible for broken wires. C. P. Corey (19V?) of the New 
England Power Company, reports that heavy, wet snow Is particularly trouble¬ 
some on that system due to the danger of rapid unloading when the tenpera- 
ture rises, causing slapping together of electric conductors and consequent 
arcing. To prevent burn-downs from the arcing. It is often necessary to 
take affected lines out of service if winds are strong enough to whip t^e 
spans together. 

(/») Glaze 

True gla/e probauly As not observed on utility wires as. ' ‘ 
* --“ fraqueutiy as hoarfrost and rime, or even wet snow, but except for a few 

special areas it undoubtedly is responsible for more damage to outdoor util¬ 
ity installations than all the other types together. Its greater specific 
gravity and high degree of tenacity are, of course, responsible. 

c. Formation, and thickness of glaze on wires 

(l) Temperature of wires and precipitation 

Appreciable amounts of glaze may be deposited occasionally 
on other surfaces by precipitation wamer than ;I20F., out the writer be¬ 
lieves that in virtually all cases of glaze on wiree the drops of precipita¬ 
tion are supercooled. Wires respond so quickly to changes in air tempera¬ 
ture that it is difficult to imagine dry wires with temperatures sufficient¬ 
ly lower than the surrounding air as to cause non-supercooled rain to freeze 
as it strikes. Furthermore, since a wire has sc little mass to be beeted, 
warm rain would probably quickly raise the temperature above 32°F.; and be¬ 
cause the balance between freezing and non-freezing ie ao delicate in such a 
situation, the release of the lacent heat of fusion by any small amount of 
water that might freeze would be another importartt factor in negating appre¬ 
ciable ice formation Glaze could build upon a wire which had a temperature 
above freezing during the incipient stage cf ice formation from supercooled 
precipitation, but the temperature of the wire would soon be depressed below 
32°F. by the impinging drops. In almost all cases of glaze formation on 
utility lines, both wires and precipitation probably are below freezing in 
temperature. 
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(2) Plazo on wlrea from fo^ 

not as oft*n an fit* i*" ^•kr*up0r",ibl# for wires, but probably not as often as for «lasad highways and trees. Since the nwt»! 4« 

(3) Thickness of lee 

* The writer of this report had no facilities 
out controlled experiments of this type. his disposal for carrying 
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Many utility ent{in««rs aaam to bolieve that the radial thick¬ 
ness of Ice on conductors is of the order of 30 to /,0 percent of the pre¬ 
cipitation. This probably stems from an analysis made in the early part 
of this century which was published in one of the leading Journals in 
electrical engineering (Fowls, 1910). In this analysis it was assumed 
precipitation would strike a wire at a unifona rate over a known period of 
time, that all of the ice would adhere to the wire and that it would be de¬ 
posited uniformly over the surface of the wire. The expression derived for 
ice thickness was r - 0.31ft pt, where r is the radial thickness of the let, 
p the constant rate of precipitation, and t the duration of precipitation. 
The assumption that all the precipitation would freeie to the wire is un¬ 
sound. The work is of value, however, because it shows that, since ice 
must be spread over the entire face of a cylinder exposed to the precipi¬ 
tation only in cross section, in theory at least the ice thickness can 
never equal the precipitation, 

Usually a good dial of water will flow or be blown off wires 
>efore freezing, with the proportion lost rising rapidly as the wind veloc¬ 
ity, rate of precipitation and drop size increase (Arenberg, 19/,0). There 
-3 a possibility however.that tht over-all «fleet of greater wind speed is 
to cause an increase in the thickness of ice that forms because the in¬ 
creased number of drops striking the wire at. higher wind speeds offsets the 
greater loss through "blowoff". A decrease in temperature, on the other 
hand, cauies the percentage that adheres to grow larger. The explanation 
cf this temperature effect is found in the relationship between the degree 
Of supercooling of the drop and the amoupt. of latent heat of fusion re¬ 
leased when the drop begins to freeze (see par. Id of Part I). The lower 
the temperature of the drop, the larger the proportion frozen upon Impact. 

, Thor® hfts i™« fc««n considerable question whether there is a 
relationship between wire diameter and thickness of ice deposits. Some 
investigators suggest that less ice should be expected on larger wires, 
others that less should be expected on wires of smaller diameter, and still 
others that there is no relationship. Matters seem to have been resolved in 
favor of those who believe wire size has no great influence on ice thick¬ 
ness. The Association of American Railroads data show no consistent rela¬ 
tionship between thickness of glaze deposits and wire diameter. 

(/,) Shape of ice: Icicles 

Ice ,ldoa completely uniform In Its development around 
a utility line. Soov , j it is thicker on the top of the line and some¬ 
times on the boticit, depending on such factors as the rate of rainfall, 
drop size, tempernture and wind velocity. In addition, there is frequently 
a variation between horizontal and vertical thickness. Several hundred 
measurements taken by utility companies under the auspices of the Edison 
Electric Institute show that horizontal and vortical dimensions of ice on 
conductors can differ by as mucli as 3 to 1. Nearly circular deposits may 
be the result of the ice cover turning on „he wires as the weight becomes 
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unbaîsnctfd (Lockwood, 192?), or of torsion on th* p*rt of the vir« 
(Gunther, 1940). 

A highly developed fornution of icicles will completely upeet 
the essmtinl symmetry of ice formations and add considerably to the total 
load upon the line. Kortun&tely, icicles do not fora at all, or are rela¬ 
tively small and unimportant, in about four stores out of five. The Asso¬ 
ciation of American Railroads concluded on the basis of the maisive amount 
of data they collected that icicle formation ves significant in only 14 
percent of the atoras reported. In fact, they decided to ignore icicles 
in making computations of the vertical ice load on lines. 

The writer analyzed the "sleet rack" data (Association of 
American Railroads, undate 1) in which icicle formation was carefully meas¬ 
ured ard found that of the 95 observations where information on the pres¬ 
ence or sosence of icicles is provided, there were 49 cases completely 
vithout icicles, and 75 cases (79 percent) in which they were less than 
c.-.a inch în length. The ionxual icicles iMpor.ed wr* 4 inches ard were 
spaced along the wire at an average distance of one per inch. The average 
radius of the main sheath of ice on the wire in this extreme case vas 0.38 
inch in the horizontal dimension and 0.50 inch vertically} as much or mor« 
weight was concentrated in the icicles as in the Bain sheath. Other 
sources of information indicate icicles on lines may sometimes be at least 
6 to 8 inches in length (Fischer, 1936). 

It is the writer's opinion that icicles are most cocrton in the 
heavier-than-average storm, and probably develop most fully when super¬ 
cooled rain of more than usual intensity falls at temperatures very near 
32°F. They probably do not develop to any extent in severe stores in which 
the ice coating requires a considerable time in which to fora from light 
freesing rain or drizzle. Finally, icicles very often form when the ice on 
wires begins to melt, In which case they cannot be considered an increment, 
to the original Ice load. 

(5) Differences in Ice accumulation 

There likewise has been some uncertainty whether there is 
any difference in ice accumulation between live and dead electric conductors, 
and between electric conductors and telephone wires. The answer, again 
based or. the Association of American Railroads data, apparently is that all 
of these are equally capable of acquiring ice loads, but because of struc¬ 
tural differences some telephone lines are subject to considerably more 
damage than most electric power lines. Data collected by the Pennsylvania 
Electric Association (Zehfuss, 1945) substantiate this in that they indicate 
there is no difference in shape or thickness of ice coating on wires that 
are electrically dead and those that *re alivs. As far as difference in 
da»ige experienced by telephone and electric power lines is concerned, the 
Pennsylvania materia!'Includes a description of a storm with glaze ranging 
from a trace to 7/8 inch, In which few electric power lines were affected 
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but consldaraM« destruction *ra* (tstained by oomunlcation lines. They 
report another storm with heavy dMW£« to tree* *»i coeismicatlon wires, 
but very little to pcwer lines. 

(6) Blfforences or. upper and lover levej vires 

In lines with several layers of vires, the upper Isvsls 
accumulate mors ice. At least, t. is is reportei by Turoverov (1939), 
Rocanos (1952) and Zikeer (19U). Whether the difference In ice thickness 
between upper and lower levels is significant enough to bo a factor in de¬ 
signing the structural strength of lines is not known. 

Electrlcaj. effects of glaze on utility lines 

As has been pointed out before, ice dsjmge is usually »echan- 
ical in nature, but it can have electrical effects, chief of which is an 
increase in corona loss. In most storms this aa£>c~ts to very little, but 
occasionally it can oecoirys serious, and in these Instances, scccriing to 
Kuhn (1935), it is due entirely to the greater discharge of‘current over 
the insulators, the corona loss on the line not being affected by weather 
conditions. 

e. Dagage from weight of ice 

(l) Unequal loading of lines 

A common way ice load alone inflicts damage on the wire 
system of utility companies is through unequal loading or unloading of 
lines. Griamitt (1945) in writing of conditions in Great Britain, states 
that the moat frequent type of dasage to overhead lines is caused by ice 
falling off conductors, which then rise abruptly and come in contact with 
higher level conductors. This Causes a short circuit, which may burn and 
rupture the affected vires. Experience in the United States indicates 
that rapid unloading of conductors or the failure to unload simultaneously 
are important sources of damage to utility lines, but that these do not 
necessarily rank first. (American Telephone and Telegraph Co., 194A, 
Corey, 1949, Shealy, et. al., 1952, Zehfuss, 1945.) 

An excellent description of what can happen to lines when rapid 
unloading takes place is given by an employee of the Dsqueane Light Company 
of Pennsylvania (Zehfuss, 1945). The incident occurred where a li»37-foot 
span of high-voltage line crossed a river. 

"At the time, I was looking to determine how much sag was in the bot¬ 
tom wire because it was the only conductor at the tiste of this observation 
that had any ice load...the loaded conductor had 15 to 20 feet more sag 
than the unloaded conductors...the ice formation including the conductors 
was approximately 4 inches in diameter...the ice started to fall off the 
conductor at a point approxii ately 400 feet from the eouth tower. The Ice 
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rt rí" t0vrJ>’ ~iéstT*^ *'* ’T« it h.** dropped 
, . . . ..lavo.. -cot tro Co nr u-í tor .tirtec to whip ur ?_•»• ^ovn. The ice 

V' la)vi,'Ce3 fror' 1 * 3 ftí<kt in lrr'‘PtJ‘- As the ice he^an U 
.i-I . ore rajic.;, í..e r.-,;-utucíe of the ’ ave í?.cre: cer vntii ti.e bottor 
^x-cr feac- ^ V“5 conouctor v^.-ol clcara-ice hetwr.-. top .and v^t. 
^^-oncuctor. 21 fret) -..h*ch co-tiroe: for five tir.es before the vTve 
. .^rted. to cie coaci. As the whii-ir^ action subsided, ï noticed a terrific 

-.r*a:-UI!r-e°n th' ftrAin lf3yl%tcr3 Porting the span .and I thought 
U*t:e'r*iv-Î :narJte lc-lw *v* '^«Otor to fall - little hori: 
D;nttortor ums in vertical notion. 

stion occurred curinr the period the 

.*?. *'“3 stOÏT!t nt- ‘’■•otr.er river crossing nearbv, sinilar 
-Jn C"U3eC *f C failTC of one ccnructor cr.d hr,-.- cnr¿ to th^ee others. 

^!rCr T»*r-tion denonstrates that unloadiv does cot have to 

^ £¿v¿nt¿S*;CS)? ^ce5^ *on5er ^ cr*at* * 

Wri ? wr‘\1!c^f3in * 0 parallel 6i kv transnission lines which had 
v:rA ÎW dllí -i-ltaneousir. An instance 

o^re-^d M lo-.-er concuctors of one of the circuits had 
S^fon; ^ Tv'r c^c-'^r —-rioc about 3 feet below the 

. TU Mlad vx,"lG h;ive C’-sec contact between phases. 
ST: "T t \tÍOa Cta r<,re thAn ore i»"r. Later in the dav,in the 
ãP^-on fr^r‘T'r‘0r the KlttCr' Corv-:tor --til the vertical 
ZïT'rfî r » °r nboVe 31 vas to about one foot. The 
;::T Z l i nT:-;;1 sat* *■“ ^ no ob3^^ instance a sudden 

; t# ^ rati‘cr th” a larpe nerber of snail increnent 

A practice reco.rr.e-.hod by enrineers of the Penns-lvania •„ater 
ho^r Cor. ar (.heal;-, et al, 1-2) to ai,: in Safen:^ > nC Unes 
1 1 c^er>w conqition is increase the wrtical shacin? of 

Cl^CwCtors. arr! v^*-v I,« i __ , .. uj 
..a. . -— V.ix: kc*i w¿ccii. sracin^ or 

c1Sie^v^,MweaTw!Lc!!f!,Tr-a.in onier ** w** ^ i«^r V ' ,-. . ,. ..upper ano lowe 
T '¡'ilv«; /.UTe ; , ^Ort’owtelr, these practices cannot rlmys 

S^V t:;0;? °; lo'1~~^Vst-a."ce' telerhor.e cire^ts^’t'be"built 
1 clo5e sracLn;- brtv-cen the two vires constituting each pair 

ar,- n suer, circuits unequal londLv or unlo-iinr can result in the actual’ 

%~rer 01 t: e ‘'ÍreS* esreclail*' if a sUrht ^ I* blowing. 

(2) 2real:ape of lines 

.. . , In '"i': su ally severe stoms, utility lines nav have to 

:, r^Tr'trf e”*- ^-6 V^k ;!-fter ^ ••ichignn «tom of 
* ^~-00t Uni:th oí ueue-nore -.Ire weighed U pounds ( -eelev. 

In cnis sane ston., a 3-foot length of electric conductor weighed ’ 

^r°f iCe (Loc:'ud°'. a report from Créât 
- --i.-. Uattinson ...o F-lk-s, 1' aC.., states that curing the storr. of 
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January , I9W, a 9*)î»ient oí ice-coverovi telegraph wire i».5 ir,: he a long 
weighed 179 grams (6 ot.) which amounted to an increase of IJO times it» 
weight without Ice. 

Instances of wire breakage occasioned by the sheer dead weight 
of ice are probably not too coitmon, at least in the United Stales. Usually, 
one of the conditions described above has been a factor in causing the rep-’ 
tune, or the wind has been of eufficient force to become a factor. In «Ary 
cases where ice alone appears to be responsible, it ia found upon observa¬ 
tion that the wire had boen weakened previously at the paint of rupture by 
a lightning strike or ca a result of having been hit by a rifle billet 
(Shealy, et al., 1952l# The minimum standards for construction put forth 
by the National itire&u of Standards in the "National Electrical Safety 
Code" (U. 3. Dept. Com., 19Ú8) are high enough, especially in the part of 
the country where heavy loading requirements must be followed, to enable 
wires to sustain all but the heaviest load without failing, ncsiem con¬ 
struction mnkea it possible for lines to carry well up to 1 inch of radial 
ice without danger (Christie and Chartier, 1943). Observations in variou» 
P'vrtc of the courtry have shown that even greater loads can be tolerated 
without serious consequences. The map in figure i'5 shews tasi devait* 
greater thin 1 inch in radius may occusionally have to be supported by 
lines in almost all sections > ' the country. 

r• DgSâgg froQ ic« and wind working In combination 

(1) Effects of wind and 1c» 

The factor of wind is one that is fully appreciated by 
utility engineers and haJ been the subject of a good deal of study. Be¬ 
cause of the strength of design currently used in constructing utility 
lines and poles, wind by itself rarely is the source of damage to such 
facilities. An occasional tornado, hurricane, or thunderstorm nay carry 
wind of sufficient force to harm linea and poles, but their capacity to 
endure extremely strong biffating without injury is amasingly high. How¬ 
ever, when lines are loaded with ice, even moderate winds of 10 to 15 mile» 
an hour can create havoc in short periods of time. The angle at which the 
wind strikes the line is extremely important, with maximum danger when the 
wind is at right angles, a,id minimum when it is parallel to the line. 
Cases have been reported wliere, in the same storm, lines running acres» 
the wind direction were heavily damaged and those running parallel te th» 
wind escaped injury. 

* Tremendous damage is inflicted each year on utility lines by vandal» 
who use them for "target practice." 
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, - _ of ice an.1 wiwl on oloctrlc powr and 
taliphma Un«* ar« twofcl- a) th«y incraas« by many tlaes^h« trana- 

r!^ o‘f ^ ^ ^le9' (2) they “P”»- th« »qullib- 
..jn of riras so that tbay subject to violent and erratic noveaents. 

A coating of io« o« rires increases the "sail area" that th* 
”lrr f—-’ ‘o “1^ -= •'==, Of CO»™, loor..,, 

" *T'"t * * ~ t;* -1^ * ™f‘«i thlc’.noB. of 0.» Inch 
^ P^rts of the country), the area ex¬ 

posed to .he wind is increased by o tiaes. Using the expression»* 

= fciá t id 
12 

2Ü9 the h0rirnt,Û ^ l0Äd in P0^3 ?*r linear foot of line. 
cririei^S*Phl*Squar* foot of Projected area (cal- 
v; \ V? 0f p ' where r is wind velocity in niles per 

W V* j \n% ^tr f ^ r r* ln inCheS- r thB radi^ Sickness o? 
fvi - ? r a Wind velocity of UO miles per hour 

V* ^ U C&n ^ 3h0Wn that the incased ra. verse load unon the line iron 0.07 oound per linear fot for 

exL-ír ^ seafi t^^v tinMr foot f3r th* ice-cove«ed wire in this 
cío* i'ch IL T11 ll"13“?3? which c« * diameter as small as 
«-« 4v!îi V iffT103'1 in transarse load with 0.50 radial 
ri--^riíVthrr í,^ffVft'" 7T:*r- ^ 9hield^ ^ the wind of one 
r^tVI7. w ? afforded .he case of thick ice cof.ts, but in deter- 

al '"ec*-'-ri Safetv^Id'T'11 Str?r^h ot llnea (ft3 required by the Kation- 
ri-ri'loif J r ’ 3=1 is assured for shielding and the vtr>k. loica a.3 computed on each crsiiridual wir«. 

(-) Role of gust velocities 

tnOrw.„.. nr The Associative» of American TUilroads has investigated tU 

VeîOCitl*\??W llMS ^ hM ^“ci'isd that, although of 
¿i Pr f2J ^ rot 43 significant as previously be- 

7L.-î:\Stl bA*e th^ on the «sucption that g-rsts usually have narrow 
t're srln "°k rcniAliJr 8xert their full pressure over an en- 
t re span, ani that gusts Uve a relatively instantaneous effect upon polea 

s^chrono'J3 11^ vibrations, th«!^?^- 
..ve ef.ect is less than that ®f the lowaîr but constant pressure of tha 

¿re pressure exerted at right angles to the lines. 

t i*!l,b)r th*,A”c,ci*ti-rt of ^erican railroads in calculatiug 
i£™?3 m£y!™ llW9- ** tbMr GUs* 9tc™ loading sunna^ 



Bean wind velocity. They believe that for purpose* of statistical 
analysis, the fastest average 5-mimite wlrri velocity during the period 
ice remains on wires is bitter than peak gust velocity as a Keasure of 
the strongest winds lines would have to experience in a given stona. 

(3) Effect of Icicles on transverse loading 

The Association of American Railroads also has made an 
effort to determine the effect of icicles on the transverse load of ice- 
covered lines. After a careful study of vhe maCter they present the fol¬ 
lowing conclusions: 

(a) Icicle formations are, in general, very irregular 
and any method of computing their "sail area" necessitates assumptions 
which would be difficult to substantiate. 

(b) The effect of wind pressure on a. glaze-coated con¬ 
ductor with icicles present is to cause the wire to rotate so that the 
icicles take a position at an angle to the vertical plane and in conse¬ 
quence their "sail area" may oe materially reduced. 

(c) Wind tunnel tests carried out by other investiga¬ 
tors show that icicles tend to produce a streamlining effect which re¬ 
sults in decreasing the effective wind pressure on the glaze-coated 
conductor. 

(**) Effect of transverse loading of poles 

Transverse loading is even more important for poles 
than for wires. In fact, it la the major consideration in determining 
pole strengths. A heavy load of glaze alone on wires will not necessar¬ 
ily place an important additional stress on the ability of a pole to re- 
maln upright or resist breaking, because tension on the pole will be 
approximately equally divided between the lines leading up to it from 
each side. However, if the lines on one side break, tita load is suddenly 
thrust upon one side of the pole with the result that it can be pulled to 
the ground. When one pole goes down, its Immediate neighbors are subjected 
to the same unequal line loading, possibly causing them also to topple. 
Eyewitness accounts have been given of 2 to 3 miles of poles going down one 
after another from this effect (Lockwood, 1922). Most cases involving the 
failure of poles are associated with thin typo of situation or with an in¬ 
stance of excessive transverse loading. In the latter case the pole is 
broken or falls at an angle*to the trend of the line. 

(5) "Dancing" conductor» 

One of the most serious conditions arising from the com¬ 
bined effects of ics and wind on utility lines is the phenomenon of 
"dancing" or "galloping" conductors. It has been known to occur in the 





Insulators, cause fatigue breaks in the span, and break and chop 
Insulators (An. Tel. & Tel. Co., 19W). Wire fatigue, as a result of 

dancing may cause difficulty long after the ator» and after all apparent 
damage has been corrected. On occasions, dancing Is violent enough to be 
responsible for the failure cf large steel high-voltage transmission tow! 
O 10 • 

u , , ., A®r^1 cables also have been found to be subject to dancing, 
but from the infrequency with which it is experienced, it seems llkel^to 
be serious only when unusual combinations of conditions conducive to the 
da/elcpment of dancing are encountered. Dancing of cables fatigues the 

. uspens ion strand, and is known to break the wires composing the strand, 

eb Jh8 J5*^10“9 eff6ct9 aro the citing and abrasion of the cable 
sheath and the formation of fatigue breaks in the sheath as the result of 

4 Tei- c°-* ^ ^^t b« noted ^ 3^ 
that cables are more capable than ordinary wires of withstanding glaxe * 

trloffcJr^lî/T knT.,tQ S\lpp0rt the of brok*n P«1« ãni trees (Carr, 1949; Waters, Undated). 

.,. , yet no 3ur® to eliminate dancing have been found. 

b«n0;8rî.r&”'m9)!1 °! d"Pln|! ^ mll°n 

í!;H5aK8 ÍJ2E trees or limbs falling on lines 

One of the most common sources of trouble to utility lines 

thlm^VÎ^V10^ S’ trees or llmba across wires, causing 
them to break. Description of many storms lndicat«that the roost serious 

PítSr, 1953! SauTlW) fr0rathlS aCtl0n (Cârr' m9; Keyer’ 1938; 

Localization of damage 

Throughout many descriptions of damage inflicted on utility 

nJÍÍrtis3J^y.3}fZe.3t0nn3 rUnS the Kenoral theme of variation in g*n- 
faV1!KrloUti0n/f daiM«e- In the collection of storm descriptions 

compiled by the Pennsylvania Electric Association, there are many refer¬ 
ences to storms un which severe damage was highly localized. Especially 

coirón in this compilation are accounts of greater damage experienced at 
high eievations in the mountains than lower down on the mountain sides or 
in the valleys. In at least one case, however, loss damage was reported 
from the summit of a mountain, where the precipitation was in the fora of 
snow instead of freezing rain. The varying exposure of different loca- 
ions .c the wind is another factor, of course, not. only from the stand¬ 

point of the u-imaging effect of the wind, but also because Increased wind 

ye]0C-ty apparently favors the development of thicker coats of ice. This 
is borna out by observations that report heavier icing on wires in loca¬ 
tions unobstructed by buildings or natural wind breaks. Zikeev (1941) 
states that observations made in the Soviet Union show a significant 
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decrease of niazo on linos near forests. T** sia« effect probably explains 
the fip'^ne of greater destruction in rural ar«»s than In towns In a storm 
that struck southern Colorado in 1VUU (Porter. 1953)- An example of ex¬ 
treme localization of damage is given by W. Hill (l?¿*5) in a description of 
a storm in Great Britain in 1940. He states, 

•..» near Badminton ... Ice on conductors started from a Junction pola 
and covered a distance of about 1000 yards. Cn other lines at the same 
altitude and in a similarly exposed position, radiating from the same Junc¬ 
tion pole, there was almost no ice formation. Near Drlsly Ice involved only 
a comparatively short length of line, something under a mile. From a point 
where the line changed direction fuere was no furcation of- ice, although the 
line wau still in an exposed position, and for part of the distance even 
more exposed. In every case severe ice formation was very localized and 
affected only part of the line." 

t. Methods of minimizing or controlling damage 

There are four principal ways in which utility companies limit the 
serious effects of glaze storms on their operations, as discussed below. 

(1) Avoiding sites known to have heavy and frequent glaze 

First, to a certain degree, they avoid locating lines in 
places in which experience indicates glaze is frequent and heavy, and where 
there is a good chance of strong wind during glaze storms. Such sites can¬ 
not be avoided entirely, of course, because the lines must go to the cus¬ 
tomer no matter where he is located. However, by rvoiding, where possible, 
notoriously dangerous locations, such as mountain and ridge top«, consider¬ 
able trouble can be eliminated. A practice which could benefit companies 
In the northeastern states would be to choose the western rather than the 
eastern sides of mountains for the location of transmission lines where such 
a choice is possible. 

(2) Avoiding trees 

Trees are a special problem. Obviously they cannot always be 
completely avoided, so steps are taken to keep them trinmed away from lines 
as much as possible. In small towns and villages where old trees may be 
highly valued for esthetic reasons, the problem of avoiding tree damage can 
be aggravated. The alternative of burying lines underground is not generally 
economically feasible in such situations. 

(3 ) Inc reasjng structural strength of lines and poles 

Another method of limiting ice damage is by constructing lines 
and poles sufficiently strong to withstand the combined effects of ice and 
wind in glar.e storms. There is no doubt that lines could be designed which 
would stand up under the most severe conditions, tut their construction right 
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«•íll rut the cost of electric power sai telephone service prohibitively 
hUh. Also <J«nage could be completely avoided by burying lines underground 
out a^ain this solution must be nlod out for economic reasons, except In 
large cities and towns. 1¾ and large, it would appear that utilities are 
following sound practices ir. the design of their outdoor facilities. Exper 
:enca has taught them that carelessness in this regard can lead to heavy 
financial los?,.« TuoLic relations can likewise bo airiously injured by 
freouent or long interruptions of service. ■ 

(4' Artificial heating of linea 

♦ V ,, ,, An°th,,r mfttKV‘ ^ »-h« artificial heating of lines through 
the apol .cation of increased current loads. Unfortunately, this practice 
cannot jo carried out by telepnone companies on their systems. It undoubt¬ 
edly helps explain why communication lines sometimes suffer more severely 
than power lines from glaze. * 

details of the heating procedures worked out by various power 
companies vary somewhat. In order to present in the discussion below a 
routine that would approximate the Ideal, the best features have been se¬ 
lected from the procedures of a number of companies. 

Experience has shown that prompt action is of the utmost imoort- 
ance in the application of heat if ice prevention and melting are to b® 
successful, because it is easier to prevent ice accumulation than to melt 
the ice once it has formed, and because air temperatures sometimes drop or 
a heavy fall of snow occurs after the formation of glaze has ceased, thus 
requiring more current to ral-.e the wire temperatures to the necessary 
level. Also, once the storm is well under way the transportation of work 
crews to switching points along the lines becomes difficult. Prompt action 
also means that lines will be kept out of service for shorter periods. Th® 
ideal practice, therefore, is one in which emphasis is on speed of melting, 
using high current values over comparatively snort periods of time. 

The necessity for speed calls for reliable means of forecasting 
glaze formations and for detecting th-ir incipient formation. Accurate 
forecasting is doubly important because some time is required to set up 
operating conditions which will permit heat runs. A warning usually i® 
given at least 4 hours before the onset of the ice fonnation. This warning 
is best when based on all available information, including U. S. Weather 
^reau forecasts, airway weather conditions for the area, and weather obser¬ 
vations on neighboring utility systems as well as the company's own system. 
In or 1er to insure the maximum use of this information, some companies hire 
tnoir own meteorologist. Others rely upon the services of a private fore¬ 
casting concern. 

» During the 19?0's there was at least one case of a small electric power 
company being forced into bankruptcy because of the financial disaster 
resulting from a severe glaze storm (Seely, 1922). 
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Once the -«rníng his t^en issueJ, is r.ecessury to be alert 
for the first formation of arjr ice or. the liner. Sese companies rely on 
direct observation, statinr.ir.^ personnel equipped with portable radios at 
strategic points alor.q the ri¿ihts of wáy; ethers depend upon instrumental 
r.eers to aid In detection. Tne ts^st cosvaon instrir.ent method used is 
based on a sleet detector developed by lan^dcn and Marquis (193?" The 
method consists of comparing the carrier’s receiver-signal o'. ^ .gth during 
glace forming weather with a signal strength received when the wires were 
known to be clear of glace. An accumulation of ice on the wires causes a 
comparatively h'.gh attenuation of the carrier signal, and the anount of 
attenuation Is Indicative of the thickness of ice on the lines. Unfortu¬ 
nately, there are serious disadvantages to this method that definitely 
limit its reliability. The detector cannot distinguish between different 
types of Ice, and Is unable to differentiate between a slight deposit of 
ice over an entire line and a dangerous concentration of ice within a few 
spans. ïn addition, fog nay cause a change in the attenuation of the car¬ 
rier signal similar to that induced by glaze. Most coapanies using this 
method supplement it with' on-the-spot observers in order to ta on the safe 
side. Where neither method is used, the first warning of actual ice form¬ 
ation may come In the form of a lins failure. 

,1. An example of stom damage 

As an example of the type of damage a glaze stom can inflict oa 
utility company facilities, quotation will be nade fron a description pre¬ 
pared by E. J. Christie* and H. S. Chartier** (1?¿»3) of a severe ice stom 
that visited east-central Sew fork in December, 1942. The stons, the most 
destructiva experienced in that area to that data, started with freezing 
rain on December 27, reached its peak of intensity on the 30th, and was 
followed by snow and a long period of sub-zero temperatures. A similar but 
lighter stom followed on the l?th and 19th of January. The conditions 
described for the first stom are worse than those encountered in the usual 
storm but they represent what could happen in ar.y part of the glaze belt of 
the United States. The affected area was a rather mountainous one that in¬ 
cluded parts of the Catskills and Adirondacks. Excerpts from the descrip¬ 
tion of the storm are as follows: 

"Little direct ice damage to lines occurred at elevations less than 
500 feet, as up to that height the glaze did not exceed one-half inch in 
radial thickness. Most troubles in this belt came from falling liabs that 
caused short circuits on primary lines and burned them down. Interruptions 
were generally of not more than one or two hours duration. 

« Chief meteorologist in the Kew York City office of the U. 5. Weather 
Bureau. 
** Distribution engineer with the Kew York Power and Light Corporation 
of Albany, Kew York. 



rIn the sec-jrvi ror.e of elevation», between 5<X) Ar>i 1000 feet, g,]M* 

wes frcœ one-hvlf to one Inch in raiial thickness ... Little wire fell from 

direct ice loviin* ... Many larger wires were burned off when short circuited 

by filling liaba ... IXmage couic have been soe.ewhat lessened if all service 

had been discot• inuei, and lines killed ... Interruption from this cause for 

the sost Girt were corrected within a 72-hour period after limbs ceased to 

fall... 

"Services were a source of great trouble ... Over 10Ü0 services have 

been replaced arid 500 repaired. Where two or three open vires were fastened 

to a rack on a building, sections of the boards were frequently torn out ... 

"Seal ice damage occurred at an elevation of above 1003 feet ... Glaze 

had Accueu.atei to a thickness of five-eights of an inch ... and it was 

pract ca’ly. in ros si hie to maintain any service even though ’,0 ir.en were massed 

on as short a line as 3,000 feet of the main street of a small town. Work on 

reste ration was discontinued before midnight, as limbs and trees were falling 

so often that risk of injury lo oen was excessive. 

"'Haze continued to build until evening, of the 2yth, at wnlch time it 

aaried from ore to three inches in radial thickness. Lines were crushed 

fro® the weight of ice. Highways wnre so badly filled with broken trees, 

poles, and wires that state and other ro-ad employees used not only saws and 

axes but even large snow plows in an attempt to keep the roads open fer 

travel. 

Tnis situation was followed by eight inches of snow, lowered tempera¬ 

tures, and a wind of 25 mile;' re" hour. No melting occurred for more than 

two weeks and 30 degrees below zero was recorded. 

"... interruptions to service lasted from a few hours to as much as 17 

days. 

Tyrical of the v»rst damage was a 30-nile section of rural line about 

1500 feet in elevation whore there was not a single span of usable line ... 

Wires hil a kidney-shaped section of ice on the tops and si^es one and a half 

inche- or more in thickness, and below was a series of icicles from six to 

eight 1' rhe.a in length so close together as to fora a solid sheet. This 

loading exceeded three pounds per foot in weight. 

^Complete reconstruction was required in these areas... De-Icing con¬ 

ductors was a aajor operation. Those that fell early in the stora were 

frozen in a two-inch layer of ice and had to be broken out, in some cases 

with a pickax. All had to have ice shattered foot by foot with hamners or 

heavy clubs. 

"Early in the storm with only slightly over 1 1/U inches of ice radially, 

eight ■ V-fraiae towers fell, presumably from breaking of all conductors in one 
snan. Another cose of A-f>-ame failure or. 10O-kv line occurred during the 

second stora, that of the IFth of January, when five failed with dancing 

conductors after several trip-out* one bum-off ... 
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"\ woo(i-|X>l« H-fr v-i« 110-kv Un« tor-«tiru» with another ytility 
systen was in th*; rr-a with the heaviort ica loading, and 47 of the 
structures built with 55-foot claos-A foies collapLîed ...The wire via 
numner 4/0 copper» and in acme instances the ica had a radial thickness 
of over three inches. This, together with the sheet of icicles, cave & 
oaxirsun weicht of 14 pounds to the lineal foot. Ice loading exceeded 
seven pound* per foot for several miles. Failure* were progressive and 
continued on more than one day. 

"A light 2?-'<v single-circuit stub-end line feeding one village 
and rural lines was nearly ruined, hiving five out of seven miles on 
the ground with 90 poles broken. Its restoration required 3 1/0 days. 

"After the rain stoppwd in both storms, there were numerous cases 
of dancing conductors, both on transmission and distribution ..." 

k. Summary 

The outside facilities, such as lines and poles, of utility 
companies are especially vulnerable to damage by glaze stores, with 
breakage of wires being the most coimon type of damage suffered. Wires 
are dam->ged in three ways: (1) ice load acting alone; (2) ice load and 
wind working in combination, (3) ice-broken trees and limbs falling 
across lines. 

Considerable uncertainty exists concerning the thickness of 
ice deposited on a utility wire by a given ouantity of supercooled pre¬ 
cipitation. !!o theoretical rel-tionshio has ever been established be¬ 
tween the two and efforts to do so empirically have likewise failed. 
Certainly, considerable supercooled rain or Jriszle flows off wires be¬ 
fore freezing, with the amount thus lost increasing with in increase 
in ambient air temperature, drop size, rate of precipitation, and prob¬ 
ably w.nd speed. Ice is seldom completely uniform in its development 
around utility lines, but this seems to be of little significance in 
inducing damage, except insofar as it may contribute to the occurrence 
of the phenomenon known as "dancing" conductors. Considerable weight 
may be added to lines in the form of icicles, but the Association cf 
American Railroad study concludes they play only a minor role in causing 
damage. There apparently is no significant relationship between wire 
diameter and radial ice thickness, nor in the accumulation of ice on 
line versus dead conductors, and telephone versus electric power lines. 
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Dautf-i from weight of i-« ilcr.e i« »or« co.imo-îly du« to unequal 
looitne than to ehe«» dead weight of Ice. Ice and wind jorklng together 
generate the moot dangerous conditions for V.nes, by increasing uy many 
tisses the tres sure ewrt«.l at right angles to the lines or upsetting the 
e-yiillbrivas cf wires so they be cone subject to violent and erratic move- 
sients. CororJ. loss, while infrequent, is the chief electrical effect of 
glue on utility lines. 

Four principal coursec are open to utility companies In attempt¬ 
ing to limit the damage to the:r installations by glaze storms: (1) avoid 
placing lines in locations subject to heavy and frequent glaze or strong 
winds; (') avoid trees; (3) increase structural strength of lines and 
coles; U) heat lines artificially during glaae storms. 

Suilcinra 

The writer was able to discover in the literature only two refer¬ 
ences to the damage of buildings fro« an excessive load of glnze. Ihuring 
the great stcra of February 21-23, 1922 in Michigan (Seely, 1922), the 
roofs of many buildings were caved in by ice that accumulated to weights 
of 16 to 20 pounds psr square foot. A combination glaze and sleet etora 
in ttecersber, 1956 (Baldwin, 1956) that deposited 1 to /» inches of ice and 
sleet in Oklahoma caused the collapse of an airport hangar and damage to 15 
srail planes. 

In an effort to determine the amount of glaze that would form on 
the toe and sides of unhe&ted buildings, observers participating in the spe¬ 
cial ••-.'eather Sureau observations t aken for this project during the winters 
of 1953-51 were askel to measure the thickness of ice forming on the top 
and sides of the instnr.-ent shelter. In 71 cases where these measurements 
were taken, the maximum amount of ice deposited on both top and sides was 
one inch. This thickness was observed only once. In general, the amount 
z' ice forming on top of the shelter was approximately the same as on other 
types of nearby surfaces (bare ground, concrete, and bituminous highway or 
sidewalks). Considering only cases where more than a trace of ice was re¬ 
ported on either the top of the snelter or one of the other surfaces, the 
thickness of ice on the shelter top was equal to the maximum thickness on 
the other surfaces In 33 cut of 56 cases. In 10 cases there was less ice 
cn the shelter top than on at least one of the other surfaces, and in 13 
cases there was more ice on the shelter top than on any of the other sur¬ 
faces. In 6 of these 13 cases there was no ice or only a trace on the 
ether surfaces, while a measurable amount accumulated on the shelter top. 
For example, at Fort Smith, Ark., cn February 1, 1955, 0.3 to 0.1 inch of 
»laze formed on the instrument shelter, but none on the ground or on mac¬ 
adam and concrete surfaces adjacent to the ground. An almost identical 
case occurred at Richmond, Va., on January 22, 1955- These cases probably 
can be exmlaired by the small amount of heat stored in the wood of the in¬ 
staurent shelters compared with the ground, bituminous and concrete sur- 

Ir.strument shelters, of cccrse, are painted white to reflect the 
r.nxl-’ua amount of insolation; therefore, they should not be taken as 
tvrical of all unheated buildings. 
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Of th»» T* cas#!) In which ic® form»*«! on tho Instrumont oholter« 
19 reroH.od only a ira.ee on both tho top and the side of maximum aecumu- 
liUor,. In the reroaininii 55 cases, the thickness vas the same on both top 
and aide 27 times, thicker on the top 2A time», and thicker on the aide 4 
times. Where the accumulation was greater on the top, the following ratio» 
were observed between top and side thicknesses (counting only the 20 case» 
where more than a trace was observed on both top and side): 3 to 1, 
3 cases; 2 to 1, 10 cases; 3 to 2, 6 cases; 4 to 3, 1 cas®. 

3* Highway transportation 

a. Sources of Information 

There Is a scarcity of information concerning the frequency, 
thickness, and duration of glaze on roads and highways. A thorough search 
of the literature, both domestic and foreign, revealed only two papers 
(Well, 1937-1931; Ekstrom, 1941) of scientific value: and only one of thes® 
contained observational data. 

With the hop® that unpublished data might be uncovered, all indi¬ 
viduals and agencies in the United States who might conceivably have an in¬ 
terest in this, problem were contacted by the writer. These included, to 
list only a few, the American Automobile Association, the Highway Research 
Board of the National Research Council, th® American Road Diilder's Asso¬ 
ciation, the Calcium Chloride Institute, th® National Safety Council, and 
the General Drafting Company (makers of road naps). All -./ere most cooper¬ 
ative in attempting to locate information, both by searching their own 
files and by suggesting other possible sources, but these efforts produced 
no data and only a meager amount of information. No one in this country, 
apparently, has set out systematically to observe the action of glaze on 
highways and its influence on transportation. 

On the recommendation of the American Association of State High¬ 
way Officials, a letter of inquiry was dispatched to the state highway en¬ 
gineers of all states except Florida. Replies of varying length and value 
were received, largely consisting of impressions formed by these individ¬ 
uals as a result of their experience in trying to maintain ice-free roads 
in wintertime in their states*. In no case was the information based on 
systematic observations. 

One other source of information concerning ice on highways is th® 
"Storm Data and Unusual Weather Phenomena" of the U. S. Weather Duxcau**. 
As described earlier, these notes vary tremendously in the quality and 
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* See Appendix A for a summary »f this material 

** See paragraph la (l). Part I 
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quantity of infonwtion presontod. GensrAlly, hov^vor, th«y «sontion th* 
natur« of t>io Ico forsiation, the degroe to which trafile la Inpoded, and 
«Vjr serioue eflcidents that might hare occurred due to the sllpp-riaeea of 
roads. Seldom do they include definite statements as to the thickness and 
duration of ice. 

One aspect of the problem cf lea on highways that has been 
thoroughly Investigated is the question of control. A large number of 
papers dealing with methods of reworing or limiting ics formation of road 
surfacos have been published in the scientific Journale of the United 
States, Canada, and Europa. A complete collection of this type of mater¬ 
ial can be found in ths library of the Bureau of Public Roads In Washington, 
D. C. The question of the affect of highway Ice on vehicle traction has 
also been rather thoroughly stuiied, primarily by the Highway Research 
Board of ths National Research Council. Data from one of their teat aeries 
will be presented later» 

Tim .o.t la 
The problem of studying ice on highways is complicated by the 

fact that there are several processes by which ice can be formed on road 
surfa:es, most of which produce radically different foras of ico with dif¬ 
ferent densities, coefficients of friction, and the like. Tire glass, ths 
primary concsm of this report, is Just ons of csreral types of ics that 
can fora on highways end become s menace to ths smooth flow of transporta¬ 
tion. 

(i) iau¿m 
Of all ths various types of ics which fora on highways, 

true glass in most respects presents the greatest menace to transportation- 
It foras a danse, smooth, and tenacious sheet of ice possessing such a low 
coefficient of friction that vehicles at times find very little traction. 
This Is particularly trie when the temperature is near 32°P. and the ics 
is wet (ess Fig. 41). Bauer (1952) found the coefficient of friction of 
rubber tires on dry ics to be 0.3 («■» coasnared with 0.7 on dry pavement) 
and for wet ice to be 0.05. Wehner (1949) found the coefficient on ice 
varied from 0.2 to 0.05. These figurea are not constants since they vary 
with air temperature, type of rubber tires, and kind of pavement, but 
other Investigations under different conditions Indicate they are essen¬ 
tially correct. 

. Because of the hardness and snioothries. of glaze, ordinary 
round-link chains are not always helpful, especif .ly in improving braking 
on passenger cars end light trucks (see Fig. 45). However, contrary to 
popular opinion, they are a decided improvement over ordinary or oven ope- 
cial winter-tread tiree (Hoyev^ 19V7). The best aid to traction consists 
of ths so-called premium chains, which are equipped with sharp points 
capable of cutting into the ice (Hoyar, 1947). Kven these do not 

131 

* 

kkÊiiãmlÊiiiàmàSÚíAmáà êmák 



HIIIIIIPIIJIIIIIlIMUIIIIIIpilllllllllLpi 1111111111011 lll!l||pipil|||jpi|. ***** 

! 

n*c*98Hrlly içlv» light »»hid*» sufficient traction t» nsgotiats modsr- 
ately stsep grades when Ice Conditions are particularly bad. Heauf 
truck» equipped with euch chains should be able to move on the won:t 
glaze ice, but only with great caution. 

The harinees and siroothnees of glaze are responsible for still 
another handicap to the maintenance of traffic flow, in that abraslvea 
applied to the Ice surface to Improve traction may not do ee te any great 
degree because they are knocked eff the road by passing traffic, leaving 
the ice as slippery as It was before application. Cne way to cerabat thle 
problem is to use abrasives with small particle sizes er abrasives 
treated with chemicals. In Germany, coarzo sand is applied to hard, 
packed snow and fine sand to glaze (Roulet, 1953). Field studies con¬ 
ducted in New York State in 19h8 (Amberg and Williams, 1948) show: vl) 
that fins particles of rock salt tend to melt ice and .now more rapidly 
than coarse particles; (2) coarse particles are elower to act but tend 
te penetrate to greater thicknesses ones they are ground into the ice; 
(3) a mixture of particle eizes ¿v.y be warranted for general use. Prob¬ 
ably one of the most euitable materials is boiler ash (composed of par¬ 
ticles ranging in size from dust te 0.75 inch), treated with one of the 
chloride chemicals. 

With the exception of a blizzard or vary heavy fall of snow, a 
glaze storm will paralyze highway transportation faster and eore completely 
than any other type of storm. Numerous accounts have been printed in news¬ 
papers of glaze storms which brought nearly all traffic te a halt for vary¬ 
ing lengths of time and the "Stern Data and Urtusual Weather Phenomena" alse 
contain many references to such instances. Harlin (1952) gives a vivid 
description of almost complete paralysis of traffic in Tennessee and other 
parte of the South during the storm, of February, 1951. In central 
Tennessee, traffic was stalled for 3 to 5 days. This was one of the worst 
storms ever te hit this section of the country, thus the conditions des¬ 
cribed are more severe than ordinary. 

Because of its general short duration, true glaze usually doe» 
not impede traffic for any protracted period of time. Except for the un¬ 
usually severe storm such as the one described above, complete or nearly 
couplât« paralysis of traffic usually will not last for mors than a few 
hours. However, broken trees and utility poles may block some streets 
and roads for many days, especially in rural areas where the need for 
clearance is less urgent. Although no statistics of glaze duration on 
highways and streets actually traveled are available, data for utility 
wires and data collected through the special weather Bureau observations 
for this project, suggest that in almost all storms the ice begins to 
break up and disappear within 12 to 24 hours (see Table Vi}, 

• 

(2) Snow glaze 

Of greater importance than true glaze because of its Con¬ 
siderably higher frequency of occurrence, is wha* might be called "enow 
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*l»i**. This ori*in*Ily fällt as enow and at first do«s not seriously 
ha*per automobile a/id truck traffic. The coefficient of friction of newly 
fallen snow on highway surfaces, eren after some compaction, is sufficient¬ 
ly high to permit passags of swat vehicles if caution is used. Steep 
grades aay pose a problem, but even these sometimes »ay be negotiated if 
the Tfnicle is equipped with snow-tread tires or chains and the driver is 

experienced in winter driving. 

However, changes frequently occur in such a snow layer to naks 

it ccisp&rsbl* to glase in density and slipperiness. These changea can be 
brought about in two ways, frequently in combination. First, there is 
coa onction froa ths weight of passing -.«hieles. If traffic .a heavy enough 
It takes but a short tl»e to compresa a layer of snow into a sheet of near¬ 
ly solid ice. Added to the factor of weight is the heat generated by ths 
friction of tires cn the snow. Tills causes ths snow crystals to welt, and 
whan rofreeslng takes place, as it does almost isnediately if the air te«- 
peraturs is below freeaing, dense, amorphous Ic* will fora. Road inter¬ 
sections and bridgs and hill approaches, where cars are likely to bo 
stalled or stopped temporarily and must spin their «meeis to gain aomentua, 
ars particularly prone to the formation of hard, slick ice from this fric¬ 

tional affect. 

Second, a layer of snow frequently ie changed into a sheet of 

solid ice when snow thaws during the afternoon when sir temperature rises 
above 32°F. and then froesea at night. Ice formed in this manner is often 
alaost identical to true glaae in composition; that is, it is solid and 
amorphous in nature with few vesicle« to make it friable. However, it dose 
not fora as rapidly as true glase and its formation can fce anticipated 
through the preeimce of the onow cover; consequently, precautionary meaa- 
ures, euch as the application of abrasives and chemicals, can usually be 

taken before conditions become too dangerous. 

(3) Ice from flooding streams or roadside seepags 
e 

Another fern of ice Which resembles glass is formed when 

water freo flooding streams' or roadside seepage flows onto a road surface 
and then freeses because of a drop in temperature. * Ice of this type can 
be exceedingly dangerous becauss it is usually limited to a few spota along 
a road and unless ample warning of its possible existence is given, it may 
cause the notoriet to meet with sudden and unexpected disaster. 

(4) Glaze and rlue from fog 

Closely related to true glaze la ice formed when heavy fog, 

which say or may not be supercooled, passes over cold highway surfaces. 
Ics resulting from such a situation is probably more apt to resemble rime 
than glase, but if the fog is heavy and ths.drops unusually large, the 
drops say coalesce before they freeze, to give a sheet of hard1, amorphous 
ice. The temperature of the raindrop., however, is probably more critical 
than its sita as a factor in determining which type of ice will form. If 
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i ^1-8 rlJM ica rtaulta from such a process, traffic condition* 

foLd ^"thr*^0''3 aS hiZardoua tf th# d*P°9“ were glass. Ri» 
forwed In this manner raa/ exist on a road only in spots and the *notori»t 

disastroue^s^lf °f th?8a flp°t8 tLnd tha noulia Just *• neastrous as if the xce were glase. Nevertheless, rime does not oreser* 
the same overall menace as glaze because it is generally more lilltld in"' 

gioíí °aíd7here JhM JruB'«] a« • ^tng found mostly in mountainous re- 
vd uh ? for Mst paH only locally» and because it is mora 

readliy broken loose jrom pavement eurfaces by traffic. 

j .,. .f” ^^ntainaus regions, rimo can reach considerable thickneea 

brinf^rS? "T' at90p ffr9d93 ttnd sn-P cÛrîS ^an 
United^Statestare R°ad8 thr0ugh hl«h ^ssaa in the western 
Ä "t SÄ:!17 C0V,”d -1111 thld< »' --1., that rw.l.r 

(5) Fdji» and hoarfrost from sublimation 

_ . ^ca can alao form in road surfaces when they are below 
freezing and the air above the road contains no fog layer but has a hi*h 
detailyi sltuation the dewpoint of the air is the factor in 8 

2^$* ^ °f ?” "ÎU “ f»™«1- «>•» th, dewpoint l,dJu,t above 32^7. rime or even glaze ice will result: whan it is below 1?°? 
hoarfrost most likely will fora. In either case, tie lower tJe ternJra- 
ura of the surface and the higher the specific humidity of the air th# 

greater the chance of appreciable amounts of ice. Ice íesultin* fram 
ouch a situation is encountered most commonly along sea coasts and the 

“,rf í: ur ^ ^ s: "2uî"t 
*m t2 âî^oon m*?on r?d? n*“r ”*u i*»»» -- «=cord- 

almost i traff*C’ ^ undBr «rtain conditions it can re-fom 
heavy. * roflulki,1* in a continuous hazard where traffic is not 

c’ SlVatlon cf glace on wires to highly r.nr,dltiona 

(!) Scarcity of information 

ness , if* atf^ availabla statistics on the frequency thick- 

Zi^JTtXIsrr “tnit' “« 
1 lld ionc*usions concerning characteristics of glaze on 
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roadways? A satl.irectory ana.-r to this question would r*,)u:re susul- 
taneous obsenratUn» of glaz# cr. th« two different tyjes of surfaces. In 
attempt was made tbs collect a s-all amount of such evidence in the special 
glaze observation!!* the Weather 9un.au co:>iucted during th# wirters of 1^53- 

and 19H-55. Unfortunately, it was Utfossible for the observers, excect 
In one or two storms, to do jasre than merely report on which of the s-wfacaa 
the ice lasted lar.içur. 

A small mumber of incidental reaarks and observations dealing 
with the comparisoni between highways and wires have been encour.tered la the 
literature, and with these as a basis, plus the small amount of Weather 
Bureau data mentioned above, an attempt is Bade here to outline the posi¬ 
tive and negativ« nepects of such a comparison. 

(2) Sçeurla! Weather Sureau observations 

Sas.ua on the Weather Sureau observations mentioned above, 
it seems likely thirre is little difference in the duration of glaae on 
highway and wire sutrfaces. Of 17 observations in which the difference was 
noted, the time of ¡melting on tí# two surfaces was reported as being the 
same in 10 cases,, a nd 6 hours or less in 6 of the other 7 cases. In 3 in¬ 
stances the ice melted on the ground before it did on the wires - the ti»e 
.differential being; 2 hoqrs, 1 1/2 hours, and "unspecified", respectively. 
The remaining four .observations reported the ice on wires melting first . 
The time difference in three of these was small (1, 2, and 4 to 6 hours); 
in the fourth instance it was rather large, with spots of Ice reported ©a 
macadam and concret* surfaces for one week after all ice had disappeared 
from wires. 

The s «ame »et of data shews virtually no difference in the thick¬ 
ness of ice on the fcwo surfaces, with 20 of 21 observations reporting the 
same on both. Howe-./er,, whereas the observers were able to make measure- 
merits of ice thickness on highway surfaces, they had to estiaste the thick¬ 
ness on wires. 

(3) Comparability cf highway and wire data 

A vacnety of factors combine to determine which surface 
receives theg-eaterr thickness of ice and which retains ice longer. Of 
paramount importone* ore the relative temperatures of the surfaces when 
glaze begins to form. Again, th* only ray to detersine-thsse absolutely 
would be to have th# results of a lai;e number of simultaneous observations 
of temperatures on. «ach surface under different weather conditions. In the 
absence of such daC.n,, is it possible tojJraw conclusions as to vhat this 
temperature relatiomuhip might be? Pointing out a few of the factors af¬ 
fecting the relatiomuhip whould sake- it clear that this is alecst impos¬ 
sible. In the first! place, wires are certainly much oore sensitive to 
changes in air temp«ruture than any material used for roadways. The spe¬ 
cific heat of the mettais used in electric utility aM telephone wires is 
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atícfj lower thjui either bttuminou», concret*, or vrere^at* roed surface*; 
therefor«, a saaller ch&.T^e In sir temperature is necessary to bring about 
a flren rise or fall in temperature of wire eurftces than is required to 
achtere the sane change in the temperature of highway surfaces. Wire sur¬ 
faces also are more likely to react qUckly to changes in air temperature 
tacaos* of their greater exposure to the wind; when wind velocity at ground 
level is near tero, it can be quite strong several feet abo»e the ground at 
wi-e level. Vire surfaces, in contrast to road surfaces, have no reservoir 
o. heat to aid in resisting temperature drop*. When the temperature of a 
road top begins to fall, it will be inhibited, sometimes to a largo degree, 
by a now of heat from below;« the volume of this flow depends upon the 
amount of heat stored beneath the roadway and the conductivity of the sub¬ 
surface ani pavement materials. In many case« it undoubtedly is sufficient 
to play a significant role in '»Iting the surface ice. Similarly, when an 
excess of heat is added to a road surface as a result of Increased air 
tearerature or strong solar radiation, eon» of the heat will be transported 
downward, thus subtracting from the amount vhich goes toward Increasing t\e 
-e®perature of the surface. But this does not happen to the same degree in 
wires because the total mass of material through which the added heat can 
be spread is much smaller; therefore, if equal amounts of heat are added, 
t..e wire surface will experience the greater increase in temperature. Road 
materials, of course, are not the best conductors of heat, but because the 
mass of a wire is small compared with the possible mass of a pavement through 
which the heat Is likely to be spread, even in the face of low conductivity 
it is rot believed that this would completely offset the effect described 
above. A similar influence derives from the fact that road surfaces gener- 
ai_y contain more moisture than do wires, and therefore a larger part of th* 
heat striking roads is used in the process of evaporating water from their 
surfaces than is used in evaporating water fro& wires. Heat expended in 
trus manner cannot contribute to an increase of the temperature of the sur¬ 
face from which evaporation is tiking place. 

So far in this discussion we have been assuming that the same 
aeount of heat would be applied to both types of surfaces. This, of course, 
would not often hold true under natural situations. A tremendous difference 
In air temperatures can and does exist between the layers of air naar tha 
ground and those at the elevation of utility wires. The time of day and 
the state of the sky, ground cover, and wind are important elements in deter¬ 
mining the magnitude and direction of this difference. Variations in incom¬ 
ing solar radiation also affect the amount of heat received by the surfaces. 
Although this normally should be the same for both, the fact that road sur-' 
faces are isore often shaded by trees, high embankments, and the like than 

* Very few cases would ever be encountered in which, in the middle lati¬ 
tudes during winter, the flow of heat would be in the reverse direction, 
especially when the surface temperature is low enough to permit ice 
foreation. 



Ar« wir*«, would tend to mik« r*di«tion l»r«r on the Averse forth« letter. 
Th« albedo of the rarlous scrfeoes also Influence« the aaount c>f h«.at the/ 
recel»«. Assualru; that All surfaces recel»« the aacv* lusount cf scLar radlA- 
tlon, dark-colored bit«*lnous would abscrb acre beat than llgbt-cclored con¬ 
crete and a conductor Insulated with a dark aaterial would abac?« acre than 
a light-colored bar« alu*iauai conductor. 

It should be «Ttd«m, especially wb.en It is reaeuberfd the various 
factors work together la a ccaplex and eve re hanging manner, that it would b« 
unrealistic in the absence of actual data to rax* assumptions ecccemlng th« 
teaperaturs conditions of road and wire surfaces. Air temperaVures, take« 
in an instrument shelter approximately five feet above the ground (or abo»« 
the roof of a building), certainly could net be applied directly to either. 

Even If the ceas lie rat life 3 jus* discussed are completely ignored, it 
is doubtful whether the saa* thickness of ice would fora on wires as on 
highways. In many storms a certain percentage of the freeling nia that 
strikes wires will drop or b« blown off before it freeies. Soae naiü could 
likewise be expected to nm off a sloping highway surfa'«, but it is be¬ 
lieved that this would be snail in coeparlson to the amount l*st by wires. 

Son« of the conditions discussed abere would affect th* length of 
tiae ice lasted once it had forced. The rwvesent of heat from r-.b-aurfac« 
to surface layers in a road and the lack of such a heat supply zs. wires 
would tend to shorten the period of duration of ice cn roads as compared 
with wires; on the other hard, the greater exposure of ice on wires to tha 
wind would tend to increase the lass of ics by evaporation on itess surfaces 
»ore than on roads. Where glase is highly transparent, the colee- «f th« 
surfaces would also exercise considerable influence on the durattea of th« 
ice. 

In spite of all the foregoing. It is believed that for curpos«# 
of general cosparison, th« electric utility and telephone data irr glas« on 
wires can be applied to highways, or for that natter, to any typ* of surface. 
For instance, a map of the "united States showing the broad areal distribu¬ 
tion of glase frequency and thickness, based on these data, would, it seen«, 
be almost equally as vallc^ for highway surfaces as for wires. Tils compari¬ 
son probably would apply more closely to frequency than to either thickness 
or duration. Specific or detailed comparisons, on the other htni, would not 
be warranted. • 

_d. Behavior of glase on different surfaces 

There is general agreement aacng Highway maintenance a*is and traf¬ 
fic engineers that glai« will not last ^s long on macadam as am concrete 
roads, although’the quantity of objectxvs data on the subject is limited. 
A small number of observations of the relative performance of io* ca the twe 
highway sv.bstances was-irade during the winters of 1953-54 and 1-54-55 by the 
U.S. Weather Bureau, and somewhat similar observations were mads at several 



point» ln »outhom Or»*njr ln th« winter of 1936-37. Both scare«» indl- 
c*t« that th*r« 1» probably not »s auch difference between the two mater¬ 
ials as engineers tellers. 

(1) Special weather bureau observation» 

The Weather 3-ireau obserratlons show (if such 4 email number 
of bbserratlons can be used as the basis for legitlaaca conclusions), that 
the tendency is for ice to clear toore rapidly from macadam, although ths 
difr«.e..¿4. ir. ti— art net great. Cf 17 obsemtior.s, melting took place 
ea.Iler H times on macadam and only twice on concrete; In one Instance ths 
time was the same for both surfaces.- On at least one of the occasions 
where *he Ice "ellcd first on macadam, It did so despite the fact that the 
air tesperature was below }2°f. and the eky was cloudy (February 19, 1955, 
at Topeka, Kans ) thus testifying to the high capacity of this type of 
pereaent for heat absorption and storage. There had been a period of »un— 
»hin# before the glaze formed, during which the macadam waa no doubt warmed 
»or* than the concreto because of the formerb darker color. Kon» of th«se 
obserrations stated axactly what the difference In melting tima was and only 
one mentioned it at all, with a brief statement to the effect that the Ice 
melted first off bituminous surfaces and shortly after, off cement. 

(2) Study made In Peraany 

The report of observations taken during th# winter of 1936- 
37 In southern Genuny (Veil, 1933) Indicate* results similar to these Just 
described. Since this report 1» the only one discovered in which actual 
planned observations were taken of the duration ef Ice on highway surface», 
it la considered of such value that a rather lengthy synopsis of it ir pr*- 
sected below. 

■In the fall of 1936, plans were mads to Inquire, during the following 
winter, into the origin of glase and to observo the tendency toward ice 
cover of various street psvings. Experience had ehovn that many street» 
were subject to considerable glaze at soae points, while other streets sel¬ 
dom cane under its influents, and also that there was a difference in the 
parings as regards their tendency toward glaze formation ... Only cases in¬ 
volving glaze, foraed as a result of rain or dew precipitation, were to be 
ebserred, solidly packed and frozen snow not being considered. 

■At each site there were two or more different types of paving that 
Joined or ran parallel to each other. The sites were picked in such a man 
ner that t*’# pavings to be compared were subjected to the same external 
atmospheric conditions, i e , similarly exposed to sun and shade. 

138 

- -TV4W**| wvw-iwrrT-.fV'rjyw--- V 
h 

■9 . .., t .. 

> :-v- 

^ "T" i,'* \V rir-;. *• . « w ' • ..,1 

,-.-C“ ,.1. • 
' ‘.1,- - 

^ . - .V .-, V -. •% - 

,, -., V-jrVV >. » 
r\ ""■t 

*« • 
> j «< „ * 

t* " m‘ * ig" 

V V 
... r «■< - ^mmrnmmrn* 

■ ' - ' V*'’ v''’V»'-s %* V1 
.'•Vv-va.--1 

O V ^ - - - - - - *> M ~ - » ‘ .'X' . -V. 
L • b ■ ~ ^ « V . » 

‘ A#.. 

H * » • W 

A A -* 

Sr- ■■ 
-V.' 

*^ V ' * * e*- /■ S\j 

01* » 9 ^ 0 *rô«í***# I 
«•* > _•* ,.- 

-X 

-- ■M 



uiiji 1111 ipn i ipil i ■ 1111(11111)11(1 

..-:, 

Th« pAvlM^s ohsenrvd consisted of concreto, of Or*nltpn»al»r and Afphalt.- 
pfUstwr*. arvl of axt^halt and tar parings cf difforent coortination. 

"On a highway ... consisting of concnsta and Aaphaltfatr.boton running 
parallel to each other, the thaw process was observed on tire« different 
days. In fog, rain, and sun, both pavings becajü« Ice-frea at the sans« ti»e. 

• ... with joining Srar.itgroasrflaster and concrete, the fonser, during 
cleudy skies preceded by Halted sunshine, becase ice-free approximately 1/2 
hour before the concrete. 

"On the Reichstrasse .... Ice on asphalt sselted after Granitpflaster. 
Under solar radiation asphalt became Ice-free first. 

"Observations on two ¿ays at the same site in Landhxu.», ...Granttklela- 
pflsster by sunlight beta«« Ice-free before the Zsv.tiXÏmJâi.iSh. The àiffsr- 
ence in time was very sirall on one of’the occasions, and mere than 1/2 heur 
en the other. On two additional days, both pavings, once by sunlight and 
once by rain, became ice-free at the eaa« tiae. 

"At a shert distance fro* the above-mentioned site, the fellewing se-. 
quence was observed in the thawing of the paving«: 

On two different days during rain: 
Basaltpflaster - Granitpriaster - tar pavings 
tar pavings - Bassltpflaater - Granitpflaster 

* The approximate English meaning of these teres is as follows: 

German 

Asphalt feinbeton 

Asphaltpfïastor 

Basaltpflaster 

Granitpflaater 

Granitgrosspflaster 

Granitkleinpflaster 

Teertrïnkdwcke 
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gagílsfr 
asphalt (fine-grained) 
nixed with concrete 

asphalt paving atone* 

basalt paving stones 

granite paving stones 

large paving stones of 
granite 

small paving stones of 
granite 

tar surface 

i 
I 
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On thro« djfforont days during aunahin«! 
Basalt - tar - granit« 
basalt - granit« - tar 
tar - basalt - granit« 

During fogt 

granit« - basalt - tar 

dlff«r«nco in til»« botwaon tho molting on tho individual paving« 
variod^, often up to on« hour. For ono of those formations the beginning «f 
tho gf.ua« accusailation was witnossed during a light rain. Tho order in 
whichi ttho gl«*« appeared on the surfaces was tar - basalt - granit«. Th« 
• aas' üttequonce h«ld for the thaw. 

«Observations taken at the other sites ala» showed a variation in «•- 
quonc«! und tine of thawing for identical group« #f pavojaent typ«« under 
siailair wsather condition«. . 

traffic has a aarkod influence on the removal of glaze. Aftor reach¬ 
ing tH» point of thr*, the ic« loses its ability to adhéra to tho bottoa, 
shattering along tha tracks of vehicles, and becoming exposed to the air. 
It thuin disappears essentially faster on more frequented roads. Snow 
chaînai (also hasten tho thawing procese. 

«TTo a unsnarl!}« briefly the reaults «f tho observation, it becomes «vi¬ 
dent tthat none of the pavements studied is adapted to retaining glaze for 
any grvmt length of tia«. By sunlight, tho deHc pavings seem to thaw earl¬ 
ier',. wthereae concrete retains the ice for the longest period. Tho tiae 
diffotrenoe in the thawing procass of the various pavings is not particularly 
great.. ;Roush surfaces proved t« be advantageous as they lend thesnselve# 
moreî zrupidly t* tha thawing process than smooth surface». 

Htjjt could be concluded fron the varied behavior of the pavings studied 
durin® nunlight, air temperatures, or rain, that besides the absorption of 
waratih through radiation and air temperature, particularly that quantity ef 
heat Ibeneath the surface and als« the conductivity of the street play an 
inportiunt part in the formation of ico and its duration. 

“•¡IÍ eno is clear as to ths origin of glass: (l) at temperatures in 
the street paving below 0° (centigrade) by fog and rain or by hoarfrost; or 
(2) atl road temperatures above 0° and by supercooled rain and fog or by 
hoarfiroat, then the differences in the results during the freezing precess 
can »be explained. At road temperatures below 0° and rain with tewpsraturea 
1Utile above zero, asphalt paving freezes first, presuming however, that 
the wmnaing up of tho bottom layer dees not take affect at first. 

«’In ths thawing process, the following relationship was observed, 
asnumiVng that the ground warmth is brought about by tho heat conductivity 



•¿ th» p*vir.gs. Durin« cloudina«, the atone pevwHwnts thw 
first, nine« the earth température reaches the aurf.ce-quicker than 
through asphalt; by sunlitiht, the asphalt pavln« thaw'f£irat, becau»» 
the absorption is greater and the heat conductivity smaUler than that 

of stone paving». 

"In considering all these suppositions, it should^ : noted that by 
a small increase in either one of the influences, the reeauU can be re¬ 

versed. 

"That,* in general, the dark pavings yielded *ore^fi»vorabie results, 
1,0., showed less glaze than concrete, can be explained! , «y the fact t 
in clear, weather that is observed frequently before peritods of frost, the 
dark pavings absorb ntore warmth through radiation. 

"To reflect on these observations, none of the coonaaen street pavings 
is to be preferred as far as ice prevention is concerne«}, : since, depending 
on the weather conditions, any of them can be the firstt on which glaze 
will form or the last on which it will melt." 

(3) Bituminous vs concrete 

State highway officials who commented b?yHotter on the 
relative merits of bituminous and concrete surfaces werre by »nj l«rg* 
fairly definite in their assertions that bituminous roaeds sh«d lc# 
more ranidly than concrete roads. Most of them also bellieve that ice is 
slower to form on bituminous roads. Fourteen out °fHfcbaagree that th« 
darker surfaces of bituminous and related surface maternels absorb more 
heat from the sun «d thus become free of ice sooner tUan ^e lighter 
çoUred cement surfaces. Typical of their remarks ia-Uhe following, from 

Kansas (Siler, 1953): 

"While we have gathered nd specific data it is v«Ty„apparent that 
icing conditions a -e of longer duration on concrete pavements than en 

blacktop." 

The reply from Connecticut (G.A. HiH , 1953) express.es the belief 

there Is a difference in the duration of ice onC-íTecticut S. 
faces, not because of any quality differences, but beeauueein C-rmecticutthe 



concret« highway* carry th« h***l*st truffle. An Interesting point: the 
letter from Wisconsin (Hughes, 1953) describes a »ore rapid "shelling" or 
breaking loose of Ice during periods of extremely low teapereture (-15°F. 

to -20oF.) from concrete surfaces than from bituminous surfaces. 

(0 Won-paved roads 

Virtually no infomatlon was obtained on the perfonrvar.ee of 
Ice on non-paved roads. The South Dakota State Highway Conreission (Ihll, 
1953) reports that they have experienced little trouble with Ice on gravel 
surfaces except where snow has become compacted as a result of thawing and 
freezing during fair weather, or under traffic; the Virginia Dspartment of 
highways states they have discovered ice will fora on an open aggregate 
surface more quickly than on a densely graded aggregate surface. Sows 
light might be shed on this aspect of the glare problem by examining the 
special glaze observations taken by the Weather Bureau for this project. 
Simultaneous observations were taken of glaze thickness on bare ground, and 
on concrete and bituminous pavements. Undoubtedly, the bare ground and 
graveled road eurfaces are not absolutely comparable because of differences 
In heat conductivity and porosity. Ksvertheless, it ehould be possible t® 
get some Idea of actual conditions by substituting the ground observations 
for observations one would like to have taken on non-paved roads. The re¬ 
sults show that in 23 of U cases* the ice reached, at its maximum, th® 
earns thickness on all three surfaces. Ten times it wns thickest on th® 
ground, and 3 times it was thicker on concrete than on either the ground 
or bitumlisus. On 5 occasions. Ice was reported on the ground when non® 
formed on either concrete or bituminous; 22 cases wher® duration was ob¬ 
served on the ground and on at least one of the pavement surfaces, ic® 
melted last on the ground in 12 cases. Nine times glaze lasted longer on 

concrete than on the ground, but in only one case did it last longer on 

bituminous than on the ground. 

e. Effect of Ice en traffic flow 

Many of the state highway officials who responded to the request 

for information commented on the frequency and severity of ice on roads in 
their states and its effects oi. transportation. No attempt has been made 
to Incorporate this material in a unified discussion. Both the actual con¬ 
ditions of t'z and snow and also the approach to the problem of keeping 
traffic on the move vary greatly from state to state. Furthermore, there 
is no uniformity in the quantity or in the point of view of the information 
furnished. Consequently, it has been decided to abstract pertinent mate¬ 
rial from 29 letters and list it alphabetically by states. This informa¬ 
tion may be found in appendix A. 

* Those were omitted In which the thickest measurement on any surface war 

only a trace. 



f, Suranary of methods used to combat *!*»• 

It night ba pertinent to 8>»mari»a the nethods eaployad to pro¬ 
van’ or combat glaaa on highway«. Economically feasible maana of pravent- 
Ir^g glaza formation on highways hava not been daviaed as yet. The instal¬ 
lation and operation of heated streets, either by buried electric wires or 
steam pipes, are too expensive, though it can be applied profitably to 
bridges and ramfxs (Paxson, 1951; Wall, 19V?; Anon, 1954; Anon, 1952: Anon, 
1953). Electrically operated radiant heat lamps have been tried experi¬ 
mentally, but also are too expensive except for critical locations such as 
bridge approaches (Ziegler, 1950). Numerous attempts have been made to 
develop a chemical which, when sprayed on streets, would prevent the de¬ 
velopment of glaze permanently. Recently, it seemed such a chemical had 
been produced in Germany (Kloss, 1953), but tests in this country proved 
this not to be the case (Breonlng, 1953). 
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Because of the facàure of all these efforts, only the customary 
methods of combating glaze remain, such as spreading abrasives and chemi¬ 
cals (primarily the chlorides). The organization of road maintenance 
personnel should be so geared as to be capable of going into isaediets 
action. Speed of execution of remedial measures is paramount. A system 
which makes detailed weather reports available to the dispatching offi¬ 
cials is essential. Probably the best discussion of ths problem of com¬ 
bating ice on highways is in the Highway Research Board5s •"Reccomended 
Practice for Snow Removal and Treatment of Icy Pavements" (Highway Re¬ 
search Board, 1954). 

Glaze as a factor in accidents 

Investigations have shown that despite the greatly reduced vol¬ 
ume of traffic on highways during winter, accidents (as measured by the 
ratio of the death, rate to mileage traveled) increase, particularly in the 
northern half of the United States. Special stud!«» If the Comaittee cn 
Winter Driving Hazards of the National Safety Council (Moyer, 1947) show 
that in those states most subject to Ice and snow, the mileage death rate 
is from : V to 53 per cent higher during winter than suscer. The major 
hazards responsible for this increased accident rate were found to be in¬ 
adequate traction and reduced visibility. 

(1) Role of glaze In reducing visibility 

Among the factors responsible for reduced visibility in 
winter driving, ths icing of vehicle windows by glaze ranks prominently. 
However, since true glaze seldom occurs at extremely low temperatures, 
standard defrosting equipment that utilized engine heat should be more 
than adequate to keep windows free of ice. It is conceivable that in an 
unusually severe storm, where ice forms at a rapid rate, an ordinary de¬ 
frosting unit would not do the Job. , 
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Role of <»1 ¡tic In r*-iacln* traction 

In j?ene.-alf p>cr traction ranks higher as a hasard than 
joor visibility, thoa/,h in ba-v cas^s the two work together, k special 
study rads by the National Safety Council in cooperation with personnel 
of four typical sno’fbelt states (Connecticut, Indiana, Minnesota, and 
Wisconsin), shows that approximately two-thirds of the total number of 
traffic accidents during the three winter tenths occur on snow or icy sur¬ 
faces , varying from a low of 47 percent in Indiana to a high of percent 
In Minnesota.* In an earlier study of accident reports from Sevan states 
in the snow belt, it was found that of all accidents involving skidding, 
fewer than 1 percent occur on dry pavements, 13 percent an wet paveaenta, 
and Í.0 percent on pavesents covered with ice and snow. 

There is a coctron belief that because of the general slowing 
down of traffic under bad road conditions, few serious accidents "will oc¬ 
cur although minor accidents nay increase greatly There ray be some 
truth in this, although the writer is aware of no statistics tbit support 

h. T'<sti of the National Safety Council 

During the winters of 1945-46 and 1946-47, the National Safety 
Council conducted exhaustive tests of the r?king, skidding, arul traction 
of passenger cars and trucks on lake ice, road ice, packed snow, and on 
dry concrete pavements (Moyer, 1947). 

Most of the ice tests were made on frotan lakes, and although 
this type of ice is not identical with glass on roads, it is believed they 
resemble one another closely enough to be comparable for test purposes. In 
a few instances where tests were conducted on highway ice. It was found 
that the results correlated closely with those of the tests on lake ice. 

The tests reveal that ice is an extremely variable and unpredict¬ 
able substance, making the performance of vehicles on Ice subject to equally 
great variation. Factors affecting the slipperiness of ice, such as air 
temperature, wetness or dryness of the ice, sunny or cloudy weather, granu¬ 
lar structure of the ioe, and the like, are found to have more influence on 
traction than the type of vehicle, size of load, type of tires, state of 
tire pressure, and the method of braking used. For example, the braking 
distance for a passenger car traveling 20 miles per hour ranges fro« 107 to 
233 feet on ice. For a loaded 5-ton truck, the corresponding braking 
distances are II6 to 306 feet. 

* Nation-wide statistics for the entire year, compiled by the Travelers 
Insurance Company, show only a ss-all percentage (iess than 5 percent) of 
both fatal and non-fatal accidents as having occurred on snow or ice- 
covered roads (Travelers Insurance Co., 1954). 
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RAAKíNÕ DISTANCE IN FT. FROM 20M?H 

?ig-jre li. Relationship between 
fcr*J&n2 distance of a passenger 
car traveling 20 nph and air tea- 
peratare. After Koyer (I9li7). 

(l) Air tewrerarure as a factor in 
yilpperincM. 

It has been fo’jnd that one of the 
most important factors affecting the 
slipperir.ess of Ice is its terperature.* 
The results of a large nur.ter of test 
runs, all made with the 5¾¾ passenger 
car equipped with standard tires, have 
been aurjuarired In Figure lA. Thie 
diagrfji shows that, though there is a 
wide range in braking distance at any 
one temperature, indicate nr that there 
are many factors other than terperature 
which influence the slipperiness of ico,' 
there is nonetheless a definite tendency 
for traction to deteriorate as the tem¬ 
perature increases. The mean values of 
the variation found at the different 
temperatures (the dashed line M-M in 
Figure Wi) show that ice tends to be 
about twice as slippery at 2CPF. as at 
-U°F. The worst condition is at 32°F. 
when the ice is wet, the water serving as 
a lubricant making the ice very slick. 
Since approximately 75 percent of all 
glace seems to fora at free air temper¬ 
atures as high or higher than 25^.-^ 
(see par. 2a(2)), it is apparent that 
glaze ice presents one of the most 
dangerous road hazards a driver can 
expect to encounter. 

* TFIir"has been confirmed independently by a number of investigators. 
Wilkinson (1953), for example, shows that the friction of rubber on ice 
increases as the temperature decreases from 0°C to -30¾ and then de¬ 
creases with a further drop in temperature. 

** This temperature is only applicable to the period of glaze formation and 
not to the period between the cescation of formation and the beginning of 
«wiling, nevertheless, it is doubtful if a similar figure for the last- 
Ber.tioned period would vary very much from this. Often it would be higher 
than 32°?., thus further validating the atatement about glaze being an 
extreme hazard. 
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r;^\5- Co«p*rfttlT« bMklng dl«UocM of rarlom tjpw 
'* tMTellna 20 eph oa Itùc« le«, p*cSad snow, and 
dix concrets, iftsr Moyer (19A7). 

t2) lgrforüv»nc« of Tehlclss in braking teats 

. „ . . , . Braking tests indicate that arerage stopping distances for 

rra ^about ten ti,Ms i°n«ír at 2° ?«• »»ur or. glass -ee thftn on dry concrete and froa two to three times longer oa 
gate ice .hsn on packed snow (see Pig. 45). The braking distance Taries 
fren a lew value of I3 to 17 feet for passenger cars on dry concrete to 

ic? ’S!! ^J32 t0 for tractor-trailer combinations on glase 
„oi Í »est* wer* 811 ^8 at temp«-atures of 2S°P. or lese. At 
sto« %! r^ 9 Tf* to require nore than 300 feet in which to 
!!,£« ^ f" ?? la ?lshl3r «igntficant when one remembers that ths 
tül rl.TT!j^ÍTfvln* ^ 20 ï'n08 P®r hour* drivers of heavy 
Tehiries c-'-e they are justified in driving at relatively high speeds on 

8nlW* ,Th' trsla Bñm t0 t^^lldate thisT In^fact,00 
sílf !Í ?!,tr^ 0frfaMtS6 Vhl 'ï* 8 heav3r vehicl8 cw inflict upon itl 

^«r out of co.itn 1 is considered with the longer braking 
distances required, it would appear that trucks should be operated at^ 
lower spett_s than assenger cars In the interest of greater safety. 

ne..orroance of tire chaina in braking tests 
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Figure l»6. Braking dlat&uc« of 
a paaser.çer car traveling 20 «ph. 
Kote the longer distances at the 
higher air temperatures. After 
Moyer (1947). 
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Figure 47. Braking distances of 
a 5-ton truck traveling 20 oph, 
on lake ice and dry concrete. 
After Meyer (1947). 

The effect of tire chains in 
reducing braking distances is shown 
in Figures 46 and 47. It is obvi¬ 
ous from these charts that chains, 
especially premium chains, equipped 
with sharply pointed lugs capable 
ef cutting Into the enow, greatly 
reduce the haaard of travel on icy 
roads. Chains seem to be more ef¬ 
fective for trucks than for passen¬ 
ger cars, probably because of the 
greater weight which causes chains 
to dig deeper into the ice. For 
every type of vehicle beat results 
are obtained when chains equipped 
with sharp lugs are used on ail 
four wheels. 

(4) "Pumping" vs. sudden appll- 
CflUon'of brskea 

The above braking tests were 
conducted with brakes locked fron 
sudden application. "Pumping*the 
brakes reduces braking distances as 
much as 20 percent. Because of the 
increased steering control possible 
through "pumping" (sudden applica¬ 
tion of brakes will often cause a 
car to go into a dangerous skid or 
even spin out of control), this 
Eathod of braking is recommendedby 
the National Safety Council for all 
drivers. It ia particularly essen¬ 
tial for tractor-trailer vehiclaa 
which will frequently "Jack-knife" 
in a serious skid when brakes are 
applied suddenly. 
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Tata conc*rr»i^*ç the perfomince of on hi^hway surfaces and 
the effect of Ice on transportation ^r** alaust totally lackiiv. An evalu¬ 
ation is further handicapped by the fact that -'late is Just one of several 
ty.-es of ice that fonts on roa 1 surfaces. Hiring the winters of 195.3-54 
a id 195*.-55 an atterri, was sa.ie, with the coo eration of the U.S. Weather 
Pureau, to collect ¿'.ta that woull be of value in uvalyxing glaze thick¬ 
ness and duration on different highways. ?ne ae.asurer.snts, although low, 
indicate r>a significant differences between concrete and bituainous sur¬ 
faces, although rv'ltir.g .apparently occurs earlier in sorae cases on bitu¬ 
minous. A study nade in '■entany reac-.es the sane conclusion. The possi¬ 
bility of applying perfcmance data far glaze in utility wires to high¬ 
way surfaces is examined and rejected except for purposes of general 
comparison. 

Information received fron State Highway officials concerning th* 
frequency and severity of ice on roads in their states and practices 
followed in keeping traffic on the nove durir.g glaze storms is presented 
(see Appendix). The cnly »ffective methods employed involve the preapt 
application of chemicals and abrasives. Tests to develop uieasurss that 
prevent ice formation altogether have either failed or proved too expen¬ 
sive for widespread use. 

Hinter driving tests by the Kational Safety Council reveal that 
glaze is slipperiest when air temperature is rear 32°?. Braking tests 
indicate the average stopping distances for trucks and passenger cars 
traveling <0 miles per hour are 10 times longer on glaze than on dry con¬ 
crete and from 2 to 3 times longer on glace than on packed snow. Chains 
improve traction and braking considerably, particularly for trucks. 

4. Cross-country rove-ent of vehicles 

Something should be seid about the effect of glaze on cross-country 
movement of vehicle«. It is the writer's opinion that in most situations 
of this type any vehicle adapted for non-high•üy operation will usually 
not be hindered by a sheet of glaze ice. However, this will depend to a 
large extent on whether the ground under the ice is frozen solid. If tha 
ground is unfrozen or only elightly frozen, the weight of most vehicles 
will causo them to break through the ice deposited by most storms. Even 
where the ground is frozen, frost heave may rake it possible for vehicles 
to crack the ice and find better traction on the ground ber.eath. Tracked 
vehicles will, of course, perform better than those equipped with wheels 
and encounter difficulty only in dinting steep slopes where tha ice is 
of unusual thickness and the ground beneath is frozen solid. Movement 
through wooded country right be extremely difficult after some storms, 
because of the broken lirbs atid downed trees littering the forest floor. 
Such a condition could continue to exist for long periods after a storm. 
During a storm the tangled mass of ice-coat-d shrubs and bant trees might 
present an almost inperetrable barrier. An exarpie of this in England is 
described by Cave (1910). 
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5. Railroad transportation 

Undor • U.S. AJr Pore« resaaroh contract, Professor Wllllaa W. Ray 
of the University of Illinois has carried out a thorough investigation 
of the effect of glaze stems on railroad transportation. Because this 
study is of such high quality and also because it can be readily obtained 
from the ASTI A* library service, it was deeaod unnecessary for the writer 
to undertake an independent search for œaterial on this subject. Professor 
Hay1* report Is divided Into three principal sections: (1) "General Effects 
of Ice Storas on Railroad Ope rat lone,* In which he discusses the effect on 
labor, motive poA>r and rolling stock, roadway facilities, terminal facili¬ 
ties, and repair ar)d maintenance facilities; (2) "Detailed Effect» of Ics 
Stores on Railroad Operations," in which the effect on signals, electric 
traction, comsrunicqtlons, train operations, and methods of repair and re¬ 
covery are discussed; and (JÍ^Sxaaples of the Effect of Ice Storms on 
Railroad Operations," in which he describes the impact of two rather 
severe storms on rail transportation in the upper and lower Mississippi 
Valley. Detailed <jata concerning train delays, repair costs, and tha 

like for these two storms »re given in an appendix. 

With the permission of Professor Kay, parts of his summary and all 

of his conclusions are given here. 

"Surara ft: 

1. Minor effects of ice storas include hazardous working con¬ 
ditions, frotan switches, loss of contact on third rail and catenary 
contact conductors, froten coal and water facilities, and froten 

turntables. 

2. Major effects of ice storms are loss of communication and 

signal systems. 

s. 

b. 

d. 

Damage results from breaking of ice-laden wires, 
and poles, and from falling branches and trees. 
Loss of signals delay» but does not stop train 

movements. 
Minor signal fail'ires involve slight delays but 
no ctenge In rprrating methods. 
Major signal failures require (in the United States) 
'a change to use of train order and/or xaanual block 
rule», a dependable but slower system of moving 

trains. 

3. Loss of communications has the most serious effect on rail¬ 

road operation. 

a. All cowrord cat ions — telephone, telegraph, tele- 

type, and inductive telephone-—are usually lost 

near the storm center. 

«Armed Services Technical Inforeation Agency, Arlington 12, Va. 
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b. E*U opération» aro badly diaruptod—passongw, 
parlonablo«, or other preferanc» traina axpariitnoo" 
an average delay of on« to four hour«; dead or*'ilow- 
grftd« freight traina are oonetlmoa aruiulled erAtirely 
until dispatcher circuita are restored (2 to-HD dare), 
branch line service may aometimea be discontiraiued for 
the same period, but 'acre often the simpler arrotem* 
of aignaling and train operation permit nona&lLjioov«- 
sent of branch line trains even when the main Hin« is 
in serious difficulties. 

"Conclusions» 

1. Ice otorws do not halt railroad operations. 

cause’delavs ^98 °f co™u^«tlons end signaUa will 
oref!r«!;-X! f ? to U ho,ir* fop ^"«^ger, perishable, or otther 

hr âu’u l”UU* “”•> 

In 2 

r.h.SmS b’ r’'to”,‘in w to 30 

leas^éffert ,th* 37ste® °r signaling and communlcatiomtthe 
leas effect will an ice storm have on railroad operation. 

are f* °f lc* atonB8 Í3 serious in areas wherre they 
. , . occur, i.e,, in areas where emergency eoyliaeont 

and materials, trained personnel, and supervisory experience:hhwe 
not been developed by this type of emergency. 

A'-"' 

«5 

6. 

7. Tenaiiials 
Linea are usually 
are therefore less 

are normally not badly affected by ice storms, 
carried in cables or underground conduits"andd 
susceptible to storm da¿aage." 

Pedestrians 

fcHnn„ ., ??-a*a in many cases does not present as great a hazard too rpedes- 
which the llohtl Ó“' KUCh d®Pends th«> type of surf action which the ice has formed. Concrete sidewalk surfaces and practicalllv anv 
paved road surface when covered with a coat of smooth gÍazS c^n bf ^liZry 
¡ÎohhîtÆnt of.makln* 11 extremely difficult and hazardous to wall;. W«^7 
steeiiv Z?*?; e9pe^i&11?' dangerous. Streets and highways thatt slop, 
pedeSïw wilfhe ™aá «*&• can present such an obstacle that rmwy 
pedestrians will be unable to cross from one side to the other without 

• ,, i 
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considerable risk. The writer witnessed an example of thia during a 
glaze «torn in Lincoln* Nebraska. Fortunately, the traction on all auch 
aurfacea usually can be iraproved so that walking becowas relatively easy, 
merely by sprinkling cindora, sand, or one of the chloride salts on the 

ice. These reraedlea work best when the temperature is in the neighbor¬ 
hood of 32°?., that ia, when the ice ia slipperiest. When the air 
temperature is extremely lo'*, cinders and sand may merely slide on the 
ice without "digging in" whon eteppeu on. In this situation, one of 

the salts (preferably calcium chloride) givee better resulta. Where 
such surfaces have not batn treated properly, the prudent walker can 
often improve his footing by taking to the grase or aotl surface at 
the aide of the roadway or sidewalk. 

In many instances, glaze does not hinder movement by foot across 
open fields. If the ground underneath the ice is not frozen solid or 
if the ice forms on grass, the layer of ice deposited by almost all 
storms crumbles under a person's weight, and walking is not difficult. 
The same results are often an countered even where the ground is frozen, 
sines front heave causes thin layers of the soil surface to expand and 
bulge upward to fora numerous -levies cr air pockets that collapss 
when stepped on. 

An item included in t*’« ep-„lal Weather Bureau observations of 

glaze during the winters of 1953-5Í» and 1954-55 was designed to test 
the validity of ths assumption that foot n»ven->nt across open ground 
is not always impeded by glaze. The observers participating in this 
program noted whether ice on grass surfaces crumbled when walked on. 
The results show that in 44 cases the ice crumbled and in 12 remained 
firm under the weight of the observers. In 31 cases they wore unable 
to report what happened. 

The Metropolitan Life Insurance Company (1940) presents data con¬ 
cerning fatal falls on sidewalks and streets among policyholders 14 
years and older. It showed that out of 300 such deaths which could be 
classified as to cause, 114 «r 33 per cent wens due to slipping on ice 
or snow. The next highest category,falls due to excessivs intoxication, 
showed cnly 47 deaths or 15.7 per cent of the total. 

In concluding this section, it should be pointed out that walking 
in a forest soon after a heavy glaze storm can be dangerous. In hie 

description of the January, 1940, storm in England, Cave (1940) states: 
"It was dangerous to bo in the forest for two days owing to the crash¬ 
ing of boughs and the falling of lumps of ice." 

7. Trees 

a. Importance of Olaze in the Ecology of Forests 

In the United States, glize storms are one oi the principal 



agents of 'í.utnaça to forest, orchard, and sh^de trees. I>«a in those 
areas of tibe country where gists is cnly an occasional phenorenor^it nay 
be a factor of n«jor ecologic<al irportancs because of the tmaenvious 
(ianage that, ran be left in the wake of the infrequent but hevry stoma 
that wtsih tb- region. In the glase belt, where occurrences of glass 
of moderat* and heavy intensity are known almost ever/ winter, it stands 
high among: the leading natural hazards to healthy tree growth, ranking 
with such ether scourges as fire, disease, and insects. According to 
Dow (1952>, of 228 glaze storms recorded by the Weather Bureau as hav¬ 
ing occurred east of the Great Plains between the years 1923 to 1936 
inclusive, a total of 158 (^,9 P«r cent) inllicted heavy damage to 
timber. The fact that glaze damage ip one of the chief propagators 
of conditions favorable to the action of the other common scourges 
mentioned, further increases its importares as a forest menace. 

The great signiiicance of glaze dar-age in the ecology of forest 
treee haa bmen pointed out by a number of individuals. For example, 
Abell (193-1:), writ es ï 

"No doubt injury from ice will hslp explain many 
of the deformed stands on slopes and ridges which 
formerly have been explained cn other bases, such 
.ts site quality, growth habit, and drought. Ica 
sftorms nay also help to account for windshslce and 
tthe. large amount of worry and diseased timber of 
nuiddle age found throughout certain sections.* 

A mors specific observation is made by Ashe (1918), whi states 
that"...orur certain sections (of the Kassar.utten and Shenandoah 
Mountains of Virginia), the general appearance of the forest seems to 
indicate t&et practically all of it has been injured by ice during 
some period of ita existence." C.F. Brocks (1938) points cut, "Trees 
in snowy rc-rxhern New England are often mere shapely than those of the 
southern. Neaw England states because the latter are more subject to ica 
damage.* 

Su Weight and Thickness of Glaza 

(1) Weight of glaze 

The load that trees may be called upon to support 
during a s-rvere storm can be truly colossal. Brooks and Howe (1921) 
estimate tibe weight of ice deposited on a large evergreen tree, 50 
feet high and approximately 20 feet wide, by the Massachusetts storm 
of 1921, tt® be in the neighborhood of 50 tons. In a storm that struck 
Buffalo, 'S.1., in December, 1929 (Spencer, 1929) several tips of 
branches, fsmm an elm tree weighed 2 l/2 pounds before the ice was 
melted; aftber melting they weighed 3 ounces. This is a ratio of 
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■lightly ov*r 13 to 1 for the weight of Ice to the weight of wood. 
For ■ diagi-Mi of the ice which ecciunileted on ■ forsjthi» branch 
during thi» stör», »ee Figure 43 below.. 

TWIG 

1 

4' 
i 

Figure 43, Accumulation of glase oi» 
a forsythia twig. After a drawing In 
Spencer (1929). 

Similar ratios hare been obtained in other storms. Abell (19>4) 
found that branchen m-i? bo required to carry core than 15 times their 
weight, and Root (1924), Lockwood (1922), and Seeley (1922), report 
that twig weight increased 15, 16 and 32 times, respoctirely. Regers 
(1923) discorered in one storm a considerabla range in the ratio of 
ice weight to twig weight, with a variation from 132 to 1 for ths 
American elm, and 5 to 1 for the white oak. However, such high ratios 
as the former unquestionably would not be maintained over an entire 
tree because in the case of larger branche» one would not find as 
great an increase in ice load as in branch weight. An example of 
this relationship is given by Pattinson and Dines (1940): 

Twig Alcno 

Welght(Oma) 

Ice Formed Ratio 

0.70 
1.25 

27.00 

24.30 
21.75 

146.00 

34.7 
17.4 
5.4 

(2) Thickness of glass 

As for the thickness of Ice that might build up 
on trees during severe storms, one of the rrvt extreme cases ever 
ported in the United States occurred during the Kiohigan storm cf 1922 
where ice 5 to 6 inches thick was reported on tree twigs (this undoubtedly 
refers to diameter, not radius) in the worst area of the storm (Buttrick, 
1Ç22). This ice did not begin to melt for nearly a week after the «tor*. 
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In this SMB® atorra the average tMcknesa of ice on twigs was 2 1/2 indbM. 
Another very heavy deposit was found in a atom that struck central X«» 
Tork State, in which the radial thickness was between 1 l/í» and 2 1/2 
inches throughout most of the stora area, and in s-cae locations was sere 
than 3 inches (Spaulding and Tratton, 19¿6). In the Buffalo stem re¬ 
ferred to above, the ice grew, during W hours of alsost continuocs 
freeslng rain, to & depth of 1 to 1 l/4 inches on all exposed surfaces 
and remained there without s-elting for four days. Unusual thlclcnesses 
are frequently encountered on trees in the Colucabia River gorge of the 
western United States, but because the storms alucst always occur when 
strong winds ars blowing down the gorge frora the east, the ice builds 
up mostly on one side of the trees. Describing this particular situa¬ 
tion, Lawrence (undated) says: "A glare ntora *ay continue for 24. bosrs 
or n»re, with east-west velocities between 25 and 30 miles per hour, vthil® 
branches and twigs on the east and northeast sides of a fir crown aay be¬ 
come covered with ice coating as such as 3 or 4 inches thick.* All of 
these examples are, of course, excettlonal. 

Lemon (undated) has coeirsnted on the thickness of ice needed to 
bring about damage to trees in Sew York State. 

"When ice deposits reach £ to J inch in thickness there 
is conspicuous breakage in trees and shrubs. At first 
it is confined to faulty licbs and dead branches and 
more or less natural pruning. Strong winds, of course, 
increase ¿he breakage by glaze. In the usual case ice of 
J to 1 inch thickness will cause very serious breakage. 
The enormous weight of such a burden brings down taany 
healthy branches and may affect young, vigorous, well- 
formed trees as well as mature ones.* 

(3) Weight of glaze and snow cosbiced 

In many storms, not only must the trees bear their load 
of ice, but also an additional load of snow deposited after the cessatictt 
of glaze formation. This weight cay amount to aîsost as much as that re¬ 
sulting from the ice. In the Buffalo storm citod above, for example, the 
glaze was followed by 8 inches of snow. Assuming the glaze had a speci¬ 
fic gravity of approximately 0.8 - 0.9» and that 8 Inches of snow Is ersal 
to 0.8 inch of water, there would have been very little difference ir ti* 
weight of ice and snow. 

C. Example.» of Damage to Trees 

The result of the heavy loads described above can be 
catastrophic. One of the most grajhic descriptions of what happens to 
trees when they are subject to a glar.e storm of core than usual inten¬ 
sity is given by Buttrick (1922) in his account of the Michigan storm 
of 1922. 



•îrardiy an uninjurad tr«a ramalna in the whola atom eon«. 
Sew* of th« towna look from a distanc« as though thay had b««Q 
er«£sr heavy shall fir«, so badly ara their «treat trees rid¬ 
dled and broken. In the woods the Ansage la on the sc.il« of 
that caused by great forest fires and tomad>es. It will r«- 
cpire 25 years at least for the trees and forests of th« 
stricken area cocplotely to recover. In young woods ths enor- 
ok'cs weight of ice bent trees less than 8 inch« s In di anotar 
detii« so that their tops lay on the grouni. Hany of the» 
artirçHui at the point of greatest strain, ethers simply cracknd, 
still ethers were apparently uninjured but say not be abl« to 
rdup after ha'ing been bent over so long. Trees in 
woods where the stand averaged 8 to 12 inches in diameter 
lost practically all their branches and regain standing as 
bare poles or were broken off a short distance below th« 
orows. In ths big tistbor the smaller branches were sheared 
eff *o cctspletely that the trees remain standing as gaunt 
staledoe*. The litter of fallen branches on the ground is 
so great that it is difficult to walk through it. It re- 
a=ail*a logging slash.” 

Other «crcoiïts describing equally appalling conditions are common. 
Bumhaa (1V22) in writing of the famous Massachusetts «tor® of 1921, states 
that the Worcester Parks and Recreation Department estimated between 7500 
and SOCO trees w«re destroyed outright, while another 5000 to 7000 were eo 
rutilated they would die within a few years because of a weakened resistance 
to insects ani disease. In storms of such extremo severity even ths largest 
and strongest of troes can be felled. Vanderpool (1929) writes of trees 
10-12 inch«-» la diaseter being broken off clean. Williaxsson (193Ú) tells of 
trees 1? inches in diameter being split,, and White (19^) describes a atora 
in which trees as large as 24 inches in diameter were broken off or uprrootsd. 

d. Irecl Extent of Damage 

Is in the case of dajwige to utilities, the areal extent of 
damage inflicted on trees by any one glase et ora «y be local in natur* 
or nay spread over hundreds or even thousands of square ailes. A atora 
das«--ring an area only 1 1/2 miles long aad confined to the top of a 
small mountain occ*4~red ¡.ear Connellovi.le, Pa. in 1936 (Zchfuss, 1945). 
On the other a 1944 Texas stem ( «hit«, 1944) damaged trees over 
an area of & million acres of approximately 15.500 squar« miles, and in 
1940 a store severely ir-Jvrod trees in a broad Leix along the Atlantic 
seaboard fra* Pennsylvania to Eocton (Deuber, 1940). Most inatancss of 
dajMg«, prc-b»bZLy Ö5-90 per cent, are restricted to rathor limited areas, 
generally «xtetbiing across no laore than 2 or 3 average-siae counties. 
Even where aa occasional stem Inflicts puniateent on the trees of 
several state«, a really heavy toll is taken only in those generally 
rather limited parts of the damaged area where ice thickness and/or 
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wind r»locitla« r#»ch pnlativ«!/ high intensities. In fert, in «»st 
* toms, except the racist aevere where ice accumlates eljscst «rerrwhere 
orer a Urge are* in tUcVnee**« capable of sweeping <k*vn e»»rrtXLn«, 
daraage is very »potty. The stcrsi described by Duttridc (1?22) is of this 
vjrp® • 

• e Ceogntphlc and GUraetlc Factors In 

(1) Wind 

.. ,,, In * l4rge miKber of stores in which trs-s «ns d*autmd. 
.p11*73. Up^rtant role. Positions with an aspect fsrerir^ strong 

winds end lecsted in *n are* where glase is fairly conssn »Hi, cf course, 
t>e subjected repoetediy to sever« daæage. Trees ln noch sites «try bscoae 
considerably deforrM (but not entirely frca glase da^e, sires wiM tl.ne. 
end wind end snow coabined, else c*n bo very dastmetive). Esqntain ton 
S tto?-? *x^“u,w# ^ th0 Mrthera end centrei AppelechUa. tTLl7?1'*1 °a tv“* tn* of An outstanding case Is tbs Coluabia 
Ri/er Gorge of ths western United States. Another eituatiw fewmhle t* 

1# windward slopes in retiens vhtrt the wind has a 
TM,i*t0.bif>' tnm Ä sivisn dl-reotion during gUao stonae. 
Thle exists in the central and northern Appalaohiaaa whore north and north- 
•*3t •1®P*» 4r? to face the wind during these atoras tUa alopeT 
oriented in other directions. ^ 

Buttriek (1922), invootigating dasags caused by aa lasiaaally 
heavy stora that hit Kichigan, reported that despite ths fact ice thick- 
nesses ware great and heavy ¿áJ5»ge was gie-n-el, siall twos in protected 
locations oscfipvd with only ¿ i«w broken branchée. He also obserrtd that 
open woods suffered «re than dsniis on«». However, he bslierei this was 
because the trees in open elands were unable to give each other nstual eup- 

» 4 ^ be a factor, bi;.t pi'obt-bly of groaU.r tlgrlficecce is the 
fact that trees in opon stands are euch loss chaltsrcd fre« the wind. 
♦ L u4 w (1?a> f6urt<* grater dégagé in intorstmsa upland surfacse in 
the high nsita r*lic-n, due to étranger winds there ihm in ths valley», 
r, U/40) cn ««api» o* • wham, although ice l«d was the 
prteary cause of inJ v.y to troes, high winds gmitly intwisified da-age in 
ec«« areso. An exc«ll«;t ctudy of the effect of exposed and protected 
Ü4*0? ^SS conducted by J. P. Rood (1939) aiu/a -v™ rtom 
hit Affisrillo, Tex., on February 16, 1933. The results of his survey, which 
concerned only ein tress, are shown in Table VIII. The data in this table 

,lnH,:ay tfc* i^portanco of exposure to the wind. Trees on the 
north elds of east-west rmning streots were nearer protective fcuildL%*r» 
Une atom had north to northeast winds), than these on the south side. 
LlKewise, tv»*- <>« the cast oldo of a noUh-south street Ui sore srotec- 
tion than those on the west. Trees less thin 13 feet In were euch 
better shielded fror* the wind than taller trees, and as the ubis shows, 
suffered considerably less daMje on the north and east sU*s cf the street 
than on the south and west. In the case of trees more than 13 feet in 
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*c<*t cf whos« crcarva «xtended *bove tí» tops of buildings, no 
shielding effect beciuse of location on the lee side of a wind shelter 
resulted. In fact, turicisly enough, these taller trees suffered greater 
dajTAg« ob the north and e-a^t sides of the streets than on the south and 
west. 

TABLE VIII 

T^TTTT CP LOCITI-Tt 0*J DAMAvîE TO El« TSISS tXIRINO GLAZE 
STCRM OF FScKTAHT 16, 1931 IS AMARILLO, TEXAS* 

(in t of trees damaged) 

Small Tress 
1<?.. HcJllElll 

Hediua» Trees 
(7-11 ft. high) 

Large Trees 
P13 ft. high) 

Side ef Screet 
on which locatei 

Ea. 
Ohs. 

t 
Dam. 

So. 
Obs. 

JC 
Dam. 

No. 
Obs. 

% 
Dam. 

Sortis 
South 
East 
Heat 

21 
25 
35 

U.5 
61.9 
0.0 

31.6 

113 
54 
9C 
96 

23.8 
50.0 
15.6 
52.1 

32 
46 
9 

9o 

71.9 
50.0 
67.0 
32.3 

* J. F. Seed (1939) 

Still another wyr In which the wind can hase an influença is in 
causing acre ice to be deposited on the windvari sides of trees than on the 
leeward sides. Lockwood (1922) reports an occurrence Jn Wisconsin where 
the ice accumulation was almost entirely on one side (the windward) of trees; 
such a situation can be dangerous because of the imbalance of weight. It 
seetcs likely it could brirg about the toppling of t.ees in severe cases, and 
at the least would produce misshaped crowns. In the Columbia River Gorge, 
where the ice is concentrated on the east sides of trees in almost every 
storw, this imbalance is « leading factor in carring permanent crown defor- 
aatim - a serious matter having more than mere esthetic significance. 
Lemon (1950) points out that an unbalanced crow. “ ... ill fits a tree to 
withstand futsre stresses in nature such as wind storms or the weight of 
glase or snow.* 

(2) Altitude 

Almost all references in which varying altitude is men¬ 
tioned a? ar ii port art factor in glaze damage to trees indicate that in 
hilly and Borrtainoue terrain of moderate relief, damage is greater at the 
higher elevations. One of the best documented descriptions, by C. ?. Brooks 
(1?2?) concerts a storm in eastern Massachusetts in which the hill tops were 
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covnnHl with ic» aruJ th* traes »uffared coneiderabla dfima/ja, while th* 

lowlands wre ice free. Ashe (1918), Pierce (1933), Guste/eon (1938), 
Downs (1938), and Zehfuss (1945), all of whom describe storms in the 

Appalochian region, similarly found damage greater at higher elevation». 
The results of Downs' observations are simmarized in Table DC. The 

'’ennsylvania Electric Association found thers were only about one-half &a 
many storms in the Susquehanna and Schuylkill valleys as at higher loca¬ 
tions in the mountains, and that storms depositing ice with a thickness of 
one-half Inch or more were frequently experienced at the higher elevations 
but not at the lower. Lockwood (1922), reporting on the severe storm of 
February, 1922, in .Visconsin, states that apple trees 3uffe.*ed much more 
damage on the ridges than in the valleys. Brooks found essentially the 
same was true on the High Plains of the western United States, pointing 
out that there was definitely less damage in valleys than on interstream 
areas. However, this relationship between increasing elevation and in¬ 
creasing Ice damage to trees does not always hold true. 

.TABLE IX 

GLAZE DAMAGE BY ELEVATION IN SECOND GROWTH STANDS IN THE KANE 

EXPERIMENTAL FOREST, ELK COUNTY, PA.* 

Elevation 
(ft) 

1700-1800 
1800-1900 
1900-2000 
2100-2200 

Trees 

1,916 
3,128 

10,885 
6,606 

Damaged 

2.3 
12.1 
22.1 
30.4 

Il of Trees 
Severely Damaged 

1.3 
7.8 

17.3 
25.2 

* Downs (1938) 

Rhoades (1918), in a paper dealing with a glaze storm in the 
mountains of North Carolina, observes that the severity of the etorm was 
felt alike on the hills and along tha stream valleys. Under some circum¬ 

stances the reverse of this elevation-damage relationship ie encountered, 
with trees located in more sheltered locations in valleys and depressions 
sufiering greater damage than those at higher, more exposed sites. Abell 
(1934) reports an example of this during a 1932 storm in the southern 
ÀppAlachiana. It is interesting to note that duriiv^yscine storms the ver- 
tical distribution of temperature may be such that ice damage to trees is 
limited to a rather narrow zone on the side of a mountain, vdth the upper 
and lower elevations escaping entirely (Ashe, 1918). This damage zone may 
have an altitudinal range of only a few hundred feet, yet in an occasional 
»torn it may extend for many miles laterally along the side of the 
mountain. 
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(3) Latitud» 

Another fact of iapr.rt.an.» with regard to Intensity of 
glar.e damage with elevation la the inflaience of latitude. One might rea¬ 
sonably expect that to get into an arm» where one would encounter evidence 
in the forest of repeated glaw d.magsv it would be neceosary to go far¬ 
ther above sea level in the southern Appwlachian» than in the middle and 
northern sections of those mountains. In other words, an effect similar 
to that of the gradual Increase in the elevation above sea level of the 
timber line from high to low latitude .mould exist. Brooks placed great 
weight on this supposition in the preparution of the icing mip for Putnam. 
Even in a single storm, particularly on.e with a considerable north-south 
extent, the latitudinal Influence might be observed. Evidence for this is 
given by Downs (193¾). In describing t ae March, 1936, storm In the moun¬ 
tains of Pennsylvania and New York, he T-ays: "Serious damage did not be¬ 
gin until 1900 feet and above in northwestern Pennsylvania, but in New 
York damage wss general above 1000 feet and in some places even reported 
below 600 feet.* 

(U) Vater bodies 

Another location factor ia situation with respect to 
unfrozen bodies of water. :<rocks (192¾ describes a case in Massachusetts 
in which in the vicinity of a small law.« at an elevation where ice was 
generally heavy there was no ice on tre-eu for a few tens of yards from the 
water. Downs (193¾) notes that sizeacLe bodies of water, such as Lake 
Ontario and the Finger lakes of New Tort State, appear to cause a decrease 
in glaze damage in their vicinity. H* reports that during the storm of 
March 17-19, 1936, woodlots within a mail« of Cencca and Cayuga Lakes in 
New York were injured much less than nteee farther away. 

(5) Ground cover 

Downs (193¾) point* <ot-.t the possible significance of 
another microclimatic influence: - the -jotidition cf the surface of the 
ground. He states that in the 1936 stem Just mentioned, north ^ «a®1 
slopes suffered heavier damage than scute and west slopes. He attributes 
this to the possibility that snow «n the north and east slopes and 
bare ground on the ssuth and west created local climatic -.onditions 'a'’'0*’" 
<ng greater deposition of ice." This m-ay be true; such a condition could 
undoubtedly bring about the situation, te describes in storms whore thero 
was little or no wind and the temperafiutre ves extremely close to the crit¬ 
ical point for glaze formation. 

f. Non-Geograohlc Factors Determining Resistance to Damage 

(1) Varying resistance among trees. 

Although of great- tvonsequence, the factors discussed 
above are probably no more important thmn certain other factors which have 
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nothin« to do with «eogrophicil location or climate. This second group,- 
which can cause one tree to be almost totallycfcstroyed while another be¬ 
side it escapes, is based on the great variation in resistance to ice 
damage found among different species of trees and also í -sn« individual 
trees of a single species. 

Much evidence has been gathered to show that this varying reac¬ 
tion of trees to glazs and wind damage is, in part, the result of differ¬ 
ences in inherent characteristics, such as wood strength, elasticity, and 
habits of growth. These characteristics can be important In determining 
the type of injury experienced by trees of a given species and in deter¬ 
mining the degree and rapidity of recovery from severe damage. However, 
hll trees having a certain characteristic will not necessarily react In 
the same way to the stresses of a heavy load of ice, even where seemingly 
glaring weaknesses exist. For example, one might suppose that all trees 
with weidt, brittle wood would be among the hardest hit by glaze storms, 
but such Is not the case. Some actually stand up quite well to rather 
heavy loads of ice as a result of the greater importance of some other 
special quality. A case in point is the ailanthus which, despite its ex¬ 
tremely weak and brittle wood, has been little damaged in storms where 
supposedly more rugged trees have suffered heavily (see Table X). 

(2) Resistance of conifers 

(a) Conifers vs. deciduous trees 

Probably the greatest contrast due to the nature 
of the species is that founo between conifers on the one hand and virtu¬ 
ally all hroadleaf deciduous trees on the other. When subjected to the 
same ice conditions, conifers almost invariably faro better than deciduous 
trees. Buttrlck (1922), Downs (193^), Heed (1937), and Deuber (19W), all 
found this to be true. However, on occasion the reverse can occur. For 
instance, in a storm that struck the Piedmont plateau between Atlanta, Ga., 
and Washington, D. C., Gooch (1943) found that while all species suffered 
qu;te severe punishment, the heaviest damage was inflicted upon the younger 
pine stands; Young (1923) reports a case where in a Michigan pla-»'*<Gn 
composed of both hardwood and coniferous species, Scotch and »•i-tri-" pines 
were the only trees severly injured by glaze. A very severe Connecticut 
storm (Kienholz, 1941) also resulted in greater damage to the coniferous 
species than to ths deciduous. Whether any special circumstances 'were re¬ 
sponsible for these deviations from the general rule is not known. 

As for tne factors responsible for the normally greater resist¬ 
ance of conifers, Downs (1933) lists the comparative resilience of their 
branches, the fact that they generally have smaller uppjer crowns and thus 
do not become top-heavy from having the weight of ice concentrated In the 
upper levels of the tree, and the fact that their branching habits are 
better adapted mechanically to resist weight on their crowns. In connec¬ 
tion with the last point, Metcalfe (1949) states that acr mulations of ice 
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on horizontal branches, such as those of conifers, soon cb.>n>e freo a 
bending to a pullint load that is carried well,as Ion* as the weight is 
symmetrically distributed. Several investigators, among thea Haufe (1935Î, 
who studied the effects of a heavy coating of ice that resaalned on the 
trees in the Ore Mountains for four weeks, show that trees with long, sjtt- 
metricalcro»ais generally do better tb-an trees with short, one-sided crowss. 
This is probably another plus factor on the side of conifers because they 
are more apt to meet the first requireftent than non-conifers. Wtndirsch 
(1936), on the other hand, discoverei that trees with cylindrical crowns, 
suffered less bole injury than those with conical crowns, a fact that seems 
to work to the detriment of at least some conifers. 

It appears that conifers, as a class, hare mere flexible stems or 
trunks than deciduous trees, th-s allowing thea to tolerate a greater a- 
mount of bending before the stea splits or breaks completely. However, 
this flexiollity decreases rapidly with an increase in tree age so that 
only relatively young trees are acle to stand euch bending of the trunk 
without snapping. Furthermore, zany deciduous species, such as the willcw; 
aspen, hickory, and birch have very supple stems when they are young, la 
account is given of a stona in England in which silver birches up to 20 or 
30 feet in height were bent until the tops were resting or. the ground, ard 
yet they recovered when the ice fell from the branches (Patlinson and Oir.es, 
19W)).* Toung conifère may also recover from such an experience, but mere 
often such extreme bonding, even ttough causing no f-.-acturing of the tnnk, 
will result in the loss of thu trees (ooggess and McMillan, 1954). 

À storm in which conifers suffered virtually no daaage while a 
large per rentage of the deciduous trees present were devastated is des¬ 
cribed by Buttrick (1922). "They (the conifers) became coated with a layer 
of ice over the entire outside of the tree, but the interior escaped so 
that the total weight upon the» was less than in the case of the hardwoods 
where every individual tree was ccated." He goes cn to say that had there 
been strong winds associated with the storm,the pictuie **>uld have been 
quite different, with .Mie conifers taking more punishment than the decidu¬ 
ous because of the solid wall of resistance they would have presented the 
wind. 

Another advantage of conifers has been pointed out by Metcalfe 
(1949). He states that dense, low-branched evergreens may develop icicles 
downward from branch to branch and finally to the ground in such a way that 
all are safely supported by an ice structure. 

• Ltmor. (undated) states, ^Almost any young stand of even-aged, spindly 
trees »ill 'lodge1 like grain ur*ier heavy ice or snow." 
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{b) Y Arla*, Ion aiTtong con! fora 

Aaon* conifera thoaaelves there is evidence 
of rsrlAtion in the degree to which inlividual species are able to with¬ 
stand çlaie atorros, but they probably vary lesa in this regard than decid- 
uoja treea. This relatively aaail variation aroong conifera appears to be 
especially true in atorros of light and «oderate intensity. (A aten of 
aoderate intensity ia, in the opinion of this writer, one with ice lesa 
thrn i/2-ir.ch thick ani with an abaence of strong »-inda. Such atoras, of 
course, rake up by far the greatest number of all g]a?i> atoras.) 

vonsequentl/, it ia as a result of prolonged and hec.vy atonas 
that a* find descriptions of aoae conifera suffering greatly tvhile others 
are little danaged. McXellar (19b2) found that as a consequence of a se¬ 
vere <dM« atora.lasting several days In an aroa of pine plantations in 
Georgia, the final net loss (as determined by the number of broken-stesaed, 
badly bent, and uprooted trees) was 24 percent fer long-leaf pine, 29 per¬ 
cent for slash pine, and only 4 percent for loblolly. He gives as the 
probable reason for the greater dasage to the first two their denser, aore 
uniform foliage, which appeared to be responsible for the accumulation of 
a greater ice load than on the sparse-follaged loblolly, 
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After the severe southern Illinois storm of January, 1952, Boggess 
and Mchillan (1954) found that where the same conditions had existed during 
the stona, loblolly suffered considerably less than shortleaf pins. Croxton 
(-939) also encountered a variation in the degree of damage to different 
conifer species, in this case as the result of an unusually severe storm 
that visited parts of Missouri and Illinois. The results of hia investiga¬ 
tion show the following percentages In his category for "badly broken con¬ 
ifers": northern white pine, 55; eastern red cedar, 26; northern white 
cedar, 7; white spruce, 5, Dsubar (1940) reports that conifers fared bet¬ 
ter than deciduous trees in heavy storms along the Atlantic coast, but while "2- 
spruce withstood the ice remarkably well, plantations of white pine about 25 •t’vV 
years of age were badly injured by the terminal shoots snapping off from 4 •'.- /- ./-7-./-.- i 
.eet to 6 feet below the bud. These conditions somewhat parallel those re- 
sulting from a storm in 1942 that severely damaged the forests In Otsego and 

wobbles. New York, described in a paper by Spaulding and Bratton 

VhrVV'W. --., 

; -.1 • ** * 'f -s V\ 

"Mature white pine was badly injured with tops completely removed or 
ranches partially broken out. Gamage to hemlock was of such a minor char¬ 

acter as to be considered negligible. In plantations, red Scotch and white 
pires .c-st lenders, laterals and in some cases entire tops, or the trees were 
pressed down into a horizontal position by the weight of the ice. Norway 
spruce and European larch apparently suffered less than the pines." 

. ^ «»r« account cn this subject worth noting is Kienholz* (1941) 
'-ascription of conditions found in Connecticut pine plantations after a very 
destructive storm. ' 
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"Scotch pin«, white pine, and red pine in mixture with Jack pine or 
in pure stands nearby were but slightly Injured. (The Jack pine was de¬ 
vastated.) Scotch pine was broken In a number of cases (17 percent), 
white pine had an occasional top broken out or a limb tom off, while red 
pine was seldom damaged bej-ond breaking the current year's leader. In one 
case where a few Jack pines were scattered through a red pine plantation, 
the Jack pine was nearly all snapped off and the red pine vois undamaged." 

All investigators, however, have not encountered in conifers the 
variations in resistance described above. Buttrick (1922), for instance, 
found "...no special difference in the degree of injury to evergreens of 
differenc species..." in the severe Michigan storm he studied. In this 
same storm there was considerable range in the amount of damage exper¬ 
ienced by the deciduous species. Buttrick did discover, as a"result of 
studying this storm, that factors other than those associated with the 
nature of the species can have a great deal to do with determining which 
particular coniferous tree is damaged and also the nature of the damage 
to individual treesi 

"In the woods the evergreen suffered most in the class of trees from 
six to ten inches in diameter. These wore occasionally broken off some¬ 
where midway in their height. Smaller ones were bent over but will prob¬ 
ably straighten up in time to escape damage. Larger ones frequently had 
their entire tip broken out. Very large evergreens suffered scarcely at 
all. In the open, evergreens of all sizes, since their crowns extended 
rather close to the ground or were small and op«n, escaped practically 
uninjured." 

(c) Conclusions regarding resistance of conifers 

In summary, the following generalizations can 
be made concerning the behavior of coniferous trees during glaze storms, 
remembering, of course, that the data are rather meager for finn conclu¬ 
sions in the case of some species: 

.¾ 

¿ Conifers are generally more resistant to 
mechanical damage than deciduous species (see Table X). 

2 In most storms, there will probably be a 
relatively small range in the degree of injury suffered by different 
specimens in the conifer community. 

2 The spruces, cedars, and hemlocks seem to be 
the most resistant conifers, while the pines show a range from strong re¬ 
sistance for Scotch, red, and loblolly, to weak for Jack and possibly 
slash and longleaf. White pine has stood up well in some heavy storms, 
moderately well in others, and poorly in still others. 

I -- 
'„’-V-" ^ V 

........ 
íiiiriMáadiiídtfÉriMaáMlí 

- 
K-qn; 

V -.- V -. 
A .% . .> , 

' -. ^ -•v-v^- 
-y 

% _*> »'N w \ a""* KV-'"'', ^ w * ,"Jw '"*• ' ** ’V' * J* 



1 

' ■ • ‘ . . . . ' '-'-S-;. > 

(3) Rc8?3tance of Doclduciis Tree» . .'1 

To mik« similar geiwralizatlons about th« behavior of 
drirclWuoua trees is cons i e'er ably ~e difficult, prijnarily because the infor- 
matiion available on thnm is much more conflicting. There are, however, 
mari^y:points of agreement to be found among the many studies that have been 
madee on this aspect of the ecology of the deciduous trees of North America 
and!.un attempt will be made to sumarize these. 

(a) Wide r^nge in reslot»nee among deciduous soecles 

Several conclusions concerning the deciduous spe- y• Y 
clessaM a class have already been touched upon. One of these has to do * . , 
witbi’the wide range in ability to endure the stressas of glace storms en- . . , : 
cou/Akered among their different species.* A glance at Table X should suf- .'>V. v’M • 
fice*tto illustrate this point. Certain species, such as elm and basswood, -V-"'-V-V» ! - 
are-' Llisted only in the weak category, while others, notably catalpa and ' 
sycassvre, are found solely in the strong column. Tn« factors responsible - O’. 
for tthia differentiation appear to be complex and are not always agreed v.. 
upomvb7 •'h« authorities. It should be noted, as in the case of conifers, 
thatt idata ars too meager on many species for strong conclusions to be mads. ' ■ '1 O ’' " - V * d 

(bj Tree size and configuration 

Tree height and crown size and configuration, how¬ 
ever; , rmust definitely be classed as having some significance. In this con- 
neetlion, Buttrick (1922) reportes 

'"The damage to individual trees standing in the open was in proportion 
to thheir height and the extent of their crowns. Tall and wide-crowned 
treess ((that is, with wide, spreading branches) suffered most severely. Low- 
crownaed trees with few large limbs, least ... Shade trees suffered in pro¬ 
portion to their size, location, and kind. Small ones in protected loca- 
tionss^escaped with only a few broken branches, middle-a£«d ones generally- 
had tt.hiir lower branches bent completely down to the ground and often 
crnckteri but seldom broken off. The upper tranches were broken or twisted 
offfahnd often the crowns were entirely broken out. Large trees generally 
hadittheir branche*, entirely shorn off." Downs-(1935) also discovered that 
the* ddegree of damage was largely governed by the tree size and crown class. 
AccoîtÜing to h. account, damage increases proportionally to tree and crown 
sized. He found large, spreading crowns to be particularly dangerous. 

-/ */ % \V4, 



!Wd (193 0 f^uiid that when treea of tho sanie height but dif¬ 
ferent crown width ^row on completely exposed sites, the extent of the 
damage varies with the width of the crown. Stxty-two trees with an aver¬ 
age crown width of 10 feet ware U. percent damaged, but 57 trees whose 
crown width averaged 6 feet suffered only 26 percent. Dow (1952) similar¬ 
ly reports that large crown size increases a tree's danger of receiving 
serious damage, and as have several others, ho found that lop-si led or 
misshapen crowns have the same effect. Deuber (l%0) gives as a partial 
explanation for the extremely resistant quality of Norway maples the com¬ 
pactness of their crowns. Do Dele (1935) ard Spaulding and Dratton (1946) 
also found crown form and size to be significant. Obviously, a small, 
compact, symmetrical crown is better designed to wlthst.and mechanical 
strain. The limbs .are usually shorter and thicker and the symmetry means 
that the ice load is distributed evenly over the tree and that there are 
no weakly supported limbs projecting at odd angles. Trees with V-shaped 
forks (the American elm, for example), are prone to splitting at these 
forks in heavy storms (Metcalfe, 1949). 

Lemon (undated) has the following to say about the role of crown 
configuration. 

"Much as it would be desirable to associate susceptibility with crown 
forms ... it seems impreacticable to do so. If it is possible to design an 
ideal form, it would seem that a very straight and strong central trunk 
with small, flexible and perhaps drooping side branches might be resistant 
to glaze damage. Spruce (Picea spp.). Balsam (Abies Ralsamea) or 
Lirlodendron approach this pattern. As it happens, these three types are 
generally glaze damage resistan*-.• 

Related to the factor of height is a tree's relative position In 
the woodland association ip which it grows. Tall trees that extend above 
the canopy level are especially subject to damage. Gustafson (193¾). 
Do Bel» (1935)i Curtis (193^)» Downs (1933), and Boggess and McMillan 
(1954) all found this to be true. Supporting this theory is a fact 
pointed out by D-.wns (193¾) concerning the black cherry, a species commonly 
found in the early successions on abandoned fields. Because it grows very 
fast during youth, it rises above the other invaders, thus making itself 
liable to injury.* Another point Downs makes is, that in any forest asso¬ 
ciation the overstory has a greater tendency to be damaged than the under¬ 
story. The reasons for the greater damage to trees extending above the 
general canopy level is probably due to their greater exposure to the full 

* Somewhat related to this is the fact observed by Lemon (undated) that in 
New York some trees belonging to early stages of the succession are subject 
to severe glaze dtamage. He believes "Their greater susceptibility simply 
assists the replacement process by which succession advances and may 
slightly accelerate succession." 
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TABLE « 

GUZE DAKWîE BT AGE CLASSES Iff THE KARE EXPERIMENTAL FCRE>T 
ELK COUNTY, PA.» * 

A^e Class No. of 
Trans** 

Youni? growth (10 to 20 yr.) 
Second growth (21 to^O yr.) 
Old growth (culled) 

H of Trees 
Pfuim^ed 

Í of Irees 
Severely D&taaged 

5,337 
22,535 

675 

7.1 
21.5 
39.4 

6.1 
16.9 
29.0 

* Downs 7193*) 
** Based on a 2.6 percent sample of 1,675 acres 

ff a 5?7°r of P^amount importance in the Michigan stör» he 
studied, stating that ainong trees of the same size and develormer* etaoe 
r? doclduoas tr.es of different species, Inju,-, sL^TÍ. L«t. 
InLís aïd i a brittle-wooded species. He found, for imtanor,^hat 
aspens and poplars are harmed a great deal more than oaks and aa^s! Sia- 

oÎTJîrif arfv,n0ied bi Deub<5,■ {1%0)> vh0 observes that oaks, ty virtue 
w str,!n^th of w90tli are less damaged than elms and aaples. A some- 

eín plct’ire 8lven bX Ashe (1913) for conditions in the south¬ 
ern Appalachains, where tough-wooded species suco as oaks and hickories 
frequently have the entire upper portions of their jrowns destroyed by the 

cSstní^ °í S Cerî:ral ?teal3- In the Ca3e °f ^Plar. Hnn, cucumSr, 
aîrîrfùo aSfme.v r 5^cie9 comparatively brittle wood, break- 
the J” 1Üillted to th9 lar8er branches, thus effecting less defamation of tne crown• 

(6) Fineness of branching as a factor in resistance 

v , Some observers (Croxton, 1939; Deuber, 1940; Rogers, 
fW f fï cncoijntered heavy inj-ory in finely-branched species s 
that the enount of surface presented by the branches as focal points' for * 
t1^ *CwU!!^lati0r 18 of considerable importance. Lemon (undated) reports 
of th«htr ico carried is roughly proportional to the surface area 
of the tree in winter condition." Croxton (1939) wams, however, that the 

ranfwT T! 3f®cl03 are 80 lirait'í(i no definite conclusion Is war- 
rantea. Noyortheless, the idea probably contains some validity, because, 

,° Är M19 0Xplaln th° hi3h 'esiat^« of such extremely 
soft and brittle-wooded species as ailanthus and catalpa. The twigs of 
both of these trees are thick and few in number when compared to ttese of 
other species, notably elm. ^ ' 01 

169 

\mM *rW *l'. *\ -"a 

m • •' 

v" 
•J 

* W 1 

1 ■v* -O 
\ i’.. ■ 

t . 

.- i 

- • .■> * * "* » - - " «.I 

V" 

wm^wr*. mrnmsxm 

.. a -f.. -\ ■ - .-„-.«.■.-.■■.-.-Lr.-.-,-...* 

• . * e ‘ ' - V w - -A h *> -. - A.- r 
**■7- .- > A A-A A A A AAA 
% 

^MninfcA-niiiinltn. ' 3» ■ 

•^1 -. 

* “ - - • ■ ’ r ” 
" w. - w. “ . - *• a a " *V - *- V , 

-- -V .-V 
■* 

A A 

Æ..^ » ¿¿A 
\ < 

A > . 
A. 

f ‘‘VT-'+yt*» ^ »fi *ÿfyiM'Wi ^ \ • I 
r ---., -, W IT M ™ ^, Ä ' 

V.* . ■«> J 
A 

•f. -\-"r -.' ■- .'»"/-V- -’* r'“ - 

v ''''/'•'I--V-V-''-*-'.*»“‘‘I* 

ï -VYV.'- ■ •- ^ v ' V.“» , 

1. -. i - A 

k..-. 

.Vf Vf '.-f j- 



. 

fia 

<- 

a;,'- 
'%•: 

» 

' ^ : 

(?) Decay 

ard îrsrrt » A3 ^ ^ 9U? :?,Uvl er. ^h« amount cf i+coy t U * influer.« on the amount 
J y .rom Ice, with old tree* suffering core in lh*s reo-'rd tlan t-i_ 
tre»a. >.;ttrlc’< nn^i' 7_, a reg .ra tr.an y>ur^. e -^ V ***.K u».; ít: i 

8«v¡« ^ t0 v’* 0'1-' cne referen;*, reports that ti» Boat 
severe damage Is experienced ty tre-s with decir ;n their trunks or U-'«r 
ranches, such trees generally «Ing completely broken apart and nlLd! 

fron h-,J>T]r "T0"' 0f “•* iec^ n*"Ohlea is tUt wounds result-"-^ 

for Insects and other destr.ctive'cr^nisrs ef «?* atr* from m-ir.. » crginisrs. in -iv», the greatest ¿sa- 
*rZ ™. y ,™3 n:i r-n i=«^i'Ue toe^nical fcraaxare t- 
effects of r’Ja enterir^ *h- i-r« as a «suit of that b«akt«. V* 
Is sälected to slmí ^ feU ^11 *^r when the t«e 

, t**™* severe strain. Deuber ceres to this conclus!-e af 
March nvvo' e^feo^1 of a -'i-'“ that struck the n;rth Atlarti; coast ia 

States t h *-hat gla39 d^5e ^ the easten Cnitl 
nci«i r a‘^ h ed U,e îîrrildifVî of Dutch ela disease. Rho&ies 
•1V1? that 0n* &fter a severe stora str;ck the south-— 

‘■"U. ir.vaieJ th. ¡u-.. ,-d a.,tr=j»3 . 

1936 ¿siwÄÄ^is^: î;T„;;%r.?:tbr£ “*? 
.-1. AU«,«, ««.ta «al., IriÄtSinrÄtStS^ 
ated for thelr existence by the ice st'Tn of IQt lo/ii ñ k. .■> 
«d avidson (I91.O) discover*3 that two years ^er a gUze ftL 
Allegheny section of Pennsylvania, practically all the top wouSÍ S 

wm« authoritat.lvPl* infected by white-rot fungi. Campbell (1¾¾ 
writes authoritatively on this subject as follows: ' 

Varv IIr?a ^V* ^zits up the northern deciduous feasts 
vap considerably ln their resistance to decay. For this reason 

míiv^w^r/i' bV ’U*. I«v K»»H L «» t 
relatively high decay hazard in another ... 

branched IV^ÍI*' "ot involving the nain stem or lar« 
iîSîies’in whlX I1-03" f :W ¿<Cay h'ZarJ for -1 * r*« species. Tc^ 
is much stattered ^ 
spe les and less In others: U^'t^juri^S iy^h 
of forked stems and the breaking of large lower tranch-s involvir^tl ^ 
..ain stem offer a high deciy haxari in all species. The splitting o' 

iïïli^î“" «i-. Lïï,‘ 

Among the species he studied, Can obeli fecund that the fcia-i 
cherry was very resistant to decay coning from moderad bîeakaj. Lía tfc*t 

Ä.TV" tr“h°f th* “W »Wrt. in «« --.7. ;Í,7-l4 
r-om a 10-j.ar-t.ld atom had hoUtd wlthoot inf.ttloh on all but tm 
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larijant branch**. Oi th® oth«r handle red maple appereaCjr offered little 
realst'nee to decaj. Tree* 45 year* old, with top dan&ge 10 years old, 

contalne-1 considerable decay. Beeches also were found to .lare been Rrestly 
affected by decay as a result of glas« atom injury. 

Spaulding and Bratton (1946) present soiaewhat conflicting evl- 
denc«. They exmined after a Upsa of 2 1/2 years, the reaction of sugar 
maple, beech, white ash, and basswood to heavy top da»-.»* Inflicted bv a 
severs gla*« storm. The white ash and bassi^ood made good recovery, area 
when stripped of all branches, because ^?id develops«t:t of sprout 
growth «nd becaise of their thick, rough bark, which apparently prevented 
dying of the bark on the trunk and subséquent infection there by the deadly 

sap-rot fungi. Beech sprouted ^ooewhat less vigorously, but new growth was 
adéquat« to prevent Infection of th« main stem except In a few instances. 
Sugar maple sprouted even les.-; and as a result suffered very heavily fro« 

(¾) The acologlcal factor 

4 There Is yet another type of injury Imposed on forest 
trees by glaze storms. This is phy3Íolo»ical damage resulting from the ab¬ 
rupt c.aange in the environnent of the surviving trees following severe 
stonas. Car.pbel 1 (1937) sums up this aspect of the problem by saying: 

"It is not supposed that th« decay hazard will be the chief factor 
causing deterioration of ice-damage hardwood stands, as physiological 

changes caused by reduction of the crown-root ratio, opening of the stand 
change in water content of the top soil, and the opportunities for sun 
scald, ray also be important. Trees weakened by any of these agencies may 
becoma aore susceptible to root fungi as well as a host of parasitic but 
non-decaying leaf and twiy fungi." 

8* Methods of preventing damage 

if i ., . 7c conclude this section dealing with glaze damage to tree*, 
it might be worthwhile to list certain erasures recommended by Downs (1933) 
for th* long-range prevention of glaze damage to forests in the eastern 
United States. 

(1) Remove holdovers. Their large-spreading crowns make 
them highly susceptible to glaze damage; and when they come down they do 
auch dajiiag« to the smaller trees around them. 

(2) Reduce the proportion of susceptible species. A larger 
percentage of conifers should be encouraged on sites subject to glaze 

tu » ^ t ^ Preserve an oven canopy. Fast-growing species which in 
youth tend to grow fast and to project above the general canopy level are 
especially subject to damage. 



(4) T»« crowp silricultur« for speci«® of wid«iy diffareat 
growth habits. Urs* crowns &r« piwertfrl whan spaciaa of alai- 
lar growth rat« an# r*pn>ijc*t in groupa. 

Kodify -ocal silvicultura with «lavation and aspect. 
For exÄÄpl«, »c, hirhar alrvctions and on northsrljr aspt;t:, tarar Bucl* and 
haalook should b* er<cortrad at ti/a «xpwr.ja of black charry. 

h. f'.r~,iry 

ulsr« rtri-’s high aaong the naturAl UtanJ* to for**t »fvj shad« 
♦r«*a of the eastern Cnited States. The coesMned effects of great ice 
weight, esthnstti up to JO tons for an individual tree in soaia stor&s, aM 
w.nd often are sufficient to sheer off large branches or brine about coa- 
plete destruction of trees. Host sections of the country’s eastern forests 
bear the scars of past stone*. 

Dir.ig* in ary or.* *tora stav be local in nature or say spread 
over a..lions of acres. S-ocause of strong & 1 crocUaotic influerce, darage 
often is ext rene ly spotty in areal distribution. Exposure to wind, differ¬ 
ences in altitude sni rrcnnd cover, and rroxinity to unfrosen bodies of wa¬ 
ter are important in deterxirirg the extent of danags. 

vans ids rail a variation in resistance to ice dauisg« is found 
aaong different species and saong individual trees within species. Conifers 
for exasple, tend to trie rate heavier ice loads without da&age than do de¬ 
ciduous species, troc,g deciduous trae» there is a wide range of resistance 
froa the easily dsssrel American ein to the hardy catalpa, kz&nx t^e fac¬ 
tors apparently contributing to this variation are très sise arj cerfigurs- 
-ion, strength and i.evirility of wood, and fineness of branching, ice and 
the atsount of decay and insect. daxAge suffered by a tree c-an also be iapor- 
tant factors. In addition, wounds suffered in a glase atora say allow en- 
vry or Insects clh*r which will th-s slc?^ 
estrjction of tS» affertei trees. Glaze daaa^e has t^en suspected of aid- 

irg the spread of !>jtch ela disease along the Atlantic seaboard. 

S. AnLv-als and Field '‘roca 

sllp'pery cor iition created by glaze can be cone a darger to 
the safety of fara anirtls. In addition, the thick coat of ice on the 

CM®C<* it for crazing anisais to obtain the feed under- 
[?*“ * Arier a 3<,rits cr ï1*2* s*cr~3 in Iowa (Heed, 1937), the s-urface of 
;h- ground provided such poor footing that farcers fastened burlap bugs on 

t0 trAU- t0 Y*-. “*1 «hjr är.-gg*i their cattle 
with the aid of tractors to feel lots and shelter. Soce aniiAls were with- 
ou. feed and water for A3 hours. Many fam. animals «re killed or injured 

,®n *'?*? lc-T sl::e5‘ As * «suit of a Stem that struck Texas 
Uannehlll, 1/29), r_viy cattle along the <3ulf coast died froa the cocbired 
e..ects of low tempers tu res uod heavy sleet and snow. 
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rflld aniaa.1» nAurully suffer in the smr« wy as d^e»^= 
< .i. q: _,i. i- «-J»-* iciiiar fe«l the cruel effect of a heavy glaze 

s?;m C^ U9W)r^s cantei on this in describing the January. 1%0. 

stona in England: 

"The effect on bird and animal life must have been disastrous. In the 
cress was an account of birds with their feet frozen to branches ..^pheas¬ 
ants could not fly as their wings v*re frozen ... a moorhen was founo with 
its feathers so frcien that it could be caught quite easily ... starlings 

were seen eating me.-bers of their own species.* 

Litt’z ir.fcraation is available regarding glaze damage to field 
crops, k larve n^fc¡r of persons have investigated the effect on crop 
darts of an ice sheet forced by the refreezirg of melted snow, but s° far 
%s the rresert writer is aware, no one has dealt exclusively with 8la1®- 
jQsges states: "If the Ice layer (glaze) remains long enough, yint-r 
w*-4t or other wirter annual plants may bo damaged by suffocation. .^.ow- 
ever, the question which reruns unanswered is whether g.aue remains^n 
rrruAd long enough to cause suffocation. On occasion it probaoly does. 
Lockwood (1922) reports that as a result of the storm of February 21 2?, 
1922 in the Great’Lakes area, winter grains and grasses were smothered by 

the heavy coating of glaze or. fields and meadows. 
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Tha luthor la indsbtad to « great number of Indlví.Üuals and 

nrorr *,] A U*lM ln thl3 ™P<>rt .and for a3,iat.nuoe ln 1U 
n : A'w Cocmunlcatlona Section, Aaa.oclatlon of 

V." ? Rallroa^9' H>E* Kent* Edison Electric Institute' und Mr. C.M. 
thelr'fSir?Kn ^i‘»phon9 aRd Telegraph Comrv.ny, generously Loaned from 
or,în<flM the ^•coi^cl'iona of unpubllshei data gather*'! by their 
organizations. Descriptions of the effects of individual storms on elec- 

^V-1]:1^10"3 W-re Tu mi shed ty Kr. W.K, ibock of the 
Tail P^r u In^oniatlon Institute, Hr. A.S. Zanska* of the Otter 

iil Power Company, Mr. 3en Webster of the Iowa Utilities Accociation, Mr. 

H rrír*e; ( ? fr9"" ?í th%IVbllc Sarvlce Comp-uv of Colorado, and Mr 
.-. .orter of the oouthem Colorado Power Co.Tp.any. Hr. D.tf. l:ttle 

5iPftSaie?';/h^TC^1 m1^20- obserVations taken during the wi.-n.ers of 1953- 
trith I/:'55 ^ V,eather under the direction of Leslie 
latl *nnel,of th® National Weather Records Center supplied the tabu- 

íer od I?lVir0M n í^a f0r th° 95 UnltM State3 8tatL;uiB for the 
nmvided mlrî9*3i A lon* 1Í3t ot «ngineers of state highway dU-partmente 

frlal ^n=«™lng the effect of glaze on highway transitât ion 
" ^ |PrOfffS0^ fr1 LÆm°n' Ch3inQan of the Department of 

biology, otats University College for Teachers, Albany, Kew fferk, contrib- 

Ecolo? "Opfh0i an URpubli3h9d ®anuscript of his entitled, "Id* .Storm 
on t^s' iat r°ïîder valuable Information of the effe.ct of glaze 
Colige in nIw VeÜÎ s Ti Uclnror ln ^«snaphy, Auckland Ubiversity 

Nf w ,ZeaLind* collected and forwarded to the author information 
were su^nlied bv VCOlJv I7!- , data on glaze in the Soviet Union 
Conrress «ni Mî \ Ï mÎ ^V> SIPRS BlbH°S^Phy Project., Library of 

n^ress, und his wife Nina A. Stepanova. Prof. Charles F. Er-joks late 
rector of the Dlue Hill Observatory, Harvard University, granted the 

of studvCofSthe° flt8rial in ’’I3 file3 collected during mere ï,nan 40 years 
,l °ma °f the northeastem U.S., and provided many 

helpful suggestions concerning other sources of information urn .glaze. 

vJeTl\unf1iV,idUal9 0n the 3taff of the American Cet^raphical 
fltb vafl°U3of the work. Kiss Irrgart Íucís edited 

h^»Ten uIS n .u draft and Icanslated materials from German that 
as, ,tbi:" U3ew rep0rt' a3 ^11 as valuable research 
tions rnll: ^F'lirchild contributed valuable editorial a.jgges- 
ti ns concerning certain sections of the report. Mr. Nlchola-s Tri lanovskv 
translated several papers from Hussion and assisted with the Ic-ution of 

Kai*r ZT-1"^ SZA Z'”'- Kr3- 01« T‘“ tran.l.t“ tte 
S was ^^«-formed valuable library assistance.. .Cartographic 
Amerlran Joan Tremblay and Mr. Noniian Swanstcm of the 
American Geographical Society and Mr. Aubrey Greenwald of the QM PÄE Command 

at the C0Ui1S91 ln carrying out the research w.-ns provided 
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IVpurtment of Geography, Univoralty of Indiana (tfwt CÜrecV.or, Ajnarlcan 
Gao^raphical Sociaty). IXirinjit tha latar stages Dr. Da-rid H. Millar, Chief, 
Environmental Analysis Branch, QM R&K Cownand and Mr.- Charles; 0. Hitchcock, 
Director, American Geographical Society, provided supe-rvision. Advice and 
suggestions were also given by Mr. Arthur V. Dodd ant .‘ftr. James Carson of 
the QM R&E Cowunand. 
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n. larriss räcki^d txa stats higîmay officials 
AND ÏUBLIC UTILITY CCÎÎPANIE3 AND AGENCIE? 

(all 1953) 

ACUFF, John H. 
Secretary, State Highway Comraisaion, State of Hiaaouri. (Oct. 28). 

BAWiaSN, W.B. 
Maintenance Engineer, Highway Cooiwlaaion, State of Montana. 
(Oct. 29). 

DURCH, J.S. 
Engineer of Statistics and Planning, State Highway and Public 
Works Cownlsslon, Nor+h Carolina (Oct. 16). 

CHURCH, J.B. 
Supt. of Haintenancc, State Highway Comission, Haine. (Nov.6). 

COVERT, CE0WÎS 3. 
Director, Dept, of Highways, State of Louiaiana. (Oct. 19). 

CROUSE, W.J. 
Director, Diviaion of Maintenance, Dapt. of Highwajj, State of 
Kentucky. (Oct. 23). 

CRAY, H.O. 
Chief Engineer, Dspt. of ïtiblic Works, Commonwealth of 
Mauaachuaetta. (Sept. 29). 

OREEN, r.C.,v 
State Highwoy Engineer, Texas Highway Dept. (Oct. 20). 

HARRIS, H.H. 
Maintenance Engineer, Dept of Highways, Cojassonwealth of 
Virginia. (O'*.. 19). 

HILL, O.A. 
State Highway Cowieaioner, State Highway Dept., Connecticut. 
(Oct. 26). 

HOLLAND, R.J. 
District Engineer, Arison* Highway Dept. (Oct. 19). 

HUGHES, O.J. 
Secretary, Highway Coraaiasion. State of Wisconsin. (Oct. 29). 

HUMMEL, C.A. 
Vice President, Interstate Power Co., Dubuque, Iowa. (Sep. 3). 
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IHLI, l®uK*‘ntamnC(, E^ineor, South Dakota StaU Highway CoEialsalon. 

(Oct. 29). 

JOHNSON, Erigineert state Highway Coandaalon, Arkansaa. (Oct. 23). 

JOHNSON L^*ntenance En)ilneer> Dept, of Public Works a.vl Highways, State 

of New Hampshire. (Sep. 15). 

MAU, A.W. 
Vice President, Otter Tail Power Comfeny, Ferais Falla, Minnesota 
(Communication to W.K. Beck, Secretary-Manager, South Dakota 
Electric Information Institute, Pieire, South Dakota). (Sep. 21). 

M"1^™,Maintenance Engineer, Dept, of Hoads and Irrigation, State of 

Nebraska. (Oct. 24). 

McMILLAN,^R. Conmissloner, State Highway Dept., South Carolina. 

(Oct. 19). 

McVfILLIAMS, W.A. , /«* o-.\ 
Chief Engineer, State Highway Dept., Delaware. (Oct. 21J. 

’ State Highway Engineer, Dept, of Highways, Idaho. (Oct. 21). 

Northern States Power Company (Corasunicatlon to W.K. Back, 
Secretary-Manager, South Dakota Electric Information Institute, 

Pierre, South Dakota). (Oct. Ml). 

MUIR, A,W*upt. q{ Maintenance, state Highway Dept., New Jersey. (Nov. 5). 

OSTRANDER,X.q^ 0^ratlon ftnd Maintenance, Dept, of Public Works, State 

of New York. (Oct. 22). 

PAJALICH,Se^tary, Public Utilities Commission, State of California, 

San Francisco. (Oct. 10). 

PHILL Engineer, Bureau of Maintenance, State Highway Dept., 

Alabama. (Oct. 26). 
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AtTÜÍDII A 

îxce '«ta from letters frc^. State Hlghvfty Official» 

During Ü.S rotirre of the ftudjr, a letter was written to each State 
r^queï'.-ing Jnfon. t.'on concerning the frequency m>1 severity of glase 
cn ihelr rcadi end its effect cn transportation. Vert .ne .t -.'.tertal 
has neen talran from 29 replies ard .♦ presentea below. Bibliograpnic 
references apply to the aocond section of the bibliography. 

Arizona (Holland, 1953) 

"In the southern part of Arizona we experience no adverse 
ice or snow conditions. Highways 70 and 00 across the state 
are clear of any ice condition except for an occasional short 
storm in December or January. This is true of Highway 60 
from Superior to the Colorado River. 

"U.3. Highway 60 from Springerville to Superior has Ice and 
. snow conditions at times each winter which slows movaaent of 

traffic slightly (never is closed by enow). U.S. Highway 66 
from Gallup to Kingman has approximately the same conditions 
as above described covering Highway 60. 

"We are able to keep all main arteries and communications 
and transportation open except for an occasional exceptional 
Bttra which may happen one year in '.en; and then traffic ie 
slowed down considerably; however, highways still are kept 
open. 

"In the higher elevations of this state, 6,500 to 8,000 
we spread sand and conmon volcanic cinders to control 

ice and snow on the pavement. The black cinders also add a 
little heat increment,* and the grinding under traffic gives 
us a breakup." 

Arkansas, (à.E. Johnson, 1953. 

"... icing is not the serious problem in this state that 
it is in the states farther north." 

Connecticut (Hill, 1953) 

"Ice storms caused by freezing rain are a vîry serious 
winter maintenance problem in this state. Freezing rain 
will cause the pavements to ice over in a matter of minute* 

* The author apparently means the heat ie added as a result of 
absorption by the black cinders of solar radiation. 
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Ani cause very hatardeii» -irivinjt cor>iiU«i*. Xormally, this 
type of storm lasts fr»» 1-3 hour*. Î«opera* ures usw'J.ly rise 
and even though the rala ccntinjes, the ice starts nlti.-i*. 
The exception is when the atora starts late in the day and cco- 
tlnues throughout the sight with terperatares remaining belcer 
freealrg. Snow-packed p^Teaents are .net pcite as slippery, tat 
the frotan snow usually remains on the paTtasent for a longer 
period of time - froir f* to 13 hours. V* hive fron 20 to 25 
star as each winter, abc^t equally diviied between the two types 
of storms described abcre. 

"We quite often get a variety of conditions during the sum 
storm. For example, rain along tie -here; freeling rain and icy 
pavements through the c set ral part cf the state; and snow on the 
higher elevations in the northern part cf the state. 

"Traffic tie-upa are usually of short deration and are In¬ 
variably c&uued by r-otorista atteepting to negotiate icy or 
snow-packeu hills without the use of chair*. 

"We have a personnel of 1600 een available to combat our 
winter storms, operating 430 snow-plowing and sanding truck*. 
These trucks operate out cf 100 strategically located garages. 
In addition we hire about 70 trucks with cpe-itors froa con¬ 
tractor s or trucking ccmparies. Cur »«n are on 24-hour call 
and report whenever called day or right. Thera are two Feder«! 
Goverment Weather Bureaus in this state and ar-ar.geients arm 
made with th*ai to give us three special weather forecasts daily 
during the winter season. In addition v* arrangs with the Eew 
Jersey Highway Department to give its adrares ir.foraation for 
stores coaling up the Coast. Ve use sand and chlorides during 
the storms on steep grades, shsip cunes, and heavy traffic 
highways." 

Delaware (McWilliams, 1953) 

"Ve da have a considerable amount of stones that cause 
icing of roads in this area, but they are usually short in 
duration, generally net exceeding 2 or 3 ¿ays before the sun 
and water conditions remove the ice froa the road. We do 
cam/ out an ice control problem with the use of both cheaicals 
and sand. 
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*Oï* Is^ortwit tranaportation artarj acroaa th* Dalawar« 
RlTtr 1s th« Delawar« Merxirial Bridge »diich ic**« up before 
tbe r»«t of the highway ayate* in C¿aware, due to ite ele- 
■»fctr.W« use special precautions on the bridge in order 
to lewp traffic Boring over it. The period of icing on the 
bridge ie also relatively short, one or two days will usu¬ 
ally take care of the problem." 

district of Calsafcla (J.M. Robertson, 1953) 

’la the ^’strict of Columbia, such icing as doee develop 
le £*¡a»r*ily frea sleet or froeaing rain. Or.ce in a «dille, 
»eit leg mow »ay freese during a sudden drop in tewperature. 
Temperatures do not rewAin below freeaing for an/ extended 
perieda and the aiajor portion of such ice and enow, as may 
be present, is generally no longer than one or two days in 
durssion*" 

Idaho (Killer, 1953) 

■"la northern Idaho we have »ore frequent atoms and 
loTigvr periods of overcast skies which result at '-i*es in 
ic* staying on the roadway for longer perioie then in the 
soBih-tm part of the stv.ts." 

Illinois {fcaenstone, 1953) 

*»• know fro» years of past experience that snowstorae, 
ice fermtions and freesing rains teoporarily reduce traffic 
-t Illinois highways. Coawunlcations in the for» of »all 
deliveries to sœall towns by trucks and to rural residents 
by mil carriers are also delayed for hours and soaatiaes 
days at a tine. 

*!*:■-..-»»acted reporte on which calculated percentage of 
traffic before, luring, and after the stones can be figured 
are rare. Traffic counts at one location 1 1/2 miles north 
of Ei«ardavilie and U.S. Route 66 during norsaal weather and 
during 9»cw and ice period are available and probably are 
reprMsataixv« throughout the state. 

•The greeter exposure of the bridge to cold air on the botto» as well 
as on the top, and the absence of a flow of heat fro» eub-surface 
layers of tie forc'd to th* surface of the bridge, are probably 
much core iaperiant than elevation. 
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21,-hour aur,u*l court, fair weUhor, Frb., 1950 
Add traffic increase, 1951 over 1950-7Í 
RcuivAlent fair weather traffic, 1951 
KapuaI 2j»-hour traffic court, 

ano«« and lee period 1951 
I/Ailj traffic re«i uction due to snow and ic# 

4,5W 
319 

i.eo5 
It is probable that essential transportation pioceeds at a 

reduced speed without the hi^h percentage of voluta« reductioa 
that occurs for the ronesser.tial traffic. Truois that carry 
milk, bread, and groceries to the smaller towns Bsr,age to get 
through if the roads are passable, Nonperiahable Items that 
are not in daily use ray be delayed, but total volume over a 
tine period of 2 or 3 weeks would not be reduced. The can, 
and prob-.bly soae cf the women, who rmst travel sane *2es 
to reach their work also generally get to their den. .étions, 
but late. The traffic going to picture shows, athletic evemts, 
social visits, club meetings, school attendance, shopping tripe 
. . . is greatly reduced during the snow and Ice periods. A 
serious situation does sometimes develop in interference with 
the emergency laoveeerrts of fire trucks and ambulances when 
roads are slippery with ice or blocked snow. 

"The 385 miles of north-to-south length of this state 
pisses through different pean winter temperature ranges that 
run 0 F. to above freeiing on the same day, accompanied by 
clear ice on pavements fonsed by ZS, and mists and paper- 
thin icy surfaces resulting from freesing fogs. Kany of 
these list formations occur before daylight and are melted 
off before 1C:CO a.n. when temperatures rise above freering, 
but they do seriously affect early morning traffic schedules. 
Clear ice from freeiing rain ray remain from a day to more 
than one week and occasionally several weeks. It slows 
traffic speeds to «bout ?5 miles ner hour, but voluaw move¬ 
ments gmaf'Mxly in'r¿aaa as drivsra cc-iifider.ce. Acci¬ 
dents after the first 24 tours seem to decrease. 

"One problu. yet unsolved is that^-of traffic blockades 
caused by improperly equipped trucks and passenger cars 
that are so frequently caught out on roads by the unexpected 
snows and ice formations. Two or three inches of rough ice 
or packed snow can stall heavily loaded trucks whsa wheels 
spin tractionless in depressions iq the lee. Kany of these 
carry no chains or abrasives. Saturated earth shoulders 
will not carry the weight cf the truffle; consequently, as 
additional cars or trucks arrive, they too must stop and 
in turn become stalled when their warm tires melt depres¬ 
sions in the ice. Frequently, snowplows, trucks with load 
of abrasives and tow trucks are caught helplessly in long 



liras cf 3tslltd traffic, tcspcrs get short und considerable 
ti»e ard police assistance is required to get the linea mov¬ 

ing again.* 

leva (Root, 1953) 

■Ve hare no soecific data on the effect of theae storms 
on our transportation, except we do know some cf our roade 
bee cate teaporarily blocked thus stopping transportation, 
and in other cases the going becotsea ao hazardous the amount 
of transportation is cut down.* 

Kansas (Siler, 1953) 

"The traffic counts do show a raterial decrease in traffic 
during inclement weather, but the reports do not show in de¬ 
tail whether the weather conditions were snow storms, icing 
conditions, or other hazardous westher conditions. We do 
know, of course, that icing conditions reduce traffic but in 
this state these icing conditions are not usually of long 
duration. In «any cases a severe icing condition may develop 
during the night and continue into the daylight hours but may 
clear up during the afternoon." 

Kent-.ckr (Crouse. 1953) 

"Occasionally we do have ice stoma and freezing rain, 
usually about the last of November and again near the first 
of Xarch. Icy spells are of short duration and traffic is not 
tied up for mere than a few hours, as we start applying salt 
or calcium chloride or cinders and sand as soon as these 
conditions arise." 

Louisiana (Covert, 1953) 

■Louisiana is very fortunate in that we very rarely have 
any serious Icing conditions on the highways. . ." 

Kaine (Church, 1953) 

■In general we are bothered a great deal during the winter 
months by this problem in all sections of the state, except 
in northern Aroostook county. In that area the storms are 
usually dry snow, and high winds clean the road surface before 
the snow packs and forms ice. In all other parts of the state 
we have severe ice conditions caused by sleet storms and packed 
snow. As a chemical we use rock salt applied cither during the 
sto~m or directly after it. Numerous power graders are used to 
clear away the resulting slush. This generally is accomplished 

within a period of two to five hours." 
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MaaaachunBtta (Or*y, 1953) 

*InA3in>_:h cs V.ie policy of this Dep^rttwint (D«partniont of 
Public Work!»), In its respnsiblllty for tho nuiintenanc:* of 
the Jtate Highway System, Involves bare winter paveasente a* 
promptly ae ¡oBiiibie, icing does not constitute & major 

probles* in the movement of highway transportation» 

•'Our procedure involves the extensive use of chloride* 
both in abrasives and by means of straight applications at 
the beginning of storm conditions. This results generally 
in the maintenance of bare pavements shortly after th* 
termination of the storm with rare exceptions. 

"When approximately two inches of snow have fallen and 
immediately prior to the start of plowing operations or 
at V o beginning of slset storms, a straight application 
or .'odium chloride at an average rate of 800 pounds per 
mil» is made by means of mechanical chloride spreaders. 
This creates, subject to existing temperature conditions, 
a film of chloride solution on the pavement surface which 
generally eliminates the accumulation of snow or ice pack*. 
Our average storm temperatures in this state range from 
25°F. to 32°F. thus making such a diluted chloride solu¬ 
tion effective. It has been found that this procedure, 
supplemented with the application of abrasives on gradea 
and at intersections during and immediately following 
etonns, Ivas largely eliminated interruption of the move¬ 
ment of highway transportation. We do, however, advocat* 
the use of skid chains on all vehicles during storms." 

Missouri (Acuff, 1953) 

"Missouri is located on the border between the ice and 
rain belts, with the result that winter conditions are 
extremely variable in both geographic and temperature 
sense. After snow or ice atonas the temperature romain* 
below freoaing from a day to eeveral weeks. Storms of 
long duration are the exception rather than the nil# in 

a large part of the state. 

"Icing conditions certainly cause some delays in highway 
transportation. Complete traffic tie-ups due to aevere 
atoms are infrequent and are generally confined to rather 

small areas and for short periods of time. 

Montana Bavden, 1953) 

"When we have ice storms and freezing raine which cover & 
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conaiderabl* area, we give first attention to Bonding the idll* 
and curves. It has been our experience that the ice fortned on 
the road on these occasions generally breaks off and waits within 

a few hours. Occasionally, it may last for several days in which 

event we sand the tangents affected." 

Nebraska (HcHeekin, 1953) 

"Ice storms and freeiing rains ars fairly common in Nebraska 
and the duration of ice on the highway usually does not exceed 

three or four days." 

Nevada (Suverkrup, 1953) 

"Nevada has h&l many miles of its highways ice up over night 
and within a few hours after the sun appears, the ice will be 

melted." 

New Hampshire (L. F, Johnson, 1953) 

"Previous to 19W combating ice or snow résidus on our high¬ 
ways ■•fas by the spreading of abrasives. The result was that lor 
days after such stores traveling was hazardous and naturally 
reacted adversely on the economics of highway transportation. 
Starting in 19Í.2, after some experimentation in previous years, 
a method of ice and packed snow prevention by the use of sodium 
chloride was put into practice. . This has resulted in providing 
bare, dry pavements within a few hours after the cessation of a 
storm. Occasionally with plunging temperatures following a 
storm, conditions remain poor for a day or ao, but, in general, 
clearing is reasonably rapid. This method of ice prevention 
keeps the snow in a mealy condition during the storm which not 
only allows complete removal by plowing but also provides for 
better traction for motor vehicles traveling at reasonable 

speed. 

"Highway users, over the last decade through this method, 
have enjoyed continual use of the State Highways even during 
the height of storms. One adverse effect has resulted in that 
some motorists have come to expect safe driving at full speed 

at all tlciet, rc -getting the past, and are quick to bias* the 
Department for accidents that are a result of excessive speed 

for existing conditions." 

New Jersey (Muir, 1953) 

"It has been fo:md that ice forms on bridges and viaducts 
under certain atrxspheric conditions when there is no formation 
of ice on pavements laid or. the ground. Our experienc", further^ 
core, indicates that roadways which are not shaded by heavy cut 
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slopes, by the presence of vwoaj: u?r trees, etc., do not foïtwin 
ice ns quickly, nor does the ice rreninin as lon^ ns is theie 
case where there is n deep cut or shading of the paveinontst 
surface by woods and other closet/ spaced trees along thé*e 
highway. 

"It la our Judgment that any icy condition on a highway-iy 
is a definite hazard to traffic .und .interferes with normal:! 
highway traffic, in spite of the muet complete applicatiotun 
of nateri.d? for the removal of ♦the ice or the skid-proof~f- 
inq of the surface. It is absolutely necessary, therefore^«, 
that, for safety, the speed of truffle be reduced to o:ily:y 
a fraction of normal speeds. It t.B our considered opinionm 
that neither special winter tiret mor chaina are very 
effective on hard, glassy ice."' 

Hew York (Ostrander 19?3) 

"Icy pavements can and frequently' do stop all movement;!. 
The degree of trouble varies from, .a few minutes' inter- - 
ruption to perhaps one or more dayiu The danger of stororm 
to traffic is great .uid is iiggravruted by the quickness of f 
the development of icy condition:«; cover wide areas. This,s, 
coupled with the lack of realization on the part of many y 
drivers of the dangers inherent Li: winter driving resultais 
in many serious traffic accident* ciusrpite the very best ï- 
efforts of patrol crews." 

Horth Carolina (Burch, 1953) 

"Of course, we aro blessed in ttihia State with having 
relatively little ice to contend' with, as compared to theie 
majority of the States in the Nation. Honaally, we can ï 
expect perhaps one half dozen ice" ad,orna in our mountainourus 
regions in the western 15 percent, ©f the State. In the re^-e- 
maining 85 percent of the State* we rarely have more thanm 
ore or two sleet stems during a. winter, and these are nsu*u- 
ally of only one or two days' duration. There are many ' 
winters curing which the entire coiustal area of the Statete 
has no ice whatever. 

"During ice storms, bridges and! ©ther structures supportat- 
ing a highway represent the critical, features in terms" of^f 
transjortaticn. A bridge deck or- ©verpass floor is ex- - 
posed to the cold air from the bo-SAom as well as the top,o, 
and falling moisture will form an; ice layer on the floor r 
of such structures when there may ’.be no Ice fomation on© 
the highways themselves, where thie ¡pavement is in contact ! 
with the warmer sub-grade. 
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*J3pi*ciadiy in ti» boutH Alna, i¿# Kill fe.-» ss, t:<* -AaSaS 
ncr*.h side of a c-jt euch quick«.-, ±r¿ will Im.1 »jc* Loufer 
thin w*v»n the hifhwij' is etposei to the sun either befare. 
*srir^, or after the fall of aoisture. 

•*.>.fortun«t«ly, a l^rge per cert of drive-a à» rc«t «nrnr- 
stani the inhere?-* dangers outlired above; a.ui, viber. al«wft 
fonts over a wide area, it is 1»cessible for nur farr«» t* 
do protection »*onc at all key poirts \t the !-i-m tía*. 
e—e, each sleet store results in a ruaber of warioercs «ihiÄ 
could only be preverted by ccerc-r. ser.se operai ter ». vt*- part, 
cf nctor vehicl« iiriners." 

South Carclina (McMillan, 1953) 

•Th« northwestern part of this state, reschirg iric. ar-jr- 
tiira, has freqeert ice corcitions durirg the winter, bat 
the south-m tip, 212 uiles farther south, has freexitig 
conditions very rarely, Takiig the state as a wncle, it i* 
rotcorable to say that hi/h.way transportation is acreriwly 
affected by infrequent f reel es and that the iæsare àar* i» 
cot cf all preportion to the severity of the fren* decaia* 
the drivers are not skill.■si in handling vehicles cm glarsc 
roads and do not usually carry proper equipmeat. 

•It is often that bridges am cvsrlcods vail 
wfeil« the aijicer.t read is in renal ccndition. This cr 
a hatardous trap for the unwary driver, ks als-o bare ter 
fr» the selting and rsfresting of s-ow.* 

South Dakota (Protheic*, 1953) 

•This De part Bent r.as not expenanied euch trouble wetb ic* 
on gravel surfaces ejcce^, where soo has be core crsrpfcnec as 
a result cf thawing and fre.-cihg coring fair «eaatdær sccuü- 
tiorSj and under traffic." 

Texas (Greer, 1953) 

•Most of the Kata is relatively f-ea cf this proÜar. witi 
the Panhandle area tne crly one in which sriow and icing t—e 
frequent, and the ccrlhem half of the State c.cly isutoici. ta 
a few ice stones or freedng raar.s each year." 

Versort (Sargert, 1953) 

•During the past ten years we have been using r-nck salt 
for the cl**ran>ce of ice and thin layers of scow fr» cur- 
pavtKents. This has been »0 satisfactory that w* very 
seid» have a lasting ice cc-ndition.* 
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Vlndnl» (Harri*, 1953) 

"In Virgir.l*, izlr^ ecnditlon* ar* rather infrequent ind the 
average notoriít tod stoy trucker* are not eqalpped to cope with 
»uch condition»; ti.*—»for«, if and \±zr. ico fo/aa on tho pare¬ 
ment, traffic ac-r«Met is seriously retarded," 

West Virginia (Rothrock, 1553) 

"Snow and ice ce hirtvtya constitute* one of h'est 7irglnla,s 
greatest, ard, soaetLce* cne of our troet expensive probletos. 
The first effect of to ice storm is to paralyse all motor 
vehicle K>V««t. 

"Our expert.ecce is **¿¿t ice will first accuaiulate bridge 
floora, because t'*.er* ro heat stored under them, beginning 
of icy conditions co brtiges is generally the signal for the 
maintenance errw* to prscôr» for action," 

Wisconsin (Hughes, 1953) 

"It has been cfeserrei that when icy conditions have arrived 
during the night, traffic may be reduced in volume temporarily 
for a few hours *ae to the deferment of t. ips in the day, since 
the motorist is by earertence aware that Banding, etc.,by our 
maintenance forces toi the action of other traffic will improve 
conditions rapiUy. It *«u!d be our opinion that it has been 
generally urmecesswy fer motorists to seek other means of trans¬ 
portation except pcssibly in cases of extreme emergency." 

Wyoming (Sherard, 1953) 

"We have very littls icy conditions on our State highways in 
Wyoming. This is cue to the fact that we seldom have rain at 
freezing temperatures, hut rather have enow generally with ac¬ 
companying winds which tend to keep the road surfaces clear. 
Other factors which minisize the hccards resulting from ice 
are the comparatively snort duration of our storms and the high 
incidence of eunshirs* ¿iring the winter months. Even at freezing 
temperatures the reflection from the sun'e rays during the day¬ 
time tends to soften the ice and it ia splashed from the road 
surface by traffic," 
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FR0?'T3 A KB AIR HASSES ASSOCIATED WITH FREEZING RAIN, 1939-1943« 
(at 12 U.S. stations) 

Air Has?*9 Typ« of Front«* Source of Var« 
Cold Warn 

Caribou. He. 

cp,12; *T,24; cP-*raT,3 0,14; W,?; C,2; 0-C.1; E.Can.,1; S.Atl.,1; 
cp-*mP,15; W-0,1; W-C,l; N.F.E.Gulf,2; Ter..,6; 
bP,2 Cent.,3; Colo.,3; 

H.Rock/,3: Alb.,3 
N.Fac.,2; 3.Pee.,2 

Providence. R.I. 

cP,12; HT,23; cP*mT,3 0,7; W.12; C.3; W-0,3 S.Atl.,j>; E.Gulf,4; 
cP-»mP,14 Tex.,5; Cent.,2; 

Colo.,3; N.Rocky,2; 
Alb.,1; N.Pac.,2 

cP,l6 «T,15 

Washington. D.C. 

0,3; W,ll; W-0,1 S.Atl.,2; E.Gulf,4;. 
Tex.,6; Colo.,2 

cP,ll mT.ll 

Atlanta. Ga. 

W,3; C,2; W-C,l E.Gulf,2; Tex.,6; 
H.Pac.,1 

* Freezing rain data obtained from U.S. Weather Bureau. 

0 - Occlusion 
W - Wans 
C - Cold 
S - Stationary 
0-C - Occlusion followed by Cold 
N.F. - Ko front 
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Cold Viam 

TABUS X3I (coot) 

Ttt» Of Front 

CleTela.T'i. O. 

Sourd of_W§** 

cP,M *T,17; cP.lí 
cP-*nT,2; 
Pac.jt?,2 

0,12¡ W,7; C,5; 
N.F.,1 

S.Atl.,1; T«x.,y; 
C«nt.,l¡ Colo.,¿; 
X.Rocícyp2; Alb.,A; 
S.Fae.,2 

Sailt St,. Karl«. Hieb.* 

cP,5 nT,2; P»c.*?,2; 0,3; W,l; ¥ and O aloft,1 Cant.,2; Alb.,2 

*T or cP.l ’ 

St. Cloud, Hinn.* 

cP,6 0T,A; Pac.aP,! ^,1 Tex.,1; Cant.,1; 
S.Pac.2 

Hllwauko«. Via.* 

cP.ll ibT,7; P>c.bP,3 0,6; W.A; I.F.,1 T«x.,2; Colo.,1; 
K.Rocky,1; Alb.,2; 
H.Pac.2 

Sprlngflaid. Ill. 

cP,13 œT,9; cF->*î,2; 0,1; ¥.6; C,3; C-¥,l; 
»? or 1 H.F.,1 

E.0cl/,1; Tax.,3: 
Coio.l; Alb.,1; 

M.Pae.,3 

* Maps analyaad only for period«, Jan.-May, 1939, and Sapt.-^ae., 1«5 
See Footnote at beginning of Table, for explanation of letters. 
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TAIII (cont) 

Ki.r Huaaes 
CoH“ Tü •JTB 

T;. pa of Front Source of Wave 

Rl«r4>rcic. N.D. 

cP,2? fcP or Polar Baslr., 0,7; W,5; C,il*; 3,Ö; 
18; bT,í» N.F.,3; C aloft,1 

Tex.,1; Colo.,2; 
Alb.,3; N.Pac.,9 

Cklahcma City, Okla. 

cP,21 mT,15; inP,3j 
cE^nT,3 

0.2; C,1A; W aloft,1; Tex.,3; N.Rocîcy,!; 
S^/,2; C-W,l; S,1 N.Pac.,2 

Polar Basin, mP,7 
Ui cP,3 

Spokane « in'aàîi. 

0,?; W,2; N.F.,2 N.Pac.,5 

5f-e f00‘'note at beginning of this table for explanation of letters. 

NOTE: AIR HASS CLASSIFICATION (Vinter season) 

cP Continental polar: cold, dry air mass with source 
region in northern north America. 

nP Maritima polar: cool, moist air mass with source 
region in North Pacific or North 
Atlantic ocean. 

nff Maritime tropical: warn, moist air mass with source 
region in southern North Atlantic 
ocean or Gulf of Mexico. 

cP mP 

cP mT 

Continental polar partially modified in lower layer» 
to maritime polar due to passage over ocean. 

Continental polar partially modified in lower layers 
to maritime tropical due to passage over ocean. 

k,w When added to above symbols indicate the air mass is 
colder*(k) or warmer (w) than the surface over which 
it is passing. 
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TABLE XIII 

FRONTS AND AIR MASSES ASSOCIATED WITH GLAZE FORMATICCW* 
IN UNITED STATES (1929-1937) 

Station 

Northeast 

New Haven, Cor^. 
n « N 

I« » m ■ 
n n n 

it N «I 

n * it 

n w n 

Vf« Barrington, R. 
Chester, 

m « w 
H W It 

m " * 
n ti it 

n n w 
« n * 

« i» n 

il w w 

n ti n 

n if n 

li nu 

it ft N 

n nu 

Canton, N.T. 
H H H 

H H H 

■ H H 

H H « 

Data Radius 
of Ice«» 

12-13-29 .26 
1-12-30 .20 
1- 13-30 .20 
2- 9-31 .12 
12-12-32 .26 
12-29-3L .09 
1- 20-35 .26 

. 1-10-32 .L5 
12-13-29 T 
12-2L-29 .70 
2- 26 'K T 
2-L-3 .26 
2- 26-3; .26 

3- 19-33 .39 
3-20-33 .39 
1-5-34 .34 
1- 13-36 .39 
2- 4-36 .33 
2- 14-36 .34 
I-7-37 .26 
1-24-37 .33 
3- 16-37 .51 
12-13-29 .07 
12-20-29 .10 

1-14-30 .10 
3-17-30 .15 
3-25-30 .20 

Air Manaes Tyrovaf Source of 
Cold Wana Kr-cf.t Wave or front 

cP-> mP 
cP.» oP 
cP-» mP 
cP-f mP 
r?-* mP 

cP-^mP 
cP-i>mP 
cP-#mP 
cP-»taP 
cP 
cP 
cP-e mP 
c?->mP 
or cP 
cP-* mP 
cP-emP 
cP-» mP 
cP-=> mP 
cP-?mP 
cP 
CP-MUP 

cP-emP 
cP-^mP 
cP 
cP or 
cP-rmP 
cP 
cP 
cP 

cP-»mT WV 
cP 
mT 
mT 
mT 
mT 
mT 
mT 
mT 
mT 
mT 
mT 
mT 

mT 
mT 
mT 
mT 
mT 
mT 
mT 
mT 
mT 
mT 
at 

w; 
w: 
w; 
0J 
w; 
w; 
œ 
w; 
W’orrOO 
S (WJ) 
W,’ 
W'OTX'O . 

Wt 
w< 
w. 
Wi 
w 
0:1 
w/ 
Wi 
Wi 
w; 
03 

mT Wi 
mT Wi 
cPor mTWi 

Colo. 
S. Pacific 
S. AtlruV Jo 
Colo. 
E. Gulf 
S. Atlantic 
E. Gulf 
Tex. Gulf 
Colo. 
E. Gulf 
Colo. 
N. Pacific 
Colo. 

Colo. 
Colo. 
S. Atlantic 
Tex. 
E. Gulf 
E. Oulf 
S. Atlantic 
Tex. 
E. Gulf 
Central 
Tex. 

Central 
N. Rocky 
Central 

» Based on Ice thickness data obtained from Association off AAiwrlcan 
Railroads (undated) 

** On wire having .104-lnch diameter. 
T “ trace 
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Station Data 

TABL2 XIII (cont) 

Air Masses 

Canto:. 
H 

K.r. 
H H 

«* n 

^ffsio, N.r. 

East Ithaca, N.Y. 

Erls, Pa. 
« « 

Southeast 

Richmond, Va. 
Elkins, W. Va. 
Columbia, S.C. 

S B II 

Birmingham, Ala. 
fl It 

2-^-36 
2-5-30 
12-17-30 
12-17-32 
12-29-35 
2-7-36 
2-22-29 
12-16-32 

Great Lakes and Upper 
Mississippi Vallay; 

Toledo, 0. 
Escañaba, Mich. 

* n * n 

Madison, Wls. (vie.) 
ft If ft 

f! It H 

Milwaukee, Wis. 
Peoria, Ill. 

it n ra I» 

'Gurnee,. Ill. 
B B 

Indianapolis, Ind. 

1- 5-30 
2- 25-30 
3- 4-35 
12-28-34 
1-16-35 
3-16-35 
3-20-33 
1- 7-30 
2- 8-35 
2- 7-31 
3- 2-32 
3-20-33 
1-20-37 
3-7-31 
1-9-3T 
1-22-37 

. 

’.4> ■ 

Radius 
of Ice 

1-24-32 
4-3-32 
3-8-33 
12-8-29 
3 -20-33 
3 18-36 
12-12-49 
1-9-30 
3-18-30 
3-25-30 

• 15 

.19 
13 

.’3 

.08 

.20 

.10 

.10 

.23 
T 

.14 

.20 

.33 

.20 

.07 

.20 

.17 

.33 

.08 
T 
T 

.10 

.20 

.03 

.18 

.17 

.23 
• 53 
.04 

.10 

.14 

Cold 

cP 
Cp 

cP 
cP 
CP 

cP 
cP 
cP 
CP 
cP 
cP 
cP 
cP 
CP 
cP 
cP 
cP 
cP 
0? 

cP 
cP 
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Warm 

cP 
CP 
cP 
cP 
cP-*mP 
cP 
cP 
CP 
cP 
cP 

RiT 
mT 
mT 
cP 
mT 
mT 
mT 
mT 
mT 
mT 

cP-*mT 
cP 

mT 
mT 
mT 
mT 
mT 
mT 
mT 
mT 

mT 
mT 
mT 
mT 
nT 
mT 
mT 

Type of Sourci« 'of 
Front V.'avu --.ir Front 

0 
W or C 
0 
w 
w 
w 
Vf 
c 
W or 

W 
0 
W 
0 
Vi 
w 
Vf 
Vf 

mT 
mT 
cP 
cP 
mT 
mT 
mT 
cP-*mT 
mT 

C 
V# 
Vf 
Vf 
Vf 
c 
o 
c 
w 
Vf 
w 
w 
w 
0 
c 
w 

Colo- 
Cola.. 
Colo- 
CoLo- 
N. Pacific 
Tex.. 
Coloi- 
Colo- 
Centraü 
CentraJL 

E. GuUr 
Tex- 
E. GuUff 
Tex- Giuif 
S. At.I.untie 
E. GuUff 
Tucatam 
Tex- Gtiüff 

N. Pacüffls 
Colo- 
Colo- 

Cola- 

Tex- 
Colo- 

Cola- 

Albertbo 

Tex- 
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TABLE XIV 

TOTAL NUMBER OF DAYS WITH FREEEKO r?£CIPITATIO« 
IN UNITED STATES (1939-19^.3) 
(Data: U.S. ’Weather Bureau) 

! fît ■’t ton Sep Oct Nov Dec J:~r, Feb Mar Apr May Total 

TSarlbou, Me. 
liant port, Me. 
¡Portland. Me. 
(Ooncord, N.H. 
itiurlin^ton, Vt. 
¡Pittsfield, Mass. 
¡Providence, R.I. 
TTrenton, N.J. 
¡Rochester, N.T. 
iülnghampton, N.T. 
¡Uilliaiasport, Pa.*- 

p. 2 
¡Harrisburg, Pa. 
VWashin.gton, D.C. 
íRoanake, Va. 
HUchaond, Va. 
¡Petersburg, W. Va.3 
IParkersburg, W. Va. 
¡Raleigh, N.C. 
VHilmington, N.C. 
/Asheville, N.C. 
/Augusta, Ca. 
/Atlanta, Ca. 
A'vlbany, Ca.^ 
FBirwingham, Ala. 
îHashville, Tenn. 
Míemphis, Tenn. 
ILexlngton, Ky. 
lYoungstown, 0.^ 
Cleveland, 0. 
IBayton, 0. 
ILansing, Mich. 
‘Alpena, Mich. 
lEscanaba, Mich. 
fSault Ste. Marie, Mich. 
South Bend, Ind. 
TTerre Haute, Ind. 
ffivansville, Ind. 

17 13 16 15 
1 3 12 11 
1 
2 
3 
5 
2 

27 2L 
2L 29 
20 
26 
11 
6 

22 

20 
23 

11. 12 
32 26 
23 13 
23 

23 

8 

5 
12 
16 
12 
22 
6 

13 7 
17 12 

2 
1 
3 
4 

2 
3 
i 
1 
1 

19 19 
23 13 
22 
16 16 

5 

14 
13 14 

16 17 
23 
11 15 
13 
8 

10 
2 
9 
6 

11 

7 
7 

13 
5 

11 
8 
7 
6 

? 
7 
7 

14 
9 

12 
6 
2 

1 
1 
1 

17 11 
9 2 

5 
2 

6 
10 
11 

4 
2 
4 

2 
1 
1 

34 
32 
86 
95 
64 

115 
60 
54 
75 
53 
65 
84 
60 
43 
71 
40 
29 
27 
40 
13 
21 
19 
27 

(No freezing precipitation reported) 

1 
2 
3 
3 

1 
3 
3 

13 

3 
6 

11 

1 
2 
6 

21 27 
24 31 

U 12 
14 

3 
4 

21 
24 

7 
6 

15 
24 
12 
14 

34 
35 23 
42 34 

3 
10 
23 

9 
13 

36 30 
15 9 

8 

3 
7 
7 

12 
10 
22 
4 

10 
15 
U 

3 
2 

1 
1 

5 
1 

11 
11 
23 
46 
71 

104 
97 

127 
14 
40 
75 

108 
39 
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TASLS 117 (font) 

million 

rfipringflaid, Ill. 
.’Hilwpiulte«, Wls. 
m. Cloud, Minn. 
Twchester, Kinn.^ 
'.Ihibuque, Iowa 

Sep Qct S r >c Jan F*b Mar *££ Mai 

'.liiibuque, Iov_ 
;D«s Moines, Iowa 
.■Burlington, Iowa 
fColunbia, Mo. 
:Bpringfield, Mo. 
¡Fort Smith, Ark. 
JLittle Rock, Ark. 
TTexirkana, Ark. 
.Jackson, Miss. , 
Baton Rouge, La.. 
IHoustcn, Tex. 
:San Antonio, Tex. 
VKaco, Tex. - 
San Angelo, Tex.' 
’.Hichita Falls, Tex. 
;Anariiio, Tex. 
IE1. Paso, Tex. 
(Oklahoma City, Gxla. 
'.Wichita, Kan. 
(Dodge City, Kan. 
Gcodland, Kan. 

■Concordia, Kan* 
Norfolk, Neb.8 

(North Platte, Neb. 
Walentine, Neb. 
¡Rapid City, S.D. 
(Huron, S.D._ 
Sargo, N.D.2 
(Devils Lake, N.D. 
(Bismarck, N.D. 
.Williston, N.D. 
(Havre, Mont. 
Billings, Mont. 

(Missoula, Mont. 
Lander, Wyo.^ 

enne, Wyo. 
id Junction, Col. 
lo, Col. 

r~ i ; yi«?wf<•- u.w •» 

1 
U 
1 
1 

3 
3 

10 
12 
1 
1 
K 
3 
3 

6 
d 
3 

' 1 

2 
1 
1 
3 

21 
21 
35 
23 
13 
35 
25 
24 
32 

5 
5 
5 
2 

17 
14 
25 
14 
6 

20 

? 
8 

15 
19 

3 
4 

15 
15 

8 
5 
£ 

15 
6 

10 

£3 

6 i‘ 

13 
11 
32 
t 

19 
8 
1 
6 

13 

$ 
30 
7 

1 
4 

12 

20 
5 
o 

il 
3 

39 32 
4 7 

¿i. 

4 
16 

1 
3 

21^ 

18 
18 
26 
10 
7 

it 

-O 
17 
23 

6 
5 
8 
1 

1 
3 
5 
4 
7 

23 
22 
16 
3 
6 

13 

8 
10 -C 

19 
1 
1 
3 

11 

9 
23 
19 

3 

12 
14 
10 
17 

2 
1 
3 

I 
i 
1 
4 
4 

10 

16 24 8 

24 
1 

12 
4 

20 
7 
t 

29 
5 

a 
V 

23 
6 

j 
1 
2 

6 
1 

1 
2 

4 
5 

2 
1 

2 
7 
• t, 
5 

iJf 
79 

113 
70 

yy 
n 
él 
ft'9 
99 
14 
16 
29 
21 
3 
8 

U 
23 
17 
29 
*5 
l 

i« 
83 
95 
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29 
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15 
54 
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