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SUMMARY

As part of a series entitled “Studies of the Army Aviation (V/STOL) Environ-
ment,” this report deseribes the nature and the worldwide ocearrence of ice in the
torm of glaze, rime; and hoarfrost from the surface to 20.000 feet in accordanee with
coitract requirements, Because of the nature of avaituble sources and searcity of data
for these phenomena in most parts of the worid, this study i< more deseriptive than

quantitative,

It was found that glaze, rime, and hoarfrost form within a very specific and rather
narrow range of meteorological conditions where air and affected surface temperatures
are slightly above, at, or below 09 C (329 F) and moisture. usually supercooled. is
present. Teing may thus be produced at the ground lesel by glaze storms. fog. humid
air, or thaw-freeze action, and in the atmosphere by clouds or moist air. Geographie
distribution of these icing phenomena is dependent on a variety of phyzical factors,
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FOREWORD

Thix report is another in g series of studies conducted by the Geographic Seienees
Laboratory, U. 8. Army Enginceer Topographie Laboratories, to provide information on
elements of the natural environment having operational significance to Army Aviation

A(V/STOL) aireraft during times of hover, landing, and takeoff. The information pre.
sented will guide the requesting ageney . the Fustis Directorate, UL S, Army Air Mobility
Research and Development Laboratory L in deterniining the eriteria to be adopted as en-
vironmental standards in the design and testing of Army Aviation (V/STOL) aircrafl
systems, ' '

This report presents information on the nature and oceurrence of icing in the form
. of glaze, vime, and hoarfrost under the limitations of available sources and contraet re-
quirements, Itis identified as Report Nou 5 of the series “Studies of the Army Aviation
(V/STOL) Environment.” and was produced under Projeet Task 1162203011906 of
the Reliability and Maintainability Division, U, S. Army Air Mobility Research and De-
velopment Laboratory, Fort Eustis, Virginia.
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OCCURRENCE OF ICE IN THE FORM OF GLAZE,
RIME, AND HOARFROST WITH RESPECT TO THE
OPERATION “.ND STORAGE OF V/STOL AIRCRAFT

I. INTRODUCTION

The hazards of aireraft icing have spedt implications for rotary -wing V/STOL. ir-
craft. The following statements from the 5th Weather Wing Forecaster’s Seminar No,
36 on Weather and Helicopter Operation from the Department of the Air Foree indicate
the significance of icing to rotary-wing aireraft operation:

Due to the refatively high speed of the rotor. ice accumulates at
arapid rate on the leading edges of the blades. the point of maxi-
mum hift thereby destroving total lift in a very short length of
time. ... But the fiezt and most dangerous icing will oceur in the
rotor head. ... alfowed to build up {there] for even a few min-
utes, it will prohibit control movement, and the helicopter will be-
come uncontrollable. . .. Frost on the rotor blades wili probably
prohibit takeoff. ... I a takéoff should be possible with frost on
the blades, the frost may exaggerate the loss of lift when leaving
the ground cushion and cause an unintentional touchdown. . . .
Takeoft from a frozen surface also poses a unigue problem. If the
tires are frozen to the surface and are not freed prior to attempt-
ing takeoft. they may break loose wnss mmetrically and cause the
helicopter totilt. .. . [and] tipping may cause them [the blades]

to strike the surface. | -

It is generally acknowledged that icing at the surface and in the atmosphere takes
three basie forms distinguishable by appearance and genesis. Terminology for the three
forms does not seem to be universally standardized. but “glaze.” “rime.” and “hoarfrost”
are commonly used when distinetive categories for icing are needed. All tiree deseribe a
coating of ire on a cold surface exposed somehow to the atmosphere under weather con.
ditions providing moisture and temperatures slightly above, at. or below 0 C (327 F).
As observed. such a coating of ice prohibits the in-flight operation of V/STOL aiserat
and temporarily immobilizes fiefd-stored V/STOL aircraft. Information concerning the

- geographie distribution, frequeney of oceurrence. probability of occurrence, und thick-
ness of such ice is needed to determine regions of hazardous operation for design and

qualification requirement considerations.




lIl. THE NATURE AND OCCURRENCE OF ICING

Glaze is the ice d( posit that is transparent, smooth, and dense (as high a= 0.8 or
0.9 yim/em?)! in u»mpdrmm to rime and hoarfrost. Supercouled moisture? contac ting
an exposed surface with its own temperature at or below 0V C when air temperatures
are between 09 C and -3.9° C (25° F)? will freeze after the drops have spread end co-
alesced to form a tenacious coating of clear ice. A relatively “slow rate of freezing. large
drop size, rapid rate of impingement. and slight supercooling favor glaze formation.”™
Henee, glaze is usually the product of freezing rain or drizale.

Rime appears opaque and grainy in comparizon to glaze and is less dense (as low as
0.2 10 0.3 gm/em?)s . Conditions conducive to its formation are similar to those for
glaze, except that the temperatures of the exposed surface and/or the air are colder. In

thi~ case. the drops of moisture freeze more quickly and inhibit spreading and coalescing.

Air pockets separate the frozen drops and create the grainy (‘ﬂ'ﬂ-l. Rime. too. i usnally
formed from freezing rain or drizzle,

Hoarfrost is obvious'y ervstalline in appearance, with air spaces defined by delicate
lacings of opaque ice. 1t the least dense of the theee types. It forms under tempera-
ture conditions similar to those for glaze and rime formatios but the necessary moisture
is suppliecd by humid air or water vapor. Usually. then, hoarfrost results from the subli-
mation of moisture in the ambicrt air. On some oceasions, hoarfrost can also form on a
cold surface that is introduced into warm, moist air—a circumstance not cncommon to
an aireralt in flight. ‘

Understandably . there are a numher of weather types that can produce icing in
these and mixed forms. In peneral, warm fronts with maritime tropical air overrunning
conlinental polar air have the highest probability of producing glaze. butcold fronts and
polar front waves are also considered to be frequent producers of icing from freezing
vain or drizzle. In wddition. iving can occur .ll(m!' stationary fronts or in weather types
which have no frontal activity.

lRalph E. Huschke, ed.. Glossary oy Meteorology. American Meteorological Seciety, Boston, Mass., p. 254, 1959,

2
“Water that remnains liquid below the “freezing” point. 0° (.

3l\u 'n Bennett, Claze, lta Moteor, *gy and Climatology. Geographical Diser Sution, end Kconomic Effects, Technical
Report EP-105, Quartermaster Res eeh ond E nglmrmu( ente-, '\ahck. \hm.,p. 21, 1959.

Ypir, ,
Slhlph E. Huschke, ed., Clossary of Meteor Jdogy, American Meteorology Society, Bostan, Mass., p. 183, 1959.




For purposes of this discussion, icing is considered as deseloping under two con-
ditions which pose somewhat different problems for V/STOL aiceraft: (1) icing at
ground level. and (2) icing in the atmosphcere, :

L lcing at Ground Level.®

a. lcing from Glaze Storms. Oue of the more obvious producers of glaze
and other forms of icing at ground level is the glaze storm. Freezing rain. among othe
precipitates, is distributed by the stormy under conditions that allow glaze and rime 1o
form on ground level surfaces, Such storms can be relatively small and can affect an
area of only a few square miles; or they can be very large and cover a wide area as much
as 600 miles in fength. Amounts of iee produced vary with different storms, and even
within one storm. due largely to local microctimates and the dynamie nature of the
storm itself. Pure glaze deposits usually range in thickness from a trace to 2.5 inches or
more, though unusual thicknesses of as much as 13 inehies” are recorded. Locations
eaxposed to strong winds and in which temperatures are apt to be low during ~torms are
most likely to receive heavy deposits.”™® Snow and other precipitates of the storm mag-
nify the depth and damaging effects of the glaze. The duration of the ice may be a mat-
ter of several hours, several daw or more.

There is no universal synoptie meteorology of glaze stormis, That i, a
glaze storm may not always be associated with only one meteorological situation every-
where. However, these storms are usually the result of moist, mild maritime air over-
running dry cold continental air in some frontal situation. However, freezing rain or
drizzle can be produced in a nonfrontal situation at temperatures considerably below
freezing (-30° € (=229 F)). In this case, the producing agent is usually ~u‘wn voled
stratus clouds (see section 2a).

Glaze storms oceur most often across the middle latitudes east of the
western mountains of North Ameriea, the higher middle latitudes of Europe and Euro-
prean USSR, and along the east'coast of Japan. In the Southern Hemisphere, these
storms are rare hecause there are no continental landmasses in the middie l.mludv\ and.

therefore, no mixing of mld continental air with mild maritime air,

(’The mformnt mrmmn is largely summarized from fven Bennett's Glaze, itx Meteorology and Climatology,
Geographical Distribution, and Economic Effects, the most extendive collection of surface glaze and icing informa-
tion available to date,

7(}. A. McKay and H. A. Thompeon, “Esimating the Hazard of lee Accrerion in Canada from Climatological Data,™
Journal of Applied Meteorology, Vol. 8, No. 5, p. 927, 1939.

alvrn Bennett, Glaze, Its Meteorology and Climatology, G eographical Distribution, and Economic Fffects. Techni-
cal Report EP-105, Quartermaster Research m'd Engineering Center. Natick, Mass., p. 21, 1959,




The United States? experiences more olaze storms than any other coun-
try . They oceur most frequently cast of the Rocky Mountains “in a broad helt extendd.
i from north contral Texas to southern New England ™" as itlostrated in Fig, 1. The
greater part of this belt can expect at least one storm depositing from 0.25 to 0.50 inch
of ive every 3 vears as sugeested in Figs, 2and 3, I"'i;_:un' 4+ gives an indicatiow of the

range of glaze thichaess_its frequenes Cand its distribution,*! )

Glaze storms in the United States occur in the winter months when fow
temperatures peevail. O coursesinland areas and arecas at higher liiitades experienee
the required low temperatures for a more extended length of time, allesing the glaze
Aorm season (o extend from November to March. ‘ '

In Canada, the greatest number of glaze storms oceur in the southern
portion of the country from the Great Lakes to the Maritime Provinees, Because of
highor latitudes, the glaze season is longer in Caneeda than in the United States, Glaze
storms may be expeeted from September to June i the Prairie Provinees,

turope conumonly expericnces glaze storms north of the wanl of monn-
tains formed by the Pyrences and the Alps through Yugoslavia and the Balkan Moun-
tains in Bulgavia. \estria, Switzerlnd. and Seandinasia reportat least one glaze storm’
per year oceurring most frequently in Janary. fee deposits greater thas 0.5 inch thick -
are unusual, ‘ .

In western USSR, glaze storms are experienced aorth of @ line conneet-
ing the northern shores of the Black, Caspisan. and Aral Seas and south of the 60th paral-
lel west of the Urals as illustrated in Fig. 5. The most frequent (10 to 5.9 storms/vear)
and most severe storms in terms of thickness (sce Fig, 6) oceur in the Ukraine and Don
regions north of the Black Sea. The glaze storm season is typically November to March.

The castern coast of Japan has meteorological similarities to the castern
coast of the United States, so it may be assumed that glaze storms occur in this part of
the Far rast. ‘

9 The United States, as used in this report, refers only to the 38 contiguous states,

10y Bennett, Gluze, lis Meteorology and Climatology, Geographical Distribution, and Economic Effects,
Technical Report EP-105, Quwrtermaster Research and Engineering Center, Natick, Mase, p 79.

1 lThnu- maps seem to reveal areas of high glaze storm occurrence and ive thickness in the California mountains
outside of the glaze belt. Bennett observes that these concentrations of ice are not the results of true glaze storms
but rather the consolidation of other rime and wet snow deposits after thawing and refreezing.




SIGHEINIY RIEP 0] anp uones Yira pasn ag dew spagios pounag TN

e do Padttag) e (SRI0NS R adanag o N 2PUB NANIY YD Spyuoly sy ul paseadde sprod

S HUOTS R geg ] a0kn]) cneangg agieesy o ) i jogaioy soingg [oatRornmsyy Creswon wd sapras Jeashum pue
TIp ol un popodag se pe-Ten | §o surw ) jum fugpucy) V&) - pousd aeadgr v rag swiogs azegd jo saung meg 'y dg

K=
" [

} i L

: catg b dpe gt
a\A PSR RS
s DOBHPHOGDRE
P vedab e g d e gl
o PRGSO YRRy
i .

PR
tvaetaaesn

R DI
e d b gad b
PR

LEENP

L g BRI WA § 3 7

5 7565 03 97 gT6!
SWIOLS 40 WIAWIN TYL0L




o cdo oo o coamog (deue sy uo Souanbagy iy jo eaie ue se dn woys Jou
Sa0p HOWWOD i) S1azefd YoR|) s Uy rase 93108 Jaanyg eiqunjory A ey ooy (parpun) (pms sproajiey uzanaury
Jo uopLIossy gy 19 potd s S a1 Fuunp pastasq) V- Y 20U 10 Y CEI() 291 UM 0)s Jo raqumy By

-

_ - ¥ - BI=)
Y . [ 4] ' ¢ g

. "t a -t D

-e m . D

LERe1 0L G2 eL8t ) :
AT THON WO HINT ST 2N HLlM SHUOLS 40 WRENAN

6




¥ Na g oA nia - VR ae < . - B
A—: :::.._._: f ..—: .v: —v:‘—-_...— Juan ﬂv .:: ::::—u —-.-o.—.- _——vv /7.~ JJ:: Ao Jo —_.Z-m :W ) ...-m —:_A‘ SO .—: .—.:—::—7

notdo TNAULS T CasInoyg ((ipngs sprogjiey) Ly

¢ iy

.:ﬂ -omm
-..n_aﬂa

re e T ’ ’ N
OO FRON 30 KN & BN KLLA SITNOLS 4O ERERAN'




10 cdo paniagf cp coaanog (G ApNES SPROIJIRY URILIUEY JO UONRLIOSSY Ay Jo pousd 1eas-g o
Aurmp arenbs pud goes up passasgo a0l JO SSaaf) 15RAT) Y-Sy Qnn uo azepd jo sauyangy jeipes sutaayxyy ¢ By

.

. H t

1 ol
bt
o oag

e FTQ

i
‘| » gzz-002 |V ,4/ :.
_1 i » sOQ— l..ﬂN. I . RN 4 +

v #LI-061 | e s S Ml_ u
| % .6pi-621 4 ot b b oeh g
e w2007 s\ 0 NPy e g -
[ I ZNT 20V SR im.umﬂ Ly . !
B BL-06 |0} WvR9Iv.0 !
o 8yas2 | .4 _.9|B.0/0i00 .. )
SRR RPN ;.*..‘_,n?n .o R
—T v.eselvlviyio o, j 1o
R %% 5imsiglvivl D we 0]
s L VB VeV OIDOR B0 ORIV ¥ o aXe
Ly veivvvasivia g vy % o¥ov
L amivivioyson $8 s aes G
o .c.ﬁ‘q&d‘u..«..D.u‘,abd..m.u...q..m.n.1 e m coge #4. ; . *
. ‘&_%ﬂ.ﬁuq..n.a.a&wu v s v o aeos Danaa.q.u#aco. L
.‘.,._m:«.’mcmﬁacqaq44410uqoacﬁaodaaaidcq_V.m
%uu, v 4».,.&@&4.4.«.«..0o¢a¢¥<4¢¢no?4.#.¢ vew ,

,)ddiiiiinucnud,‘u.c*cqu Maa.
vy <<iiiii4in-cuqamcn¢¢0.

o 4 s 4

ﬁaiilamluicundoqodd

p- X ? {: .&..ﬂwumtuxm sxyx2veev ERANN S
o \i.a.lsa ol .Mf” \v: .ﬂuawf.a.c oo o miﬂi# vees .a. “cw P ..
@ dved ;Vﬂ.a(@ umagmﬁcquqaaqd.“ | !

o sime o ..jh\\».w:i\«u&.\c av¥y®aen s NI
p R R RS A v SR R T
T8 Spoouoy uvasuy jo wonosossy ssuneg . . i RGN fﬁ...th AN LR ALES

=389 ' . TR ol & O G d.(dd@
LB LS-OE610162-8261 ¢ ¢+ + - s iod W e s
f e e e e - 4 4 4 4.

e e NEREREnE 4

b / ..L . . ‘.w/,




. e For = = =
[ PO Y “ o . .
- -~ < B
W | e MEAN ANNUAL FREQUENCY OF GLAZE STORMS NUMBES OF STORMS
s K ¢ - | 1923/24-1932/33 0 <s
/ . : .
- -~ . . , . \ Oem % T Daser . B
v ' N 9
LRV * ' '
: ok s L % QRN

- j T ) . B8 1029
) ) K . £ 10e
T . (X] ’ ! . “ .

7
f Casrran 3 !;‘}

S 2]

§ Y/
Fig. 5. Mean annual frequency of glaze storms—USSR. (European section of the USSR for the 10-year
period from 1923-24 to 1932.33. Based on data obtained from N. T. Zikeev.) Source: 1. Bennett,
ap. cit.

9
8
/
s
v
0| g




—_ - - Ty

'3 r3 - - N e . . w
2R Pdiéa . [y ;
s \\ Ny ./ MAXIMUM THICKNESS OF GLAZE . RADIAL TMKKNESS OF GLAIX

A 7 N \ - N B . ON UTILITY WIRES - (N INCHES
o ¢ Y ¢ 1923724 1932/33 ) - ,—/ AT-M4 At
. -,/ \ \ ? V \‘ A Dete N T Zikeav 'S - /‘(\{ f e 0.25-4% Wrissree
o A L » ;o * / \ Rty 30N Jr700-228

v A g, S5 o3 4

N ! ) 2 h B & 1.00-1.24

- -
U 9

Y 1.25-1.49

Fig. 6. Maximum thickness o
USSR during the 10-year peri
Source: 1. Bennett, op. cit.

f glaze—USSR. (At various locations in the European portiun of the
od 1923-24 to 1932.33. Based on data obtsined from N. T. Zikeev.)

10

4
- -
;
/
. D - /)




-+

- -

b. lcing from Fog and Sublimation. Water droplets suspended in a heavy
fog with a temperature near but above 0V € may form glaze upon coniacting a suffi-
ciently cold, exposed surface. I the fog is supercooled, there is a greater chanee that
ice as rime will form; and the colder the surface, the greater is the chance that rime
will form instead of glaze. In mountain regions, ice developing from fog will generally
be rime rather than glaze.

Figures 7 through 10 illustrate the worldwide distribution of the fre-
queney of oceurrenee of supercooled fog, The isolines (lines of equal frequency of
oceurrence) are aligned latitudinally and shift seasonally.

In the Northern Hemisphere, supercooled fog is most often present in-
winter affecting most of North America, Europe, Asia, and, especially, the USSR
(Fig. 7). By summer, the supercooled fog has retreated poleward atfecting only the
Arctie Ocean and its land marg us.

In the Southern Hemisphere, land areas north of the Antarctic are rela-
tively unaffected by supercooled fog except pussibly in the winter months represented
by July in Fig. 9. Latitudinal shift of the fog is minimal compared to that of the North-
ern Hemisphere. '

The variations in the configuration of isolines reflect numerous physical
influences such as the landmass-maritime relationships, surface morphology, and eleva-
ticn. The significance of such influences, especially that of elevation, is apparent aiong
the western ‘coast of South America where isolines encompass the Andes Mountains.

Very humid air with a dewpoint from slightly above to below 0¢ C can
also produce glaze, rime, or hoarfrost if it should come in contact with an exposed sur-

face at a temperature below 6° C inducing sublimation. Rime, or sometimes glaze, will

usually develop under these eonditions when the dewpoint is slightly above 0© C; while
hoarfrost will develop when the dewpoint is below 0° C. Greater amounts of ice will
develop when surface temperatures are low and specific humidity of the air is high.

*Ice resulting from such a situation is encountered most commonly along seecoasts and
the margins of such large inland bodies of water as the Great Lakes. but it also is some-
times observed on roads near small lakes and ponds.”?

Moist air or heavy fog in mountain regions under properly cold condi-
tions will often meet the above requirements for ice formation but especially those for
rime formation. Therefore, rime can be expected to oceur relatively frequently in the

24yen Bennett, Claze, Its Meteorblopyand Cli logy, Geographical Distrit ution, and Economic Effects, Techni-
cal Report EP-105, Quartermaster Research and Enginecring Center, Natick, Mass., p. 134,
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mountains of western Furope. the Caucasus in the USSRL the western coastal moun-
tains of North America (the Cascades, Sierra Nevadas, the Coastal Ranges). the north-
castern coa-tal mountains of North America (northeen Appalachiais). the Atlas Moun-
tains of North Africa, the mountains in southern Chile. and the mountains in ~outh-
western New Zealand.? Additionally . the mountains of Eastern Siberia. south central
USSR, and the northern Urals experience rime freauently. '

Frequeney. thichuess. and duration of these rime deposits vary in ac-
cordance with the many unique physical factors associated with exch specitic place and
the physical nature of the affected surface. Generaiizations are difticult. Frequendies

can range from a few daily occurrences per vear to more than 10z thickness can vary

from a trace to more than a foot in diameter: and duration of the iee can range from

a few hours o several days.

Since areas with temperaqures slightly above, at. or below 0V Clocated
near moisture sources are areas of potential icing occurreace. Figs. 11 through 14 are
included to indicate those areas of the world seasonally atfected Ly 09 C temperatures
at the surface level and to indicate the greater areat extentof freeziag temperatures

with increasing elevation or altitude.

e.  lcing from Thawing and Refreezing. Another natural contributor to
the for=nation of icing. glaze in particular. i~ the action of thawing and subscqoent ee-
freezing of deposited rime. fallen snow. or similar pre cipitates. Such activity depends
on o many factors that predictions as to its time aivd place of accurrence are virtually

impossible to make., :
2. lcing in the Atmosphere. {

a. lcing in Clouds. Icing is probably moFe often encountered in the at-
mosphere than at the surface simply because frw-zingi temperatures; as a function of
altitude, and cold moisture derived from clouds. are more often availabte. Glaze and
rime icing are encountered at all latitudes when stratjform clouds. which extend above
the freezing level (see Figs. H through 14). and whidh contain supercooled moisture,
exist. Glaze or r-ixed forms of ice usually develop from cumuliform clouds. and rime
or mixed forms develoo from stratiform clouds. \\'ITH these clouds are associated with

131ven Bennet: Claze, Its Meteorology and Climatology. Geographical Distribution, end I'mmnu: Effects, Techni-
cal Report EP.105, Quartermaster Research and Engineering Center, Natick, Mass. p. 112,

144 ibrary of Congress, Washington, D. C. Aeroxpace Technology Division, Glazed Frust and Ice Formation on Cables
within the Territory of the USSR (unedited trans. of Gololed i abledeneniye provodov na territorii SSSR. by A, V.
Rudneva, 1961) Report No. ATD-U-64-47, 1964, p. 242-260. ’
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frontal systems. the probabilities of icing are inereased. Flight through liquid precipi-
tation falling from these clouds when air temperatures are helow freezing can also

produce icing,

Figures 15 through 18 show the scasonal distribution of the percentage

frequency of occurrence of supercooled stratus and low cumulus cloads for most of

the world. The Southern Hemisphere exhibits a fatitudinal orientation of isolines that
shifts little throughout the vear. Supercooled stratus and low cumulus clouds appear
less than 5 pereent of the time aver the land areas exeept for the southern tip of South
America in winter (June, July, August) and spring (September. October, November)
when they appear hetween 5 pereent and 25 pereent of the time (Figs, 17 and 18).
The highest pereentage of frequency of oceurrence (more than 25 pereent) exists over.
the waters surrounding the Antarctic throughout the year.

In contrast, the isolines for the Northern Hemisphere create eellular
patterns reflecting the different landmass-maritime eefationship. Winter (December.
January, February) is generally the season of highest frequencies and greatest conti-
nental extent of the phenomena (Fig. 15). Oceurrences of more than 25 pereent fre-
quencey are associated with the Canadian Maritimes, leeland. the Baltie Sea area of
Europe and the USSR, the northeast Asian coast, and the western coast of Alaska.

. The greatest frequencies of oceurrence (more than 50 percent) for either hemisphere

oceur in cefls over the North Pacifie in winter (December., January. February) and
spring (March, April. May) as illustrated in Figs. 15 and 16. Howeve . the Aretie re-
gions experience greater frequencies in summer (June, July. August. Fig. 17). and the
northern continental areas, esprcially northern North America and northern Siberia.
experience greatest frequencies of occurrence of these clonds in autumn (September,
October, November, Fig. 18).

b. Icing from Combined Factors. Asx a general rule, icing (glaze, rime. or
hoarfrost) can be expected to vecur within the first 30.000 feet of the troposphere
when temperatures fall between freezing and -40° C (<409 F) and when the dewpoint
spread® is usually less than 6 C° (10.8 FY).'® as illustrated in Fig. 19, USAFETAC
devised a method for determining the probability of encountering icing at four pressure
surfaces for specitic stations in the Northern Hemisphere from which isoline analyses
were made. Selected maps representing the midseason months (Figs. 20 through 35)
were based on several assumptions of which the following are particularly significant:

ls“[)cwpoint spread” is defined as the difference be&cen the dewpoint and air temperature.

16U Air Forow, Weather Forecasters’ Guide on Aircraft Icing, Ais Weather Servier Manual 105-39, 1969, p. 4.1,
and p. Al-4 . :
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TEMP. 0 —3*  -g*  —3*  _jg°  —23° -2g°

RANGE T0 TO TO 70 T0 TO TO

. *C -2* -7° -l2° =i7° -22°% =27° —-32°
NUMBER OF
ICING CASES 49 600 450 . 252 141 - 43 15
. 6o A ,_._,g_ﬁ A A ,/_.&...\ —A—

DEW - POINT SPREAD, *C

. / % ~

RN 1 T T T 1
o* ~5¢ -10* ~15® -20° -25° ~30° -—35°
’ AIR TEMPERATURE,*C

7\ CUMULATIVE FREQUENCY (PERCENT) OF ICING OCCURRENCES IN
EACH TEMPERATURE RANGE WITH INCREASING DEW-POINT SPREAD

___(T_Td)--o,z'r — THE “APPLEMAN LINE"

Fig. 19. Graph of cumulative frequency of icing oceurrences as functions of temperature and
dewpoint spread. Source: Forecaster's Guide on A ircraft leing. Air Weather Seeviee Manual,

AWSM 105-39.7 January 1969, Attachment 1.
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(1) Icing will usually occur between -3° C (26.6" F) and 309 ¢ v
(-22° F) due to “the heat of friction across the aicframe,™7 and the fact that .
“supercooled water rarely exists at temperatures colder than -30° C."'® in nature.

(2) Icing rarely occurs at altitudes higher than 20,000 feet above Mean
Sea Level except when cumuliform clouds occasionally build up to greater heights.

To further define the icing limits, studies revealed that the majority of icing cases occur
between -3° C (26.6° F) and -12° C (10.4° F) inclusive with a de \spmul ~pr¢ ad near
2 C° (3.6 FO) or less (see Fig. 19).'°

Accurdingly, it would be expected that the probability of encountering
icing conditions is greatest in winter and least in summer, both in terms of value and
areal extent. For the lower pressure surfaces, 1000 millibars (mb). 850 mb. and 700 mb
(see Table for linear equivalents), this conclusion is substantiated by Figs. 20 through 22
and 28 through 30. However, by the time the 500-mb surface is reached, the pattern is
reversed. At that level, icing is limited to low pereent probabilities in a narrow midlati-
tude band in the winter (Fig. 23) which develops by summer into a complex pattern
encompassing sections of equatorial latitudes and combining the highest percent proba-
bilities with their greatest areal extent for the year (Fig. 31).

Increasing icing probabilities and extension of their incidence southward
would seem to be directly related to increasing altitude. This assumption is verified
through the 850-mb level, but this level yields the highest percent probability for the
year at any level (25 percent over Japan in winter, Fig. 21). At the 700-mb level, the
iscline gradients become more gentle and the probability of icing rarely exceeds 10 per-
cent. The southerly extension of icing continues, however. These tendencies continue
at the 500-mb level. At the higher levels, then, the temperatures drop below the opti-
mum range for icing conditions, and available moisture becomes less because of the dis-
tance from surface sources and because of low temperatures.

For similar reasons, the area over the Arctic Ocean hehaves differently
from the other arcas of the hemisphere. The winter season at any pressure level is usual-
ly too cold to produce as much icing as the summer season; though icing is still a hazard
all year.

17E dward D. Heath and Luther M. Cantrell, Aircraft Icing Climatology for the Northern Hemisphere, Air Weather

Service, USAF Technical Report 220, 1972, p. 2.
184,
Y5, p. 14

27




hg 20. Probability of cncountering icing conditions- 1000 mb January --Northern Hemisphere.
Shaded areas indicate land surfaces higher than the pressure surface. Source: E. D). Heath et al, op, cit,
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Fig. 21. Probability of encountering icing conditions -850 mb January - Northern Hemisphere.

Source: €. D). Heath et al., op. cit.
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Fig. 22. Frobability of encountering icing conditions—-700 mb January -Northern Hcmi&phr.re.
. Source: E. D. Heath ct al., op. cit.
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Fig. 23, Probabitity of encountering iving conditions - 500 mb January - Northeen Hemisphere,
Source: EL DL Heath et al., op. cit.
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Fig. 21, Prabability of encountering icing conditions 1000 mb A pedd - Northern Hemisphere,
Souresr EL DL Heath et al, op. eit.




Fig. 25. Probability of encosntering icing conditions 2850 mb April Northern llrmi;phn-rv.

Source: E.D. Heath et al., op. cit.
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. Fig. 26. Probability of encountering icing conditions—700 mb April —Northern Hemisphere.

Source: E.D. Heath et «.., op. cit.



Fig. 27. Probability of encountering icing conditions—500 mb April—Northern Hemisphere.
Source: E. D. Heath, et al., op. cit.
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1000 mb July —~Northern Hemisphere.

Fig. 28. Probability of encountering jcing conditions—
Source: F. D. Heath et al., op. cil.
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Fig. 29. Probability of encountering icing conditions—830 mb July - Northern Hemisphere.
Source: E. D, Heath et al., op. eit. ‘
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Fig. 30. Probability of encountering icing conditions—T00 mb July— Northern Hemisphere.

Source: E. DL Heath etal, op. cit.
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Fig.-31. Probability of encountering icing conditions—500 mb J uly—Northern Hemisphere.
Source: E.D. Heath ei al., op. cit. . :
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Fig. 32, Probability of encountering icing conditions—1000 mb October—Northern Hemisphere,
Source: E. 1. Heath et al., op. cit.
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Fig. 33. Probability of encountering icing conditions—850 mb October—Northern Hemisphere,
Source: E. D. Heath et al.. op, cit.
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Fig. 34. Probability of encountering icing conditions—700 mb October —Northern Hemisphere.
Source: F.D. Heath et al., op. cit. A




Fig. 35, Probability of encountering icing conditions—500 mb October - Northemn Hemisphere.
© Source: E. 1. Heath et al., Gp. cit,
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35 suczest that the pattenns continee into the Southetn Hem-phere to some extent,
Prowes 12 throueh 15 medeate that Breeamge temperatares exa-tal the upper levels,
Sutticwnt mosture may be avalabbe from warm ocean water of U the castern continent.
Al coasts 1o produce o at the apper Tevel~ over ~ome Landoeas and nodbatiiude aeean

NIER AN

HE CONCLUSIONS

3. Counclustons, M als any formes s the product ot the mteraction hee
tween diverse meteasoloveeal and terre<tiial = anables Generalizations s Lo il= charae.
teristie geceraphieal distrbution, frequeney and probabiliy ol ocearrence thckness,
and durtion are dotbenlt, Latitade, altitnde, prosmuty of warn or cold water, area
of Lindimas<, ~urtace |nn|phnluf_v) cand exposure to sun andd wind are only <ome of the

vartahles i determinine these charactere-tfie

Vusnientine these mherent diffendtios is the faet that vas data speaitically
voncermng wine occurrences have not been aecumubited to N vreal extent for the
world, Collection, cualysiscand cimmarization of wvadable data are hmited. Corrent-
Iv. the Nir Foree Cambrdee Research Laboratories are conduicting a detaited sty ot

the et phenomenon,
Howeverot may be concluded that:

o leng develops under aspecitic and narros rangee ot meteoreloaeal cone
ditions requicing the prescoee of wr temperatures and affected surface tempevatures
Hlichtly ahoveat, or below 07 Cand moisture that i~ nsaally supercooled. However,

many tunes when conditions appear optimal, ittle or no icing will deselop,

b leescommondy in the form of glazc mme. or hoarfrost, may be deposit-
vd durme well-defined <terms or under less deamadie but nimmerans circumstanee~ where
cold temperatures and mwoist air oceur simultanconsly.

¢

o Surface icing i~ more of a local phenomenon than a general one,

A e is novmally assoctated with the colid months of the year, bat it does

acenr durmg the warm ~eason undes particular civeumstances ke those found at the

polesand hiher elevations,




e, leings  ms to he more cormmon v the Northern Hemisphere, where it
ocenrs mostly from the midlatitudes north to the Pole.

. The probability of encountering icing conditions in some parts of the
atmosphere may be higher beeause temps cature generally decreases with elevation and
the clouds in the atmosphere provide a more concentrated supply of moisture,

g leing can be severe or light in terms of frequency of oceurreies, thick-

ness, or duration depending on local factors, Inany case, icing may be disabling to
V/STOL aireraft, '
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