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matological z0gels Ior lecermining the

iacidence 3f frost lavs (ainimum daily t=2aperature < 32 7y, ice iays saximum :ailv

zemperature s 3 () and freeze-thaw davs
~3

‘minimym dailv cemperature ¢ 3° 2, a:zxiaum

13i.7 zempervature > 3 I} throughout Iceland,sreenland, alaska, and I. 5iberia. 3ot?

area and station nodels »12ld 2scimates »f
Jer lonth 2f vear. The varidus 3odels Zemonstrata

requency >f :ilurnai ‘reeze-cthaw :zvcles
relazicusnizs detween Zailv

Iraeziag conditions and the ciiferent zemperzture regimes. he Tesulls shoull La;prove

inderstanaing 9f perig.acial 1cTivily ing 3rovide 1 zeans

Sreaiscing Jossiile

-
slipaci: 2ffects In Ine :omstructiom of duildings, roads anc 1LTITOTT Cunwavs.

TNTRODLCTION

The jmpac: >f Jiurnal Ireeze-tnhaw :zvcles on
j01ls, c2¢ks, rradbeds, and coustruction zmaterials
is 9f 3uch :oncerm to -he agriculturist, aydro-
logist, Zeoldgist, 3and traasportation or om-
struczion 2:ngiaeer. As zoted dv Troll (1958},
such 3lzemmation >f Ireezing and thawiag 2o0r cnlv
affecss the carTiculal sile structure > che sOll
Jut also zauses arosion, rugnofsl, or flooding ana
reguces “he Searing strength 3f the surface
Laver. The vulnerability >f the ground dJepends,
among other variables, on the amount of available
zoisture and whecher the grouad is Sare or {s
covered with vegetation, ice, or saow.

The surface zovering affects the aldedo which
in urm is largely zespousible for local dif-
ferences in 2xtreme Cemperatures, that (s the
daily maximum and 2inimum, the determining f{actors
¢ daily iveeze~thaw. Daily Ireeziag :ondi:ilons
2ay de defined as zonsisting of frost davs
‘ata ¢ 3% 7)), ice days max ¢ 99 C), and ireeze-
tnaw davs ain < 39 2, aax > 0% C). The tater-
relacionship among :these three variables forms :ne
sasls Jf zhis 3cudy. The principal guestion is:
what incidence >f diurnal freeze-thaw cycles mav
Je axpected it 4 z.ven site per given ianterval »>¢
ziae!’

This paper presents iaformation on datly
ireezing :ondifions in the permafrost and con-
tiguous regions >f Iceland, Greenland, Aiaska, and
2. Siberia. Also included are 3everal “est Jeraan
stations reoresentiag 31 cange of =levactions Zor
Zhe omgarison >f :he effects of altitude wich
=nose >f .atitude. As in an earlier sctudv ov
“exier [.981), a ausber of Fuides are offerea Ior
escizating che :equc:ive Irequencies of frost
jays, lce iavs, ind {reeze-thaw days per aonth or
vear for any given site from routine climato-
logical parameters.

JACKGROUND

The geographical distribution of che annual
nuaber of diurmnal freeze~chaw cycles has been

. M dmiis

ietarmined Zor vArious ountries Jr secIiins:
nited States, lanada, 22land, Japan, :the Arctic,
Zurope, and the T.3.3.R (Fraser (953, lastings
1961, Hershrield 1372, Pelko 1970, Russell 1343
Shizara 1979, Visher 1743, Wexier 1982, willlams
13647, angual or zonthly Srequencies 3f ITest
javs, ice Zavs, ang ‘reeze-chaw 4ays rave >een
zorrelated respectively wizn nean failv =irioum
remperagures, 2Jean 3allv zaximum tamperatures, and
a combination of bSoth 'Fraser 1559, Hershrield
1972, Shicara -370, wWexler .981).

JATA

Trequencies of iiurmal freeze-thaw :Vcles are
not readily availlable. Many climatic summaries
1ist frost days, dut few list ice davs. 1n <he
past information on freeze~-thaw cycles nas
sometimes “een simulated {Hascings .961, Visher
1945). Ia this paocer, all the analyses are Yased
on actual observations Jof frost davs and ice davs,
+he data for wnich wvere obtained Srom a variecy 3¢
sources, mainly: =he J.S. Devartaent >f Zommer:ze
{1980), the DJanske Meteorologiske Iastitute 1947~
1965), and J.3. Alr Force Zavironmental Technical
applications Center [1378), All the cemperatures
refervred to in this javcer were from standard
7eather shelters it ..3 Zo 1.3 a2 ipove zround.

TROST DAYS AND ICT DAYS

For 4 network of stations {(n 3 ziven rCegion
sbservations wmrs sdbtained >f: The dean 2ailv
ainiaum rtemperature, M, the aean dailv maxizur
temperature, M, -he 1umber ~f frost davs, T, and
he nugber sf .ce iavs, I, cer nonth and 7ear.
from chese jhservations, siaple linear regression
sodels were fetcermined such thac ¥ nay be derived
from N and ! 287 be derived from M for any site
within the specified region per ziven :nterval >f
time. Figure | 2ives exampies »f -hese Tegression
plots for annual Jata for Alaska, Z. Siberia,
Tceland, and Sreenland. Tigure 2 contains similar
plots for monthlv 2ara for May, Greenland and
April for the sther areas. The corresponding

regression equsations are of the form:
OTIC

-‘\ p_l Ei<::-r.EE
. DEC 151983

Reproduced from
best available copy.
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F'il"bqﬂ (la)
and I=a,+b, ¥ )

The parameters 3 and 5 depend oo tne daca:
They serve as constants for any data set. Table .
lists values of these congtancs Zor zonthly and
annual dacta for the above regiots. The coeffi-
cient df determinatioca, r~, Zor the various
2quations ({aplied i{n Table 1) ranged :r .50 2
.39 «ath {ew axceptions: .24 Zor Tebruary, Greea-
~3nd and .36 for March, E. Siberia., (The value >f
= indicates the quality of it becween T and M or
I and M: 1.0 = excellenc fic, ) = a0 fiz).

Stations were chosen in a given irea 30 3as o
represent as large a2 range of temperacture as
sossible. Zach pair of equations, as (la) and (1ld)
13 chereiore applicable througnout the entire
area, with cnly the paramecers M and N changing
Irom stacion o0 stacian.

The parameters ‘constants) a4 and > nav vary i
~iitle wJith the period of record. I the computa-
$1008 are zarried out Zor M and ¥ 1n degrees
Jeilszus (as Ior Table ., thean zhe value of a
aquals or approaches half the cumber of days per
given taterval of time, that is 160~-185 days for
=zne innual dacta or 12~-18 days for the aonthly
data. an 2xception is for the anaual number >f
ivost 1ays Zor Greealand, with a = 227. For the
annual data, the absolute value of paramecer b
appears o decrease with :oncineatalizy, as from
10 for Iceland, a zaritime climace, %o 6 for Z.
3ibersa, a aighly continental climate.

“ith respect to cthe aenthly daca, che value
3 a zends o be closest o 15 for the aonths of
the Iransitliomal seasons, the spring or che fall,
+nea diurnal freeze-thaw cycles are most frequent
in chis latitude (See Figure 3). Usually the
zolder the zonth the higher the value of a, che
<arzer che aonth the lowar che value of a. Those
aonths for <hich no constants are given {n Table 1
are 2i1ther oo Jarm (no ice days or frost days) or
oo cold (all days are frost or ice), ctherefore ao
.inear ceiacionsnip. Ia the compucations of the
sonchiy data, che number of frosc (ice days) vere
ilipited o0 L < F(I) < (a=l) where a = zotal number
of days per aontch.

A comparison »ectween the observed and che
2stinated annual anumbers of Irost days or of {ce
days for segt stations is ziven in Table 2.
Values 3f r~ for the quality of fit “etween the
observea and estimated Irequencies were >.8 for
all cases.

. FREEZE~THAW DJAY(S

The number of Zreeze~thaw days, I, per ziven
incervai of cime, 31 parameCer zoC ivailabdle in
climacic summaries, aay Se found v a varilecy of
aechods, 1$ by direct counting (¥illiams 1364) or
9y correlation with oT (Fraser 1959, Vischer
2965). [n the case of ust the :rossover of the
freezing level, as in this study, Z {s simply the
2i1ifersnce between the number >f frosct 3ays and
the tumbdber of ice days, or

~r

For each irea under consideration, che
individual <quacions for annual 7 ind I were ‘irst
sbtainea »v peans of tne appropriate conscamts -La

Tabie .. Then the annual. 2 2ay Se 2xpressed is

igilows:

Iceland T o= 184 - 20N - 3 {la)
Sreenland 2 124 - 3N - 50 %)
Alaska 2 o= l4M - 0N -7 2e)
2. 3iteria 2 = A{M-N) = 15 -

A zomparison between :the observed and :ihe
estimated annual Z (Taoie I) snows somewnac
greater iiscrepancies than in the zases f
I, zhe factors on which Z devends. 7alues
wfh1cn indicate che qualiczvy of fiz Lecween
2stimated I and observed 2 range Zrom .30 o 7%

compared zo0 > .30 for T and I lexceot Sor Iceland
for wnicn = was .34).

and

3 ==,

Zquation [2d) implies chac I zay de ziorre-
_ated direccly with “M=N) »r 37 $or I. 3ideria.
Fraser (1959) found a similar relationsnip for
Zanada, 2lthough the cycles e iavestizatad were
for a larger temperature span, -1° :a .° I, rather
than ust across the Zreezing level.

STATION MODEL3S OF DIURNAL TREEIEZ-THAW TICLZS

3tation modejs of perczent davs per aonzth wizh
diurmal ‘reeze-thaw cycles {rom January =3
Jecember are ziven for selected scations ia
Greenland, Alaska, Iceland, zhe U.3.3.2, and wesr
Germany (See Figure 3). For most of the high-
lacitude stations, especiallv those :zlose 2o the
Arctie Circle, the peak incidence of diurnal
freeze~-thaw cycles occurs during the Iransitional
seasons of gpring and fall. The stacions are
arraaged so a8 o show a graduval change in pactern
from an extremely cold climace as 3Jarrow, Nord, ot
Polar Station where diurnal freeze-chaw cvcles
orevail >nly in summer to the relat.vely wvarm
stations of Annette or Vladivostok, whi:zh have
relatively long summers with no {reezing and the
seak ‘requecies of freeze=rhaw cvcles in zhe
<Jinter. The West German Statioans Irom Zugspitze
(2962 3) £o Munich (532 a) reflect the effec: of
altitude on che i{ncidence 3f diurnal Ireeze-thaw
sycles. The station dodel for lugspitze s
somewhat similar %o that for 3arrow {or Polar
Station). The plocs for the Icelandic stations
resemble that of Fichtelberg lor 3rocken). At
7ladivoscok, cespicte che low latitude, ’anuarv and
Jecember are oo cold Zor Ireeze-thaw, whereas in
Iceland, f‘reeze-thaw occurs all wnter.

-
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TABLE 1
Regression Zquations

MAY

CEC

JAN
FEB

APR
SEP
oCT

NOv
DEC

JAN
FEB

MAY

Constants a and b5 for Monthly and Annual

1 =a, + b:H

F= a + bIN
a; bl a,
ICELAND
19.3% -1.6 15.6
16.7 -1.3 14,2
17.4 -1.4 16.0
15.8 -2.1 15.9
15.6 =-2.6 9.7
11.5 -1.7
12.0 -1.8
6.1 -3.0 13.9
14.9 -1.3 a.l
20.1 -1.2 15.9
176 ~20.2 180
ALASKA
21.1 -0.8 13.8
19.3 -0.7 11.9
20.2 -0.9 12.4
14.9 -1.8 13.3
14.4 -3.1
15.3 -2.6
14.0 -1.8 15.8
15.9 -1.3 12.5
20.7 -0.7 13.0
159 -9.7 166
GREENLAND
23.5
17.0
18.4
14.6
2l.1 -1l.4
16.3 =2.7
7.5 -l.4
14.3 =-2.5
16.2
18.7
21.2
227 -5.3 168
E. SIBERIA
16.8
14.8
15.1 -1.9 14,6
14.7 -1.9 15.2
16.6
183 -5.6 167

-1.5
=-1.7
-i.7
=1.5
=2.1
=6.1
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TABLE 2 GEstimated and Observed Annual Numbers of Frost Days, Ilce Jays, aad Freeze-Thaw Days:

Istizated Nuamber Observed Nuamber
Alr Temp
Temp ange Trost ice Freeze~ Frost lce Freeze~
Station %¢ atle Days Days haw DJays Jays Javs cthaw Davs

2. 3iberia
0. Chetyrekhstolhovoy -13.5% 5.0 169 240 29 288 242 -6
Jzhardzhan -12.5 7.2 259 226 a3 261 20 I3
Zyryanka ~ll.4 3.3 2606 215 51 253 213 +Q
Ust Yvdoma -$.2 .7 265 189 76 252 181 71
Guga ~3.6 7.2 247 134 113 239 143 94
Nogliki -2.9 10.3 219 145 T4 220 154 36
Sukhanovka .8 10.9 2L 138 72 2l 149 32
2oronaysk 2.9 3.3 204 138 46 .96 136 50
srossericna 1.2 b 194 136 50 188 128 33
Joliinsk 2.3 3.3 194 19 - 192 8] "2
Sarychevo 2.5 3.9 L7 134 435 189 1 )
3uxnta ?reodbrazheniva 2.2 10.3 185 108 30 161 7 2
slaska
3arcter [s. -12.2 5.9 310 232 18 318 260 52
Summit «SC -3.9 3.2 239 163 h 251 177 T4
Fairbanks -3.6 11.% 252 137 115 237 157 30
Gampell Is. ~3.4 5.0 221 174 a7 256 197 39
Aniak -2.2 3.5 223 230 38 226 142 34
Nakaex 1.5 8.6 187 36 1¢1 204 99 105
inchorage l.8 3.2 189 30 139 208 112 93
Cordova 3.1 8.8 171 B4 107 184 53 131
Seward 4.0 6.6 152 A3 37 160 52 98
Sitka 5.7 7.3 139 kt- 101 140 21 119
Greenland
Thule -11.1 3.3 342 253 39 314 242 72
Upernavik -7.3 6.7 292 210 82 284 210 74
Jakobshavn ~4.5 h.7 264 173 9t 250 183 57
Unanak ~2.8 5.6 242 159 83 253 185 67
Godthaabd «0.9 6.1 225 130 95 254 141 113
lvgtut 0.3 7.2 214 102 112 221 105 118
larssag 1.7 5.7 203 94 109 222 EL) 126
[celand
Modhrudaliur 0.0 5.6 243 121 122 247 139 108
Raufarhotfn 2.5 3.3 164 98 66 177 38 39
3londuos 3.4 8.5 155 76 79 166 Tl 95
Zgilsstadhir 3.4 8.7 176 56 120 178 72 106
Saudharkroxur 3.6 5.0 154 A7 87 143 53 30
Akuceyri 3.9 5.6 154 56 98 158 7 8s
Haell 4.2 5.1 154 a7 107 170 58 112
Lofcsalir 5.9 3.9 97 40 57 30 13 +7

Another set of stacion zodels is shown in
Figure 4. This cime the abscissa is the zean
sonthly Cemperacure, however, the ordinate {s -he
same as that of Tizure 3, namely che average per-
ceat davs oer donth 7ith freeze~chaw. In zeneral,
for a given stacion the daily freeze-chaw :7cles
ser zonth tend to increase as the oean nonthly
temperature aopproaches 0°Cc. The frequencies per
given temperature vary from one station to
another. MNevertheless, certain of the nodels aay
somecimes serve seve 1l scations or groups of
stacions.

lo particular each model shows the ctempera-
ture limicts for (ts {reeze-thaw regime. These
limics, as well as the peak amplitudes, are

clizate dependent.

Station models of this type have also been
obtained for aumerous oscher stations in the high
and mid-latitudes. A few of these aodels, as well
as an equacion which approximates the zanual plots
{n Figure 4, .as been given previously (Wexler
1982). See Appendix for the equation. For a
highly continencal station, as Verkhovansk {(not
shown), the {reeze-thaw temperature regime extends
from about +16 to -16° C with an amplitude of
about 68% at about N° C. Most stations in Iceland
have an amplitude of about 40% zo S0X with a
positive temperature range of about 10° ¢. Cold
Bay, Kodiak, and Annecte in Alaska have freeze-
thav regimes similar to stations in Iceland. On




-the Jther hand, iacarior stacioms in Alaska have
auch higher amplictudas, abouc 70X 2o 30X as Fair-
Sanks, McGrath, and Suikana, 7ith temperature
sanges fvom 12° C 20 -i6° . Tor a cumber of
statious in Sreenland xhe lots ‘noc Fiven) show
auch greacer Lrregularities of pactern cthan for
Iceland ov Alaska, possibly Secause of the
ralatively short jeriods »f cecords.

STMMARY

Several aachematical and Zraphical aodels
Jere jresented for escimacing che {requencies 3f
irost days, ics days, and f‘reeze-chav days der
300C2 Or year Ior scacions in Alaska, Z. Siberia,
l{celand, and Greenland. Qunca linear cegression
equactions are dscsrained for :he darivacion of
izost days and ice davs, respectively, per ziven
situation, these aquaciocns ire cthen applicable =0
any site vithin che area, zivem ouly ¥ and N Jor
the sicte. The Zrequencies 3f diurnal freeze-chaw
iycles then 38y de ceadily sbcaised from cthe
difference bDetween the ’requenciss 3¢ the ’Tost
1ays ind e ics days. The Tesulls show :hat
isually diummal Ireeze~chawv cyles 138y 20¢ de
jerived Irom 3man Cawperatures alone: Issenct:ial
J4ramecers are the man iaily zipizum and nean
1a1ly 3WXITUS temperaturss. (e .attar vield
definicive information concerning Zrost davs, :ice
iays, and ‘reeze—chaw iays.

Two :7pes Jf stacion andels Jeare provided,
zne Iirst Ite conveazional annual cyele of amoncaly
iresze=cnav and :he second. :he same 3iaca plotzed
Jer deas zoncthly temperacurs. Although che zodels
tend 5 “e iisciactive, each lependiag on .atitude
(solar elevation), ailtitude, concinencality, and
.0cal condilions jevertheiess artain of che
204deis aay be used 20 represent roups of
sgagioas.

Despite the differsnces among the areas, an
iateresting feacure of chis scudy is the apparsac
aniversicality of the linear. " The amnual mmber
3f frost (ice) days ranged coughly Irom abouc 230
zo (00 «icniz the aUanipum (3aximsum) Cemperacure
cange of -3° to +5% C. All zhe days of :he aoatch
Jare isually below f{rsezing if cthe mmsn mxicua
camperacuce <as < -6° C ind above freezing .f che
7eaa maimum Cemveracure s > 5° . Usually che
aumoer of Jrost (ica) days associaced wich 3° C
448 aqual 20 acout alf -he number 3f days Jer
3iven latecrval of ctime.
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APPENDIX
An aquacioun vhich voughly aporoxizacas the
aanual plocts in Figure & is Ziven Hv:

7 = asin qQ 3]

<shere v = I days per zoath Jith {reeze=chaw
a = amplicude 3f surve (peak 5 aonchly
freeze~zhaw)

9 = L1537 (T = 9)/%

- -
'?“ '?‘o

Toua ° Cemperacure ac ceak I {usually 2°7).

Towg ©® Cemperature ac which ireeze=chavw is
t- ail = zuc-off zewperacure.

-
.

= aean sonchly zemperacure '°7:

eauency is 1o0¢ it 2° I, et

and suoscicucte Teq Ior T,

NOTZ: 1Uf zne Peax 3 &
4 = ievarture lrom

-
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