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A soii heai f° )dalt veen lop»d and pro-
arammnec Lo - .ct tho de d+-. .. _tion, anc ..tion of
frost in» o v tersper T B35 UMEE L ow ul
loss from the 50 : R (QF) s 5 1 ~iiogn orf ithe hzvrmal
conduci -~ ty ( ' and temperature o~ £ ’fg) across a

frozen surfacc e Surfacn hert 1ass &t zay oiven iime

must be batanced hy feci 1lew From 1 <01} belov.

Unfrozen so:1 heat . . zqua:s tie sum ov heat t.-ansferred by

of the soiis t <« .. « wivivy (K_) and tempevaturc
¢’ 7
gra : (- -). the v Frat (L) - iy “ing
transmitted water (K, ¢1d the n n soil -
conteny (C -~ Tre onerstion of the wode1 ¢« ' tedicted

frost ¢enth and distribution are presantes for various

rondttivas of snow dentn. elevation. and so. . e conteit.

4/ Ce bution Tyro e . o ~ 2,. .. Ruseavch

Center WNortnersstern degion cu vural =y \ ice .
and 17 v at Acr:culiure? t- N .on.
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In deve - nyvo for thne - ' it was assumed
that fiux uge tiia froron s T
firsi balanced oy flow resulting from tiie $Soils thermal
conductivii /s . . .ature grac o .0 aexe v latent heat
of f A 2 1 501 conteat (CoAv)

~ 2 - o2 - - of tne nHrogran

a- “ood te é e ne moedel, Tie nrogras ead 7+ average
deily air 1 Y cnow depth, ~ . ol
CONGl . snyw and fio: v ¢ . s0il 3111 '
conduceiviiy, . st avate o The t flow associated
with verious o of a2 o fer .+ hen conputed
Aiid CO ioF a ” vima iaterval i f leat tost
throuaa the frozecn oifi-snow tayer i9 grocater vhaen fhat
movied by ine fiprst wode of soil heat transfer, thie frost
laye:- is re on tne new frosti ihicknes , rew
grad. . ire cC and the nrogr is PE. .« [

.055 er N noved by mode nc equi’ un
ConGi i are & " ~ rc o e i1, and the
n-o  an 1§ vorun "7 on tite naxi day's average tocuperature
snow d Se.  MF Teal 7 is less then ywved by
node 1 TR jor 1o assumed end frosi deptn is
decr. . faco ; qreater - 0oL .

r ,ooaold . b
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For e . o Fuwe @ssume a Ko owzlue of 4.7 cul. per
:
. . : 0 ‘
cm. min. degsee. i . . ‘rage air lcinperavurs of -10 C, &#nd a

frost depth ¢i 10 <., « Jion (1) yi=21ds a tocal heat flow
of 0 3 cal for 11 e 07 ¢ . Oves the szme interval of
time L an assume " of 0 03 and ar unfrozen soil
temperature ‘ient of 0 19C/cm, the first wmode of unfrozen
soil heat trant . ia equation {2) wceuld accouni foi C.0D09
ca'. CorresSpon an assumed X ¢ N 008 ..h ounit
gradieat v CGics o oierntial vater  ransfer of . 008 cm3
of v r ch vhen ern wo Y =11 a potential total

heat transfar by wvater Migratﬁon and heat of fusion of 0.64

cat, The diffcrence hotween heat Jost througn K_ and heat

moved by Ks is 0.291 wel. Since this difiereance is ltess than

the potential trcnsies of heat through water | N, water
migration nro. nedly w account for the total difference
which could reauire © transier of 0.291/80 - O 0035 cm of

wate: per unit ares. Mith a coefficieni of expansion of
1.1 freezinag G.0Q035 ¢ " vateo would caute an increase in
7rost thickness of *.0038 cun. leat transfers are repeatedly
recalculated vsine the new cclceulated frosi o .. ness each
time. unti®! heat traansfer hy KF eqr- i K this point,
2c Driur i 0 s and icied frc enth is
printed. Yf ocgu- 7 is 5ot reached in 24 hours, the

next day's avero_ 7 oerature ¢nd Snow depth are read in

and used n . lat o



Uncer . N ti such as found foi ioads.
pavking 10 .s. and ex. nelty eit winae 1 «.t depth is a
function of - ace air te rat cC "~quantly should
also be a functior o 3laveitian Yo' 1 “redictions for
bare g¢round (7 e 3) iadicate thav 7 of first frost ¢

e¢riier, fvost _  _h ia¢ - es and .. . « ~ation incrcases

as elevaiion incr 28, ., ' ave. vt .o.ures usod
' cLions T cany i > ~oweye
those recc DT su | 1k n r for the 1960-6¢ winter
starting with Movewmber 1 as Jay 1 7 "7 13,
Snow acihy tnseistor to modivy the rate of soil
t loss. 1 . _ ar.c5 the efiveci of snow an nredicted
frosc « ' Tne , "¢ ¢ty shallover « ¢ onetr don
| SHow COVEY v u AN lual mslciv 7 he Trost
T T 0 ~ - ~~dses. CX ¢V 01 sSnow

cover effects (Fia. &) indicates %that incyreasea snaw deonths

gt higher ol TT0NSs  der e preca T Crozt (woints

belovi the 7 Tice din Fig, ) at litgher elevavions despite

o a0 o .. lres

TAEC Yol Op « < cgo0sl h transierred by
the N I ad ~ n in tiis mo s
varies as a on of ra - * con L Tnis neans -t
25 s0il ‘ 0zten” " 3s, the speud of frose
(on _ y ‘ sion and su . 1t rate of
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" . | 1 R X¢ “AS O¢ Tais
cr S ! . - nad I ¢ af the study
for mod- ' : 3 oo0inte represented by <1 and X, Tnese

res depict o o ' rate of o LCowiin itime

‘ I ¥ (I - L& o ihic ar

(VX Sy

. .. S . I : .
ce roni _ C isc. . cotiplete
freazing of Tou 1 o, and cessatiea of &l . water

untake.

u T : ucnc > cend oananr of
5¢ ne- flow . i T “dent’ “di 7" ation.
Foo oexannls ) so”” 0 Cend sir ' T flow as

suli af sssor | S in (-, _. of contace
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Dry soils with = Tov ° 1t capacity and low rates of

vate. . ansmission il yi1t deep and raprd irost
nenetraticn (.. 5) and should have iitile izandancy for
nearine, 1a ¢ ast. v o soils wiwn irates of watier
migration are suscepvible o froci ~irg with

nigh levels c¢f¥ accuriulation at tno frec nlane.

but slaw peneiraivion of the zero degiee isotnevu., This
behavior ~_ prediciec by tne rodel (Fig. #) and is ngrtially

ver,, o dy data (Fig. 7).

The 1 ddgel icis a3y frost etration with iower
tempe res { ~ 3). - 1+ s ordinar: y would indicate that
the lowici tornne it elzvacions =~ 1+ 1 ¢ in

i

deepe frosi per © "Ton ond a harsinr 3011 onvironment

lrowcever, 2ign € ions 2l1so experience er snowpacks
whicn act to slc. o - . of <01l heat loss. The model
predicts Lo et ..ct . owle e . wures (Table 1)
and snowrack of v + er of .. 9 was Tattle i1 aany

frost at ale -~ ions above 620 L 1 7igs. 4 x 5)., This

indicates tha' T "t of nountsin soi s - / be less
harsh = cxpactec I Trads Lo o _ “ion thnat melt
vater ivo  Lhe . e ool 0 . 1 snowpacks ray act oS the
winter © ol Lo - L



In "5 present stage. the greopesed mouel 1s ¢ rsical
concentust appvoacs Lo detevmiring frost denth anc
distribution. TtThe nredicticas it vielids icate the type
of eifect various 011 , i and d " may nave on
frost. Ful v work t weiinz ¢ Voo “odel nrediction,
as  ~1i s o - - tig degree that rach soil and surface

parameter infivences vrosth developaunt Specularion about

the intzracticnrs vthat may e;isi be clevatisa, tempeia-
Loron o« cnd TroST 1 o2sence shoria be s
aaqainst relije coiael .
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