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ABSTRACT 

This the!i! examines the physical, meteGrolagical and 

clilftatelQ~ical aspects cf freezing II"ecipi tation in the Tanana 

River Basin of central Alaska. In addition te studies on 

frequency and duration, periods of inclement weather were 

evaluated with respect ta concurrent measurements of temperatur~, 

wind, pressure and visibility. 

Althou~h Polar Contin.ental air masses deminate the are a 

in winter, massive intrusions of Maritime air occasionally 

pre duce a major snowstorm and in rare instances rain or 

freezing raine Due te the surrounding m0untain ranges snow 

occurs ~est often when the atmospheric pressure is rising 

and the winds are from the "l'lest. Ice fogs are observed at 

temperatures bel0w -2loF and very few water droplet type 

fogs are reperted at temper~tures below -3loF. 

The relationships shown between air masses, fronts 

and local climatic influences mày be usefully applied te 

fore casting winter precipitatiGn in central Alaska. The 

statistical survey alsQ, is thought ta contribute new 

knowledge on the conditions of winter weather in thia region. 
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CHAPTER l 

INTRODUCTION 

The object1ve of th1s thes1s 1s to 1nvest1gate the 

occurrence of freez1ng prec1p1tat10n 1n central Alaska 

and analyse the meteorolog1cal factors wh1ch produce 

th1s phenomenon. The subject 1s approached and 

developed w1th1n the context of three 1nterrelated f1e14s 

of study, namely: macrometeorology, cyclon1c lIeteorology, 

and mesoc11matology. In the present study, macro-.. .. 
meteorologJ 1s cons1dered as be1ng concerned w1th the 

large scale aspects of the atmosphere such as the source 

and movement of a1r masses and the general c1rculat10n 

wh1ch governs the Alaskan climate 1n w1nter. B.J 

cyclon1c meteorology 1s meant the cons1derat10n of m1gra

tor,y high and low pressure systems of the lower tropo

sphere together w1th the weather fronts assoc1ated 

w1th them. Mesoc11matology descr1bes the c11mate of a 

small area of the earth's surface wh1ch d1ffers trom 

that for the general reg10n. The affects of the local 

c11mat1c 1nfluences, at work w1.th and aga1l'1Bt the back

ground of the larger scale weather systems, are also 

1ncluded w1th1n the mesocl1mat1c scale. 

The Tanana R1 ver Bas in of central Alaska was the 

reg10n selectèd 1n th1s study for several rusons. Of 



major importance is the tact that the Basin is geo

graphically finite because of a series of mountain 

ranges which boUDd the region. These mounta1ns also 

influence the weather so that the climate in the Basin 

1s difterent from that ot the surrounding areas. Th1s 

condition makes the area sui table for a mesoclimatic 

study. A curs017 exam1.nation of winter climatic records 

froa several stations within this rather large Basin 

showed maD1. s1m1larities; this test thus prov1ded 

additional just1ficat1on fo? choosing the region as one 

of considerable climatic uniformity. F1nally, since a 

special approach in the analysis of the winter climate 

waspplanned, records of hourly weathBr observations were 

needed. Detailed information for a station with1n the 

Basin was available to the aùthor, thus providiug 

another important reason for selecttng the Basin. 

In his -aev1ew of Climatologr-, Landsberg (1957) 

showed that climatolog1cal analyses of weather data 

are generally prov1ded 1n certain formats such as tables, 

graphs, charts and atlases. The most popular approach 

1s to compile 10, 20 or 30 )"a&rs data ot temperature, 

preeipitation, w1nd speed and d1rect1on, cloudiness, etc. 

and provide separate summar1es of maan monthly values 

for each of these elements, as is done b7 the U.S. 
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Department of Comme~$ (1966). Purther ref1nement of 

th1s procedure 1s to present mean monthly 8a%1mum and 

minimum values or the h1ghest and lowest values observed 

dur1ng the per10d of record. T1P1cal of such a study 

1s the report on "EXtremes of Co1d 1n the United states·, 

coDducted by Ialdlwa (1963). stat1st1cal ana1,.s1s of 

long tera weather records are a1so benef1c1al and have 

been used extens1ve17. Probab1l1ties, frequency percent

ages, standard dev1atlons and other statlstlcal techniques 

glve the user nuaer1cal values on whlch to base the 

chances of a certaln event occurrlng. Thom (1970) glves 

a good example of thls ana1,-tlca1 approach to c11mato1ogy 

1n hls mathematlca1 evaluatlon of an observed series of 

annua1 average prec1pitatlon for W1sconsin. AImost 

excluslve1,. though, one f1Dds that ln these cllmatlc 

publlcat10ns each of the meteorolog1cal parameters are 

e%&m1ned separatel,.. 

An important c1laatolog1cal aspect therefore, seldom 

consldered and Chus generall,. lack1ng ln the llterature, 

1s the lnvestlgatlon of two or more meteoro1og1ca1 

elements whlch occurred concurrentl,.. It 1s the latter, 

l1tt1e-used approach whlch has been used ln the cllmat1c 

evaluat10n of the wlnter prec1p1tatlon in th1s thes1s. 

In add1tlon to stat1st1cs on frequency and durat1on, 

each weather type 1s evaluated in comblnatlon w1th other 
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observed elements. For example, wind directions during 

the tille ot snowf'all were investigated together; and 

air temperatures during periods ot iee togs were Investl~ 

gated together. Thls york theretore, Is dltterent 

because ordlnary meall monthly cllmatlc data were not used. 

Instead, orlglnal meteorologlcal observations were 

obtalned and analysed by conslderlng concurrent occurrences 

of cllmatlc condltlons. 

Purther, almost all avallable climat1c suamarles base 

thelr tabulatlons OD data collected durlng all ot the 

statIon's hours ot operatIon, and the resulting statlstlcs 

combIne data tor cllmatic condItions whlch occurred 

during perlods ot both good and 1nclement weather. Blnce 

the maln theme ot the present thesls ls centered on 

events of winter precipitatlon, the extracted data and 

subsequent analysis incorporate only the observat1ons 

recorded dur1ng these specifie periods. The stud, 

consequently, excludes the environmental condl tlons 

which occurred durlng perlods without precipltat1on. 

It ls hoped that a cllmatologlcal survey of thls 

klnd iD addltion to Its sclentltic value, w1l1 be of 

potentlal applled use ln actlvltles such as transporta

tion, communicatlons, construction and other flelds of 

englneerlng. Knowledge of the frequency and duratlon of 

var10us types of wlnter preclpltatlon ln comb1natlon 
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with relevant climatic parameters coùld be applied, for 

examplet toward the design and construction of buildings 

and roadways. In his report on glazet Bennett (1959) 

provides excerpts of letters from state highway officials 

showing how this winter phenomenon in combinat ion with 

certain air temperatures is critical in traffic 

accidents. Such climatic data hopefully could also be 

used in the development of anti-icing systems or in the 

design stages of thermal, chemical and mechanieal snow 

removal equipment. In his surve, of snow and ice removal 

techniques, for example, Minsk (1964) shows how important 

1t 1s to have c11matic information at each site betore 

attempting to purchase expensive equ1pment. one 

1ntent10n of th1s thesis 1s to provide such data so that 

1t could be used for these and for many other such 

purposes. 

Another benef1t derived trom th1s thesis are the new 

1ns1ghts on the 1nterdependence between the sc1ences of 

Meteorology and Climatology. This add1tional knowledge 

hopefull, will be gained from the investigations between 

the atmospher1c cond1tions and the resultant w1nter 

weather. Such 1nformat10n could be used tor long range 

foreeasting and 1n analogue stud1es to de termine the 

c11mate in other areas wh1ch are geographieally and 
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topographically sim1lar to the one under study •. The 

analysis on storms and the aeeompanying winter precipita

tion MaY also proTide usetul information to meteorolo

gists concerned with torecasting weather in central 

Alaska. 

Previous Studies 

A literature review and examination of weather 

records such as those published by the U.S. Air Force 

(1944-l96J) show that the interior of Alaska expGriences 

long but light sno. susons. periods ot blowing or 

drifting sna. and brief occurrences ot rain and freezing 

rain during the winter. Al though the average sno .. 

depth in the Alaskan interior is generally shallow, 

heavy snowtalls sueh as those reterred to by Holmes and 

Benninghoff (1957) occasionally produce abnormally deep 

covers of snow. These authors reported that frontal 

conditions in December 1955 eaused two major snowstorms 

and brought JJ inches of sna., which equalled the total 

normal. amma1 snowfal1. In eontrast Vaughn (1966) 

reports that although rainfall in centrâl Alaska deereases 

markedly during September and Oetober. in some winters 

rain may occur as late as December. Extended events 

of iee fog are also observed in central Alaska; a 

partieularly lengt~ event whieh occurred during December 

1946 1s described 1n detail by Oliver and Oliver (1949). 

These TarlatloDS in frequency and types of weather 

suggest that opposing air masses and cbanging weather 
6 



patterns influence this Subarctic region of the Northern 

Hemisphere during the .. inter. For example, Rob1nson 

and Bell (1956) note that ice fogs are observed when the 

lower atmosphere is extremely stable. Streten (1969) 

also notes that these per10ds of marked stability are 

associated w1th the cold Polar a1r masses which dominate 

central Alaska in .. inter. Converse1y, N1ch01s (1953) 

states that rain, freezing min and heaV7 sno .. in .. inter 

are produced by moisture 1aden fronts which or1g1nate 

1n the Bering Sea and Pacific Ocean, cross the coasta1 

mounta1ns, aud then penetrate into the inter10r ot the 

state. In th1s thesis, all the preceding winter weather 

conditions are examlned statist1ca11y and ana1ysed with 

respect to the atmospheric situations which produced them. 

It is ev1dent trom the study on propert1es ot the 

North Amer1can air masses by Wi11ett (1938), and trom 

M111er's (1952) study on air mass climat01087, that 

research on air mass types has been qui te predominant 1n 

c1imat010gical work. Prior to 1969, weather analysts 

would 1dent1fy the air masses on the dai1y maps, but now 

the procedure 1s omitted (U.S. Dept. ot Commerce, 1969-

1971) • As 1ndicated 1n a sem.inar in arctic meteorology 

(McGi1l, 1955), classification ot a1r LJSses and 

attempts to exp1ain their source and mod1fication. once 

a popular science, 1s now discussed 1ess frequently. 
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However, even though modern meteorologieal methods such 

as cloud photograph1 b7 satellites as reported b7 

Ruzeeki (1963), and construction of prognostic weather 

maps b7 computera (Jorgensen, 1963) are eurrent17 in 

mode, air masses continue to influence the weather. Air 

masses are included in this thesis because 1t 1s be11eved 

that major changes in winter weather in central Alaska 

ean be attributed to the replacement of air with 

contrasting properties. 

Cy'clonic storms and fronts (cold, wam, etc.) and 

thelr association with precipitation, as shown by the many 

text books on the subject such as Petterasen (19~0) and 

Brers (1959), have received considerable attent1on. The 

keen 1nterest in this aspect of meteorologT 1s just1fied 

beeause as shown by George (1960) it is the core of 

weather map analysis and is of primary importance to the 

weather forecaster. The location and mov.ement of fronts 

and storms are the principal objectives str1ved for in 

predicting precipitation ·intensity and duratlon. It is 

for these reasons that th1s part1eular subject is included 

ln th1s work. 

As noted earller, it is hoped that the special 

analysis on the winter prec1pitation givenhere would help 

to solve problems in snow and iee control. T7Pical of 
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some prevlous research in these areas are glven by 

McKay and Thompson (1969) and Kurolwa (1965). In 

these papers the authors descrlbe the bazards of snow 

and. lce accretlon and show how climatlc data ean be used 

beneficlally. McRay and Thompson provlde flgures to 

show the economic and social impact of ice accretlon 

and show how climatologlesl records offer conslderable 

promise ln estimatlng the bazards of the phenomena. 

Kurolwa dlscusses the experlments he conducted on lce 

and snow accretion on electrl0 wlres and antennas, and. 

glves information on the contrlbut1ng effects of w1nd and 

alr temperatures. Boyd (1970) further polnts out the 

costly damage and dlsruptlon to communications brought 

about by ice storms ln canada and dlscusses the relatlon

shlps between snow and lce occurrence and other cllmatic 

parameters. 

Ohtake and Ruft'man (1969) report tbat lce fog causes 

many trafflc and health problems to lnhabitants, as well 

as hamperlng alrport actlv1tles beeause of poor vlslbl1ity • 

. .. Drlftlng and blO1l'ing snow 11'111 also reduce vls 1 bl1i ty , 

and freezlng raln ean creste sllppery condltlons or as 

reported by Zavarlna and Borlsenka (1967) can cause 

structural fal1ures through excesslve loadlng. It is 

hoped tbat the detailed cllmatologlesl informatlon given 
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in this thesis wlll be useful to the planners, designers 

and opera tional personnel of central Alaska, and tha t 

the COlllbln1ng of weather elements in the computations 

will offer new and helpful answers to thelr problems. 
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CHAPTER II 

THE CENTBAL AIASKA REGION 

The prlnclples followed ln selectlng the area of 

stud1 were based on practlcal conslderatlons such as 

slze, locatlon, avallable data, and manageablllty ln 

regard to achlevlng the objectlves of the th.sls. The 

area had to be large enough to permit ldentif1cat1on of 

pass1ng fronts and alr masses, yet small enough to be 

pos1tlvely ident1f1ed geograph1cally and exh1b1t a cllmate 

dlfferent from that of lts surroundlng areas. The area 

had to be loca.ted ln the Subarctlc and experlence 

varlous forma of w1nter preclpltatlon. Detalled weather 

lnformatlon ln the area selected was also requ1red ln 

order to conduct the speclal cllmatologleal stud1. 

Flnally, the ares chosen had to show the affects of 

local cllmatlc lnfluences and yet be of suuh a slze as 

to sake a concurrent 1nvest1gatlon of the larger scale 

weather systems manageable. 

Su1tab1litl of Selected stu4y Area 

EXamlnation of a relief map of Alaska (U.S. Dept. of 

Interior, 1954) shows an extensive basin in the 1nterior et 
* the state. This basin {Fig. l)::1s bounded on the south 

by the Alaska Range, the Kuskoltw1m mountains on the wes t 

*See Appendlx A for aIl ~gures. 
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and. a combination of the BaY and White mountains to the 

north and east. It contains portions of several rivera 

and their tributaries including western Tanana, central 

Yukon and the eastern part of the Kuskokwim Biver. The 

size and location of this Basin as well as the tact that 

1t can be eas1ly identif1ed geograph1cally made 1t 

sui table for use in this study. The Bas1n 1s large enough 

to permit the identif1cation and tracking of fronts and 

air masses and suffic1ently small to display uniform 

synoptic weather cond1tions and similar climate. Its 

Subarctic locat1on &lso satisfied the requirement for 

occurrences of inclement winter weather. 

Another key point strived for 1n de11neat1ng the 

zone shown in Figure 1 was to establish an association 

between winter precipitation observed at one site within 

the region with that for the region as a whole. Naturally, 

such an analogy is not perfectly va11d and some variations 

can be expected to occur between pOints and seasons. The 

region under study though was purposely 11mited in size 

in order to keep these variations to a minimum. Sign1t1-

cant precipitat10n anomal1es probably exist when 1nd1v1dual 

w1nter storms are cons1dered, but differences throughout 

the reg10n d1minish when long term records, 1.e., el1mat1e 

data are used. 
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The cllmate at elght statlons located throughout 

thls basln ls qulte slm1lar (Tables la, lb and le). 

Three c11mat1c parameters; mean monthl7 t .. peratures, 

total monthly preclpltatlon am total snowfall, were 

used ln the coaparlson. The data were taken trom the 

decennlal census ot U.S. C1tmate 1951 through 1960 

(U.S. Dept. ot Commerce, 1964). Some dltferences ln 

values between statlons were noted, tor example, colder 

temperatures at Galena than at Farewell FAA, and greater 

preclpltatlon aœounts at Manley Hot Sprlngs than at 

Fa1rbB!Jks. However, the bulk ot the data are suttlclent1y 

unitorm to Indlcate that the statlons are c11matlca1ly 

a11ke. 

Data Avallabll1tl ln the Central Alaskan Reglon 

Selectlon ot the geographlcal reglon consldered ln 

thls study was also based on the aTallabl1lty of detal1ed 

weather observatlons. Contlnuous hourly weather records 

were required because informat10n on all forma of winter 

precipitatlon had to be e%tracted for the study. Pub1ished 

climatic data are genera1ly in the fom of monthll 

summarIes, and funds to obtain long-term, hourly data 

through magnetlc tape or punched eard retrieval methods 

were not a~al1able. 
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TABLB la 

C1imatic Comparison of Interior Basin Stations 

Mean Temperature (oF) 

~.2!! B1ev(ft) l F M A M l l ! S 0 N D Ann 

Big Delta FM 1268 -6 2 10 31 47 58 60 56 43 24 10 -4 27 

Ga1ena 120 -13 -8 6 25 45 58 59 55 43 24 6 -14 24 

Tanana FM 232 -12 -7 4 25 45 57 58 54 41 22 -2: -12 23 

Fairbanks WDAP 436 -11 -3 9 28 48 58 60 55 44 26 3 -9 26 

Farewell FM 1499 -3 2 9 26 42 52 55 51 40 23 10 -3 25 
t-' 
~ 

Lake Minchumina FM 701 -7 -2 9 28 46 58 59 55 43 24 6 -7 26 

Man1ey Hot Springs 325 -10 -4 7 27 45 57 59 53 42 25 2 -10 24 

Nenana FM 356 -10 -4 5 27 46 57 58 54 42 23 5 -9 25 



TABLE lb 

Climatic Comparison(lof lnterior Basin Stations 

Total Precil'itation (inches) 

Station -L F M ..L M -L- -L- ...L. S 0 N .JL ....2!L 
Big Delta FM .37 .41 .25 .12 1.01 2.22 2.20 1.93 1.32. .62 .36 .52 11.23 

Ga1ena .61 .86 .57 .28 .63 .97 2.11 2.61 1.71 .64 .87 .50 12.36 

Tanana FM .63 .64 .50 .14 .75 1.21 1.98 2.80 1.75 .73 .~B8 .63 12.34 

Fairbanks WBAP .63 .51 .28 .12 .58 1.38 1.81 1.56 1.39 .62 .41 .58 9.87 
..... 
'-Il 

Farewell FM .55 .73 .46 .39 .97 2.16 3.24 3.75 2.01 .87 .65 .50 16.24 

Lake Minchumina PM .65 .63 .36 .25 .75 1.49 2.15 2.80 1.37 .54 .58 .45 12.02 .. 

Man1ey Hot Springs .79 .73 .58 .16 .52 1.41 2.48 3.45 1.84 .65 •• 61 .78 14.00 

Nenana FM .70 .67 .26 .15 .62 1.45 1.87 1.94 1.57 .56 .49 .46 10.74 



TABLB le 

Climatie Comparisoo_of :tllteJ:io~ Basin Station§. 

Total Snowfall (inehes) 

Station ...L P 2L A M .J .J A S -lL .Ji... .JL &m 
Big Delta PM 5.4 5.3 3.9 1.3 1 0 4 T 0 0 2.0 7.2 4.6 6.2 37.3 

Ga1ena 6 0 3 9.0 6.5 2 0 3 0 0 7 T 0 0 0.6 6.6 9.0 5.7 46.7 

Tanana PM 7 0 7 7.8 10 0 0 1.2 0 01 T 0 T 1.1 7.2 7.4 9.7 5202 

Pairbanks WBAP 12 00 9.5 5.0 1 0 7 0 0 4 T T T 0.8 7.5 8.7 9.3 54.9 

Farewell FM 7.0 10.8 6 0 9 5.8 1 0 4 T T T 1.9 9.8 9.4 8.0 61.0 .... 
0\ 

Lake Minehumina FM 8.9 9.4 5.5 2.6 0.3 T 0 0 1.3 4.9 8.7 7.2 48 08 

Man1ey Hot Springs 9.9 8.9 7.5 1.7 0.4 T 0 T 0.8 6.1 9.2 9.5 54.0 

Nenana PM 8.5 8.5 3.5 1.4 0.2 T 0 T 0.9 5.9 7.0 6.4 42.3 



Fortunately, it was feasible to obtain original 

weather records for an extended period of time at Big 

Del ta Airport through the U.S. Army Meteorologiesl Support 

Team at Fort Greely in central Alaska (Fig. 1). This 

free access to basic data included eleven years of hourly 

observations on all winter precipitation types as well 

as concurrent measurements of the various elements such 

as air temperature, wind direction and visibility. 

General Winter Climatic Conditions 

The central Alaskan region umer study can be 

identlfied in a physical sense with the TaDana River Basin. 

It ls a large ares covering approximately 50,000 square 

miles and surrounded by uplands rising to over 20,000 

feet (Mt. McKinley) toward its steepest slope to the 

south, and to helghts of 4,000 to 6,000 feet to the east, 

north and west. These uplands tend to ald the drainage 

or settllng of cold air into the Tanana and Yukon River 

lowlands (U.S. Dept. of Commerce, 1970). Thls fact, is 

substantiated through close eDD11nation of the data in 

Table Ia. The average temperature for December, January 

and Februar1 combined for the 8 stations in the Tanana 

Rlver Valley (Table Ia) lfas plotted versus station 

elevation (FJ:g. 2). The figure clearly shows that stations 
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at lower elevatlons experlence colder temperatures ln 

wlnter than those whlch are hlgher up. The average 

lncrease in temperature ls about 0.7SoF for every 100 

feet increase ln elevatlon tor the 3 months. When the 

data for December, January.and February ln Fig. 2 are 

consldered separatelT, one flnds that the t:emperature 

gradient lines fall on e1ther slde of the average llne 

but still maintaln sim1lar slopes. These results contribute 

to the premise that these statlons are meteorologleallT 

sltuated withln the same basln. In a stud7 on surface 

lnversions at Falrbanks, Alaska the average temperature 

lncrease with helght above she stat10n for the same three 

mid-winter months was found to be 1.30F per 100 feet 

(B1lello, 1966). Comparlng thls gradlent wlth that shown 

ln F1g. 2 1nd1eates that ln mld-wlnter the statlons ln 

the bas1n experlence surface heat losses both br . 

rad1atlonal coo11ng and cold alr dra1nage (Wexler, 1936). 

The total annual preolpltat10n amount observed ln 

the bas1n ls,relatlvelT l1ght (Blalr, 1949). Baln 

showers begln ln MaT and bu1ld to a max1mum dur1ng June, 

JulT and August. There ls a notlceable decllne ln 

prec1pltat1on startlng ln September when the snow season 

starts. Snow and other forma of frozen preclpltatlon 

then contlnnes through Aprll wlth llghter amounta occurrlng 

during May (Table la). Ice fog and amoke ls frequentlY 

observed wlth extreme 10. temperatures durlng antlcylOniè 
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weather. These oonditions tend to persist for periods 

of a tew dars to one or two weeks and wind speeds are 

partloularl1 light at these times (U. S. Dept. of Commeroe, 

1970) • 

In the western part of the basin in the vlcln1ty of 

Ga1ena, Alaska, the terrain ls qulte t1at. The maximum 

e1evatlon wlthln 50 miles ot thls statlon ls 1000 feet 

and there are numerous rlvera, streams, lakes and ponds 

ln the area. The 10w ranges of hl11s ln varlous dlrectlons 

mar lnhlblt adveoted oloudlness below 1000 feet. But 

when the c10uds are that low, Il1nor changes brought about 

by radlatlon, oonvergenoe or preclpltatlan can alter the 

helghts of the c10uds. When the wlnds are west to north

west ln thls ares, the Nulato Hll1s offer some proteotlon 

up to 2000 teet. However, oloudlness that forma ln ~e 

interlor va11ers and low celllngs assoolated wlth precipi

tatlon oan move into the ares trom most dlrections. Ice 

fog conditlons at Ga1ena are sim1lar to those observed 

in the .Fairbanks area and onlr seldom do wlnds present 

a problem in the western part ot the basln. 

That part ot the basln where the climate ls studled 

in greatest detai1 for the purposes of th1s thesls ls 

identltied br Big Delta Alrport (Fort Greely), Alaska. 

The station i8 10cated near the .1unctlon of the Delta 

and Tanana Rivers ln oentra1 aubarctlc Alaska at about 
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64000'N latitude and l4S045' W longitude (Fig~ 1). 

The surrounding terrain slopes upward from an elevation 

of about 1,000 feet at the Tanana flood plains in the 

north to 1,700 feet in the glacial moraine near the 

foothllls of the Alaska Range in the south. Llke the 

other stations of the central Alaskan region, Fort Greely 

is weIl sheltered from maritime influence by the 

mountain ~es on aIl but the southwest. The area, 

consequent1y, e%pBriences a continental c1imate, 

conditioned in large measures by the variations in solar 

heat from the summer to winter. The sun is above the 

horizon from 18 to 21 hours in June and July but only 

from 4 to 6 hours in mid winter. Consequently, minimum 

temperature readings normal1y fa11 be10w zero quite 

regular1y and extremes of near or below -60oF are observed 

ln the three mid-winter months • 

. WlDds at Blg Delta during January and Februar,y 

occaslonally become quite strong, exceeding 24 mile per 

hour on about 20 percent of the observations (de Percin, 

et al, 1955). These strong east-southeast winds, blow 

a strong 

pressure gradient north-south across the Basin. Cons tric

tion of the valley near Fort Greely by the Alaska Range 

and the Yukon-Tanana Up1and crastes a venturi which 
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accelerates the wind speed (Holmes and Benninghoff, 1957). 

A sim1lar funneling effect through a gap between the 

Brooks Bange and the Richardson Mountains also is the 

apparent cause for strong southerly winds near Barter 

Island on the north-east coast of Alaska (Dickey, 1961). 

The winds in the Tanana Basin often pass to the south 

of Fairbanks and may continue westward to as far as Nenana 

(Mitchell, 1955). 

The preceding discussion on the general winter 

weather and climate in the interior Basin and at Fort 

Greely, Alaska therefore, portrays the local orograpJlic 

effects and large scale atmospheric influences. This thesis 

will develop this theme and investigate the processes and 

results in detail. 
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CHAPTER III 

WINTER aIR MASSES AND FRONTS 

An alr mass ls deflned as a wldespread body of alr 

that ls approxlmately homogeneous ln lts horlzontal 

extent, partlcularly wlth reference to temperature and 

molsture dlstrlbutlon (Huschke, 1959). Accordlng to 

Petterssen (1969), "wldespread" meana a horlzonta1 extent 

of a thousand mlles or more, and "approxlmately 

homogeneous" means that the changes over a dlstance of 

about 100 ml1es wlthln the mass are very much sma1ler 

than the changes experlenced through the border between 

two adjacent masses, 1.e., the front&l zone. Petterssen 

no·tes further that because the conductive capaclty of alr 

ls large, a high degree of adaptatlon exlsts between the 

underlylng surface and deep co1umns of alr. Perslstent 

circulatlon of alr around major wlnd systems wil1,conse

quent1y, gradually acquire the physleal properties of the 

underlylng surface. The sub-tropical and the polar 

contlnenta1 high pressure zones are examp1es of reglons 

where these air masses are produced (Bare and Orvlg, 

1958). 

Northern Hemisphere Sources 

In the northern hem1sphere, the great land masses of 

Eurasla and North America, are typlca1 areas where large 
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sem1-permanent h1gh pressure ~~s are formed (Fig. 3). 

These are pr1ma17 source reg10ns of air masses because 

dur1ng w1nter they are character1zed by un1form surface 

conditions and distribution of insolation. In these 

reg10ns the winds are general17 light so that the air, 

in contact w1th the earthts surface for a long t1me, 

becollles cold and dry. The general structure of tempe rature 

and mo1sture in a polar continental and arct1c air mass 

1s shown in Figure 4. Petterssen (1969) expla1ns that 

since sunsh1ne is e1ther absent or sparse, and s1nce the 

snow cover 18 a good rad1ator, any air that 1nvades these 

r~g1ons cools rap1dly through outgo1ng long-wave radiation 

t'rom the ground. The result 1s a vertical température 

structure w1th lower temperatures at the ground and 

temperatures 1ncreas1ng upward to maxtmum values at 

altitudes between 3,000 and 5,000 t'eet (~ between 900 

and 850 millibars). In these so ealled ntempemture 

inversion layers n, atmospheric heat 1s conducted downward, 

and the temperature at the ground evolves as a balance 

between loss of heat upward through radiation, and gain 

downward through conduction. The distribution of moisture 

along the vertical (Fig. 4) shows a s1m1lar trend, 

1nd1cat1ng that the air surrenders water vapor to the 

ground. 

In contrast to th1s arct1c and continental polar air 

1s the sub polar maritime air mass wh1ch oceasionally 
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affects central Alaska in winter. Where as the arctic 

and cont1nental polar a1r 1s cold and dry and extends 

to great he1ghts, the subpolar mar1t1me a1r by contrast 

1s warmer and exh1b1ts h1gh mo1sture content in at least 

1ts lower levels. The local source region for th1s 
s 

subpolar mar1t1me a1r mass 1_ the eastern port1on of the 

north Pac1f1c Ocean low-pressure area usually referred 

to as the Aleut1an 1ow. The mean w1nd flow 1n the reg10n 

1s ma1nly along the sea-surface 1sotherms, and when the 

actual a1r current takes on the same character1st1cs as 

the ocean surface, a typical mar1t1me polar a1r mass 

develops. The a1r thus becomes relat1vely mild and laden 

w1th moisture, and when it moves 1nland there 1s a strong 

tendency for the land surface to adapt 1tself to the 

temperature of the 1nvad1ng a1r (Bryson, 1966). 

A1r Masses Affecting Alaska 

In accordance w1th Bergeron's general classif1cat1on, 

the a1r masses wh1ch pr1nc1pally influence the reg10n 

under study are: cont1nental pOlar w1nter (cPW) and 

mar1t1me polar w1nter (mPW) (W1llett, 1938). Petterssen 

(1969) 1ntroduoes a trans1t10Dal zone wh1ch, 1n Alaska, 

1s a reg10n that separates cPW and mPW a1r. He notes 

that th1s 1s a reg10n of extremely rap1d a1r-mass trans

format1on, 1n which hast and mo1sture are taken up at 
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tremendous rates. The warming from below steepens the 

lapse rate and increases the mobility of the air along 

the vertical, so that heat and moisture are brought up 

to great heights. Under certain synoptic conditions, such 

as a large active occluded front moving rapidly northward 

from the Pacifie Ocean onto the ~sQuther.n coast of 

Alaska, this transfer of heat and molsture can be 

accelerated. The forced upward movement of the eoean alr 

induced by the mountalns and the storm's strong horizontal 

pressure gradlent can lift the advancing air over major 

mountaln barriera such as the Alaska Bange and produce 

storminess in the interior. 

The arotic front ls a sem1-permanent, seml-continuous 

front located between the deep, cold arctlc air and the 

sballower, basical1y less co1d polar air of northern 

latitudes. Eolmes and Benninghoff (1957) note that ln 

winter the arotic front usually lles south of Fort Greely, 

separating the cold polar continental air of interlor 

Alaska from maritime air in the Gulf of Alaska (mPW). 

They further point out that thls front wl11 dlsslpate when 

relatlvely warm Chlnook type surface winds start to blow 

from the south over the Alaska Bange or when warm alr 

moving aloft over Fort Greely tranamits heat to the surface 

by radiation. The eftect ot the 1ast situation is enhanched 

when a cloud l~ler separates the warm air a10ft from the 
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a1r beneath the cloud deck. The result of these a1r 

movements 1s a temperature pattern that 1s marked by 

freq uent changes, some extreme, e&pec1a11y dur1ng the 

co1dest part of the wlnter (de Perc1n, 1960). These 

warm mar1t1me 1ntrus1ons of air a1so cause oc~iona1 

per1odssof storm1ness and accumulat10n of snowfa1l 1n the 

A1askan 1nterior. Further d1scussion on the frequency 

and durat10n of these storms in th1s reglon w111 be 

g1ven ln a 1ater section. 

Air Mass Modifioatlons and Reault1pg Weather 

Since these contrasting w1nter alr masses occaslona1ly 

replace eaoh other lt 1a worthwhi1e to note wbat, if any, 

modif1cat~ons of the cPW and mPW a1r takus place ln winter, 

and show how these changes Day affect the region under 

study. The cPW air mass, as noted ear11er, orlginates 

over snow and ice covered regions extend1ng from the 

inter10r or Canada northwest'Ward over Alaska and northward 

lnto the Arctic Basin. The Tallana Bi ver ValleT or Alaska 

the~rore 1s part of the source region for cPW a1r. Smce 

only miner mod1f1catlons of th1s alr oceur at 1ts source 

one could expect marked stab1l1ty through the lower 

5,000 feet, w1th rather large temperature invers10ns 

(Bell and Robinson, 19.54). Precipitat10n under these 
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conditions is generallY absent, except that rad1ational 

cooling ot the lower strata may lead to the local formatlon 

of ice cr,ystals and ice tog at very 1011' temperatures. 

lnitially, m.PW air comes fram an arctic source 

region. However, prolonged heating and m01stening over 

the warm waters of the north Pacific Ocean changes 1 t 

from a cOld, dry' stable condltion to one of marked condi

tional instablllty with comparatively hlgh moisture 

contènt in the lower strata. When a strong persistent 

southerl1 flow of air moves from the Pacitic into the 

interior of Alaska (Kendrew, 1961) the mPW air is mod1fied 

in crosslng the Alaska range in the followlng ways: 

1) Much of the moisture cont&ined ln the lower s trata 

condenses and precipitates through orographlc lift and 

the heat of condensat1on is supplied to the air mass 

strata at h1gher levels. 

2) Descent of the air on the northern slope ot the 

Alaska Range dissipa tes the cloud deck and the heat of 

condensation and adiabatic compression cause a marked 

warm1ng of the air mass. 

3) The warm1!lg of the surface strata is checked by' 

radiationsl and contact cooli!lg OVBr the cold continental 

surface and by mixing wlth remnants of cN alr. This 

mixi!lg would account for the per10ds of major winter 

precip1tatlon in central Alaska. 
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Winter Fronts ,. " 
In meteorology, the term front defines the transition 

zone between two air masses of different dens1ty. S1nce 

temperature characteristics are the most important 

regulators of atmospheric density, a front accordingly 

separates air masses of different temperature. Beside 

dens1ty and temperature, lDallY other futures uy indicate 

the presence of a fronts a pressure trough, a change in 

wind direction, a moisture d1scontinulty, and certa1n 

chazacterlstic cloud and prec1pitation forma are all used 

to define the 1ntërface between two contrasting air 

masses (Huschke, 1959). 

A classification and description of the va~ous types 

of fronts which influence the reglon under study in 

winter follows: a) the arctic front: a semi-permanent, 

semi-continuous front between the deep, cold arctic air 

and the shallower, basieally less cold polar a1r of 

northern latitudes; b) the cold front: a non-occluded 

front that mOTes so that colder air replaee~ warmer air; 

c) the wara front: a non-occluded front, which moves so 

that warmer air replaces colder air; and d) an occluded 

front: a composite of two fronts, formed when a cold front 

overtakes a warm front or stationary front (Berry, et a1~ 

1945). 
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Freguencl and Movement 

The frequencl and trajectorles ot fronts are generalll 

assoclated wlth 1011' pressure centers and the paths that 

these clclonic systems take. Examlnatlon of mean tracks 

of such 1011' pressure cent ers observed from 1944 through 

1951 for October through December (Flg. Sa) and for 

January through March (Flg. Sb) lndle.tes that clclonic 

vortlces seldom pass through lnterlor Alaska ln wlnter. 

A chart sho1l'tng the normal sea-level pressure for January 

ln and around Alaska, supports thls statement (Flg. 6). 

Flgure 6 shows the dominance of the Aleutlan Law pressure 

center southwest of Alaska and the presence of a small 

hlgh pressure center ln the can&dlan Yukon and east 

cenbral part of Alaska. The strongest pressure gradlent 

ls generalll west to east along southern Alaska and the 

1011' pressure tracks presented ln Flgs. Sa and Sb show 

that most storms move across southern Alaska. These studles 

on 10eatlDll and movement of storm tracks lm ply that 

weather fronts are not commonly observed ln central Alaska 

ln Winter. However, the examlnatlon of a serles of dall1 

synoptlc weather maps for thls area revealed that such 

was not the case. 

The maps used comprlsed the dally serles of synoptlc 

weather maps for the northern hemisphere for the perlod 

1957-67 (U.S. Dept. of Commerce, 1957-1967). Examples 

of some of these weather maps showlng the passage of 
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var10us fronts through central Alaska are presented 1n 

Figures 7a ~. 7d. Four years, selected at random from 

within the per10d of record, were used in the analys1s. 

Two tabulations were made: 1) a count of the types of 

fronts observed to pass across central Alaska from 

October through Apr1l; and 2) a summary of the direction 

1n which these fronts moved. The results are shown 1n 

Tables lIa, lIb and III. In table lIa seven types of 

fronts are l1sted, four of thsse: cold, warm, the 

occluded front (or an occlus1on, Huschke, 19.59), and the 

stat10nary front (the latter one 1s essent1ally the Arct1c 

Front) have been def1ned ear11er. The rema1n1ng three are 

the d1ss1pat1ng cold front, d1ss1pat1ng occlus1on and 

d1ss1pat1ng stat10nary front. The pref1x "d1ss1pat1ng" 

refers to the break1ng down of a frontal system. In 

meteorology this process is called frontolysis. Th1s 

break down of the frontal zone in general, decreases the 

horizontal gradient of an air mass property, pr1nc1pally 

density, and disintegrates the accompany1ng faatures of 

the wind field (Buschke, 19.59). The values in Table lIa 

show thst occlusions are the most frequent t;vpe of front 

to cross central Alaska 1n winter. Dur1ng an average 

season between October and Apr1l a total of 67 fronts are 

observed, 23 of these are non-dissipating occlusions and 

16 are dissipating occlusions. The second most frequent 
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TABLE IIa 

Frequency of TYPes of Fronts in Central Alaska, 

October through April 

~ 

Warm Front 

Cold Front 

Occlusion 

Stationary Front 

Dissipating COLd Front 

Dissipating Occlusion 

Dissipating Stationary 

Frequencl (Ave. 1) 

3 

3 

23 

19 

1 

16 

2 

Average Total 67 (Oct through April) 

TABLE IIb 

Month1y Distribution of Fronts, in Central Alaska 

Period of Record: Four Random Years BetweeL 

October 1957 through April 1968 

Oct Nov Dec Jan Feb Mar Arp 

Average 13 8 9 8 8 8 13 

Average Minimum 12 3 5 5 3 2 9 

Average Maximum 14 12 12 Il 12 13 15 
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TABLB III 

Directions of WCather Front Movements 

(Frequency in %) 

Type of South to Southwest to West to Northwest to North to Northeast to Southeast to 
~nt North Northeast East Southeast South Sruthwest North wes t 

Warm Front 

Co1d Front 

Occ1ùsion 

Dissipating 
Occlusion 

Dissipating 
Co1d Front 

TarAIS (%) 

3 

16 

18 

37 

4 

16 12 

7 7 

27 19 

4 3 1 

4 0.5 

1 1 0.5 

1 1 

10 4 2 1 



type of system observed is the stationary (or Arctic) 

front. On the average, 21 of thèse stationary fronts 

are observed per winter, of which some are~in the process 

of breaking up. We11 defined co1d and warm fronts pass 

rather infrequent1y through central Alaska in winter, 

the survey showing that on the average only 3 or 4 of 

such fronts occur in the area between October and April 

(Reed, 1958). 

Resu1ts of a survey on the number of fronts observed 

to pass through central Alaska month1y, during a random 

period of record between October 1957 through 1968, are 

presented in Table lIb. AIl the type fronts listed in 

Table lIa were considered in the survey and three categories 

of frequency are shown in Table lIb. These are, the average 

number, the average minimum number,.and the maximum number 

of fronts that pass through the area each month. The results 

in Table lIb show that frontal activity in the area is 

uniform from October through March. The average number 

of observed fronts is about 8 or 9 per month during this 

period and the average minimum ranges from 2 to 5, and 

the average maximum number from 11 to 13. The number of 

observed frontal passages during October and April~1s 

decided1y higher than the number observed during the other 

winter months. The month1y average for these two months 

1s 13 and the survey showed that the average minimum and 
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maximum count for these months ranged from a 10w of 9 

for minimum values to a high of 15 for maXimum values. 

An examination of the direction ln whlch these 

fronts move as they cross the region was a1so lnc1uded 

ln the survey of dal1y conditions. Each frontal type, 

except the stationary ones, observed from October through 

April during the period of record was considered in the 

eva1uation. The resu1ts are given in Table III. Directions 

are expressed according to an eight point compass and 

probable occurrence is given in frequency percentages •• 

The most prevalent front, the occlusion, enters central 

Alaska predominant1y from the south, southwest or west. 

Warm fronts ,enter fram the south or southwest, and co1d 

fronts between the northwest and northeast quadrants. 

However, as noted ear1ier, these two types of front do 

not occur frequent1y in the state's interior. The survey 

a1so shows that very few, if any, fronts enter the central 

part of Alaska from between the northeast to southeast 

quadrant. It is interest~ to note that when comparlng 

the two types of occlusions, more of the disslpating type 

are observed when the systems enter interior Alaska from 

the south then from the other directions. The fact that 

the mountains of the Alaska Range are much hlgher than 

the mountains to the west and north of the central basin 

wou1d appear to account for this phenomenon. 
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Efrects of Locatlon 

The posltlon of the statlonary (or Arctlc) front 

at any glven ttme, as well as the place where 1t wlll 

form, depends upon the wlnd clrculatlon. The prevalllng 

upper wlnds (700 mb) over Alaska ln w1nter are generally 

southwesterly (Dorsey, 1951). The Arct1c front therefore 

would be expected to develop north of lts normal posltlon, 

whlch ln m1d wlnter ls generally just to the south of 

Alaska. How great the northern dlsplacement of thls 

front becomes will depend on several factors, the prlncipal 

one belng the strength of the wlnds alott. The alr mass 

north of the front is very stable in the lower levels 

and consequently the cold alr wlll remain statlonary wlthln 

the conflnes of the rugged terrain. Once the Arctlc Front 

has moved agalnst the major mountaln range, onlY a 

vlgorous clrculatlon aloft can cause lt to move turther. 

Wl th moderate southerly wlnds, _:üt:13e air moves qui te 

freely 1nto the Cook Inlet-Susltna Valley area, and less 

eas1ly,lnto the Copper River Valley (Flg. 1), and the 

front then has a tendency to become statlonary along the 

Alaska Range. Th1s locatlon along the Alaska Range ls the 

most common posltlon for the Arctic front ln early wlnter 

and sprlng. strong southwesterly wlnds however, wlll 

occaslonally force the front up the Koskokwlm and 

Naskagak valleys (F1g. 1). At thls po1nt there ls no 

35 



definite physieal barrier to impede further movement of 

the front so that it can now readily penetrate to the 

interior of the state and influence the weather accord

ingly. Nevertheless, exactly how far inland the front 

moves is dependent almost entirely upon the strength 

and persistence of the steering 1eve1 winds. 

After the Arctic front has been moved we11 inland, 

it may return to a more southerly location br two means; 

br movement, or br dlsslpation and redevè10pment. In 

the tlrst case (southward movement) the cause of the 

shift is usua11r an intense storm movlng lnto the Gulf 

of Alaska. The clrculation about the storm causes northerlr 

winds over the interior of Alaska, and thls usua11y leads 

to a rapld southward movement of extreme1y co1d alr. 

In the second case (redevelopment) the warm air to the 

south of the front becomes sâationary over the snow 

covered land thus by contact wlth the co1d surface, and 

br radlations1 heat 10ss the warm air beglns to cool, 

wlth the result that the air ln the A1askan interlor 

again beglns to acquire the characteristics of an Arctic 

alr masse 

Results of Fronts 

Unpubllshed llterature aval1able from the U.S. Alr 

Force-Air Weather Service, on rules for forecasting in 
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1nter1or Alaska, present oppos1ng Viewp01nts on the 

effect that fronts have on produc1ng w1nter weather. 

Some torecasters 1ns1st that due to block1ng, genuine 

fronts wh1ch can be tollowed trom map to map are 1nfrequent, 

so other explanat1ons, such as the affects of convergence 

due to the mounta1ns, are g1ven for the weather that 

occurs. Most forecasters, however, agree that the flow 

of a1r 1nto the area trom the sQuthwest and west is 

mostly un1mpeded and that a1r from th1s direction is most 

l1kely to produce precipitation. With the north Pacific 

Ocean and the Bering Sea as moisture sources, such winds 

are very mo1st and mechanical convergence alone is 

sutf1cient to account for the winter precip1tation. 

Forecasters note that intense storms which move 

through the Ber1ng Sea to the west coast of Alaska are 

preceded by strong southerly w1nds over central and western 

Alaska. The air flowing down the north slopes of the 

Alaska Bange w1ll then be warm and dry below about 10 

to 12 thousand feet. Under th1s clrcumstance the occluded 

front ls preceded by some cloudlness but llttle or no 

preclpitation, but moisture brought in subsequent to the 

passage of the front causes considerable snow to fall. 

This is an unusual weather situation whlch will be 

dlscussed turther in a later section. Light to moderate 

snow will a1so occur for one to three hours tolloWing the 
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passage of e1ther a surface co1d front or a co1d trough 

a10ft wh1ch moves onto the wast or northwest coast of 

Alaska from the Ber1ng Sea and S1ber1a. The durat10n of 

snowfa11 under these conditions 1s qu1te variable and 

depends 1arge1y upon the movement of the system. Snowfa11 

rates and amounts are genera11y dependent upon the quant1ty 

of mo1sture available in the atmosphere between the 850 

and 500 millibar levels (U. S. Air Force, 1969). 

In the case when the Arct1c front redevelops Just 

north of the Alaska Bange, condensation otten takes place 

in the 1nter1or. Some of the mo1sture raIls out as l1ght 

snow or 1ce erystals and some 1s depos1ted as frost. 

Gradually though, smal1 areas of clearing appear, usua11y 

over h1gh ground at f1rst, and radiation, part1eu1ar1y 

at n1ght beeomes more intense, resu1t1ng in a more rap1d 

10ss in heat. In t1me~the ent1re mass of 1ntruded warm 

mo1st air 1s transformed 1nto eo1d dry Aret1e air, and the 

Arct1e front in the 1nter1or 1s destroyed. Typ1ea1 weather 

dur1ng the per10d of transformation of the air mass 1s 

qu1te local as one sma11 reg10n after another e1ears, and 

the e10uds and precipitation areas drift more or 1ess 

a1m1ess1y, ::The proeess can bf course be 1nterrupted st 

any t1me by the intrusion of e1ther warm or co Id a1r. 
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Souroe Materia1 

CHAPTER IV 

CLlMATIC DATA 

The hour1y weather reoords used in this study were 

reoorded at the airport station at B1g Dë1ta (Fort Gree1y), 

Alaska. Data for Ootober 1957 through April 1968 were 

extraotéd from the Weather Bureau, Army, Navy Form WBAN-10 

used by the U. S. Department of Commeroe (1957-1968). 

A oopy of an or1g1na1 form WBAN-10 show1ng the weather 

reoorded at B1g Delta on 9 November 1964 1s presented in 

Figure 8. This form g1ves detai1ed hour1y observation 

of a11 weather e1ements 1no1uding the var10as types of 

preoip1tation and other obstruot1ons to vis10n suoh as 

fog and b1ow1ng snow. 

C11matio ana1ysis is usua11y based on summaries of 

dai1y observations suoh as those given for temperature 

and preoipitation 1n F1gure 8. Comp11ations from these 

tlPes of summaries are used 1n the olimatio 1nformation 

avai1ab1e in the 11terature. As disoussed in the intro

duotion, this oommon approaoh to olimatio statistios was 

not used in this thesis. Ins tead , only the periods of 

preoipitation were ana1yzed and the data were examined 

in oombination with other weather e1ements whioh ooourred 

oonourrent1y. For examp1e, a11 preoip1tat1on events 
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reported durlng November 1964 at Blg Delta are llsted in 

Table IVa. The particular type of precipitation and a 

summary of the accompanylng weather observed on each day 

in the month (Table !Va) was talten from the record g1ven 

in Form WBAN-10. An example of the procedure followed, 

can be obtained by noting the values g1ven on 9 November 

1964 1n Table !Va with the observations recorded on this 

date 1n F1gure 8. 

In Table !Va note that the 1nformat10n on l1ght snow 

(s- and s--) on 9 November as well as the single occurrence 

of ice crystals was taken d1rectly from Figure 8. A 

summary of concurrent temperature, w1nd and v1s1b1l1ty 

measurements observed dur1ng th1s-~;prec1pi tation per10d 

on 9 Nov~mber were also transcrlbed on Table !Va. These 

data extract10n procedures then, were followed for the 

ènt1re manth, thus provid1ng a continuous account of the 

prec1p1tat10n h1story at the stat10n. Since only per10ds 

of inclement weather were used in this study, the 

stat1stical results prov1de an insight 1nto the cllmatlc 

condltlons whlch exlst~durlng such speclflc tlmes. An 

1nslght of th1s kind is not readlly available ln the 

llterature because all meteorologlcal measurements taken 

at a statlon are generally 1ncluded ln publlshed climatlc 

summaries without any group1ng ln terms of dlstlnctlve 

wea ther types. 
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TABLE IVa 

INCLBMBNT WBATIIBR SUMMARY. 

Big Delta. Alaska, November 1964 

Mm WBATHER DURATION TBMP ~oP) AMOUNT WIND VIS lBILITY 
~ (hr) ~ .'MdlO (inches) Directi~e~cl (kts) {miles) --

5 and 6 1ight snow 19 20 15 .10 SW 4 to 9 1 to 10 
6 fog 4 20 16 SW 4 to 7 1 to 2 
7 light snow 2 12 11 Trace SW 5 10 
9 light snow 12 11 1 .03 W o to 11 2 to 15 
9 ice crysta1s 1 -2 -2 SW 3 15 + 

10 light snow 19 7 -5 Trace Calm 0 7 to 15 
10 fog 3 -3 -5 Calm 0 1/8 

11 and 12 light snow 29 6 3 .02 W o to 10 5 to 15 
13 b10wing snow 3 18 15 SB 30 10 

~ 14 1ight rain & snow 1 35 32 Trace SW 8 7 1-' 
18 ice pellets 1 32 32 Trace W 6 10 

18 to 20 light snow 36 31 18 .82 W o to 8 1/2 to 4 
19 fog 11 30 22 W 5 to 8 1/2 to 1 

21 and 22 light snow 36 20 9 .05 W 4 to 9 2 to 10 
23 light snow 8 5 2 t'race W o to 7 5to 10 

24 and 25 light snow 20 11 1 .10 W o to 12 3/4 to 5 
24 fog 5 6 '5 W 5 to 7 3/4 to 2 

26 to 28 ice fog 31 -27 -44 Calm 0 1/4 to 6 
. ,': 28 drifting snow 10 -13 -14 SB 15-32 7 to 18 
29 and 30 b10wing snow 48 -10 -14 SB 25-50 7 to 15 



Precipitation Types and Descriptions 

Included in the lfeather data eX'tracted from Form 

WBAN-10 were the following types of prec1pitation: 

snowfall (including heavy - moderate and l1ght snow t snow 

showers, and snow grains); drifting and/or blowing snow; 

rain and/or drizzle; freez1ng rain and/or freezing drizzle; 

fog and/or ground fog; and ice fog and/or 1ce crystals 

when observed in the lower atmosphere. In addition, 

the following meteorological elements occurr1ng during the 

prec1p1tat1on per10d were 1ncluded 1n the tabulat1on: 

a1r temperature, w1nd speed and d1rect1on, v1sib1l1ty, 

amount of prec1p1tat1on and duratlon of the storm. 

A brief descr1pt1on based on HUschke (1959) of some 

of the above types of weather follows: 

1. Dr1ft1ng Snow. Snow raised from the surface of 

the earth by the wind to a height of less than six feet 

above the surface. Drift1ng snow 1s not regarded as an 

obstruction to v1s1on. 

2. Blowing Snow. Snow lifted trom the surface of 

the earth by the w1nd to a he1ght of six feet or more 

above the surface and blown about in such quant1t1es that 

horlzontal vis1b1l1ty is restr1cted at and above the he1ght. 

3. Freezing Bain. Ba1n that falls 1n l1quid form 

but freezes upon impact to torm a costing of glaze upon 

the ground and on exposed objects. Wh1le the temperature 
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of the ground surface and glazed objects 1nlt1ally must 

be near or below freez1ng (320 F), 1t 1s necessary that 

the water drops be supercooled before strlklng. Freezing 

ra1n frequently occurs, therefore, as a transient condition 

, between the occurrence of rain and ice pellets (sleet). 

4. Ice Fog. A type of fog composed of suspended 

part1cles of lce, partly ice crystals 20 to 100 microns 

in d1ameter, but ch1efly, espec1al1y when dense, tinT' 

partlc1es 12 to 20 microns ln dlameter. It occurs at 

very low temperatures, and asual1y in c1ear, calm weather 

in hlgh 1atltudes. Ice fog ls rare atœmperatures warmer 

than -200 F t and lncreases 1n frequency w1th decreaslng 

temperatures untll 1t lsalmost always present at air 

temperatures of -50Qp in the v1clnlty of a source of water 

vapor. 

5. Ice Crystals. A type of precipltation composed 

of slowly falllng, very small unbranched crystals of 1ce 

which often seem to float 1n the alr. Ice crystals may 

fall from a cloud or from a cloudless skye They are 

v1s1ble only 1n direct sunllght or in an artlficlal light 

beam, and do not apprec1ably reduce v1sib1lity. The 

latter quallty helps to d1stlngulsh th1s type of precipi

tatlon from ice fog. 

6. Snow Gra1ns. Precipltation ln the form of very 

small, white opaque particles of ice. They resemble snow 
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pellets ln external appearance, but are more flattened 

and elongated, and ganerally have d1ameters of less than 

l mm; they nelther shatter nor bounce when they hlt a 

hard surface. 

Data Reductlon Procedures 

The followlng d1scuss1on ls g1ven 1n 0r4er to show 

more clearly what was done w1th the data after they were 

extracted from Form WBAN-IO and 11sted 1n tables IVa and 

!Yb. The example whlch follows ls for the dal1y 

weather observed at Blg Delta a1rport dur1ng January, 

1958 (Table IVb). In th1s month, 11ght snow was observed 

. on 8 days, dr1ft1ng or bloW1ng snow on 5 days, 1ce 

crystals on 2 days, freez1ng dr1zz1e on l day and fog 

on 3 days. The total numbers of hours for each of these~ 

weather types observed dur1ng the month were 121, 48, 

17, 2, and 5 hours respectlvely. The latter summat10ns 

were those used ln most of the analyses conducted 1n thls 

study. Note that durlng a.ny one day more than one 

weather type may occur; for example, on 3 January 1958 

both 11ght snow and fog were observed. Occas1onally 

dlfferent types of weather may occur at the same tlme 

or may fol1ow one another as durlng 8-10 January 1958. 

The concurrent meteorolog1ca1 elements mentloned 

ear11er were then tabulated wlth each weather category. 
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TABLE I!2 

INCLEMBNT WBATHBR SUMMARY, 

Big De1t~1 Alaska. Januar~ 1958 

~ WEATHER DURATION TllMP (OF) AMOONT WIND VISIBILITY 
TYPB (hr) ~ - Min (inches) DiJ:'ec don S peed (kts) (miles) 

1 1ight snow 2 -11 -12 Trace W 3 to 5 7 to 10 
2 drifting snow 12 16 11 SB 15 to 20 15 + 
3 fog 2 -5 -7 Calm 0 4 
3 light snow 9 -1 -11 .02 W 2 to 10 4 to 7 

5 and 6 drifting snow 14 :)31 17 B 22 to 30 15+ 
6 b10wing snow 3 22 18 --- SB 30 to 35 10 to 15 
7 freezing drizz1e 2 34 20 .02 W 8 10 

~ 7 and 8 fog 3 ::20 ()9 --- W o to 7 5 
\.J\ 8 to 10 light snow 54 13 -1 .21 NW o to 9 1 to 10 

11 light snow 4 -5 -13 Trace SW 4 12 
11 and 12 ice crysta1s 17 -25 -31 Calm 0 15 + 
14 and 15 drifting snow 19 -7 -17 SB 14 to 28 15 + 
16 and 17 light snow 10 -1 -3 Trace Calm 0 5 to 15 
16 and 17 light snow 10 -1 -3 NB 5 2 to 10 

20 light snow 12 4 -10 Trace B o to 6 3to 12 
30 and 31 light snow 20 11 0 .12 SW 2 to 10 1/2 to 15 



In most cases persistent or average values for these 

meteorological elements were used, as shown 1n Tables 

!Va and IVb. This was necessary because the weather 

event usually lasted for more than one hour. The~s1tuat1on 

on 3 January 1958 1s typ1cal of the procedure followed. 

The w1nd on that date (Table IVb) was calm and the a1r 

temperature was between -5 and -7oF during the per10d of 

fog from approx1mately 1500 to 1700. Snow then followed 

and lasted unt1l m1dnight of the next day. The preva1l1ng 

wind dur1ng th1s period was from the west, and the 

tempe rature ranged from -1 to -llQF. Wind speeds and 

v1s1b1l1ty observed dur1ng these per10ds are also shown 

in Table IVb. The prec1p1tat1on amounts presented 1n 

Table IVb are given in hundredths of an 1nch, and the 

"hours of duration" means the total t1me the storm lasted. 

Note that in some cases storms may extend from one day 

to the next as On 8-10 January 1958 (Table IVb). In the 

analysis of the total number of hours for the month this 

situation presents no problem. However, when the total 

hours of durat10n for 1ndividual storms or fog periods 

were considered, then the total hours of consecutive 

stormy days were comb1ned. 

It 1s obvioas that detailed weather such as that 

given 1n Tables !Va, and IVb can only be compiled by 

visual inspection and extraction from~or1ginal hourly 
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records. The microfilm data for the 11 years·of record 

for each station provided the necessar,y information for 

this. Although some frozen precipitation occurs in 

September and May in interior Alaska it was conS~dered 

minor and only the period October through April was used. 

This~period of record produced 77 tables similar to those 

shown in Tables IVa and IVb. However, the inclusion of 

all these basic data in this report would create excess 

bulk. Therefore, the tables have been omltted and the 

information in the 77 tables have instead been summarized 

in the present study. 
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CHAPTER V 

DATA ANALYSIS 

The statistica1 ana1ysis of the hour1y weather 

observations in central Alaska tirst cOnSiders precipi

tation frequency, the number of winter storms that 

cou1d be expected, and their probab1.e duration. The 

investigation then surveys in detai1 the c1imatic condi

tions whlch occurred concurrent1y with the various types 

of wlnter precipitation. The c1imatic parameters studied 

are alr temperature, vlsibl1ity, wind speed and wlnd 

direction. The results are given ln three forma: as the 

number of observed even~s and their frequency (in percent); 

seasons1 distribution, by months; and as data means and 

extremes ln the form of c1ass interva1s. The summaries 

fina11y, appear in flgures either as bar graphs, pie 

diagrams and wind roses or ln tables showing the number 

of observed events or their frequencies in percent. 

Precipitation Frequency 

The 11 years of winter preclpit~tion data extracted 

from the records for Big Delta (Fort Gree1y) A1aska* 

*A portion of the resu1ts obtained in this ana1ysis was 

a180 used in an environmenta1 Guide Report for Arctic 

test activities (U. S. Army, Natick Laboratories, 1971). 
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showed that snowfall, including occurrences of snow 

grains and snow showers, is observed on the average for 

78 hours in April the month of lowest average value, and 

and for 150 hours in November the month of h1ghest 

average value (Figure 9). Note that these average 

values incorporate periods when only a trace (less than 

.01 in) of precipitation was reëorded. The maximum and 

minimum number of hours of snowfal1 for individual 

months throughout the 11 years of record was a1so surveyed 

(Figure 9). The highest maximum, 286 hours, occurred in 

October, and the lowest minimum, 13 hours, occurred in 

April. Note that the maximum hours for the months 

November through March is very unirorm, z 200 hours. The 

bar graphs in Figure "9 i are di vided to show the number of 

hours with a trace of snow as compared with the hours 

with greater than a trace of snow. The graphs show that 

during those periods when snowfa11 is reported at Big 

Delta, amounts greater than a trace are recorded during 

only 60 to 80% of the time. 

T'Wo graphs, one showing the maximum and average 

number of hours with fog and another, the maximum and 

average number of hours with ice fog during each winter 

month were drawn (Figure 10a ':..;.;... lOb). The minimum 

number of hours was not included in the graphs because in 

the 11 years of record no fog and ice fog was observed 

st least once during each month throughout the,period •• 
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The bar graphs in Figure 10a show that on the average, 

fog at Big Delta decreases in frequency from 71 hours in 

October to 36 in April. However, November appears to be 

an important month for water droplet fog occurrencej 

because a maximum of 210 hours was recorded during one 

year. During the other winter months the maximum number 

of hours with water droplet fog observed during the 11 

year record ranges between 97 and 122 hours. 

Ice fog at Big Delta is predominant during Deeember, 

January and February (Figure 10$. December is espee1ally 

prone to such condit1ons as 1nd1cated by the yearly 

average of 66 hours and a maximum of 240 hours of 1ce fog 

was recorded durlng th1s month over the Il year periodl 

Ice fogs taper off ln frequency during January and February, 

and occur only oceasionally during November and March. 

Since rain, freezlng rain, blowing and dr1fting snow 

and 1ce erystals occur rather 1nfrequently, the number of 

hours per month when these conditions were observed are 

shown in a table (Table V) rather than in graph form as 

was~done for other more frequently occurrlng condltions. 

The values in Table V show that ra1n and freezing rain 

(and/or freezlng dr1zzle) occur, on a seasonal average, 

during,elght or less hours per month and on t~e maximum 

for less than 50 hours durlng any month over the Il year 

periode Although both phenomena occur somewbat lnfrequently 

50 



TABLE :Y 

Fregt!ency of Inclement Weather, Big Delta, Alaska _(hours) 

October11957 through April 1968 

Oct Nov Dec Jan Feb Mar Apr 
Rain 

25(24)* -:Max. for 11 yrs HO) 5(0) 2(0) 2(0) 49(32) 14(9) 
Avg. per yr 8(5) 0 0 2(0) 0.5(0) 0.2(0) 0.2(0) 5(3) 5(2) 

Freez~n~ Rain 
Max. or Il yrs 41(0) 11(1) HO) 24(16) 9(0) 0(0) 4(0) 
Avg. per yr 6(0) 2(0.2) 0.1(0) 3(2) 1(0) ()O(O) 0.5(0) 

V\ 
Ice Crl:sta1s 

t-' Max; for il yrs 6 9 96 16 6 ~;8 4' 
Avg. per yr 1 3 18 3 3 1 0.5 

B10wing Snow 
Max:rfor 11 yrs 14 51 21 19 2 8 4 
Avg. per yr 2 8 5 5 0.5 2 0.5 

Drift.i.ng Snow 
Max~ for 11 yrs 54 73 90 182 41 20 0 
Avg. per yr 7 20 20 39 17 6 0 

*Va1ues in parenthèses indicaté the number of hours in Which greater than a trace 
of precipitation was recorded. 



from November to Februar,y, an 1so1ated freez1ng ra1n storm 

could be lengthy and dangerous w1th respect to!1c1ng 

on w1res, antennae, roads and runways. Desp1te the 

fact that the values 1n parentheses (Table V) show that 

very few storms accumulate more than a trace of prec1p1-

tat10n dur1ng the freez1ng ra1n storms, a ser1es of such 

storms such as the ones observed 1n Januar,y 1958 and 

Januar,y 1963 1nd1cate 1nstances of major 1cing. The 

synopt1c weather cond1t1ons wh1ch accompan1ed one of these 

storms w1l1 be d1scussed 1n a later sect1on. 

Dr1ft1ng snow occurs more frequently than blow1ng 

snow at B1g Delta. The values g1ven 1n Table V show that 

for the months November through February dr1ft1ng snow 

can be expected to average 17 to 39 hours each year. The 

predom1nant month 1s January, when dur1ng one year an 

extreme value of 182 hours of snowdr1ft1ng was observed. 

Blow1ng snow occurs most frequently dur1ng November, 

December and January. The max1mum value for a single 

month observed over the Il years of record totaled 51 

hours and 1t occurred during November. 

Ice crystals are observed mostly in December (Table 

V), when a yearly average of 18 hours during the month 

can beexpected. A maximum number of hours with ice 

crystals (96) for the years of record was also recorded 

during this month. It may be of interest to note again 

that ice fogs, a condition related to extreme cold, also 

are most prevalent in December (F1g. lOb). 
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Except in two instances (freezing rain during March 

and drifting snow during April) the five weather condit1ons 

shown in Table V can be expected to occur sometime during 

the w1nter at B1g Delta with1n an 11 year periode However, 

for some condit1ons the number of occurrences 1s small. 

For example, rain (and/or drizzle) was observed only s1x 

times between November through Februar,y throughout the 

11 ~ear record, and the longest of these storms lasted 

only 5 hours. 

Number of storms and Their Durat10n 

The probable number of winter storms which occur 

in central Alaska and how long they last are other useful 

statistics for planning and operations personnel. 

Consequently, a survey was made: 1) to establish the 

numbers of times each weather t1Pe was observed throughout 

the 11 year record; and 2) to analyse storm duration 1n 

terms of intervals of < 6 hours, 6 to < 12 hours, up to 

~ 30 hours. The resul ts for snowstorms are shown in 

Figure 11. In the survey the number of storms with a 

trace of snow were separated from those with greater than 

a trace. The bar graphs 1n Figure 11 show that 33 or 

more snowstorms of less than 6 hours durat1on; and 22 or 

more storms of 6 to 12 hours in length were observed 

during ever,y month in the 11 years of record. Snowstorms 

of 18 hours or more duration occur less .--'often, totalling 
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between 2 and 16 per mnnth for the entire ll-year 

record. However, about 75% of the storms which last for 

12 hours or more yield more than a trace of precipitation, 

whereas only 45% of the storms of < 12 hours duration 

yield more than a trace of snow. 

Bar graphs similar to those used in the above analysis 

were developed for fogs and ice fogs (F~gure l2a~ l2b). 

Information on a trace or more of accumulation was omttted 

from these figures because traces are not recorded during 

fogs (Nikandrov, 1959). The bar graphs in Figure 12a 

show that fogs of < 6 hours duration occur most trequently 

in October when 49 occurrences were observed during the 

Il year record, and gradually decreased through the wintèr 

months to 20 occurrences in Il years in April. Fogs of 

longer than 6 hours duration also d1m1n1sh in frequency 

each month to where only 1 to 3 fogs of 30 or more hours 

in length were observedpper month throughout the Il year 

record. The longest water droplet tog (72 hOurs) observed 

during the Il years of record occurred in November 1958; 

but brief periods of clearing were also recorded during 

the event. 

During any month, less than 15 ice togs in each class 

interval were observed throughout the period of record 

(Fig. 12b). Although ice fogs ot less than 18 hours 

duration occur most often, the phenomenon can, on occasion, 
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be expected to 1ast much longer. For example, 10 lce 

fogs of 30 hours duratlon:Jor longer were recorded ln 

December dur1ng bhe 11 year record. The longest perlod 

of almost contlnuous lce fog (about 2 weeks) was observed 

1n December 1961. 

The number and duratlon of raln, and freezlng raln 

storms observed durlng the 11 ,ears of record are glven 

ln Table VI. These storms usual1y last ~ 6 hours; raln 

ls most prevalent ln October and Aprll, and freezlng 

raln ln October, November and January. Of the 44 raln

storms observed 18 produced more than a trace of precipi

tation. Of the ~l freezing ra1n storms reported, only 

two produced more than a trace of preclpitation. From 

the data g1ven in Table VI, lt appears that raln and 

fr~ezing rain are comparatively lnfrequent in wlnter at 

Blg Delta, Alaska. on rare occas1ons though, a mld-wlnter 

thaw period, part1cularly in January 11'111 cause an ice 

storm. 

A tabulation givlng the number and duratlon~of 

drlftlng and blowing snow storms ls glven ln Table VII. 

Most blowlng-snow storms last longer than 6 hours, whereas 

ma.ny drlfting snow storms are of longer duratlon. Blow1ng 

snow 1s a random event but has been observed at least 

once 1n all w1nter months during the 11 year record. 

55 



TABlB VI 

Number and Duration of Rainstorms and Freezing Rainstorms, Big Delta, Alaska 

October (1957) through April (1968) 

B!!i!! 
Duration (Hours) Oct 1 Nov 

Trace ,. Trace T ~ T 
llilE-1 Jan 1 Feb 12!!! 

T ::> T T ~T T .> T T "T 
Apr 

T .>T 

< 6 8 5 2 2 1 1 2 1 9 2 

6 to < 12 * 4 1 1 1 

12 to 24 1 1 1 
V\ 
0\ ,. 

Freezing Rain 

Duration (Hours) Oct 1 Nov 1 Dec 1 Jan 1 Feb 1 Mar 1..Ae 
Trace >Trace T ~T T .>T T >T T >T T >T T ~T 

~ 6 3 6 2 4 113 None 3 

6 to<'12 4 2 1 

12 to 30 1 1 

*Blanks mean zero events 
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TABLB VI.! 

Number and Duration,")of Drifting and B10wing Snowstorms 

Big Del ta. Alaska October (1957) thr rugh April l!968) 

Drifting Sn~ 

Duration Oct Nov Dec Jan' Feb Mar Apr 

L:. 6 hr 2 6 8 18 7 6 None 
6 to 12 hr 3 11 5 6 3 3 
12 to 18 hr 2 0 2 3 3 1 Observed 
18 to 24 hr 1 3 1 0 1 0 
24 to 30 hr 0 1 3 0 0 0 
30 hr or more 0 1 0 5 2 0 

\J\ 
.....:J 

~.ing Snow 

Duration Oct Nov Dec Jan Feb Mar Apr 

~ 6 hr 2 9 4 9 4 6 1 
6 to 12 hr 0 1 4 1 0 0 0 
12 to 18 hr 1 0 0 1 0 0 0 
18 hr or more 0 1 1 0 0 0 0\) 



Dr1ft1ng snow was not observed dur1ng any Apr1l but 

otherw1se 1t 1s rather common. January 1s a peak month 

of occurrence, 18 storms of dr1ft1ng snow last1ng less 

than 6 hours and f1ve of 30 hours or more durat10n were 

observed 1n th1s month dur1ng the Il Jear record. The 

longest reported blow1ng snow storm (48 hours) occurred 

1n November 1964, and the longest 1nterm1ttent dr1ftlng 

snow storm,.reported 1n January 1966, lasted for 4 days. 

W1nd speeds at Blg Delta dlffer somewhat from other 

stat10ns 1n central Alaska and more on th1s subject w1ll 

be d1scussed 1n a later sect1on. 

ConcurrentCltmatlc Cond1t1ons 

A. Alr TemperatlU"e. One of the more important 

cllmatlc. parameters associated wlth wlnter weather is air 

temperature. It ls weIl known, for example, that ice 

fog occurs at much lower temperatures than warm fog, and 

thàt the snow falllng in mid-wlnter is colder than that 

observed durlng Octob~~ or April. However, the magnltude 

of these dlfferences and the frequency of occurrence at 

speclfic sltès, such as Big Delta, ls not well documented. 

Consequently, an analys1s of the a1r temperatures observed 

at the time the varlous wint.r weather types occurred 

was made. 

Temperature ranges in 1ntervals of 10 degrees were 

selected, extending fram -40 to -3lQF, at the cold 
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extreme, and +30 to + 390 F at the other extreme. To 

begin wlth the average air temperature observed durlng 

eaeh snow storm was noted ~nd a eount was made in the 

proper Interval. Monthly tabulatlons were made and the 

eombined frequeneies of the Intervals ln eaeh month were 

totaled and reeorded as 100% (Figure 13). The bar graphs 

in Flgure 13 show that the alr temperatures durlng snow

fall ln Oetobér, November and Aprll fall mostly between 

+10 and +390 F. Durlng Deeember, January and February 

the alr temperatures ranged from -40 to +390 F durlng 

periods of snowfall, but oeeur mostly between -10 to 

+9ôF. It ls Interesting to note that the snow falling 

in Mareh ls stlll assoelated wlth rather low temperatures, 

thus refleetlng the extended wlnters experieneed in thls 

area. 

A eomparlson of alr temperatures observed durlng fog, 

lee erystals and lee fog is shown ln Flgure 14. The 

tempe"rature 1ntervals used for snow, were also used in 

thls analys1s. However, the totals representing 100% 

frequeney for eaeh of these weather types eomblne all 

months (Oetober through April) Instead of eaeh menthe 

Note the progressive sbift from higher to lower air 

temperature during periods of fog, observed iee erysta1s, 

and iee fog respeetive1y (F1g. 14). The maximum temperature 

frequeney obtained for eaeh weather type oeeurred at; 10 

to 190 F for fog, -11 to _20oF for lee erysta1s and -31 

to -40oF for iee fog. Iee fogs are eonfined to the most 
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narrow range in air temperature, whereas during periods 

of water droplet fog (as opposed toiice fog) the observed 

a1~ temperature extended over a wide range. 

The average air temperature,)observed during the 44 

instances of rain {Table VI~ reported during the eleven 

y~ars of record was 37°F. Higher temperatures (up to 

4SoF.) occurred during October or April and lower values 

(down to 2SoF) recorded between November and March. 

The average alr temperature observed during the 31 freezing 

rainstorms (Table VI) was 2SoF. The highest and lowest 

temperatures reported during thls weather condition 

were 37 and lSoF respectlvely. A study on mean monthly 

alr tempe ratures durlng freezing rain and/or drlzz1e at 

clties in northeastern United states and southeastern 

Canada showed a similar relationship exlsting between 

these two cllmatic parameters (Bilello, 1971). 

B. Windspeed and Directlon. Information on wlndspeed 

and dlrectlon during periods of snowfall, drifting snow, 

fog and ice fog woàld be of value for several reasons. 

For example, the prevalllng wlnd directlon during drlftlng 

and blowing snow would help designers determine the layout 

and orientation of buildings and provide data for use ln 

snowdrift control. The prevaillng wind direction at the 

time of fog and lce fog would be lmportant in airfield 

operations and ground fog dispersal systems to locate the 
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oorreot up-w1nd pos1t1on1ng of the equ1pment. 

Consequently, the average w1nd d1reot1on and w1nd

speed dur1ng the above w1nter weather cond1t1ons were 

tabulated and analyzed. The results on w1nd dur1ng snow

fall are g1ven 1n F1gure IS. S1noe there 1s 11ttle 

month-to-month va~1at1on 1n the preva111ng w1nd d1reot1on 

dur1ng per10ds of snowfall, the w1nd-rose g1ven 1n F1gure 

IS oons1ders all observat1ons betw&en Ootober and Apr11 

for the ll-year record. It was found tbat winds dur1ng 

snowstorms are from the west, southwest and northwest 

dur1ng 66% of the t1me at B1g Delta. Calms are reoorded 

dur1ng 11% of the snowfall per1od; otherw1se the average 

w1nd speed 1s S.5 knots. The h1ghest average w1nd speed 

dur1ng snow (6.8 knots) was recorded 1n Apr11, the lowest 

(4.7)knots) 1n Deoember and January. 

The w1nd d1reot1on dur1ng blow1ng and dr1ftlng snow 

storms .1n the B1g Delta-Fort Greely area, however, 1s 

predominantly from the southeast (U.S. Army ECOM, 1966) •• 

A frequenoy analys1s showed that the w1nd can be expected 

from th1s d1reot1on dur1ng 88% of the blowing and dr1ft1ng 

snowstorms, and that dur1ng the rema1n1ng 12% of such 

storms the d1rect1on 1s east or south. A compar1son of 

the wlndspeeds dur1ng blow1ng and dr1ft1ng snowstorms 1s 

shown 1n F1gure 16. The d1agram shows that b1ow1ng snow 

1s assoo1ated w1th stronger w1nds, 21 to 25 knots, as 
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compared w1th 16 to 20 knots for dr1ft1ng snow. It 

a1so shows that b10w1ng snow does not occur w1th w1nds 

under 11 knots, and for only J% of the t1me w1th w1nds 

under 16 knots. It should be p01nted out that dur1ng 

per10ds ot b10w1ng snow, the snow 1s a1so probab11 

dr1ft1ng. Usua111, but not a1wa1s, both phenomena were 

reported simultaneous1y ~ the observer. 

Kungurtsev (1937) reports that the transfer of 100se 

snow beg1ns with surface w1nd speeds of about 5 knots. 

For hardened snow the requ1red surface wind 1s stronger 

(10 knots). A studl on the phys1cal propert1es of the 

snow cover st Fort Gree1y (B11e1lo, et al, 1970) showed 

that the snow density was generally low. For example, 

the average dens1ty 1n the forested area did not exceed 

0.24 g/cmJ ; but at certa1n exposed locations dens1t1es 

ot up to 0.33 g/cm3 could be expected. At these leve1s 

of snow compactness the w1nd speeds observed-dur1ng per10ds 

of drifting snow at B1g Delta (F1g. 16) are h1gher than 

those g1ven by Kungurtsev. When the snow was 1ifted to 

heights of a few feet above the surface, Kungurtsev 

found the wind speeds reached 30 to 40 knots. W1nds in 

this range were observed dur1ng 15% of the time when 

blow1ng snow was observed at B1g Dë1ta (Fig. 16). 

Variations in these wind relat10nships can be expected 

though, because of changes 1n the structure and size of 

the surface snow crystals, the variations 1n vegetat10n 
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and feàtures of the terrain and variability in the wind 

such as gustiness and direction. 

It 1s generally believed that the wind during periods 

of ice fog are usually calm. Survey of the data for 

Big Dèlta showed that this i.e. calm condition, is true 

during 24% of the time (Pigure 17b). Otherwise, the 

average wind is generally light being 2.9 knots, and with 

a direction at these times which is generally from the 

south. The average windspeed during periods of fog or 

ground fog is 5.3 knots and conditions were calm during 

12% of the time (Pigure 17a). Note that the dominant 

wind direction during these types of fog is from the west, 

which is quite markedly different from the direction for 

ice fog. 

It now becomes apparent that from the climatic 

information given in this section, a forecast based on 

statistical probability becomes possible. For example, 

it has been shown that ice fogs at Big Delta occur most 

often in December (F1g. lOb), that i'n that : .. lDœrtll". the 

condition can persist for over 30 hours once a year (Fig~ 

12b), tr~t it does not occur at air temperatures above 

-21oF. (Fig. 14), and that the winds are calm or light 

and from the south (Fig. 17b). 
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Thus to forecast lce fog at Blg Delta one should 

flrst conslder the prevlously dlscussed macrometeorologlcal 

and synoptlc meteorologlcal condltlons whlch produce lce 

fogs. The statlstlcs glven here show that the requlred 

cold arctlc alr masses occur most frequently ln central 

Alaska during December. Statlstlcs further show that, 

on the average, 50 out of the 744 hours (or about 7% 

of the time) ln December one can expect lce fogs to 

occur. However, records also showed that ln one wlnter 

out of eleven Blg Delta experlenced a December wlth 240 

hours of lce fog or for about 32% of the tlme (Table lOb). 

A slm1lar analysls can be coDducted by forecasters 

to determlne the probablllty of blowlng snow occurrlng at 

Blg Delta, Alaska. As shown ln the followlng Chapter, 

blowlng snow storma develop when a steep pressure gradlent 

forma over southeast Alaska. The results presented ln 

Table V show that such synoptlc meteorologlcal condltlons 

can occur durlng any month between October and Aprll. 

However, most storma apparently take place ln November, 

when ln one year out of Il blowlng snow .. as recorded 

durlng 51 out of a posslble 720 hours(Table~. The 

addltlonal concurrent cllmatlc statlstlcs conducted ln 

thls thesls, also provldès some other useful lnformatlon 

on blowlng snow storms. The dlagram ln Flgure 16~ for 
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example, shows how strong the w1nd has to be at B1g Delta 

to generate such a storm (~ 16 to 35 knots) and. the 

f1gures 1n Table Il show that the preva1l1ng w1nd 

dur1ng the event 1s almost always from the east-southeast. 

c. V1s1b111ty. F1nally, 1t 1s of 1nterest to know 

the reduct10n 1n v1s1b1l1ty one can expect dur1ng each 

t;vpe of winter wea ther cond1 t1on. The resul ts of the 

survey made on th1s partlcular parame ter are shown 1n 

Table VIII. It 1s s1gn1f1cant to f1nd that the vls1b1l1ty 

dur1ng water droplet type fogs at B1g Delta ls sllghtl1 

poorer than dur1ng lce fog. only dur1ng 1% of the tlme 

was the v1s1b1l1ty better than 5 miles ln warmer fogs, 

whereas lt was 6 or more m1les dur1ng 17% of the t1me 

ln lce fogs. The frequency, for both types of fog~ of 

v1s1b1l1ty belng under 1 m1le was comparable (~ 30%); 

for the 1 to 3 m1le range and. frequency was h1cher for 

water droplet fogs than lt was for lce fogs (51 and 27% 

respect1vely). 

V1s1b1l1ty durlng snowfall and blow1ng snow 1s not 

as peor as 1t ls dur1ng fog. The frequency for v1s1b1l1t1es 

less than 1 m1le ls only 9 to 12% of the t1me; and. for 6 

m1les v1s1b1l1ty lt 1s 49% for snowfall and 32% for blowlng 

snow. The tabulation also shows that the vls1bl11ty 

durlng blowlng snow ls not as good as lt ls durlng perlods 
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TABLE VIII 

Vis ibi lit Y during water Drop1et Fogs. Ice Fogs. Snowstorms. 
B10wing Snowstorms. and Ice Crystal Occurrences. Big Delta. 

Alaska October(1957)tbrougb April{l968} 

Visibility (miles) during ~ter Drop1et Fogs 

L. 1 mile 1 to 3 4 to 5 ~ 5 miles 

% of time 29 51 19 1 
during fog 
periods 

Visibility (miles) during Ice Fo~ 

~...! 1 to 3 4 to 5 6 to 10 >...!Q 

% of time 30 27 26 12 5 
during ice 
fog periods 

VisibilitI (miles) during Snowfall 

L. 1 1 t0..1 4 to 5 6 to 10 ~..!Q -
% of time 9 26 16 28 21 
during snow-
fall ~riods 

Visibility (miles) during B10wing Snowstorms 

~ -1 1 to 3 4 to 5 6 to 10 >10 

% of time 12 31 25 18 14 
during Blowing 
snow periods 

Visibility (miles) during Ice CrIstal Occurrences 

L. 1 1 to 3 4 to 5 6 to 10 ~ 10 

% of time 3 15 14 28 40 
during observed 
ice crystals 
periods 
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of snowfall. The reason for the smaller frequency value 

obta1ned for 4 to 5 miles v1slblllty dur1ng snowfall 

(Table VIII) 1s not apparent. It may be due to the 

arb1trar,y ranges of vlslbll1ty wh1ch were selected, or 

to the method of deter.m1n1ng the averages of the 

v1s1b1l1ty observed during the storm. 

As noted in the def1n1tlon of lce cr,ystals, the 

presence of such cr,ystals does not appreclably rèduce 

v1s1b1l1ty. The values g1ven ln Table VIII ver1fy thls 

statement, s1nce dur1ng 82% of the t1me 1ce crystals were 

observed, the v1slbl1lty was bètter than 4 miles, and 

lt was over 10 m1les for 40% of the tlme. 
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CHAPTER VI 

AIR MASSES, FRONTS AND CLIMATIC REIATIONSHIPS 

In the preceding sect~ons the large scale w1nter 

weather controls which affect the central region of 

Alaska were introduced and examined. This was followed 

by a detailed analysis of the various forms of frozen 

precipitat10n produced by these meteorological conditions 

and an investigationoof observed concurrent climatic 

parameters. 

In thls section, some Interesting and slgnificant 

interrelatlonshlps between the macro/slnoptic scale 

weather phenomena and the resulting wlnter climate observed 

at BIg Delta and other locations in central Alaska will 

be discussed. Since each of the observed forms of frozen 

precipitation were caused by or associated with different 

weather conditions, they will be considereà separately 

in thls chapter. 

Snow and Snow Showers 

As noted in Figure 9, snow and snow showers are the 

most prevalent form of frozen precIpitation occurring 

in the interior Basin of Alaska. Such precipitation 

starts as early as September and lasts untl1 April or May. 

Winter cyclonlc storms moving onto the west coast 

of Alaska (such as the one shown in Figure 7b) will 
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lnltlally produce southerly winds over central and western 

Alaska. The occluded front accompanying these storms 

generally produces high thin clouds over the interior, 

but no snow. When the front approaches the Big Delta area 

it has passed the peak of development and usually a deep 

cold low is left over the Bering Sea. When this cold 

low moves far enough to the north the winds over Central 

Alaska veer from the south to a westerly direction and snow 

will start to fall (see Fig. 15). This precipitation is 

due to the moisture brought in by the frontal system, 

the funnelling effect of the topography and the lifting 

of the warm air by the i~ading cold air. Since large 

amounts of snow in Central Alaska are not observed until 

after the winds shift, the pressure changes to the rear 

of the front become important. In fact forecasters in 

the area have noted that when moisture moves' into the 

interior from the southwest in winter, snow will not 

occur until the pressure begins to rlse and will continue 

until the barometer starts to level off. 

This reported meteorological sequence was tested here 

by examining a serles of daily synoptic weather maps 

for the northern hemisphere (Dept. of Commerce, 1957-1967). 

Four random years, wlthin the perlod of record were used 

in the analysls. The tabulation consisted of: 1) a 

count of the hours when snow was observed, and 2) the 
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amount of pressure increase or decrease during the same 

three hours. Two stations in the Basin were used in 

the survey, one on the west end (Galena) and another on 

the eas t end (Fairbanks). 

The results, summarizeti.=monthly from October through 

April, are given in Table IX. The investigation showed 

that rising pressure tendencies in central Alaska are 

definitely more h1ghly associated with snow occurrence 

than are pressure falls. In one of the summarized 

tabula tions (Galena in April, Table IX), the pressure 

falls during periods of snowfall exceed pressure rises. 

In all·:·other cases, especially at Fairbanks or when snow 

was falling at both stations, the pressure rises exceeded 

the falls by a ratio of two or three to one. The amount 

of pressure change also supports thls circumstance--only 

one of the 21 summarized events given in Table IX, showed 

a smaller net increase in total pressure change, Galena 

in February: 84 tenths of millibars versus 96. 

Nichols (1953) notes that the intensity and duration 

of snowfall in intèrior Alaska is also related to the 

degree and persistence of the pressure····rise subsequent 

to a frontal passage. Minor troughs moving rapidly through 

the area produce only light and brief periods df snow 

from a relatively high deck of clouds (bases 8,000 to 

10,000 ft). Moderate to heavy snowfalls on the other hand 
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TABLE IX 

AtmosEheric Pressure Changes during Periods of Snowfa11 
in Central Alaska 

~ Station No. of Press. ]0. of Press. Total Amt. Total Amt. 
~ .!:!!.!! of Press. Inc rèas e of Press. Decrease 

(tenths of mbà) (tenths of mbs) 

Oct. Ga1ena 8 8 77 65 
Fairbanks 15 5 221 55 
Both 5 0 47 0 

Nov. Ga1ena 8 7 121 68 
Fairbanks 10 3 199 33 
Both 9 4 123 54 

flDec. Ga1ena 7 5 117 56 
--l Fairbanks 10 6 172 60 .... Both 7 3 72 19 

Jan o Ga1ena 9 9 144 84 
Fairbanks 6 3 89 26 
Both 2 0 23 0 

Feb. Ga1ena 9 6 84 96 
Fairbanks 9 3 100 14 
Both 12 0 183 0 

Mar. Ga1ena 10 3 81 29 
Fairbanks 6 0 109 0 
Both 3 0 40 0 

Apr o Ga1ena 10 11 142 131 
Fairbanks 7 2 83 10 
Both 8 2 112 19 



are associated with slow moving major troughs in which 

the mixing ratio values for mo~sture in the lower levels 

of the system are quite high (Cobb, 1970). However, 

storms which produc~ large amannts of snow occur infre

quently in the interior Basin. Normally, the area 

experiences numerous snow events each month and the amounts 

during each event generally total less than two inches 

and often only a trace (Fig. Il). 

Bain and Freezing Bain 

Bainfall rarely occurs during December, January and 

February in central Alaska. It was observed only four 

times in eleven years during these months and produced 

only a trace of precipitation in each case (Table VI). 

Bain events increase only slightly in November and March, 

and, on the average, can be expected to occur only about 

once or twice a year durlng October and April. 

A signlficant lengtht- period Of rain howe~r, was 

observed between 22 and 27 March 1965 at Big Delta when 

dlscontinuous rain was observed for a total of over 45 

hours. The weather map for 1200 ho urs GMT, 22 March 1965 

showed two intensive north-south blocking high pressure 

systems located east and southeast of Alaska (Fig. 18). 

The isobaric pattern which formed on the west side of these 

high pressure centers broughtan abnorma1ly large amount 

of warm moist air from the Pacifie Ocean to the A1askan 
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~nterior. The 500 millibar upper air weather map for 

1200 hours GMT, 22 March 1965 (Fig. 19) also shows 

this unusual south to north transfer of air to Alaska. 

The lower portion of the deep upper trough in the west 

central Pacifie Ocean on this map reaches the Rawaiian 

Islands whi1e the upper portions of the wedge east of 

this ~rough extends northward into the Arctic Ocean. The 

rather steep pressure gradient existing between 155 and 

l600W longitude clearly shows how the observed anomaly 

of warm, moist air was able to move rapidly from a mild 

oceanic region to the Arctic. 

OVercast skies and rain or drizzle with abnormally 

high air temperatures were observed ever,rwhere in the 

interior at this time. In fact, the five-major weather 

stations in the inter~or basin reported values of 160 to 

190 F above normal for March 1965; and 15 other stations 

in the Basin reported maximum tempe ratures for the month 

occurring between March 23 and 27th (U.S. Dept. of 

Commerce, 1965). Macrometeorologically speaking, this 1s 

a good example of an unseasonal intrusion of relatively 

warm sub-polar maritime air into Alaska. Although frontal 

systems did not actually traverse central Alaska during 

this interval, rainfall amounts were relatively high. 

Simi1ar weather situat~ons in this area rarely occur in 

mid-w1nter, bùt are observed occas~onally at the start 

or end of the season. 
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Freezing rain and freezing drizz1e occur more 

frequent1y during the mld-winter in central Alaska than 

does raln (Table VI). Stud1es conducted by Johnson and 

Pazeretsky (1968) have shown that the th1ckness of the 

warm layer (above freezing temperatures) of air over 

Eie1son Air Force Base in winter will determine the form 

of prec1p1tation that reaches the ground. If the depth 

of the warm air a10ft ls sufflcient1y deep to a110w 

complete me1ting of the snow partic1es fa111ng through 

from higher 1eve1s then freezlng ra1n or drizz1e will occur 

at the surface. The assumpt10n ls that the sha110w freezlng 

layer of air, be10w the thlcker warm 187er, w111 super-

cool the water drop1ets but not refreeze them. These 

supercoo1ed drop1ets, will, however, freeze 1mmediate1y 

when they come in contact w1th exposed objects on the 

ground. If the warm layer of alr a10ft ls sha110w, then 

the snow partlc1es fa111ng through 1t wl11 just part1a11y 

me1t. These partlcles would then refreeze as they pass 

through the thicker cold:layer of air be10w to form 1ce 

pellets or snow gra1ns. 

An extended period of freezlng ra1n and freezing 

drizz1e was obs~rved at B1g Delta and Eie1son Air Force 

Base Alaska in January 196;. The surface weather map for 

1200 hours GMT, 15 January 196; (Fig. 20) shows a high 

pressure ce11 which had formed off the west coast of the 

U.S. This ce11 remalned in th1s reglon for most of the 

1ast ha1f of January 196;. In conjunctlon wlth th1s 
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blocking high, frontal systems of one type or another 

stalled or lingered in central Alaska during.most of the 

same periode The fronts eaused cold air to remain near 

the surface ln the lnterior, while warm-moist alr was 

being advected into the upper layers via the north-south 

pressure gradient from the Pacifie Ocean (Rare and Orvig, 

1958) • 

The resü1ts of thts synoptlc weather situation are 

shown br the data (Table X) compiled br Johnson and 

Pazeretsky (196~). On 11 days between 16 alJd 31 January 

1963, 17 separate events of freezing rain or freezing 

drlzzle were recorded at Eielson Air Force Base. Daring 

this period, this form of precipitation was observed for 

50 hours and 34 minutes and the surtace air temperatures 

at these times averaged 20.SoF, the highest temperature 

belng 31°F and the lowest l30 F. The warmest temperature 

observed alott during this same precipitation period 

averaged 34.50 F, with a maxlmum temperature ot 410 F and 

a minimum of 29°F. A plot (Fig. 21) ot the Mean tempera

ture lapse rate observed dur1ng periods of freezlng rain 

or drlzzle at Elelson Air Force Base shows that the lower 

freezing layer generally extends from the surface to.-;·.about 

950 mlllibars or approximately 1600 feet thlck. The 

layer over thls cold alr, ln whlch the temperatures are 

above freezlng, usually extends trom about 950 to 820 
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TABLE X 

Freezin~ Drizz1e z Freezing Raïa. and Concurrent TemEeratures z 
Eielson Air Force Base. A1aska z January 1963 

Date ( i-:: ~ Duration 
(Fr. Rain (ZR) (hrs + min) Sfc TemE Warm es t T emE 
(FR. Drizz1e (ZL) (eF) a10ft (OF) 

14 ZR 6 + 13 19 29 

14 ZL 6 + 15 16 29 

15 ZL 1 + 07 19 29 

16 ZR 0+23 26 37 

16 ZL 1 + 41 28 34 

19 ZR 10 + 02 28 36 

20 ZR 1 + 04 31 38 

24 ZR o + 20 17 37 

24 ZR 2 + 10 19 37 

25 ZR o + 15 20 36 

25 ZR 0+24 21 36 

25 ZL 2 + 00 21 32 

25 ZL 3 + 07 22 34 

26 ZL o + 10 14 36 

29 ZL 1 + 15 13 41 

30 ZL 13 + 18 15 36 

31 ZR o + 50 24 29 



mllllbe~s or approximately 3600 feet thick (ESSA, NASA 

and USAF, 1966). 

In another survey on the occurrence of freezlng rain 

or freezing drizzle at Eielson Air Force Base, Alaska, 

Johnson and Pazeretsky (1968) found that over a period 

of several winters (1958 through 1964) the phenomenon 

was observed durlng 29 days for a total of 87 hours and 

34 minutes. Durlng thls period (1958-64) this form of 

precipltation occurred MoSt frequently during the 1962-63 

winter, when lt was observed on 14 days, and least 

frequently the followlng wlnter when no such events were 

observed. These values re-emphasize the fact that this 

form of winter preclpitation ln central Alaska is relatively 

uncommon and extremely variable ln terms of expectancy. 

Fog and IceFog 

F~equency and duration values on fog (or ground fog) 

and ice fog at Big Delta in winter are glven in Figure 10 

and 12 respectively. Except for the maximum November 

value observe in Il years of record (Flg. 10a) the 

expectancy level for fog and ground fog occurrence is 

quite uniform from October through April. Generally, 

the formation of fog and ground fog is a localized 

phenomena. Low lying regions with extensive marshes, lakes, 

or rivers are particularly prone to fog formation. The 

77 



beg1nn1ng of w1nter 1n th1s case 1s naturally a more 

favorable time for fog format1on because these sources 

of water have not ~et become rrozen over. 

Most of the w1nter fogs in th1s region, espec1ally 

ground fogs, are 1dent1f1ed as rad1at10n fogs (Falkowsk1, 

1957; Hast1ngs, 1959). Th1sttype of fog 1s common over 

land areas, and is produced when radiat10nal cooling 

reduces the air temperature to or below its dew point 

(Huschke, 1959). There are several conditions which favor 

the formation of radiation fog: (1) the air during the 

day has been under a cloud cover thus retain1ng as much 

moisture near the ground as possible; (2) clèar skies at 

night permit rapid long-wave terres trial cooling; (3) 

the shallow surface layer of relatively moist air cools 

to an excessive degree; and (4) the surface winds are 

calm or quite light. 

Topographically, the central Alaska basin is also 

an ideal location for fogs formed by cold air drainage. 

River valleys and low lying regions immediately adjacent 

to ponds or lakes are frequently subject to this type 

of fog. The gradient wind direction and moisture content 

of the air are important factors involved in forecasting 

this type of fog (George, 1951, Nikandrov, 1959). In 

the western part of the basin near Farewell (Fig. 1), fog 

can be expected if the low level drift is from the southwest; 
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in the eastern part of the basin (at Big Delta) the 

prevailing wind during periods of fog or ground fog is 

westerly and light (Fig. l7a). 

The most prolonged periods of ice fog in Central 

Alaska occur during the months of minimum insolation. 

Strong radiative inversions will drop surface temperatures 

to below -350 F and locally stagnant air will result in 

air pollution in the form of ice fog (Robinson, et al. 

1957; Benson, 1970). This feature is most pronounced in 

major settlements, such as in the Fairbanks-Fort Wainwright 

area, but can occur in other locations where excessive 

amounts of water vapor are released from such sources as 

automobiles, power plants and household chimneys (Gotaas 

and Benson, 1965). 

Bowling, et al (1968) report that in 12 of the 15 

ice fog events at Fairbanks, the synoptic weather maps 

showed a north-south surface ridge forming from Siberia 

to the Pacific before each event. Th1s surface r1dge 

generally breaks away from S1ber1a and moves 1nto Alaska 

and an upper r1dge forma over the Ber1ng Stra1t. The 

surface r1dge then grows rapidly 1nto an 1ntense ant1-

cyclone in the 1nland valleys cf Alaska and moves slowly 

eastward 1nto Canada àfter a few days. Two other 1ce 

fog events were associated w1th a cont1nuous belt of 

high surface pressures extend1ng from Siber1a 1nto Alaska 
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and canada. The surface temperature during one of these 

events was extreme1y co1d (be10w -580F), and produced 

an extended period of ice fog from about 15 to 30 

December 1961 at both Fairbanks and Big Delta (Gotaas and 

Benson, 1965). 

Drifting and B10wipg Snow 

As discussed ear1ier, wind speeds of about 10 to 20 

knots will cause snow on the 3urface to drift. Oneof 

the longast periods of drifting and b10wing snow at Big 

Delta occurred during 2 to 6 January 1966. A high pressure 

ce11 entered over interior Alaska in conjunction with a 

cyc10nic system off the west coast of Canada caused a 

steep pressure gradient to form over southeast Alaska 

(American Meteoro10gica1 Society, 1966). The wind speed 

on this occasion averaged 20 to 30 knots at Big Delta 

during most of the snow moving period and the direction 

was predominant1y from the east-southeast (Table XI). 

An almost exact replica of the synoptic situation 

described above also occurred on 29 and 30 November 1964 

(American Meteorologica1 SOCiety, 1965). B10wing snow 

at Big Delta was recorded during most of this storm, 

in which wind speeds of 50 knots with gusts of 62 knots 

were recorded. The wind direction during this period 

was the same as during the other storm, being from the 
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TABLB XI 

Wind SEeed and Direction during Drifting and B1owins: Snowstorms 2 * 
BiS. Delta, Alaska November through Decembt;:!: 1964 and January 1966 

November - December 1964 

Date ~ Dur ati on Ave. Wind SEeed Prevai1i~ Wind 
DriftiES; Snow ~DS2 ~ (Knots) Direction 
Blowi~ Snow (m) (36 point compass) 

Nov 28 Ils 10 22 10 
29 m 10 30 12 
29 m 6 33 10 
29 m 8 28 11 
30 m 9 33 12 
30 m 15 38 11 

Dec 1 m 7 25 11 

January 1966 

2 :œ 6 19 111 
2 m 10 23 12 
3 m 8 24 11 
3 :œ 16 22 11 
4 œ 6 25 10 
4 BS 18 40 11 
5 :œ 18 28 11 
5 m 2 42 11 
6 DS 6 25 11 

19 :œ 5 13 12 
21 :œ 8 25 11 
22 BS 3 29 11 
22 Ils 4 27 11 
23 m 3 36 11 
23 DS 55 32 11 
25 BS 8. 40 10 
25 Ils 9 28 11 
26 Il) 7 30 11 
26 BS 6 37 12 

*Taken from U. S. Dept. of Commerce (1957-1968) Wèather Bureau, 
National Weather Records Center. WBAN -10, ATCS, Big Delta, 
Alaska, November 1964 and January 1966. 
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east-southeast (Table XI). It 1s of 1nterest to note 

that at most stations in canada and conterm1nous U.S. 

per10ds of snowfa11 are assoc1ated w1th w1nds from the 

south to northeast, and dr1ft1ng or b1ow1ng snow are 

assoc1ated w1th w1nds from the southwest to north 

(Koeppe, 1931; Berry, et al., 1945). At B1g Delta almost 

the oppos i te 1s true: snowfa11 w1nds are predominant1y 

southwest to northwest (Fig. 15) and dr1ft1ng and b1ow1ng 

snow is accompanied by w1nds from the southeast to east. 

However·drift1ng and b1ow1ng snow 1s less common at 

other stat10ns in the A1askan 1nter1or because winter 

winds at these locations do not b10w as strong1y as they 

do at Big Delta (Mitchell, 1955; Ehrlich, 1953). 
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CEAPTER VII 

CONCLUSIONS AND DISCUSSION 

This thesis investigated the occurrence of freezing 

precipitation in central Alaska and analyzed the 

meteorological cond1tions which produced the winter 

climate. The extensive Tanana River Basin in the interior 

of Alaska was selected because it was easily identified 

~nd because the cl1mate differed from its surrounding 

areas. The study showed that this difference in climate 

was mainly due to the major mountain ranges which sur

round the Basin. 

The interdependence between Meteorology and Climatology 

is pointed out in this thesis by way of stat1stical 

analysis and the discussions of the influence of air 

masses, and fronts on the resultant winter precipitation. 

It was found that most of the winter weather is related 

to the Polar Continental air mass which domina tes the 

area during this time of the year. The main exception 

was the occasionsl influx of Polar Maritime air which 

produces a major snow storm or warm fogs. The remain1ng 

forms of precipitation, namely rain and freezing rain or 

freezing drizzle, occur during massive intrusions of 

Subpolar or even Temperate Maritime air. A late winter 

rainstorm observed in central Alaska, for example, was 

analyzed and the weather pattern at the time showed a 

major south to north flow of warm, moist air reaching 

Alaska from Pacifie Ocean latitudes of 3SoN. However, 
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the investigation showed that this}particular atmospheric 

condition happens only rarely during the winter in the 

area studied. 

When warm, moist air does penetrate into central 

Alaska in mid-winter it generally remains a16ft over a 

denser layer of air in which the temperatures are belôw 

freezing. It was found that this~superpositioning of 

two contrasting air masses would then produce freezing 

rain·'30r freezing drizzle. During January, 196), freezing 

rain and/or freezing drizzle was recorded on Il days in 

a consecutive 18 day periode Fortunately, most of the 

moisture had been removed fram the overlying air mass 

during its passage over the Alaskan coastal range so the 

accumulation of ice was minimal. Such information is vital 

to the inhabitants of central Alaska in order to de termine 

the potential danger associated with such storms. 

In the climatic evaluat1on::of the hourly weather 

observations presented 1n th1s study two d1fferent approaches 

were used. One approach was to prov1de stàtistlcs on 

two or more meteorolog1cal parameters wh1ch occurred 

together and secondly, the periods when no precip1tat10n 

was observed were excluded in the computations. The 

results showed that freezlng air temperatures extend from 

. October through April in central Alaska and produce 

various types of freezlng prec1pitation. The most dominant 
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form is snow; and although the snow sesson is long the 

amounts per storm are. generally light thus resul ting in 

moderate covers. It is concluded that this condition 

exists because the moisture laden storms moving into 

Alaska fram the south expend their energy and water content 

against the Alaska Bange. However, the study also showed 

that frontal systems do traverse the interior of the state, 

and that the ones which move in fram the west or southwest 

yield appreciable amounts of snow. The investigation 

revealed that these snowfall events were moreJdirectly 

associated with rising atmospheric pressures and that the 

predominant wind direction at the time is westerly. These 

are uncomman features of winter elimate in subpolar and 

northern mid latitudes regions of North America. 

The second most common Inclement weather event observed 

in the Alaskan interior are water droplet fogs and ice fogs. 

Investigation of concurrent air temperatures showed that 

both types have been observed between -21 and -3loF. No 

ice fogs were recorded at temperatures above -120 F and 
o very few water droplet fogs at below -31 F. The fogs 

are classified as the radiation type and are formed by 

surface heat losses due to cold air drainage or long-wave 

terres trial radiation. Studies by several authors point 

out that the ice fogs occur when cold high pressure 

systems develop over the Alaskan interior and that 1ce 
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fogs can be oonsldered to be another form of atmospherl0 

pollutlon. Aslde from local souroes of water vapor, 

suoh as hot sprlngs and carlbou herds, loe fogs generally 

are found ln populated areas. It ls produoed by the 

water vapor and minute partioülate output from automoblle 

exhausts, power plant staoks, household ohlmne~s and 

other souroes assoolated wlth urban envlronments. 

Besides alr temperature, another meteorologloal 

element whioh differred durlng water droplet and ioe fog 

events was unoovered ln thls study. Wind speed and 

dlreotion reoorded durlng these rogs at Big Delta, Alaska 

showed the wlnd to be llght and southerly during ioe fogs, 

and stronger and westerly durlng water droplet fogs. 

Suspended loe orystals in the lower atmosphere also were 

found to be qulte oommon during Deoember at Big Delta. 

The survey of air temperatures observed durlng this event 

lndioated that ioe orystals ooour as a transltional phase 

between inoidents of warm fog and ioe fog. 

This thesis also showed that wàen â steep pressure 

gradient develops south of the Tanana Basin in winter, 

strong east-southeast winds develop and drlftlng and 

blowlng snow ooour. The typloal synoptio weather pattern 

causlng thls gradient is a high pressure oeIl mlgrating 

eastward along the Arotl0 ooast wh1le a low ls moving 

slowly northeast or beoomes blocked in the Gulf of Alaska. 
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When the center of the high 1s northeast or east of B1g 

Delta, air moves down the Tanana Valley parallel or 

nearly parallel to the 1sobars. It 1s believed that the 

constr1ction of the valley crea tes a ventur1 effect and 

also helps to accelerate the w1nd speed. 

When carry1ng snow, th1s strong stream of air has 

been observed to be about f1ve miles wide at B1g Delta 

and approx1mately 2,000 feet deep. It normally d1ss1pates 

after pass1ng B1g Delta, but may cont1nue westward to 

Nenana, pass1ng to the south of E1elson A1r Force Base 

and Fa1rbanks. Results obta1ned in th1s study showed that 

dr1ft1ng snow occurs more often than blow1ng snow at B1g 

Delta, and that in e1ther case the w1nd is almost always 

from the east-southeast. Although dr1ft1ng and blow1ng 

snow were observed at w1nd speeds between 16 and 30 knots, 

few cases of dr1fting snow were reported at speeds 

greater than 30 knots and very few blow1ng snow events 

at speeds of less than 16 knots. 

The resù1ts g1ven 1n th1s thes1s can be app11~d 1n 

many f1elds and in var10us ways. For example, the 

frequency and dnrat10n values on snow events can be used 

1n the planning and construct1on of roads, a1rf1elds and 

structures. The data also could be used 1n the design 

of anti-icing dev1ces to control accretion on w1res and 

antennae. The informat1on on wind speed and direction 
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during periods of snow, fog and drifting snow would be 

useful in the positioning of buildings, the location of 

doorways and entrances, and as an aid in solving traffic 

and communication problems experienced during periods of 

inclement weather. 

The examination.:'of air masses, storms and fronts 

which produce the winter climate in dentral Alaska could 

be used by weather forecasters. It has been shown that 

the Polar Continental atr mess domina tes the area in winter, 

but that intrusions of warm, moist Pacifie Ocean or Bering 

Sea air into the interior can occasionally be expected. 

Snowfalls in central Alaska occur Most often after a front 

passes the region and are associated with rising 

atmospheric pressures. 

The discussion on the location and movement of the 

high and low pressure cells, which in one case brought 

rain, and in another a lengthy blowing and drifting snow 

storm to the interior of Alaska, is also beneficial to a 

forecaster. A repeat of these weather patterns could 

provide the clue for providing a correct prognosis of 

inclement weather in the area. Likewise, a.massive 

incursion of cold air with an associated intense high 

pressure cell in central Alaska, will forewarn the 

inhabitants of a populated region that ice fogs are 

imminent and according to statistics the event could last 

for an extended period of time. 
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Air tcmpcrature and elcvat:ion relationships for Interior Basin 
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Fig. 3. Air mass source regions in .Tanuary (after Willett. 1944). 
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Fig. 5a~ Mean tracks of low pressure centers, October through 
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Fig. 5b. Mean tracks of low pressure centers, January through }larch, 
1944-1951 Cafter U. S. Navy, 1952). 
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Fig. 6. January normal sea-level pressure Cafter Byers, 1959). 

103 

" -----.~:---:-:----. ~ 
........ - -:--"-"- ... ---- -------



00" 

o. 

'1 

j 

l 
1 
~ 

""_00 _____ r ___ _ 

Fig. 7a. Synoptic weather map, sea level, 1200 Greenwich Time, 
26 October 1957. 
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Fig. 7b. Synoptic weather map, sea leve1, 1200 Greenwich Time, 
21 February 1960. 
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Fig. 7c. Synoptic weather map, sea 1eve1, 1200 Greenwich Time, 
7 November 1961. 
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Fig. 7d. Synoptic weather map, sea leve1, 1200 Greenwich Time, 
20 January 1965. 
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Fig. 17. Wind direction and average speed during: a) water droplet fogs 
and b) ice fogs, Big Delta, Alaska, October through April, 1957-1968. 
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Fig. 18. Synoptic weather map, sea leve1, 1200 Greenwich Time, 22 March 1965 
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. Fig. 19. Upper level (500 mb) weather map, 1200 Greenwich Time, 22 March 1965. 
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Fig. 20. Synoptic weather map, sea leve1, 1200 Greemvich Time, 15 January 1963. 
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