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Preface 
, - .... ,• 

Environmental' studies of the, St. Elias Mountains, Yukon Terr~tory, • 
Canada, and surrounding district 'were initiated by th.e lfefie).d Rang~s. 
Research Project '.in 19·6l·under joint sponsorship of th~ Arctic Institute.. 
of North America· and the American· Geographical Society., .· D,uring _the 
summer fiel,d:seas:ons of 1961:through.1964, r.esea.1".ch was-~arri~d O'llt in 
such interrelated earth sciences as glaciology, glacial geology, photo-· 
grammetry. sedimentology, and geophysics. An integral and in1portant 
phase of the larger research program was concentrated in climatological 
and meteorological research, .-particularly in terms of regional clima­
tology and the op.eration of a weather station network .. 

During the summer field seasons of 1961 and 1962, before a regular 
climatology team was a part of the Icefie:'d Ranges Research Project, 
field personnel carried out reconnaissance meteorological observations 
in the region. In 1963. with support fron1 the Earth Sciences Division, 
Quartermaster Research and Engineering Command. U.S. Army, a 
meteorology program was initiated under the direction of James N. Haven, 
U.S. Army Natick Laboratories. Weather stations were operated at Kluane 
Lake Base Camp and at Divide Station during that field season. 

In 1964, the climatology program was expanded to include four manned 
weather stations and four automatic stations. Six workers constituted the 
basic observational team under the direction of Melvin G. Marcus, and 
seven other project personnel participated on a part-tirn.e basis. The basic 
objectives of the program were to begin the development of a climatological 
profile of the St., Elias Mountains and all phases of the operation were sup­
ported by the Polar and Mountain Section, Earth Sciences Division, Quar­
termaster Research ~,nd Engineedng Command, United States Army Natick 
Laboratories, Natick, Massachusetts, under Contract DA19-1Z9-AMC-312(N). 
A rreser.tation of the data obtained is Part I of this report (Icefield Ranges 
Climatolo13y Program, S~o Elias Mountains, 1964; Part I: Data Presentation, 
Arctic Institute of North America Research Paper 31-A, February, 1965). 

Early in the 1964 field season, it was recognized that the climatology 
team would be able to make rudimentary radiation, micrometeorological, 
and ablation measurements. It was also realized that these observations 
would not be as sophisticated as we might have wished, due to limited 
instrumentation. In view of the general lack of such climatic information 
for high mountain areas, it was decided that the effort would be worthwhile 
even under limiting circumstances. Parts II and m of this report (Research 
Paper 31-B) summarize the supplementary programs. 

iv 



Mr. Tony Brazel, who has anaiyzed the data and written Parts II 
arid::m~· has,'ther~fo're, ·had,to work under less. tha~ ideal conditj.ons. 
I believerhowe~er~.:that he has optimized the results·o(the 1964.supple . .­
men.tary progt;am and provided us with data and conclusions of value to 
other· research work~ts operating under,the Icefield· R.,iuiges .Res~arch 
Project in particular and in th~ St. Elias Mountain$ in g4:?n~,ral. 

Melvin G •. Mar-Cu$,, 
;Depa±tment of Geography 
The University of Michigan 
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ICEFIELD RANGES CLit..-i;ATOLOGY PROGRAM 
ST._ :ELIAS MOUNTAINS, ·1964 • .. 

PART II 
PRESENTATION AND ANALYSIS OF RADIATION DATA 

Introduction 

, Broad· scale mountain barrier effects a:nd local, topographic 
influences are two of Y,.e most important factors in glacio- .. • . 
climatological studie-s. It is common knowledge to climatologists 
that mountain masses influence regional precipitation patterns and 
temperature distributions on both flanks of a range. In general, 
the effect of :relief on regional precipita•.:0n and tetl)perp.ture regimes 
depends on elevation above sea ·1evel; relative slope, exposure, and 
valley orientation and configuration. Z This effect, though it has_ ~ 
been recognized; has been· neither easily measured·· nor -.. even· ~dequat­
ely observed, since considerable variation of weather· elements 
occurs across a range. The variation tends to confuse any distinct 
elevational relationships. 

A transect across any mountain range. reveals many irregu­
larities in the terrain, and this partially explains the variability • 
in weather conditions· in the lower layers of the atm.osphere near 
the earth.;air ·interface.· • The nature of the .. interface, . type of 
surface (e.·g., snow,· bare soil, meadowland)~ its exten~ (areal 
homogeneity), and sits physical characteristics (refle~tiyity, 
absorptivity, and transmissivity), also varies considerably across 

. . . . 1 , .... ·.. . 
•• ·• 

11 Br.oad scale" and "local" are here loosely defined. Broad 
scale refers to the scale of air mass climatology (macroscale 
analysis); • local connotes an interm.ediate. seal~ (mesoscale) betwe.en . 
microclimatic and· macroclimatic. An example of ,bro,ad , scale· is. the . 
effect• of the Pac;ific West Coast Mountains in North America on the 
precipitation regime along the Pacific littoral. An ij.lustration of 
"local0 is the influence of topogr'aphy, on wind patte,rns, over a . 
small a-:rea. Anabatic and katabatic wipds are q.iurnal flows pri.­
ma-rily caused ·by the nature of the topography w.ith respect to the, 
sun. S.ee, for example,. Buettner and Thyer, · 0Vall~y '\Viricls in the. 
Mount Rainer Area,·" Arcbiv. fur Mete., Geophy., und Bioklim. , 

• XIV (No •• z.· 1966), 125-147. 

z • .. .. ... . . 
See, for example, Spreen, "A Determination of the Effect 

of Topography Upon Precipitation, tt Transactions, American 
Geophysical Union, XXVIll, No. 2, 1947, p. 285 



a range and plays a significant role -in the variation in energy 
exchange .. 

Lo<:al influences must neceisarily be considered in the study 
of climate-glacier relationships. Exactly how and why a glacier 
reacts to short-term and long-term climatic variations has long 
been a topic of concern and these questions remain a basic issue. 
Explanations are partially masked in the complexity of influences 
operating at local and broad scales. The study of the distribution, 
intensity, and sources of energy contributing to glacier responses 
is a key· to understanding the climate-glacier interaction. As 
Hoinkes has pointed . out: 

"The relative importance of • .,. sources of energy 
must be known at least in• order of magnitude before 
one can hope to find a physically reasonable correlation 
between the behavior of the glaciers and the oscillations 
of clim~te. 11 Z 

l Larsson, for the Chamberlain Glacier (a valley glacier), 
notes that in _the lower layers of the atmosphere (including meteor­
ological screen level} the effects of surface composition and con­
figuration· cannot be ign.o-red. Daily temperature. ranges reflect 
local conditions. Larsson, n A Preliminary. Investigation of the 
Meteorological. Conditions on the ·chamberlain q1a~ier, 1958, tt 
Research Paper No~ , Z · (Washington: Arctic- Institute of North 
America, 1960), p. 33. Marcus, for the St. Elias Mountains, 
indicates that local variations of temperature over small regions 
must be understood before extrapolations and estimates can be made 
in determining climate-glacier interactions.: • Nunatak. site tempera­
tures were· found to generally represent regional air mass regimes, 
but temperatures recorded over glacier .surfaces varied sharply 
from nunatak values and cannot be employed as estimations of air 
mass temperature·s across the range. Conversely, nunatak tempera­
tures are·· not accurate approximations .of the temperatures over· 
glacier surfaces. Marcus, 1tSummer .Temperatures Relationships 
Along a Transec( in the St.· Elias Mountains; Alaska and Yukon 
Territory, u <Mari arid Earth, Series in Earth Scie..a.ces, (Boulder: 
Unive·rsity of Colorado Press,. 1965}, pp. 15-30. 

2 Hoinkes, 11 Me~su~ements of Ablatio~ and Heat Balance on 
Alpine Glaciers,'' Journal of Glaciology, II, No. 2, 1955, P• 498. 
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Many pa~t investigations have att,,~mpted to determine 
climatological ' variables a..nd ~nergy,- :~Qmpon.e~s ·"f' sp~:ms,J~l.~,., !oJri T 
glac:iei: :w,as~age~ ~,,.··The ,:energy, con1po~pts, :-~, ~~di.atjo~::Js,hqft .1 : , . . . .. 

and. long,.-wavf!),,. convection,: cond:uctiPn. • and latent he;at exchaqg~_r,.- ;:;,., 
(evapor,ation a.nd:condensation) "!"; -a,ll have Qee~ 1,e~atnin.e~ in._. ~he ·.-: .0 , ... , _ 

context of ,climate-glacier •inter-ction; 4~.;~.i .. , ener.gy _transfer tq i ,.;c,· 

and from the ;glaciel1 surface. ~r.elimin~:ry res~s; in4i9.a.:te ,th~( . • ••• 
marine·· gla.cie rJ environments and:,!low. eleyatiQ.nc!,l. zc;,n.;e,5c, ar.e pr.e.- , : , . 
dominantly related ,,to advective ,·pTQc:;-es·ses., iMore. :rernot~. ~d 
higher, elevation~ snow fie~ds .are priniarily ce>n,trolled by. rc1._c;liat,ive 
transfe·r, m,echanisms.-. •• Hence, climate-glacie:~.;•,;r~_la,ti9nstitp,, . ~s •; 
reflecte'd-in the controlling_;beat budget term,s, h,av.e.J>._een h.YPR• • 
thesized and ·;a general model :of. clima,t~·!""g~c.i,er. ~p.t~J'cM;tion --~~, ; ... 
been formulated. 

However; energy- relations.··over. glaci_e:r.-;s,µrfaces. a;e;,a.s: y.«rt 
not adequately .unders.tood. Moreover, meteoroi_ogic~ 09s~rvatfone 
have been obtained mostly by: the_; methe>ds .of, e~rapolation from .. 
remote. sites away- from' the glacie.r sur~a~e,: o 17"frorn,. pnly • c;,ne. Q:r, .. 

. two· glacier camp stations.,.·•· :On. the other p.~l'ld, abl~tion· measurement!' 
have- att:aine.d; a· 'sophistica:tad level; .over. max,.y, glaci~r~ ·large: ---•, :;--.·'. 
ablation ,stake networks-·are; ,es_tabli$he.c;t. ._· In 91.;d,,er to co.rn.p'°~~ ,_:.-~. 
ablation with weather, one must if;S:$:tµne that, ~liJ:P.atAc: :<:.<>~c;lit~ons _. :·? 

over the network are similar to those measured at the one or two 
meteorological stations. 

:.: ; ' ;< ~t.::: . ~ ._-;_~> ,\, 
1 , See, for exariipJ!.e;, .Sver:ctrup,. •!.The Ablation on. :.Isac.l~en1_s 

Plateau atid ori the Fourte:etith of>July-Olacier,i~ Relation •tQ: 
Radiation and Meteorolog,ie-al 'Coaditio.,n:s~!~, ... Geogr-ai:6i9c~a: Mnale;r.,\, ,. -;- .· . 
XXVII (1935),.i 145-166: Wall~n, "Glacial-Meteorological Investiga-
tio~s •on the Ka.-~sa diaci;~:r it,. Swedish: Lapland:.194Z..,48;u Q~ogr-a­
fiska Annal.e°r,·: XXX (1948},; ·451...:672; Orvigr' ,IIGlacial-MeteorolQg~aj,,, 
Observatioris oh•lcehaps :l~- Ba£fin •Island•,·'' Oebgrafi:ska,:Ann~e.::r-, •• 
·xxxVr (1954)~ :193-318; ; Hu:bleyi ·~An- Aaalysi:s'; of' Sm-face Ellergy: ;··. :: 
During tlie •• At>lafi,on· Season· on:' ~mon- • Creek. Glacier, 1Alas:ka.11 .> .'. 
T ransactiohs', : __ Am.e:tic.att.lQe:ophysical·: Union,. XXxrvIIJ [(February~- . • 
1957), 68:.!.85;; •Lis'te-i- and Tayfor.-' ·uHeat Balance and': Ablation on 
an Arctic Glacier, " Medd. om Gr6nland, Band 158, # 7 Al96l)~: -';•; 
55 pp.; and Keeler, "Relationship Between Climate, Ablation, and 
Run-off on the Sverdrup Glacier, 1963 Devon Island, N. W. T. , 11 

Research Paper 27 (Washington, Arctic Institute of North America, 
1964), 80 pp. 
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The 'receipt of incoming radiation (global radiation)1 ever. 
a glacier surface varies with the irregularities, in the topography 
and elope aspect with respect to the·- sun, 2 aa well a• with elevation 
above sea level, atmospheric vapor and particles, and overlying 
cloud layers. Th~ angles which the- sun makes with various . 
points on a glacier (and on nearby slopes) during the . course of 
the diurnal and seasonal solar cycle becomes of critical impor­
tance the • mote rugged and ir:regular· the terrain. Extrapolations 
and/ or assumed areal homogeneity of- incoming radiation (meu~red 
from sites' neither located ne.ar • glacier environments nor. situated 
across or· down glacier valleys within glacie.r enViromnents) will 
most likely be very unrepresentative of actual radiation transfer 
in a glacier-strewn mountainous region. 

• A comparison of short wave incoming radiation between . 
two sites ·within the confines of the St. Elias ·Mountain .Region in 
the Yukon Territory, when considered und_er similar and diverse 
weather conditions. indicat.,e that not only do elevation and atmos­
pheric transmissiW.ty account' for differences, but that site charac­
teristics and local· climate are important and can not be disregarded. 
As indicated by the station comparisons, the role, of local influence.a 
on the energy exchange' is significant. 

1 Cilobal radiation is defined as the sum of direct solar 
radiation (not reflected by clouds, abaorbed by the atmosphere,· 
or scattered diffusely) and nondirectio.nal sky, radiation or diffuse 

•, i-acUation (reaching the aur.face by.· ~ultiple l"efiection). 

2 See,· for example, Hoec;k; "Influence of Radiation and 
Temperature 'on Melting Process of the Snow Cove~. It Beitrag~ 
zur Oeolope der Schw'eiz, Geotecbniache Serie, . Hydrologie, 
Lieferung , s. 1952, 1•36. (Translated into ltnglish ·by K. .~a~inoff 
of USA SIPR.E Bibliography Froject, Library of Co11greae, • trans­
lati<>n ##49, January, .;19$8); and Geiger, The Climate Near the 
Ground, (Cambridge, Mass .. : Harvard University l>re•s, 196$1, 
pp. 369-374. 

.. 
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IRRP Operations in Icefield Ranges 

The Icefield Ranges Research Project (IRRP), a project 
sponsored jointly by the Arctic Institute of North America and 
the American Geographical Society, established during the summer 
months of 1964 a weather network across the glacier-laden St~ 
Elias Mountain Range in the southwest part of the Yukon Territory, 
Canada. 1 The network was arranged in a linear fashion, repre­
senting a transect perpendicular to the longitudinal axis of the 
mountain range. An accompanying map (Fig. 1) locates all camp 
sites established in the region during past field seasons. The 
main purpose of the network was the development of a trans­
mountain climatological profile from the drier continental interior 
to the more moist marine coastal zone. 

Prior to 1964, glacier investigations in this region were 
conducted during the summers of 1948-49 and 1961-63. The first 
glaciological team effort in the St. Elias Mountains occurred in 
1948 on the Upper Seward and Malaspina Glaciers. The Arctic 
Institute of North America {under the support of the Office of 
Naval Research, the American Alpine Club, and the California 
Institute of Technology) initiated scientific work under the project 
name of "Snow Cornice". A study was made of ablation and 
accumulation for the purpose of estimating the mass budget of the 
Seward-Malaspina. system. 2 During the summer seasons of 1961 
and 1962, preliminary glaciological and meteorological investigations 
were made under IRRP at the Divide area; Kluane Base Camp was 
established as a logistical supporting station. 

1 For a description of IRRP aims, goals, and past activities. 
see W. A. Wood, "The Icefield Ranges Research Project, n The 
Geographical Review, Lill, (1963), 163-184; R.H. Ragle, "The Ice­
field Ranges Research Project," Arctic, XVII (December, 1964), 
286; R.H. Ragle, "lcefield Research Project," Ice, No. 13, 
(December, 1963), 2; R .. H,. Ragle, ttlcefield Ranges, Y. T., u Ice, 
No. 17, (April, 1965}, 3. -

2 See R. P. Sharp, "Accumulation and Ablation on the Seward­
Malaspina Glacier System, Canada-Alaska," Bulletin of the Geological. 
Society of America, LXII (July, 1951}, 726-744; and Sharp, "Thermal 
Regimen of Firn on Upper Seward Glacier, Yukon Territory, 
Canada, n Journal of Glaciology, I {March, 1951), 476-487. 
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An IRRP climatological program was first organized in 
1963, 1 ·-and incl'1ded .three weather station loc~tions: _. (1) Kluane 

• • • . : 1 ,- : 1 :- . .·., ·:_ ,- \ ,_. ,-; 

Base Ga.mp .(786 meters above. sea level), a manned weather ' -
station on_ the .continental· s.ide of· the mountain. ~a.n.ge·: approximat~ly 
140 miles1. west-northwest of Whitehorse, Yukon. Terr~tory, and 
located at t~e souther11 end of Lake Kluane; {Z) Terminus (c. BZS . 
meters}, at the terminal moraine of the Ka.$k~~ulsh 'ta.a.cier and 
16 miles up the Slims River from ·Base C~p; aq4 (3) .Olacier 
Central. (Z, 587 meters) and Di,vide (Z, 640 metersJ;· ~q trianned. . 
weather station.s located at the .· Divide • area of the kaska.wulsh and • 
Hubbard Gl;1ci~rs. · At the Divide Camp, •• a five . stalce ab1Jtion . 
farm was employect and observations were mad~ c;>{ the sho.rt a.rid 
long wave radiatio11 components, in conjunction ·witlj' wfo.d and . , 
temperature measurements· made at several heights abov'e the' z 
snow surface. Published material on this data is forthcoming. 

In 1964, the climatology program was expanded to include 
sit.ea on both flanks of the lcefield Ranges. 3 Four manned and 
four automatic stations were operated. Tables lA and lB give an 

1 The 1963 Climatology Program was under the direction of 
James M. Havens of the U. s. Natick Laboratories. He was assisted 

,-~··· .. ·-
by David E$ Saarela of the U. S. Marine Corps and Mrs. Linda 
Upton of the Arctic Institute of North America. The ;,rogram was 
supported by the Earth Science Division of the U. s. Army Natick-­
Laboratories, Natick,. Massachusetts. . For a .rev:iew, 9£ the 1963 • 
weather .picture in, ~he. St. ,Elia~ Region,, the :r;eader is' r,eferred to 
James· M~ ~avens and David E. Saa-l"ela, 11 Explpratjon Meteorology iri. 
the St., .. :Eli~s Mollntains, Yµkon, .Canadi;tl~ Weather, XIX (1964), • 
342-352. Detailed w~athe~ .. data ar.e availabl.e in projec~,fH~s, but· 
are not at present aval.lable in published form. 

. ., . 

'~ .J~ M. Ha~ens, (Compilation of Data an(j ~rima.ry_ Analysis 
of Summer Weatk.er, IRRP 1963), Natick Report· (in press') •• The 
report was in press at the time of writing of this research paper. 
However, 1963 data have been consulted for the purposes of field 
season comparisons • 

3 The 1964 Climatology team was led by Melvin G. Marcus 
, of the University of Michigan, and constituted six investigators: 
Dr. Marcus; Tony Brazel and Raymond Lougeay, Rutgers University; 
Edward Grew, Dartmouth University; David Witter, Clark University; 
and Mrs. Linda Upton, Arctic Institute of North America. The 
program was supported by the Earth Sciences Division of the U. S. 
Army Natick Laboratories, Natick. Massachusetts, under contract 
# DA19-129-AMC-312 {N). 
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inventory 6{ the,' 'station grid coordinates, elevations, periods of 
record, and types o( suffaces. :. Marcus has given a summary of 
instrurrientatiori and weaiher elements observed at each station; l • 
also present~d are: tilost ~f the observed and recorded data for 
the 1964 :field "seaS6I\. No\ included in that report are data on 
radiatio~ and',ablatie>n: •\ The first part of this report is a presen­
tation of radiation; data arid. discussion of several points on the • 
meaSUJ:e,i:nenf and \ise of the data:; a short analysis of>·Divide and 
Base Camp ,radiation is included. z The second part presents 
and analyzes 1964 ·abiation data· in relation to the field season 
weather .• Thi~· 1'.eSearch paper serves to supplement the 1964 
Climatology Repo~t, as ~atts

0 
11 and III of that report. 

1 M. G. Marcus,· i•Icefield Ranges Climatology Program 
St. .l!::Has Mountains, ', 1964 ;.,· Part ·1: Data Presentation, u Research 
Paper 31.A, (Washington:· •• Arctic Institute or° ·North America; 1965), 
109 pp.· • In tbe Appendix to that report, radiation gear is listed 

) _-' . 

for those stations which recorded global .. radiation. 

Z It should be noted at this point that the section on radiation 
deals solely with short wave incoming· radiation {global radiation}. 

• 



TABLE 1A 

MANNED WEATHER STATIONS; ST. ELIAS MOUNTAINS; 1964 --~·---~ 
Station Latitude Longitude Elevation in meters Periods of record • • ... Type Surface . 

Base Camp 61° 03' N 
(Lake Kluane) 

Ka.skawulsh 6o0 44 1 N 

Divide •• 60° 47' N 

Seward ···60° 20' N 

138° 22' ,w 

1~cP·o8 1 
..,;_;,, ... ' ?1 

1-39° 4o, w 

139° 55' w 

·c • 

c. 
. 

c. 

786 

1,770 

2,637 

1,860 

1 Jun~-26 August· 

10 June.-17 August 

18 Jtme~l4 August 

TABLE·•· 1B 

_____________ A_!..,'lm'_;-;~/iP,.TIC WF.A'l11-TW~ STATIONS;: ST.. ELIAS MOUNTAINS; 1964 

Terminus. 11 June-18 August . . ( . ' 

Cache-Divide 13,iJune-16 August 

Cairn B-Divide ·60° 46 1 N • 139~ 38 1 W .• 13 Juiy-15 August 

Seward Ice . 6 July;;;.13 August 

.. gravel.. 50 meters 
NW of Kluane air 
·strip 

thin moraine 
• overlying ice. • 

snow. 

• rock ridge. 
:c. 20 meters from 
nee.rest snow. 

gravel.. : On moraine 
c. 50 m froin S1:1,ms 

· river floodplain; l 
· meter higher than 
• floodplain • surface. 

small rock nunatak. 
5 meters to near,~st 
snow. 

·snow. ·on· ridge just east 
. of nunata.k summit • 

snow. ·c •.. 1. 5 km west 
of nunatak. 
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Descript:ion of Radiation .Recording Stations 

.Radiation was rec_orded at only two 9£ the weather statio~s 
• duririg. the 1964 summer 'season .. Base Camp and Divide. , The· 
same 'two stations recorded radiation du:ting the 1963 field' _season. 

At the foot of the. eastern flanks of the St. Elias &mge~ Base 
Car.rip is situat•d along ·the Alaskan Highway at the ~outherh tip of 
Lake Kluane. Relief to the -west ~nd south rises sharply 1, 500 
meters above camp leveLwithin a distance of only 4 to 5 miles; 
in the northern and eastern 'directions the. topography is relatively 
_level •. • The effect of mountains to the west and south on receipt 
-of incoming radiation ovel" the summer is strongest- in the latter . 
part of the s~ason {middle and late August), since solar altitude ; 
decreases and the sun is ;bloc_ked by high peaks in afternoon hours. 
On the other hand, Divide Station, located on a snow field ·whose 
major axis is aligned east to west, has less contrictions on in• 
coming radiation due to topographic barriers. 

Base Camp and Divide' represent extremes in the types of 
environments found across the range. The nature of the interface 
during summer months at Base Camp presents a picture of subhumid 
topography and vegetation; 1 Divide Station straddles a drainage 
divide of five .of the longest glaciers on earth outside the Polar 
Region:s. z •• 

Temperatures for 1964 are a reflection of environmental 
differences. Base Camp temperatures were well above freezing 
throughout the summer period. Daily mean temperatures ranged 
from a low of 44. o° F (6. 7°C) on Zl June to a high of 59. s°F . 
{15. 3°C) on 29 July, with a s:easonal mean (1 June-27 AugU,st) of 

• 51. 8°!' (11. o0 cJ. At Divide, temperatures _ranged from Zl."3°F. 
(-6. 0 C) on 1 July to 34. 6°F(+l. 4°C) on 18· J\ily, with a· seasonal_ 
mean (10 June-17 August) of 26. 9°F (-3. z°C). • 

l Precipitation totals {inches water} for the 1963 and 1964 
field seasons (June-August) were 3 .. 23 and 3,.. 42 inches respectively. 

~z Wood> W. A., Op. Cit., p. 166. 

• 
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Instrumentation, Periods of Observation, 
and: 'Limitations Qf • a Radiation Analysis.,_._ ·•· 
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At·· Base Camp in 1964, an Instrum~nt.s Corp •. Pyrheliog~aph • __ 
(serial 207),. with· weekly 'charts, w~s'. inst~lled in cii.Ssociat~cm wi,th 
standard meteorological equipment on 1 June and operated without 
interruption through Z7 August. The instrument was periodically 
calibrated for zero radiation con<:lttions. 

The pyrheliograph dome . is pyrex. glas ~ with ~ ~rans_mis sion 
coefficient of 90%· for all wave lengths. from O. l6 ~Q z. 0 microns. 
Since p-recision of reco.rding. is 0.1 laqgleys ,fo:r 3/3~••, 0,f chart • 
width, the instrument responded withi11. So/o of actual insolation . 
values; 1 the variance aro.und the zel'.Q, b_ase line on the chart 
during periods of· no .radiation was, negligible compared to absolute 
values of radiation received throughout ,th~ _ ~eason_ .. 

:The speed .of response, ~ccuracy, and precision of. r.~.~ording 
are not comparable to• more ,refined pyrllelioµieters, howev_er_, _ the .. · : . 
pyrheliograph (actinbgraph) has the advantage of ,c.onv.eni,ence':'. .sim ... 
plicity, and low cost •.• Also', .it does not require e>~her recoi:cli~g 
mechanisms such as;a-potentiometer. :. :,j_••-

Appendix A summarizes radiation data for Base Camp and 
Divide for the 1964 field season.. Fo:r Base C,amp, . two-hour totals 
were calculated from pyrheliograph $trip; char.ts by extracting half­
hour instantaneous values; the half-hour yalues Jin langleys per 
minute} were averaged,·, and the ave;i;-a.ges; ?Aultiplied by 120 minutes 
to give representative two-hour figure~~ Curve srnop~hing and 
planime·ter:, methods were not employed in .this case; 'it is folt that 
within the accuracy of the . instrurp.,ent, the extractio_n ~echnique is 
sufficient. , • ·, 

The radiation totals for two-hour intervals were summed on a 
daily basis and are listed in the column headed II sum Os". Also 
listed are the theoretical daily incoming radiation values {Qe) for 
the top of the atmosphere at 61°N latitude. The last column Q8 / O.e 
is the ratio of the actual to the t.heor.etical radiation - the so-called 
insolation index. This index gives an· indication of the- role of the 
atmosphere in deterring radiation from reaching the. surfac:e. 

1 A brief description of the response characteristics of the . 
Instruments·. Corp. • • Pyrheliograph _ is given, in ._ Inst-fuctio?l _ . Recprding 
Pyrheliometer, a pamphlet issued by Belfo_rt In.st.rument Co_ .. , 
catalog noo S-3850. 
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Radiation totals. over:two-hov.t:" •petjodst .actual: ~i!y :totals, 
theoretic.i, daily totals, ~d insolation indices were summed, and 
means ·.were calculated.for each·month and-for the summer cfield 
season. ' The format is ce>mparable to · other 1964 meteorological 
data. 1 • .: ' 

At Divide Station, an Instruments Corp. Pyrheliograph 
(serial 235) was positioned on a small wooden platform 1 meter 
above the snow surface, 100 :meters .. west of .camp. Installed 011 

9 Junce, the recorde-r wa-s· in operation through' 16 August; but, •. 
because of· a m.al:£unction· which codld not be -repaired in .. the field,. 
the recorded ·data are believed unreliable. The chart .curves could· 
not be reduced with. a.ny reasonable degree ·of.· accuracy; in .many 
cases the zero base line on· th~ strip charts . varied more than 300/o 
of the actual incoming radiation. 

In: order to "e$timate daily incoming radiation for the J)ivide 
field season, an•·· empiric'al> :relationship was. used. From .. a• 
correlation analysis of the ·&unshine index .an_d insolation index 
derived bf Have·ns for· the: 1963 ·season at Divide,? 1964 daily .. · 
incoming radiation totals were calculated. •• He . expreesed the 
relationship for. 1963 as follows: 

where'·. 
Qs/Oe· = ·o. 73· +· o. 27 n/N• (ll 

Q 8 ·£'the actual daily incoming· short wave (global) 
, radiation totals 

• • Oe ·= the >theoretical daily incorning radiation at the • . 
. • •.'' top of the atmosphere fo·r 6t0N latitude • .·. 
n • = the actual daily sunshine hour total measured from 

• ·• a Lambrecht sunshine recorder 3 • ,. · · · ·· 
N = the theoretical daily sunshine hour total (which· 

depends. on latitude and site exposure). 

1 Ma.rcu&; • M. ·o. • Op. Cit~, p~ 23-107. 

2 Havens, •. J. M. •. • •.••On•· tnsolation and ·Sunshine in ·the St, Elias 
Mountains, Yukon·Territory, ·Canada", (in. press), 5 pages, l diagram. 

.. This paper is presently available in mimeographed form in project 
files. •• • • • •• ••• • 

•• 3 • .The recorder u•ed was a LaMbrecht.· sunshine: J'.ec::o,rder, 
type 1605 {45 .. 90° lat. ). $eriai. 26515, · • 
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The ratio Q 8/ Oe ,is the insolation index; n/ N , h the sunshine 
index. The. correlation coefficient of the relation.ship 'is o. 89, . bas1d 
on 58 pairs· of data; ,the standard error of the estimate is !: 4. 6%; 
Thus, about -95. 0% · of the observations of a given value of the 
sunshine index, will be at a particul.ar valu~ of the insolation index· 
:l 9. 2 %. - • The above relationship is based on an Eppley Pyrhel~ometer 
. {50 junction), rather than on a pyrheliograph. A comparative 
analysis- of Eppley data and that from pyrheliograpli m.ust not. 
altogether ignore instrumental differenc~s, because -at low sun 
angles-, and during times of . the year when ~olar altitude is below 
a ciitical • an¥e• an Eppley instrument responds differently than an· 
actinograph. Because the 1964 data are based on different 
instruments and are statistically derived (in the case of Divide), 
an elevational comparison must be treated with caution. 

Since the intensity of solar radiation generally increases with 
elevation above sea level because of less atmospheric absorption, 
incoming radiation at Base Camp is expected to be lower than at 
Divide; but, since a more sensitive instrument was used at Divide 
(and the 1964 data are based on the response characteristics of 
that instrument), a greater difference than actually exists would be 
expected. This is especially true for cloudy conditions and at times 
of low sun altitude. 

Clouds produce another set of radiative exchange conditions at 
the snow interface. In. ;.he Divide area, for example, the albedo of 

' ' • ' . . 

lHavens, ·J. Mo, Opo Git., .. p. 4. 

. 2 Hubley, • Op. Cit., p. 70-71, points out that the most serious 
err'or in the Eppley instrument (al).d the most difficult for wh~ch to 
make corrections) • is a dependence. of the instrument response on . 
angle of· incidence of radiation falling on the sensing element. • The 
error is commonly called the "cosine response error;', , because an 
instrument 'set normal to the surface is actually recording· the cosine 
value o(a unit of radiation recorqed normal to the sun.. Hubley· 
discarded data when the sun was 30° or less above the horizon,.· as 
the cosine· error became very great. unde1;, t~ose periods .• A deta1led 
disc·US$j,Qh of the Eppley is given in Fuguay and Buettner, "Labora­
tory Investigation. of .Some. Characteristics of the Eppley Pyrhelio­
meter," Trans. Amer. Geophy. Union, XXXVIII (Fe·b. , 1957), 
38-43. 
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the g:fa'c;i~r ·. snow sti:rf~ce, :overiying 'c'louds and, ne_arby slop.es 
increa.s.es .. a~d bec:ornes:. ino:re randomly o;rie~te;d !h~ll during clear~x 
weather~ •• Fog (or total whiteout) tend$ to accuentuate. diffusie>n. 
of incoming radfation to an even greater• :degree, causing a sharp 
it:1~rease-iri. 'record~d measurements.· . These factors a.re, · of.~our.se~. 
pai·tialiy depe~dent on cloud height and thickness.. · It -is. a,sumed; > -
therefore, that although radiation relationships for the 1964 seasq~1 • 

are based on two different types of recorders, any correlations •. • 
betwee_n Divide and Base ·Camp refi-ect • strong environmental dif­
ferences; 1. an~, whj.le relatioriships must· be treated with caution,. 
they are not largely dependent ori dissitni:laritie.s.ln ins~ru~entation •• 

,- ' : ,, '.'. 

l This assumption is not without foundation; ma.ny inve·s- • 
tigators have measured radiation over -glacier ~d snow surface's 
and :have. found that ·particularly snow albedo and cloud cover have 
alterec;l incotil.ing radiation: regimes ·from those measured .over non­
glacial ·'surfa:ces •• ·For a review ·of the discussiotl pf .. d~penden~e of .. 
ra4ic:l.tiori 6ll s:now:,. su:rfac'e, cloud cover,· and other• factol!'a, see . 
Ol~soh, '"Surishi~e • and Radiation, Mount Nordenskiold, n. Ge~gra,tiska 
Annaler, XVIII (1936a), 105-106; Olsson, ''Scientific.<Results. of th~ 
Norwegiap."."Swedish Spitsbergen • Expedition in -1934,. •• Part VII. Radia• 

.tion M~as,urerile~ts on. Isachen1 s',. Plateau, n Geografiska .:A.nnaler., ... 
~VIII (1936b). 225-244; Wallen,' Qi,. Cit., p. 492.; Hubley, YME;asµr~ .. 
merits·· o! ·Diurnal Variations' ·in · Snow -Albedo on Lemon Creek, Glacier, 
Alaska, 0 Jour., Glac.,· Il"(Oct. ~ 1955), 561-562;: Hubley, -Op •. Ci~, 
p. 76..:17; ,,~iid· LiEJ~er_ & ,Taylor,. Qp. Cit., _ pp· 32-34. 

·, .:· 
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Statistical Analysis 

From 10 June to 16 August 1964, Divide Station received 
44% more incomin.g short wave radiation than Base Camp. For 
this 68 day period, the snow camp recorded a grancl total of 
52,348 langleys; Base Camp totaled 36,429 langleys, or a dif­
ference of almost 16,000 langleys. Over this period, Divide 
averaged 769. 8 langleys per day; Base Camp, 535. 7 langleys per 
day. Figs. 2a and 2b illustrate the seasonal variation in daily 
sunshine and incoming radiation for the two stations. The theo­
retical incoming radiation curve for 61°N latitude is drawn on 
both Figs. , since there is only a 161 latitudinal difference. Base 
Camp is the northernmost station. The theoretical sunshine 
curve1 for each station is shown by a dotted line. 

Base Camp insolation and sunshine indices show a reasonable 
1964 correlation (Fig. 3) based on 86 pairs of data (Z June - 26 
August). Over the field season, theoretical incoming short wave 
radiation (Qe} and theoretical sunshine hours (N} vary - both 
decreasing through late June, July and August. The indices take 
into account this temporal variation.. A least squares line was 
fitted to the Fig. 3 scattergram and thu linear regression equation 
was calculated as, 

(2) 

where, as before, ,J.8 /-J.e and n/N are the insolation index and 
sunshine index respectively. A measure of the spread (population 
variance} about the re~ression line is the standard error of the 
least squares equation, and is expressed as: 

q;s/0..ln/N -~~ (Qs/Qe-C.s/~1
2 
-~~N-n/N)(Q8/Q,,-Us/Q,,I 

. p Pl 

j - z 

1 In the case of Divide Station, theoretical sunshine values 
were obtained from project files. Havens calculated these values 
for the 1963 field season. For Base Camp, the values were es­
timated from an approximation curve drawn by connecting 1964 clear 
day values of actual sunshine hour totals. 

2 Blalock, H. M. Social Statistics. New York: McGraw-Hill, 
1960, p. 308. 



RADIATION A_ND SUNSHINE AT DIVIDE CAMP, 1964 SEASON 

Fig. 2 (b) 
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N. B. The smooth curve on both. fig·s. is the theoretica I incoming short w'ave 
radiation received at the top of the atmosphere at 61°N ·latitude. -· 
Divide radiation is derived from sunshine values. See text for explana- . 
tion. Dotted line is tha:i,r:efi.cal sunshine. 
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Fig. J 

• .CORRELATION OF $UNSHINE AND RADIATION 

,FOR BASE. CAMP, 1964 

• 

. .• . . ..... 

®21·J'une· 10/lO··Ns,St (dense) J .. ···. ' . 
• 26 August 10/10 Ns ,S.c (dense) 

.• 

The Regression Equation is1 

Q8/Q9 = . .38 + .. 4o_n/N· 
. .. 

Correlation Coefficient isa 

. r = o.as 

.o: .10 .• 20 ... JO .40 .50 .60 .70 .80 .• 90 1.00 

•• Sunshihe. Index (n/N) 

N. B. Us·uo.Jly the dotted band diverges at the extremities; here it is • 
assumed that the points are normally distributed about the regression 
line. • · • • ·· 
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= the individual values of the insolation index .. 
= the individual values of the sunshine index. 
= the number of :observations (86). 
= the slope value in the linear regression equation; 

it is equal to • 40. 

At the lower end of the regression line (cases in which negli­
gible sunshine is recorded), a wider scatter of points indicates that 
the variation in cloud density, patchiness, and extent throughout the 
day play important roles in the sunshine and radiation relationship. 
On the 18 and 30 of June, for example, days of thin cirrus and cir­
rostratus covering the entire celestial dome, incoming radiation is 
relatively abundant (as shown by larger insolation indices); however, 
the cloud cover is just thick enough to prevent the sunshine chart 
from burning an arc. Conversely, when stormy weather with dense 
cloud layers inhibits abundant amounts of radiation from reaching the 
surface (e. g., 21 June and 26 August), neither does the sunshine 
chart burn an arc. On the other hand, periods with little cloud 
cover, in general, tend to strengthen the relationship, viz., the 
upper right part of the scattergram. 

A eunshine index and insolation index plot was made by Havens 
for Base Camp, 1963. 1 Based on 44 pairs of observations, he found 
a correlation coefficient of O. 93, with a standard error of the estimate 
equal to = 4. 6%. For 1964, the correlation coefficient (based on 
twice as many observations} is O. 85, with a standard error of the 
estimate equal to = 7. 0%. The 1964 Base Camp field season, in 
general, wa.s more cloudy and stormy than that of 1963. This par­
tially explains the weaker 1964 association. 

For Divide 1963, the sunshine •insolation plot gives a correlation 
coefficient of O. 89, based on 58 pairs of data, with a standard error 
of the estimate equal to = 5. 8%. Since Divide Station weather in 
1964 was considerably cloudier than 1963 and because cloudiness 
tends to ~iminish the sunshine 00insolation relationship, it is believed 
that a correlation for Divide 1964 would result in a weaker asso ... 
ciation than Divide 1963. Multiple reflection between surface and 
cloud layers and cloud density are the two most important factors 
in the sunshine-insolation relationship for Divide Station. 2 

1 Havens, J.M. Op. Cit., p. 4. 

2 Havens, J.M. Op. Cit., p. 5. 
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Radiation relations with other factors (e. g., s.unshine and 
cloudiness) in. _snow and glacier e'nvironrn~nts must· be measured 
accurately at many spots within specific areas to be representative 
of local envj.ronmental. conditions,· thou_,.,.h iu most cases this may 
not b~ possible from a logistical sta;ndpoint. The nature of the 
terrain, i. e., configuration of lo<:al topography, is a factor which 
contributes to variation in radiation budgets over 'small area_s. 
Does_ the· Divide sunshine~insolation. ··relationship show the same 
correlation characteristics at the foot of adjacent slopes at the 
edge of the snowfield as it· does out in central portions? Probably 
not, since po-sition of the station relative to diurnal and seasonal 
paths of the sun is of importance itl radiation. relatfon·ships. A 
study of the _question may give insights into climatic relationships -
over the glacier surface. At any rate, before_ ~l'imatfo factors 
can be employed as estimators of average rad{ation regimes in 
rugged mount~inous glacier environ~ents, questions such as the 
above must be explored. •• 
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Station Comparisons atid Contrasts 

The primary factor 'cbntributing to the variation between 
Divide and Base Camp incoming rac;liation is elevation above sea 
level (less atmospheric absorption). Divide Station is situated 
1, 851 meters above Base Can:ip, leveland receives, on the average, 
between 2.00 and 30.0 langleys per day more incoming radiation _ 
during the ~ummer season. than .does Ba~e Camp. Table II gives 
a 1963-64 field t14eason compari~o~ (on a monthly basis) of some 
weathe1· elements and incomi~g radiation_ for - the two stations. The 
field seasons were not equal Jn length nor did they extend ove,; 
exactly the same dates,. however, the ·"two are made comparable 
by calculating values, over similar time' spans. Weather conditions 
closely._ cor~elate with ~adiat.ion and s_unshine data as expected. 
Receipt 9£ ,inco~ing short wave ra.diation at Base Camp and 
Divide was m.~ch less·_ in 1964. The severity of the 1964 field 
season weather is especially remembered by those who c;:amped 
at the Divide area and at Seward Statfon. Over a span of 23 

• days (20 June to 13 July} generally cloudy and stormy weather 
with snow prevailed at all glacier camps. Only for a short period 
in July {16-18 July) were there any consecutive clear days across 
the range. During the 1963 season, weather was much less severe. 

Tables IIIA and IIIB list clear and cloudy periods1 during the 
1963 and 1964 field seasons, with data on incoming short wave ra­
diation, sunshine, and mean cloud cover. The 1963 periods are 
selected from data available in project files; these periods are 
judged by the author to be most representative of clear and cloudy 
situations for the 1963 field season. For 1964, data are chosen in 
order to be comparable to a temperature analysis by Marcus, 2 and 
also because the periods selected are the most illustrative of cloudy 
and clear conditions for the 1964 field season. 

The nature of the environment at both stations is reflected in 
the intensity of incoming short wave radiation at the surface for 
the chosen periods. This may be observed by noting that the 
following inequality holds upon inspection of Tables IIIA and IIIB: 

1 It has not been determined whether these periods are 
actually representative of frontal and nonfrontal conditions. It is 
likely that the clear periods do depict nonfrontal situations, but 
cloudy periods are more difficult to assess. 

2 
Marcus, M. G., Op. Cit .. , PP• 15-30. 

• 



Month Date 

'l'ABIE II 

1963 and 1964 IRRP Season Radiation, 
Sunshine, and General Weather Summary-M-

~ (OC) 
Mean Temp. Pree. (in. 820) 

·------------------------------------

·June 7-30 14,460 

July . 1-31 16,_549 

August l-25 12·644 . , . . . 

6o2.5 

533.2 

.595. 7 

.6o7 

.570 

,654 

49.1 (9.5) 

53.9 (12a) 

.... 52;9 (11.6) 

1.21 

1 .. 72 

0.28 
---------'~-------'---__;----'·-----,__..;..-.-- ·-· -----

Season 43,653 547.1 .6o5 51.9 {il.O) 
--.--·- ·------- --.,-._ -,---~-----------:-------------------'----------

~~- 1964. 

June 7-30 l~-,073 582.2 • 590 173; • 52.1 (11.1) 0.71 

July' C 1-31· 16,464 531.1 .,566 .. 227 52.4-(11.3) 1 .. 73 
. . . , 

···A • t · ugus l.~?5 ·ll 144 , 445.7 ..• 576 178 ... 50.8 {10.4) 1.21 

Season li:1,980, 519~~- .578 'J78 51.7 (10.9) • 3.65 
•.•• 1 .. , . ·,, ·, , . 

' 

*J 1963 data. ~ken from projec-t :files;. - 1964 data extra.ctea fro~ the 1964 Climatology 
Report- (Marcus M~Go, QP~ Cit~) and from 1~ project ~i~es • 

• i , " • 
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TABLE II 22 

°F (oC) 
Month Date ~ Qs o.s/~ n Mean Temp. Pree. (in~ ¾O) 

~i~~ 2~ - _1~3 
:'June 24-30 6;392 •• 913.1 .88o. -57·• 21~7 {-5.7} . o.oo 

.. 

Juiy 1-31 25 14_3. • 811.1 .870 248 .. • • 29.6(-1.3)· 0.61 . , .. 

August 1-16 11,414 
' .·• 

7~3-3 .88o 14o, • • 29.4 (-1.4) 0.02 
.. 

Se~son 42,949 812.5 .880 445 26.9 (-2.8) 0~63 
'. ... 

Divide ~ ~ 1964 

Jtlne 24-30 5,335 762.2 .770 45 .24.3 (-4.3) 0.25· 
.. . -

. 24.,496 .840 .. 27.4 ( :..2. 5) . 
.. ·--

J..10 July 1-31 . 790.0 217 

August 1-i6 10,765 • ••. 672.8 .840 ·96 • 26.3 (-3.2) 0.52 

Sea.son . 4o,5g6 74~.6 .820 358 26.0 (-3.3) 1.87 



Day Mo. 

10 Aug. 

11 Aug. 

12 Aug. 

13 Aug. 

14 Aug. 
•'; 

15 Aug. 

$um 

Mean 
. , . .. 

10 July· 

11 July 

12 July 

Sum 

Mean 

TABLE IIIA 

SELECTED·PERIODS·OF 
INCOMING SHORT WAVE :RADIATION; SUNSHINE HOURS, AND MEAN 

CLOUD COVER - 1963~ ON A DAILY BASIS* 

• 23 

Divide Camp BASE CAMP Div.-Kluane 
Inc. Ra.d. MeanCld Inc .. • Rad. Mean Cid_:, Rad. Diff. 
(langleys) Sunshine Hrs. Cover (lOths) ( langleys} Sunshine Hrs. Cover { loths L ( langleys} 

·c1ear Period 
776 .. 0 15.0 1.4 596.4 - o.o 179.6 

775.0 15.2 1.9 
.. 

333.6 4.o 441.4 ·• 

.. . . 

774.o 15.3 0.2 549~6 - 1.0 224.~ • 

772.0 15.i o~o 542.4 - 0.5 229.6 : 
.,, . . -·---•-.•- -• . 

. ' . 
754.o 15.0 o.o 552.0 - 0.5 202.0 

745.0 14.6 2~8 568.6 "" 2.0. 176.2 

4596.0 90.0 6.3 3142~8 - 8.o 14?~.g 

165,0 15.0 1.1 525.0 - 1.3 21i.2.o 
-· 

•,• 

'' Cloud::v Period 
555.0 .. 0.2 9.7 . ·3J,o •. 8. 10.-0 .. • 244.2: - .. .. .. .·. 

·797.0 0.1 10.0 409.2 - 10.0. -387.8 
.. 

I 

714.o 1.5 9.3 218.4 - 10.0 '• 495.6 
· . 

.- ·. ' 
2066.0 

•,. 

1.8 29.0 
,. ', 938.4 10.0 1127.6 -

690.0 o.6 9.6 312.8 - 10.0 . , 375.8 

* Periods selected and data compiled from the 1963 field data in project files. 

. .. 



. 11'.ABLE. IIIB ••• 

SELECTED PERIODS OF 
INCOMING SHORT WAVE RADIATIO~; SUNSHINE HOURS; AND MEAN 

• . CLOUD COVER - .1964, ON A DAILY BASIS* 

Divide.~ ~Camp 
nc. Rad. MeanCld Inc.- Rad. Mean Cld 

Day. Mo. langle s Sunshine Hrs. Cover loths lan le s Sunshine Hrs Cover (loths 
clea:r Period ... · 

14.July 950.0 16.5 1.1 

15 July 946.o 16.5 1.3 

16 July 919.4 15.1 o.8 721~2 16.4 1. (Ac) 

17 July 937.0 16.5 0.9 730.8 16.3 1 (Cu) 

18 July 927.3 16.1 2.5 727.2 15.4 2 (Ac) 

Sum-!Ht- 2883.7 47.7 4.2 2279.2 48.l 4 

Mean** 961.2 15~9 i.4 759.7 16.0 1 

' • : Cloug.y Period • 
691.3 8 ••.. -- 8 6 Ci, 22 July 1.7 . 9 592. 12.2 l Ac 

23 July 694.8 2.2 9.6 4oo.8 5.2 1 Ci, 6 Ac 

24 July 661.2 o._2 10.0 518.4 4.7 5 Ac, 2 Sc 

25 July 667.5 0.9 9.0 38o.4 1.3 8 Ac, 3 Sc 

26 July 8o6.3 10.6 4.8". 637.2 • 11.8 4 Cu 

* Sunshine and Cloud Cover data taken from the 1964 Climatology Report (Marcus, M.G., Qp. Cit., 
pp, 26, 58, 64, and 99). •.• · 

ff Sum includes only 16, 17, 18 July 
*ii-* Mean includes only 16, 17, 18 July. 

Div. -Kluane 
Rad. Diff. 
(langleys) 

198.2. 

206:2 

200.1 

6o4.5 

201.5 

98.5 

294.0 

• 152.8 

287.1 

169.1 



. 
. l-

Divide~ 
Inc. Rad. 

Day Mo. (langleys) Sunshine Hrs.• 

27 July 645.3 o.o 

28 July 698.8 3.9 

29 July 797.9 11.0 
-

30 July 679.7 3.2 

31 July 630.2 0.1 

Sum* 6973.0 33.8 

Mean*·* 697.3 3.4 

Sum*** 2637.8 3.2 

Mean-H-->Hf 659.4 o.8 

* Sum of all days 22-31 July 
** Mean of all days 22-31 July· 

TABLE IIIB (con 1t) 

Mean Cld Inc. Rad. 
cover (lOths) (langleys) 

Cloudy Period (cor;i't) 

• 10.0 (fog) 286.8 
... 

9.1 417.6 
._;_, . 

6.1 578.4 

8.o .304.6 

10.0 (fog} 271.2 

84.6 ~388~2 

8.5 438.2 

38.6 13}9·.,2 • 

9.6 344.·a 

H·* Sum of' 23, 25, 27, 31 July - the II19re distinc-t cloudy d,ays. 
**iHE- Mean of 23, 25, 27, 31 July - the more distinct cloudy·days. 

25 

' Base Cam:e ':,n1v-· Kiuane 
Mean Cld Rad. Diff. 

Sunshine Hrs. cover ( lOths )( langieys) . 

o.o 10 Ns 358.5 

2.9 1 Ac, 8 Sc . 281.2 

10:~a 9 Cs, 6Ac 219~5· 

o .. o • -1 Ac, 4 Sc 375.1 

o.o 10 St 359.0 

38.9 80.0 • 2594.8_ 

3.9 a.o 259.5 

.6.5 36.0. 1298.6 

1.6 9.0 ;324.6. 
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where ~sn and ~sB stand for the values of short wave incoming 
radiation at Divide and •.Base Camp stations respectively.. The 
subscripts ttcloudyn. and 11 clearn den6te periods for which the . 
differences are co~puted. Fo1· days y',er.L cloudy conditions pre­
vailed at both camps, • the difference in receipt of incoming radia­
tion (Divide-Base Ca,mp} was greater than for clear periods. Tlie 
variation in cloud density, cloud extent, and radiative interaction 
between local surface and cloud cover contributes to the contrast 
between the two sites with respect to inc_oming radiation totals. 
The relations for 1963 .field season may be expressed as follows: 

(i-lsn .. QsB} clear = 

(Qso ... Q3 B) cloudy = 

242 lys/ day • 

376 lys/ day. 

Symbolizing the first _difference as dcleai'.' and the second as 

dcloudY' 

dcloudy .. dclear = 134 lys/ day. 

This value represents 14% of the 'value of incom.ing .radiation • 
received at Divide on a clear day in· July, and 18% of t}:iat 
received at Ba,se Camp fo·r the ~ame time. "Referring to the· 
previous dis_cussion (p. 11-14) on instrumental differences, these 
percentages are probably greater than actual figures., but _are 
believed to be significant indicators. of the importance of local 
environmental conditions on' energy availability. ; • • 

For 1964, similar relationships • hold, particularly when 
clear day totals are compared with the four day totals which· 
represent the >more distinct cloudy situations. Partially cloudy 
conditions reveal no apparent associations. 
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Summa.z:.x 

Radiation, •• which_. comprises•· the highest .percentage contri­
bution to the energy ex<.;h_ange over most_ glaciers, must be 
accurately measured and understood. . Point >measurements -as&ume • 
areal homogeneity <>f energy availability. • Ext:'l'apolations • or efi~ • 
timations of radiation, by means. other than direct measurement 
by sensitive _instruments, will dilute an understanding of important 
environmental infhience~ on. radiative transfer. -•• 

'." ', •- .. '.- ,. ' 

Divide and Base Camp stations represent extremes • in the • 
types of environments across the mammoth St. Elias Range ••• 
Elevation primarily explains thci ·-differ~nce ~n receipt of_ incoming 
short wave. radi'a.tion at the two stations .. A closer inspection • 
reveals tha.t environmental conditions (e., g., cloud density, cloud 
extent, types of surfaces and alb~J:lo relations) ~re __ reflected in 
the radiation _data by the contrast in ).'angley, values·'. under· clear 
and cloudy periods~ -- • 

A better. undei,-standing of the energy exchange over glacier 
surfaces will_ co_~e only. when. a larger netwo'rk of recording 
stations are placed transversely and longitudinally acro,ss ;a range. 
Microclimatic and local analyses of the heat budget· also must ::be 
explored in <:onjunction with the b:t-oad~r scale analysis in order 
to comprehend the. connection bet\veen lower layers of the atmos- . 
phere near the earth-air interface and air. masses Which prevail 
across the range._ . 
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INCOMING SHOR!' WAVE RADIATION (lys) 
BABE CAMP ( LAKE KLUANE); ST~ ELIAS MOUNTAINS 

YUKON TERRITORY; CANADA 

Lat. . 61° 03 I N . 
Long. 138° 22' w Elevation: 786 meters Date: June, 1964 

Date 
YUKON STANDARD TIM.!!: (two-hour period ending) 

02 04 0 ·-08-10 12 1Ij: lo 
--· 

l 114.6 
2 1.8 16.8 43.2 26.4 4:,.8 45.6 62.4 
3 10.8 49.2 38.4 34.8 36.0 64.8 
4 19.2 63 .. 6 109.2 103.2 139.2 127.2 
5 14.4 54.o ~.4 116.4 116.4 90.0 

6 13.2 38.4 67.2 118.0 138.0 118.8 

i 9.6 56.4 108.0 · 129.6 141.6 115.2 
10.8 50.4 106.8 l.40.4 138.0 101.6 

9 3.6 22.8 61.3 79.2 87.6 70.8 45.6 
10 3s6 19.2 69.6 115.2 140.4 128.4 115.2 

11 2.4 9.6 28.8 93.6 86.4 111.6 93.6 
12 1.2 18.0 .. 64.8. ·llg.2 118.8 · 104.4 130.86 
ta l~.4 57.6 ll .4 1,5.6 115.2 99. 

2.4 15.6 55.2 94.8 1 7.6 124.8 104.4 
15 15.6 51.6 110.4 157.2 142.8 126.0 

16 15.6 44.4 110.4 140.4 147.6 105.6 

½i 9.6 16.8 
~
8.8 85.2 87.6 64.8 

1,.6 46.8 4.o 132.0 147.6 96.0 
1.9 l .4 46.8 78.0 123.6 145.2 128.4 
20 7.2 15.6 22.8 37.2 50.4 56.4 
21 7.2 18.0 4o.8 56.4 44.4 i7.2 
22 4.8 20.4 55.2 93.6 118.8 7.2 
23 10.8 75.6 74.4 100.8 110.4 90.0 
24 7.2 28.8 98.4 135.6 128.4 126.0 
25 12.0 54.o 98.4 118.8 14o.4 128.4 

26 8.4 22.8 55.2 121.2 102.0 84.o 

~~ 10.8 4o.8 67.2 126.0 103.2 9?.4 
19.2 55.2 112.8 141..6 140.4 134.4 

29 14.4 25.2 85.2 128.4 128.4 115.2 
30 1.2 14.4 62.4 116.4 106.8 91.2 67.2 

31 I 
\ 

,,, _____ , ___ ... ,_~ 

-~~ I 16.2 381.6 1317.7 2437.2 3204.4 3238.8 2788.4 
-------··--

_Mean I .6 13.1 45.5 84.o 110.1 111.6 96.3 
------·-~-' ~.•;•,•N_,.._.,..,.,,.,.,_,._.,.,....,,~,, 



• 44.4 22.8 
94,8 54.o 
92.4 57.6 
57.6 • 49.2 
87.6 ,' 43.2 

79.2 43.2 
.56.4 34.8 

. ;8.8 44.4 
• 86.4 · 44.4 

··•.· 51.6 24.o 

26.8 22.8 
43.2 27.6 

• . , 75.6 32.4 
88-.8 39~6 
93·.6 . 3~.o 

• 51.6 
58.8 

• 99.6 
78.0 
33.6 

· 26.4 
'55.2 
45.6 

,38.4 
12.0 

9.6 
15.6 
20.·4 
24.o 
10.8 

9.4 
10.8 
14.4 
19.2 
10.8 

9.6 
4.8 
l.2 

12.0 
9.6 

9.6 
1,.2 
9,.6 

15 ... 6 
9.6. 

. . : . • . ~ . ': , - .' 

June, 1964 (.con '-~.) 

; 

I 

i 
I 

I 
I 

502.8' 
717.6 
709.2 
675.6 
745.2 

695.8 
I .. 424.8 
!, 639.6 
I ••• 686.4 

276.0 

263.2 
,, . 435.6,. 

571.2 . 
664.8 
685.2 

i I 481.2 .. • 
, . 555.6 

758.4 
628.8 
514.8 . 

988.0 · · . 508 
990.0 .725 
991.0 .715 
993.0 .68o .. 
994.o • .750 

995.0 . 700 
996.0 .427 
997.0 .642 
997.0 .688, 
998.0 .277 

998.0 .264 
998.0. .437 
998.0 .573 . 
997.0 .667 
997.0 .687 

996.0 .483 
995.0 .558 
993.0 . . 764 
992.0 . _ .634 
990.0 .519 

l 21 
l 22 
I 23 
1 24 
; 25 
I 
j 26 
;27 
l28 
l 29 
l 30 
• 

33 
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INCOMING SHORT WAVE R~IATION (lys) 
BASE CAMP ( LAKE KLUANE); ST. E:L\S MOUNTAINS 

YUKON TEP.RITORY;, CANADA 

Lat. : 61° OJ' N 
Long. : 138° 22' W Elevation: 786 meters· Date: July, 1964 -------------------------·· 

1 ···• YUKON· STANDARD ·TIME {twolhour period ending) 

____ Date_t_.,02 .-~- _ ·=·o4 .. ~-- =-~-~_-06 .. :=. ..... o8 . •• ' • 10 ... __ ......... :·.~~.~::_-.. ~~:~·- ~i~-----~~-~~~i.~~= 

1 I 8.4 19.2 26.4 49.2 45.6 • 36.0 
2 l 4.a 33.6 15.6 42.a 14 .. 4 _ 54.o · . 50.4 
3 I 3.6 50.4~. 105.6 123.6 15.6 -63.6 
4 2.4 22.8 52.8. 100.8 116.4 121.2 . 118.8 
5 1.2 27.6 •• •. 75.6 • 127.2 118.8 135.6 , 81.6 

6 30.0 • 75.6 115.2 138.0 147.6 123.6 
7 8.4 • 20.4. • • 48.o 75.6 99.6 104.4 
8 1.2 19.2 • 62.4 114.o 174.o 106.8 • 74.4 
9 12.0 60.0 110.4 99.6 .56.4 33.6 

10 1.2 9.6 •• 33.6 86.4 123.6 120.0 

11 9.6 50.4 . 106.8 135.6 146.4 132.0 
12 8.4 . 21.6 . ·4a.o 88~8 150.0 147 .6 
13 1.2 • 13.2 58.8 68.4 72.0 104.4 
14 1.2 20.4· - 52.8 104.4 ·129~6 140.4 72.0 
15 1.2 20.4 Bo.4 124.8 14o.4 63.6 44.4 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

i.a 
1.2 
1.2 
1.2 

1.2 .. 
1.2 

22.8 
25.2 
22.8 
13.2 
7.2 

15.6 . 
25.2 
15.6. 
13.2 
10.8 

8o.4 
81.6 
75.6 
27.6 
19.2 

62.4 
61.2 
4o.8 .... 
32.4 
20.4 

• 122.4 
.1?2.4 
121.2 
62.2 
45.6 

111.6 
82.8 
38.4 
58.8 
38.4 

140.4" 
133.2 
138.0 
78.o 

102.0 

130.8 
112.8 
43.2 
68.4. 
67.-2 

134.4 
136.8 
136.8 
66.o 

123.6 

130~8 
117~6 

51.6 
106.8 
' 64.8 

108.0 
.110.4 
.110.4 

81.6 
117.6 

115.2 
84.o 

. 93.6 
120.0 

91.2 

111.6 
45.6 
62.4 
92.4 

• 67.2 

64.8 



- -81.6 
68.4 
64.8 

• 28.86 
99. 

102.0 
._,103.2 

46.8 
60.0 
27.6 

73.2 
75.6 
76.8 
84.o 
67.2 

74.4 
74.4 
79.2 
84.o 

-61.2 

72.0 
28.8 

- 43.2 
52.8 
33.6 

31.2 

52.8 
56.4 

. g1.6 
25.2 
~1.6 

31.2 
37.2 
37.2 
34.8 

- 20.4 

30.0 
• 31.2 
34.8 
31.2 

. 26.4 

48.o 
14.4 
16.8 
2J..6 
6.o 

• • July, 1964 (con't) 

8.4 

14.4 

16.8 

8.4 
15.6 
··1.2 
1.2 
2.4 

7.2 
. 7 .2 ,, 7.g 
7~2 

12.0 

2.4 

1.2 
2.4 

744.0-
639.6 
387.6 . 
607.2 
526.8 

721.2 
-730.8 
727.2 

_· 455.8 
514.8 

672.0 -
592.8 -
400.8 -
518.4 
380.4 

978.0 
975.0 
972.0. -

~i:8 
962.0 
958.0 
954.o 
950.0 
946.o 

941.0. 
937.0 
932.0 
928.0 
923.0 • 

918.0. 
912.0 
907.0 
902.0 
896.0· 

890.0 
884.o -
879.0 
873.0 
867.0 

.774 

.667 

.4o6 

.639 

.567 

.767 

.78o 

.781 

.490 

.558 

:l~§ 
.442 
.575 
.424 

.717 

.324 

.475 

.663 

.351 

' ! 11 
! 12 
: 13 
, 14 
l 15 
I 

! 16 
'. 17 
; 18 
1 19 
; 20 

/ 21 
I 22 
i 23 
i 24 
I 25 
I 

' i 26 
I 27 
I 28 
• 29 
l 30 
I 19.2 2.4 271.2 861.0 .315 ; 31 

35 

·-----··-- _ .......... -. ---- ··-· ----- ---------------··· ---------.-- .. ···---------!------·· 
906~0 141.6 • .- 16463.6 - 29003.0 l 

----------·-- --···- :··--- - ----· ·----'-----1t-------
_· ·_6_3._o·~-2~._~ ·---~~-~----- .. ·-··~·~~-~~.-- .~}J_.o __ • ...;...56_6 _ _j_. ____ _ 

1951.2 
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Lat. 
Long. 

INCOMING SHORI' WAVE RADIATION (lys) 
BASE CAMP ( LAKE KLUANE), ST. ELIAS MOtMI'AINS 

YUKON TERRITORY; CANADA •• 

61° 03' N 
138° 22' W Elevation: 786 mete:r3 Date: Aug., 1964 

--------------···--
• ·YUKON STJµWARD TI:ME ( two-hour period ending) 

~te._02 _,, ____ o4 06 ·---- 08 10 12 •• ·--'- 14 

l 
2 
3 
4 
5 

6 
7 
8 
9 

10 

lJ . .:. 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 

6.o 

7.4 
13.2 
10.8 

14.4 
9.6 
8.4 

16.8 . 
8.4 .• -

9.6 
6.o • .. 

• 9.6 
10.8· · 
8.4 

1.9.2 
12.0 
14.4 
58.8'. 

- 50.4 • 

63.6 . 
54.o 
39.6 
55.2 
27.6 

31.2 
31.2 • 
54.o 
54.o • 
38.4 

45.6 
36.0 
40.8 

108.0 
70.8 

93_:4 
90.0 
94.8 

103.2 
85.2 

43.2 
45.6 
92.0 

l.04.4 
72.0 

8.4 • 45.6 93.6 
1..2 16.8 81.6 

12.0 45.6 • 57.6 
14r!i,)~tl'fo' 4!1.r41:>1 ·1'19f2 
13.2 • • 34.8 • 57.6 

12.0 • 
12.() , 
8.4 
4.8 

4.8· 
. 4.8 • 

60.0 
43.5 
42.0 
25.2 
9.6 • 

.·,;'196 ~: , . 
15.6 

1·5.6 
78.0 
82.8 
69.6 
34.8 

•. 21.6 
92.4 

end of season 

70.8 
63.6 
57.6 

130.8 • 
1()0.8 

87.6 
46.8 

127.2 • 
123.6 
118.8 

109.2 
95.8 

124.8 
128.4 
91.2 

118.8 
121.2 
61.2 
44.4 
91.2 

109.2 
118.8 
90.0 
92.4 
92.4 

30.0 
144.8 

62.4 
106.8 

78.0 
129.6 
121.2 

91.2 
56.4 

126.0 
98.4 
86.4 

126.0 
112.8 
124.8 
. 93.6 

87.6 

• 84.o 
111.6 
78.0 
76.8 

111.6 

96.0 
112.8 
48.o 
98.4 
62.4 

24.o 
97.2 

16 

55~2 
88.8 
66.o 

104.4 
105.6 

69.6 
73.2 
98.4 
58.8 
52.8 

94.8 
102.0 
97.2 
38.4 
76.8 

• 86.4 
80.4 
73.2 · 
78.0 • 
·76.8 

60.0 
73.2 
19.2 

• 39.6 
61.2 

15.6 
81.6 

Sum 235.4. • 996.3 1934.4 2591.4 2502.0 1927.2 

_Me_a_n_,__ __ ..----··----~-• 7 
Sum for 

Season 35.5 1056.0 4194.2 6896.2 8939.6 8850.0 7498.4 ---------· --·----· 
Mean for 

__ se_a_s_on __ 1-__ ._4 __ 1_2_ .. _1· ____ 48_._2 _ _..7-=-9_. 2 __ 10 ..... 2 __ • ____ 6_-"1=0=1~. 8 __ 8 ____ 6J:_ 
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Aug.·, 1964 (con't) -. 

YUKON STANDARD TIME (two-hour.period ending)· 
i 
I • nate • • 

___ 1_s_· __ 2_0 __ 22 __ 2_4~·-._-s_um_.;a ___ ___,;Qe;:_:.=--9e!-7-9e--tl....1=!----

50.4 22.8 1.2 
84.o 39.6 1.2 
46.8 33.6 6.o 
64.8 18.0 1.0 
60.0 22.8 1.2 

42.0 26.4 
25.2 13.2 
69 6 21 6 . . 
78.8 14.4 
38.4 14.4 ' 

52.8 12.0 
55.2 15.6 
60.0 15.6 
25.2 14.4 1.2 
51.6 18.0 

51.6 15.6 
38.4 6.o 
22.8 4.8 
42.0 
36.0 4.8 

33.6 6.o 
27.6 4.8 
12.0 3.6 
12.0 LO 
32.4 4.8 I 
12.0 LO 
38.4 4.8 

end of season 

-
1163.6 359.6 11.8 

---•····----··"" 

43.2 13.4 .4 
---·· 

5031.2 2288.8 459.2 
-

57.8 26.3 5.4 
·----------~---.. ,--

' 

, , 

333.6 
432.0 
350.6 
628.6 
543.6 

493.2 
368.4 
585 6 . 
549.2 
432.0 

478.8 
464.2 
578.0 
470.4 
444.o 

504.0 
457.2 
355-? 
379.2 

• 426.0 

45a.4 
470.7 
3o6.o 
343.0 

• 297.6 

118.6 
479.6 

11741.7 

435.0 

44828.6 

515.0 

a55.o 
849.0 
842.o 
836.0 
830.0 

824.o 
818.0 
812 O • 

-805.0 
7CJ7.0 

790.0 
783.0 
776.0 
769.0 _· · 
.761.0 

754.o . • 
747.0 
739.0 

_732.0 
_723.0 

715.0 
706.0 
698.0 
690.0 
682.0 

674.o. 
666.o -

20673.0 -
764.o 

78357.0 . 

900.0 

.390 

.508 

.417 

.750 

.654 

.598 

.450 
• 721 
.682 
.541 

.606 

.594 

.745 

.617 · 

.584 

.670 

.613 

.481 

. 518. 

.589 

.632 

.666 

.439 

.497 

.436 

.176 

.720 

.569 

.572 

I 
I 

l 
' 

l 

1 
2 
3 
4 
5 

6 
7 
8 
9 

. 10 

11 
12 
13 
14 
15 

16 
17 
18 
19 

. 20 

21 
22 

.23 
24 
25 

26 
27 
28 
29 
30 

~;i. -
-

-
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ESTIMATED . INCOMING.· 
SHORT WAVE RADIATION (lys )* 

DIVIDE STATI0N11 ST. ELIAS MOUNTAINS 
YUKON TERRITORY; CANADA 

Lat. 6o0 4'71 N 
June, 1964 • Long. 139° 40 1 w Elevation: 2,637 meters Da.te: 

---... - - -- __ ,_,_.. ·------
Date n n/N Qs 

-··--·-
___ .,, ----- ------__,... ... 

1 
2 

~ 
5 

6 
7 
8 
9 

8.o .473 987.0 846.8 10 

11 14.8 .876 988~0 954.h 
12 ikJ - :~16 999.0 - 9~g$ t, 992 .. 0 -... 9 .2 

1.7 .100 993.0 T51.7 
15 12.1 .7o8' 995.0 916.3 

16 13.9 .813 996.0 946.2 
17 6.1 .357 997.0 823.5 
18 6.6 . .386 ~:8 .. 831.4 
19 2.8 .163 772.4 
20 0.1 .006 998.0 729.5 

21 o.o .ooo 999.0 729.3 
22 4.3 .250 998.0 _796.4 
23 l.l - . .o64 998.0 745.5 
24 0.0 .ooo 997.0 727.8 
25 0.2 .012 - 997.0 730.8 

26 o.6 .035 996.0 736.0 
27 9.4 . 550- 995~0 873.6 
28 4.7 .276 993.0 798.4 
29 1.4 .082 992.0 745.9 
30 o.o .ooo 990.0 722.7 

31 ... 

--. ----
Sum 117.7 6.880 20886~0 17087.2 

·---, ------ ·•·-.--•·· .... ---.. , .. ,.._. __ . ., 

Mean 5.6 .328 994.o 813.7 

* Derivation of~ is explained in text. 
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EsTiMATEn INCOMIN(} . . . 
SHOR'I'· WAVE IU}.DIATION: {lys )' .: . 

DIVIDE STATION,' ST. ELI.AS MOUNTil,NS 
YUKON TERRITORY; CANADA • 

Lat. . 60° 47 1 ?1 ... . 
·2,637 meters Long. 139° 1:-0' w Elevation: Da.te': July, 1964 

.__,.. ___ J 

Da.te I 
n/N l n Q-e Qs . . --·-·-~----~-··--- ·---

l 3.3 .195 •• ·. · 988.0 773.6 
2 Lg .0471 9~7.0· • • • 131:s 
~ 8:1 .o ~ 9~5-0 ~5-~ .51 · 3.0 
5 5.5 .327 985.0 8bLo 

6 I 12.1 .724• 978.0· 904.6 .. 
7 l 1.9 .114 975.0 .· 742.0 
8 7.5 .449 . 972.0 827.2 

16 
5.6 .335 966i.o 794.6 

r o.o .ooo. 9 .o • 705.2 

11 t 
1.8 . lo8 962.0· . 730.2 I 

12 I 6.5 -~90 958.0 .• A99.2 
ta 10.5 .032 954.o 59.6 

16.5 l.000 950.0 950.0 
15 16.5 1.000 946.o 946.0 

16 15.1 .915 941.0 919.4 
17 16.5 1.000 937.0 937.0 
18 16.1 .981 932.0 927.3 
19 

I 
11.2 .683 928.0 848.2 .• 

20 12.4 .756 • 923.0 862.1 

21 

I 
13.1. 7~ 918.0 868.4 

22 1.7 :10 912.0 .. 691.~ 
~~ 2.2 -1~' , •. 9oi.o ·,· gi4 .. ... 0.2 -. .o 90 .o 1.2 
25 I 0.9 .055 896.0 667.5 

26 i · 10.6 · .... ·.654 • 890.0 8o6.3 
27 

I 
o.o .ooo 884.o 645.3 

28 3.9 .241 879.0 698.8 
29 u.o .683 873.0 797.9 
30 3.2 .199 867.0 679.7 

31 I 
- ... -----

Sum 216.6 13.133 29003.0 24496.1 
_,,.--•- --------

Mean 7.0 .424 935.5 790.2 ____ ,, __ .. 



Lat. 
Long. 

Date ' 

1 
2 

d 
5 

6 

~ 
9 

10 

11 
12 
i~ 
15 

16 
17 
18 
l~1 
20 

Sum 

ESTIMATED, INCOMING ... 
SHORT WAVE RADl.ATION (lys} , . . . 

DIVIDE STATION; ST. ELIAS !4QUNTAINS 
YUKON TERRITORY; CANADA • • 

60° 47 1N 

40 

139° 4o 1W Elevation: 2,637 meters. DatEr: Aug.', 1964 • 

n n/N ·~ Qs 
-·---~·~ -1.6 .100 a,5.0 647.2 

7.0 .440. 8 9.0 • i20.8 
3.6 .228 842.0 66.9 
2.5 .158 836.0 . 646.2 
7.1 .450 • 830.0 707.2 

4.o .256 • i2g.o.· g!:~. !.2 :11~ · 1 .o 
1 .1 12.0 7 9.5 
4.~ .242 . 805.0, ·.•• · 651.2 
2. .1 3 ,' 797.0 612.9 

1.g :4i,' 7go.o g6I~:i l:1 :~r !~i:8 61.l 10.l f .o : i1a:e 9.1 .o 
11.7 .785 • 754.o . 710.3. 

end of season 

6.260 12901.0 10765.1 . 
-»·-~-·---••"t-· ~-··--- -----··•---· --·----

Mean 6.o 0 391 806.3 • 672.8 

Sum for 
Season 430.0 26.273 62790.0 • .. •~2348.4 

?/i.ean for 
Season . 924.o 760.0 . 

,... 



Part III 

PRESENTATION AND ANALYSIS OF ABLATION DATA 
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Measurement Sites 

Snow ablation and accumulation were mee,sured from stake networks 

and snow pits at three sites in the St. -ilias iifountains during the 

1964 field season: Divide, Seward 11ock, and Se:-rard Ice (Fig. 1). The 

locations and coordinates of these stations are given in Parts I & II 

of this report. Snow measurements we;~e accomplished in conjunction with 

meteorological observations at all three stations. The locations and 

coordinates of the three weather stations are given in Part I of this 

I report. 

The essential difference between locations is that the Seward 

stations are situated on the windward, more marine exposure of the St. 

Elias Mountains, while Divide station is located at the watershed 

boundary of the Kaskawulsh and Hubbard glaciers and is transitional be­

tween the marine and continental slopes. 

Although the two Seward stations are in close proximity, their 

local environments are quite different. Heather observations at 

Seward Rock (1860 m.) were taken on a nunatak generally characterized 

by an exposed rock surface throughout the field season. Snow measurements 

were made at a site some 30 meters north of the nunatak and weather 

station. Seward Ice (1780 m.) was an automatic weather station located 

1.5 Km west and 80 m. lower than the nunatak. The Seward stations are 

only 37 Km northwest of the head of Yakutat Bay, but a large mountain 

¾:. G. 1'1arcus, 11 Icefield Ranges Climatology Program St. Elias 
Mountains, 1964- Part I: Data Presentation," Research Paper 3IA, 
(Washington: Arctic Institute of North America, 1965), p.5. 

,... 
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barrier intervenes. The Upper Seward glacier is surrounded - with the 

exception of its narrow outlet to the Halaspina glacier - on all sides 

by mountain masses. The most prominent peaks are Mt. Logan (6050 m.)., 

Mt. St e Elias ( 5488 m. ) ., Mt. Augusta ( 4206 rn. ) ., Mt . Cook ( 4128 m.) ., and 

Mt. Vancouver (4710 m.). 

ftlthough the Upper Seward glacier is only a short distance from the 
; 

Gulf of Alaska., it has been suggested that the high mountains shield the 

Seward stations from the direct influences of moist air masses. Sharp1s 

1948-49 study of the Seward-Malaspina glacier system indicates that 

there is a transition from a marine to a more continental environment 

from the Nalaspina to the Upper Seward Basin.1 Pit data from a hydro-
. . 

logical traverse of the St. Elias ·Mountains du.ring the·summer of 1965 

reveals that there is a 3 to l water differential between sites at 1765 m. 

on the windward Upper Sev.rard Basin and the leeward Kaskawulsh glacier. 2 

The water differential between the Divide and Seward locations was 

calculated to be approximately 1 to 2 for the 1964-65 Accumulation 

Season"3 In general., therefore., Seward precipitation characteristics 

would be classified as more marine than continental in relation to 

statioris at higher elevations towards the divide and .to the lee~rard 

slope of the St. Elias Mountains. 

1a.P. Sharp., "Accumulation and Ablation on the Seward-Malaspina 
Glacier System., Canada-Alaska., 11 Bulletfr of the Geological Society of 
America., LXII (July., 1951)., 728. . .. . . . _ 

2
M,,G.; Marcus., 11 A Hydrological Traverse of Glaciers in the Icefield 

Ranges., St. Elias Mountains., Alaska-Yukon Territory.," A paper presented 
at the VII INQUA CONGREJS of the International.Association for Quater­
nary Research Boulder., Colorado September 1., 1965., Po4• 

3rb~., see preliminary data at end of paper. 



On;the local scale, rugged mountainous terrain influences 
' • ' 

precipit~tion patterns to a considerable degree and distorts the 

variations in pl:'ecipitation which might be expected ·with an increase 

in elevation above sea level. Data from the 1965 hydrological 

traverse provides a case in point. Pit .:1easurements on the Hubbard 

Glacier, where it is blocked by east-west trending ridges and nunataks, 

ci=i:splayed much lower ·water equivalent values immediately to the north 

of these barriers than·to the south.
1 

The abrupt relief produced a . ,· . . 

rain shadow and variations in accumulation locally which in magnitude 

equalled that between marine and continental legs of the hydrological 
:·: •• :· . 

traverse. 

Instrumentation, Periods of Observation 

and local site factors. 

At Divide Station, a, stake farm was established approximately 

100 m. west of camp and JO m. north of the weather station. The 

ablation fa.rm· consisted·of five almninum conduit poles positioned in 

a 15 m. square formation with one pole in the center of the square.· 

The poles uere placed in 4" by 411 wooden bases and then were implanted 

in 3 meter deep holes drilled by a SIPRE snow corer. , The holes were 

·-packed with snow in the--upper 1 meter zone. This procedure was. 

follbi-ied with the expectation that the poles would not show appreciable 

ver~ical movement within the snow layer. Heasurements of surf ace· change 

't'lere made to the"nearest O.l cm from the top of the exposed part of 

the conduit pole to the· snow surface. The difference (minus or plus) 

l . 
~-, p.5 
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over each period was taicen to be the lo,~ering or raising of the snow 

surface during that time. To partially eliminate the drifting effect 

around stak~s, a board was gently_placed on the snow surface adjacent 

and to·the·right of each pole; the distance from the -top of a stake-to 

the bottom of the board was measured. This method was undertaken twice 

for each stake - once with the board placed with its lc:mger dimensions 

extending from left to right, and a second time ·with the longer dimf3n-· 

sions placed perpendicular to the board 1 s first position. The two 

_ readings for each stake were averaged. The mean value was then calculated 

for the five stakes. This figure is assumed to be representative of 

ablation or accumulation conditions over the measurement period.
1 

Commencing at 0600 on 14 June observations were made every 12 hours·. 

The program terminated on 17 August. Mean values for the 12 hour periods 

ax-e presented in Table I for each 12 hour and 24 hour period. Daily and 

12 hourly values are cumulated throughout the season. • It should be 

emphasized that the data in Table I give only daily fluctuations in the 

surface level. Since snow pit studies 1,-1ere not made on a dai;Ly basis, 

compaction and water equivalent values are only available for the field •• • 

season period. 

At the beginning and end of the 1964 field season, snow pits·were 

excavated adjacent to the ablation i'arm and snow density profiles werE:i' 

determined·. For the pur~ses of estimating mass gain or loss, data from • 

the two pits giye an approximation of actual values for the field ·season. 

1 
For periods of little or no ablation, the variance of stake 

readings for each observational period was.generally between 20% and 
30%. This shows good agreement with results obtained by Keeler. See 
Keeler:; C.M. "Relationship Bet~'leen Climate, Ablation, and Run-Off on 
the Sverdrup Glacier, 1963 Devon Island·, N.W.T., 11 Research Paper ~t27 
(Washington: Arctic Institute of North 1

1merica, 1964), p. 47. • 
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TABLE I • 

VERTICAL SNOW SURFACE CHA.l'!G~S 
AT DIVIDE STATION, ST .• ELIAS i"i:OUNTAINS 

. YUKON TERRITOilY, CANJJ)A* . 

Lat.: 60° 471 N 
Long.: 139° 40 1 W Elevation: 2,637 meters Date: June, 1964 

Date 

1-2 
2-3 
3-4 
4-5 
5-6 

6-7 
7-8 
8-9 
9-10 

10-11 

1),.-12. 
12-13 
13-14 
14-15 
15-16 

16-17 
17-18 
18-19 
19-20 
20-21 

21-22 
22-23 
23-24 
24-25 
25-26 

26-27 
27-28 
2?-29 
29-30 
30- l 

Total 

• 06-18 

- Oo62 
.- 0.85 

- 1.50 
- 2e84 
- lo78 
- 0.17 • 

2057. 

- 0.,04 
- 1.02 
- 3.99 
- lo73 

2o00 

- 1.39 
- 2.82 
- 1.39 
- 0.53 

2.41 

YUKON STAi.'JDARD ':.nm: 

Daily values (ems) 
18-06 06-06 

- 0.30 
- 0.,13 

2.00 
- 0.38 
- 0.17 

0.27 
· · 3o99 

0.35 
7,52 
3.36. 
1.87 
0a67 

0.24 
Oo75 
0.17 
Q.73 
1.27 

- 0.92 
- 0.98 

0.50 
- 3.22 
-.1.95 

0 .. 10 
6,.47 

0<)31 
6 .. 50 

- 0.63 
0.14 
2.67 

- 1.15 
- 2.07 
- 1.22 

0.20 
3.68 

06-18 

- 0.62 
- 1.47 

2.97 
- 5.81 
- 7,59 
- 7.76 
- 5.19 

- 5.23 
- 6.25 
-l'.)"24 
-11.97 
- 9 •. 97 

-11.36 
-14.18 
-15.57 
-16.10 
-13.69 

?bl. -20.67 - 0.98 - 12.14 
Total-. 

Net abl. 
or acc.-13.,69 

23.10 20.,57 · 

8.43 

18-06· 

- 0.30 
- 0.43 

1.57 
1.19 
1.02 
1.,29 
5.19 

5.54 
13.06 
16.42 
18.29 •. 
18.96 

19.20 
19.95 
20.,12 

. 20.85 
22.12 

22 .. 12 

06-06 

- 0.92 
- 1.90 

. 1.40 
- 4,,62 
- 6,.57 
- 6.47 

o.oo 

0.31 
6.81 
6.18 
6.32 
8.99 

. 7.84 
5.77 
4.55 
4.75 
8.43 

-
8.43 

*The values are average lowering or raising of the snow surface as 
indicated by a five stake ablation farm. Minus values indicate ablation. 



TABLE I _(.con•t) 

VJ:HTICAL SNO'i SU.tFA'_·• ''. GH.Ai\JGES 
AT DIVIDZ STATION, S'r. SLIAS ~IOUNTAINS 

YUKOi~ TiR.1,.ITORt, CANADA* 

Lat.: 60° 471 N 
;Long.: 139° -- 40 1 W Elevation: 2,637 meters Date: Julz1 1964 

'" 

Date YUKON STANDARD -TL.18: 
·nail.y values (ems) ·cumulative values (ems) 

06-18 -- - 18-06 -06-06 , 06-18 1$.;-06 06-06 
1-2 - 0.,18 0.28 OolO - 13087 22.40 8.53 
2-3 - 0.05 1..42 lo37 - 13.,92 •• 23.82 9.,90 

. ;Ji-:4 0.22 0.18 0.40 - 13.70 24.00 10.30 
4-5., - 0.,21 - Oo30 - 0 .. 51 - 13.91 23070 9.79 
5-6 - 0.14 :- 0.14 - 0.,28 - 14.05 23.56 9.51 

6-7 - 0.45 - 0.,17 - 0.62 
.. 

:- 14050 23.39 8.89 
7-•8 - 1.72 - 2 .. 73- loOl - 16e22 26.12 9.90 
8-9. -0.21 0.02· - 0.19 -16 .. 43 26 .. 14 9.71 ·. 

·_·9-10 Oo03 2.14· 2.17 .;. 16.,40 28.,28 11.88 • 
10-11 .... Ool4 0368 0.54 ..:. 16.54 28.96 12.42 

ll-12 - 0.57 .- 0.27 -0,.84 - 17.11 28.69 U.58 
12--13 - 0 0 61 0.48 - 0.13 - 17.72 29.17 ll.45 
13-14 - 2 .. 37 - 0.05 · - 2o42 - 20.09 29012 9.03 
14-15 - 1 .. 24 0 .. 01 - 1.,23 --21.33 29.13 7.80 
15-16 (- 1.00)iH!- - 6~80 

16-17 - lc,20 - ·Oo22 -.0.42 - 22.53 .- 28.91 6.38 
17-18 - 0 .. 44 - 0 .. 39 -- Oa83 - 22,,97 28.52 5.55 
1s..;19 - 2.74 0.63 - 2.,11 -- 25. 71 29.15 3.44 
19-20 - 1.22 1 .. 14 - 0.,08 - 26.93 30.29 3.36 
20-21 - 0.84 0.11 - 0 .. 73 - 27.77 30.40 2.63 

21-22 - lo37 0.70 - o.67 - 28.74 30.70 1.96 
22-23 - Ool6 - 0.12 - 0.,28 - 28.90 30.58 1.68 
23-24 Ool3 o.68 0.81 - 28.77 .31.26 2.49_. 
24-25 - 0 .. 04 - 0.30 - Oo34 - 28.81 .30.96 2.15_ 
25-26 4ol3 2 .. 92 7.05 - 24068 33.88 9.20 

26-27 - 5.08 - 0.29 - 5.37 - 29.76 33.59 3.83 
27-28 3.77 2.,22 5.,99 - 25.99 35.81 9.s2· 
28-29 ... 5.68 - 0.,07 - 5.,75 - .31.67 35.74 4.07 
29-30 - 2.64 - 0.23 - 2.87 - 34.31 .35.51 1.20 
30-.31 - 2,,27 - 0.10 - 2 • .37 - 36.58 35.41 - L,17 
31-1 3.99 5.00 8 .. 99 - 32.59 40.41 7.82 
Total 

- abl. -Jl.l'.Z - 2 .. 62 -29.0!± ..; J2.29 
Total 
accum. 12.27 20.24 28.43' 40.41 -Net abl. 
or ace -18.90 18.22 - 0~61 7.82 

* Cum.ulati ve -values are -continued on from the previous month and run _ 
---. over the whole field season. _ . 

ff No obs. were taken on 15-16 July. I\ value of ..;i.oo is assigned. 



'fABLE I ( con•t) 

VERTIC\L SNOW SUH.FACE CHA GES 
AT DIVIDE S·_'ATIOT. ST. ELIAS MOl NTAINS 

YUKON TI .tRITORY, CANADA 

Lat.: 6oO 47' N 
Long~: . 139° 40, w __[\.~vation: 2,637 meters Date: August, 1964 ... 

YlTKON STAimA.'W TiiitE 
Date 

Daily values (ems) Cumulative values. (ems) 
06-18 18-06 06-06 06-18 ·18-06 06-06 

1-2 - 6.31 - 0.53 - 6 .. 84 - 38.90 39.88 0.98 
2-3 - lo79 - 0;.26 - 2.05 - 40.69 39.62 - 1.07 
3-4 - 0.74 - o.os - 0.82 - 41.43 39.,54 - 1.89 
4-5 - 0.46 0.04 0.50 - 41.89 39.58 - 2.31 
~6 - 0.17 ·0.03 - 0.14 - 42.06 39.61 - 2.45 

6~7., • - 0.12 o.oo - 0.12 - 42.18 • 39.61 - 2.57 
·7-8 ... - 0.31 - Oo03 - 0.34 - 42.49 39-58 - 2.91 
8-9·· - 0.27 0.15 - 0.12 - 42.76 39.73 - 3.03 
9-10 - 0.13 o.oo - 0.13 - 42.89 39.73 - 3.16 

10-11 0.03 0.42 0.45 - 42.86 40.15 - 2.71 

11-12 - 1.14 0.22 - 0.92 -·44.00 40.37 • -- 3.63 
12..;13 - 0.39 - 0.05 -- 0.34 - 43.61 40.32 - 3.29 
13..;14 ;_ 0.30 - o.oo - 0.30 - 43.91 40 . .32 - J.59 
14-15 0.11 . - 0.12 - 0.12 - 43-91 40.20 - J.71 
15~16 0.13 • 0.12 0.25 - 43.78 40.32 - 3.46 

16-17· - 0.24 1.96 l.72 - 43.54 42.28 - 1.26 
17..;18 
18-19 
19-20. 
20;..21 

21'"'.'22 
22-23· 
23-24 
24-25 
25-26 

26.;..27. 
27-28 
28-29 
29-30 ... 
30-31 

-1-1 
Total 
abl .... -ll.20 - 1.oz -12.00 - 42-24 
Total• 
acc. 0 .. 25 2.2!:J: 2.92 42.28 
Net abL 
or acc.-10.92 1.87 - 9.08 - 1.26 
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Seward Rock 

_Ablation stakes employed at Seward Rock cons:i.sted of one foot 

long wooden pegs which were driven into the snow in such a_manner 

that the top of each·peg was made level with the-snow surface. J\.t 

_ t~e end of a 12 hour period, the lowering of the surface doi,m from 

the t<:>p of.each-peg was measured; they were reset at a nearby un­

disturbed spot. Six pegs were arrayed in a linear fashion on a snow 

ridge 30 m. to the north of and slightly downslope from the meteor­

ology station.1 The pegs uer, set 25 m. apart at the end of each 12 

hour period. Located approximately 3 meters down the eastern slope 

of the ridge, the stakes were set in line ·with the strike of the ridge. 

The eastern side of the nunatak slopes gradually to a large basin at 

the foot of the vast Mt. Vancouver mountain system. The nunatak• s 

west slope descends abruptly to the Upper Seward Glacier surface 

roughly 100 m. below the crest of the snow ridge. Heasurements were. · 

taken from 0600, 26 June to 0600 13 August. Data are presented in 

Table II. 

Snow pits were excavated to the east of the nunatak. :Density 

profiles were determined at the beginning and end of the field season. 

The first pit, dug on 23 June, extended to 240 ems. On 29 July, the • 

second snow density profile ,.,ras made to 300 ems depth. The latter pit 

was loeated about 1 Km east of the nunatak and 50 m. below camp level; 

the -fi:rst pit was dug just N:U: of camp a.!1,d not more· than ~O m. east of 

the ablation pegs. 

• 1sharp measured· ablation •with meter sticks (surface lowering) 
which were reset every day in order to minimize the .effects of 1-ocal 
ablation arid compaction settling. See -Sha.rp, R.P., ·Op-. 'Cit., P• -733. 



TABLE II 

VERTICAL snow SU'1FA:::E CHANGES 
AT SE· !ARD mMATAK STATION, ST. ZLIAS HOUNTAINS 

• YUKON T3:RRITORY, CAdADA 

Lat.: 60° 20 1 N 
~ng.; 132° 55' W Elevation: 1,860 meters Date: June, 1964 

YUKON STANDAJ;D THlE 
Date 

Daily values (ems). Cumulative values (ems) 
06-18 18-06 06-06 ____ 0.;;..6-__ 1 __ s ____ 1=s....;-0=6 _______ 0=6-.....;o;.;;;6 __ 

1-2 
2-3 
3-4 
4-5 
5-6 

6-7, 
7-$ 
8-9 
9-10 

10-11 

11-12 
12-13 
13-14 
14-15 
15-16 

16-17 
17-18 
18-19 
19-20 
20-21 

21-22 
22-23 
23-24 
24-25 
25-26 

26-27 0.46 
27-28 -1.26 
28-29 -1.72 
29-30 -1.91 
30-1 -0.13 
Total 
abl. - 5~02 
Total 
acco Oo4.6 
Net abl-.. 
or acc-:41 56 

- o.64 
- -0.21 

o.69 
0.34 
1.68 

- 0.,85 

2.71 

1.86 

- 0.18 0.46 - o.64 - 0.18 
- 1.47 - o.80 -.0.85 - 1.65 
- 1.03 - 2.52 - 0.16 - 2.68 
- 1.57 - 4.43 0.18 -4.25 

1.55 - 4.56 1.86 - 2.70 

- 4.25 - 4.56 

1.55 1.86 

- 2o70 

-

-
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TABLE II (con•t) 

V:mTICAL SNOW 3UrlFACE CHANGES 
AT SE!IARD NUNATAK STATI01\T, ST •. "$LIASJ11IOUNTAINS 

YtJ'"L(ON 'BRRITOJY, • CAlJADA ·• 

Lat.: 60° 20t N 
Long,: 139° 55 1 W Elevation: 1,860 meters Date: Ju;tv2 1964 

• YUKON • STANDA..1D . TIHB 
Date 

1-2 ·.••• 'i0e89 
2~3 • J .• 84 
3-4 - 2.,4 
4-5 -·-2.16 
5-6 ,. ·o.as 
6-7 · _-: 1.17 
7-8 - 1·.5·2 
8-9. - 3.25 
9-10-2.06 

10-11. - 1~60 

11-12 •._.°3~38 
12-13 - l.80 
13-U. ... i~67 
14-15 -1.93 
15-16 ... ·2.31 

16-17 - 4.-31 
17-18 - 6002 
18-19 - 6.47 
19-20 - 0,,66 
20-21 - 1.,96 

21-22 - 4.,77 
22-23 - 2c97 
23-24 - 2.54 
24-25 - 2.21 
25-26 - 7.54 

26-27 - 4.24 
27-28 - 1.83 
28-29 - 5.03 
29-30 - 4.75 
30-31 - 3.00 

31-1 - 2.,11 

Total 
abl. ~79 .. 20 
Total 
acc.. .6,.41. 
Net abl. 
or aco..92,:79 • 

•• L,52 
. •2 .• 62 

- 0.51 
-- -~ o.66 
- ..... 0 .. 39 

,_ 0 .. 97 
2.31 
0.31 
5.08 
0.51 

-~ 0.30 
0.40 

~ 0.18 
-- 0.,25 
__ ; 1.09 

- 1.53 
- 1.54 
- 0.85 
- 0066 
- 0.30 

- 0.64 
2.,74 
1.52 
4.,06 
0.94 

- 0.21 
- o.63 
- 0.,45 

0.,00 
- 0.,32 

- 2o34 

•22.0l. 

8.19 -

2.41 
6 .• 46 

- 3~05 
- 2.82 
-- 0 .. 31 

·- 2.14 
0.79 

- 2.94 
3.,02 
2.11 

-3.68 
- 1.40 
- l,.85 
_. 2.18 
- 3.40 

- 5.84 
- 7.56 
- 7.32 
- L32 
- 2.26 

- 5.41 
- 0.23 
- 1.02 

1 .. 85 
- 1.60 

- 4.45 
- 2,.46 
- 5.48 
- 4e75 
- 3.32 

- 4.45 

16..64 

Cumulative values ' (.ems) • 
06-18 18-06 - 06.~o6 

- 3.67 3.38 0.29 
• ' .. 0.17_ . · 6.00 6.17 
- 2.37 5.,49 3.12 

• - -4.53 • -4.83 0.30 
- 4-'~5 ,4.44 - 0.01-

- 5~62 
- 7.14 
-10.39 
-12.45 

• -10.;85 

-14.23 
-16.03 
-17.70 
-19 .. 63 
-21.94 

-26.25 
-32.27 
-38 .. 74 
-39.40 
-41.36 

-46.13 
-49010 
-51.64 
-5Je85 
-56.39 

-60.63 
-62.46 
-67 .. 49 
..:.72,,24 
--75.24 

-77.35 

••. 3.47 
5.78 
6.09 

·11 .. 17 
• 11.68 

-11.38 
11.78 

-·11.6o 
11.35 
10.26 

8.73 
7.19 • 
6.34 
5.68 
5.38 

4.74 
7.48 
9.00 

13,..06 
14.00 

13.79 
13.16 
12.71 
12.71 
12.39 

10.05 

- 2.15 
1.36 
4.30 

- - 1.28 
o.83 

- 2.85-
- 4.25 

6.10· -
- 8.28· 
- 11.68 

- 17.52 
- 25.08 
- 32.40-
- 33.72· • 
- 35 .. 98 

- 41.39-· 
- 41.62 
- 42.64 
-. 40.79' 
-. 42.39 

-46.84 
-49.30 
-54.78 ... ·· 
-59.53 
-62.85 

-67.30 -· 



TABLE II ( con1t) 

VERTICAL SNOH SURFACE CHANGES 
AT SEWARD NUNATAK STATION, ST. ELIA3 MOUNTAINS 

YUKON TERRI'i'OY, CANADA 

1at. = 00° 20, N 
Long .. : 139° 55 1 W Elevation: 1,860 meters Date: Augyst, 1964 

YUKON STANDARD TIHE 
Date. 

1-2: .~ 
2-.3 
.3-4 
4-5 
5-6 

6-7·. 
7-8 
8-9··. 
9-10 

10-11 

11-12 • •. 
12-13 .. • 
1.3-14 
14-15 
15-16 

16-17, 
17-18 
18..;19,;,. 
19-20 
20..;21 

21-22. 
~-23-
2.3-24 
24-25 
25-26 . 

26-27' 
27-28 
28-29,. 
29-.30 
30-1 · 

Total 

-· Daily values (ems) . 
06-18 18-06 •· .06-06 

- 1.60 ... Oo43 -:-2.03 
- 7.75 - 0.46 - 8.21 

· - 3o51 . 0.00 - J.51 
- 4o01 - 0.44 - 4.45 
- 3a51 0 . .33 · ~ 3ol8 

- 4oll 
- 4.32 
- 3630 
- 3o58 
- 4.49 

- 1.96 
. Oo20 
- 0 .. 84 

- 0.01 
- 0.13 

o.oo 
2.16 

- 4.45 

2.54 
0.76 
0.31 

- 4.12 
- 4.45 
- 3.30 
- 1.42 
- 8094 

0 .. 58 
0.96 

• - 0.,53 

abl.. -42.,98 - 2~92 -44,.J.4 
Total· 
acc. 0.20 '6.10 
Net abl. 
or acc. · -42.78 0.18 -42.60 

Clllllulative values (cms)-
06-18 18-06 06-06 

- 78.95 9.62 - 69.33 
- 86.70 9.16 ·- 77.54 
- 90.21 9.16 - 81.05 
- 94.22 8. 72 ... 85 .. 50 
-- 97. 73 9.05 · - 88.68 

... 101.84 
.-106016 
-109.46 
-113.04 
-117.53 

-119.49 
-119.29 
-120.13 

-120.13 

9o04 
8.91 
8.91 

11.07 
6.62 

9.16 
9.92 

10.23 

.,. 92.80 
- 97.25 

. -100.55 
-101.97 
-110.91 

· -110.33 
-109.37. 
-109.90 

. -109.99 

-
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Seward Ice 

- • An ablation network simii.a,r to the one used at Divide was in­

stalled 1:~ Km we·st of Se111ard Rock and out on the glacier surf ace. The 

stakes were implanted on 13 July and readings were made weekly until 

the close of the field season on 1.3 'ugust. A hygrothermograph, with 

weekly chal:'ts, was placed immediately to the north of the Seward Ice 

stakes. Surface lowering measurements were made in conjunction with 

the changing of the hygrothermograph charts. The network enclosed a 

square area 4 times that of the Divide Station net1.-rork. Ablation 

stakes consisted of the same type conduit poles and the same methods 

of installation were followed. Data are presented in Table III. 

Analysis of 1964 Field.Season 

Weather and Ablation 

Seward Rock and Seward Ice 

The most striking aspect of the 1964 Ablation Season at Seward 

Rock and-Seward Ice locations is the rapid and.almost .constant. rate 
. . 

of snow surface lowering (Fig. 2), which commenced in mid-July and 
. . - -

proceeded to the close of the field season. Prior to this sudden 

increase, ablation showed no definite trend, but from mid-July on 

daily melting took place regularly. This is a reflection of the 

deterioration of the chilled layer which was also noted by Sharp for 

this location.1 

Snow surface lowering at Seward Rock was 104 ems compared to 49 

ems at Seward Ice over the period 13 July to 13 August. Snow pit 

1
sharp noted that a sudden amelioration began July 3 and lasted 

throughout the 1949 field season. See Sharp, R.P. "Thermal Regimen of 
Firn on Upper Seward Glacier, Yukon Territory, Canada," Journal of 
Glaciology, I (~Jarch, 1951), P• 484. 



Lat.: 
!s.ng.: 

Date 

7/13 

7/20 

7/27 

8/3 

8/10 

8/13 

TABLE III 

VERTICAL SNOW SURFACE CHANGES 
AT SEWAi1D ICE STATION, ST. ELIAS MOUNTAINS 

YUKON TERRITORY., CANADA* 

60° 20t N 
J:39° 571 w Elevatiol).:L:. .. , Co • 11 780 meters 

Time of obs., (YST) Net,lowering · Cum.ulati ve net 
(ems} lowering { ems l 

1030 0 

1030 - 8092 - 8092 

1430 -13034 -22.,26 

1330 -16.32 -38.58 

1300 -· 6072 -45 .. 30 

1045 - 3o54 -48.,84 

* Values· ar'e average- lowering or raising of the snow surface. as 
indicated by a five stake ablation farm just south of Seward Ice 
Meteorological shelter {containing a hygrothermograph) and approx­
imately l½ Kms west of and 80 meters lower than Seward Nunatak 
Station.; The height of the stakes was rE=iad once each week (in · 
conjunction with the changing of the hygr'}thermograph chart) beginning 
13 July and ending 13 August. 

f/1'!. 
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FIG. 2 

WEATHER AND ABLATION 
SEWARD ROCK AND SEWARD ICE STATIONS 
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measurements at Seward Rock indicate that the average bull{ density for 

the season was O., 51 f!JIJ./ cm3• Assigning ,.,ater equivalent values to both 

stations based on this figure results in a value of 56 ems for Seward 

Rock and 25 ems for Seward Ice. Sharp gives a 1949 Ablation Season 

value of 44 ems for the Upper Seward Basin.
1 

From an analysis of two snou pit density profiles for Seward Rock 

(Fig. 3), mass loss for the field season was calculated. By this method 

mass loss for the field season at Seward Rock is equal to 30 ems water 

equivalent, a much lower figure than that obtained from stake measure­

ments. It is assumed that the actual mass loss at Seward Ice is 

likewise less than that from stake measurements. 

Although the two Seward sites are only~ Km apart, there appears 

to be an appreciable difference in mass loss for the field season. It 

is hypothesized that a considerable proportion of this difference can 

be attributed to exposed rocks which supply a local source of heat to 

portions of the Seward Rock nunatak during the middle and latter parts 

of the field season, i.e., later July and August;2 and also attribut­

able to a cold air ponding effect over the large Upper Seward Glacier.3 

1sharp, R.P. Op. Cit., p. 738 

2This phenomenon was noted by Sharp., R. P . ., Qp. Cit . ., p. 736 . 

.3Marcus presents a short analysis in Harcus., M.G • ., "Summer 
Temperature Relationships Along a Transect in the Sto Elias 
Mountains Alaska and Yukon Territory., 11 Man and the 3arth., Series 
in Earth Sciences No. 3., University o.f Colorado Studies, University 
of Colorado Press, Boulder, 1965., p. 25. 
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Located on the glacier sur!ace., Seward Ice is much more affected 

by cold air drainage and ponding than Seward Rock. These local 

conditions are expressed in the mean daily temperatures for both sites 

(Fig, 2). Temperatures at Seward Ice were considerably lower during 

most of the field season. One of the principal reasons for the strik­

ing differences., even of mean temperatures., was the especially low wind 

speeds (not much mixing of air in the boundary layer) during the season. 

Fig. 4 gives Seward wind characteristics for the 1964 Ablation Season. 

The cold ponding phenomenon is quite evident throughout the field season, 

independent of cloudiness., which theoretically tends to mini.'IIJize local 

temperature differences due to the "Greenhouse eff'ect11 • 

On a correlative basis, Seward mean daily wind speeds and mean 

cloudiness apparently are not related to ablation over the 1964 field 

season (Figs. 5 and 6); however., a plot of temperature characteristics 

(indicators of the end result of the supply ot heat to the local environ­

ment by weather processes) against surface lo·wering indicates that a 

heat budget surplus accounted for ablation differences over the field 

season (Figs. 7., 8., 9, and 10). 

Many other investigators have made note of the temperature abla.tion 

relationship.1 Degree days and cumi.uative degree days may prove to be 

1
'3ee, for e.::cam:lle, Larsson., P. 11 A Preliminary Investigation of the 

Meteorological Conditions on the Chamberlain Glacier., 1958.," Research 
Paper No. 2 (Washington: Arctic Institute of North ll.meri,:;a, 1960)., 
p. 67; Hoeck, E. 11Infiuence of Radiation and Temperature on Melting 
Process of the Snow Cover.," Beii(rage zur Geologie der Scbweiz, 
Geotechnosche Serie., Hydrologie, Lieferung 8., l952, p. 51; Nobles, L.H. 
"Glaciological Investigations, Munatarssuaq Ice Ramp., Northwestern 
Greenland,n Technical Report ,'.!66, U.S. Army -:;.r.P.R.J:., Hay, 1960 p.16; 
Keeler, C.M. Op. Cit., p.76, and Harcus, H.G., Climate-Glacier Studies 
in the Juneau Ice Field U6fion, Alaska. Research Paper No. 88 (Chicago: 
University or Chicago, 19 ), pp. 75-=79. 
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FIG. 4 

SEWARD ROCK WIND CHARACTERISTICS 

SUMMER 1964 
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FIG. 5 

MEAN DAILY CLOUDINESS VERSUS DAILY ABLATION* 
SEWARD ROCK -1964 
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FIG. 6 

MEAN DAILY WIND SPEED VERSUS DAILY ABLATION 
SEWARD ROCK - 1964 
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FIG. 7 

DAILY NOON TEMPERATURES VERSUS DAILY ABLATION* (0600-1800) 

SEWARD ROCK - 1964 FIELD SEASON 
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FIG. 8 

DAILY DEGREE DAYS** VERSUS DAILY ABLATION 

SEWARD ROCK - 1964 FIELD SEASON 
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accurate estimators of the temporal and spatial variations of mass loss 

throughout an ablation season • 

Divide Station 

The Divide area, at a higher elevation and at the head of the 

accumulation zones of the Hubbard and Kaskawulsh Glaciers, lies just 

above the temperate-subpolar glacier transition zone.1 Measurements of 

snow temperatures have been recorded in all years as late as early 

August towards the close of the 'blation Season.2 

Net surface lowering at the Divide for the 1964 field season '\·ras only 

1.3 ems. From snow pit studies at the beginning and completion of the 

field season, mass loss is estimated to be only 1.5 ems watar e~uivalent 

(Fig. 3). Only during clear weather in July was the rate of surface 

lowering substantial (Fig. 11). During this period sunshine was at a 

maximum, wind speeds were very low, and daytime temperatures were well 

above freezing. Hean daily temperatures were considerably less than 

daytime temperatures because of a le..rge diurnal temperature range. This 

is due in part to local cooling brought on by outgoing long wave 

radiation from the snow surf ace during clear evening hours. This 

phenomenon caused freezing and crusting of the upper snow layer. It 

is significant to note from Table I that nighttime ablation measurements 

showed a net raising of the surface relative to ablation stakes. This 

same relationship appears for the Seward stations • 

1
Temperate - subpolar are defined in terms of Ahlmann 1s classifi­

cation of glaciers. See Ahlmann, Hans W:Son, Glaciological Research on 
the North Atlantic Coasts. R.G.S. Research Series: No. 1 The Royal 
Geographical Society, London, s.1v. 7, 1948, p.,66. 

2 
Marcus, M.G., 11A Hydrological Traverse ..•... ," p. 4. 
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Other than the short July clear weather period at Divide, ablation­

weather relationships are unclear. 

Comparisons and Contrasts Between Seward and Divide . 

From mid-July to the close of the field season, the trend of ablation 

at all three stations was similar (Fig. 12). The slopes of the curves 

express the difference in geographic site and situations. The slope of 

the Divide curve is much less than those of Seward. This is prilnarily 

due to higher elevation, cooler temperatures, and the severity of the 1964 

weather at the Divide compared to stations at lower elevations. On a 

correlative basis (Fig. 13) the relationship reveals the expected pattern -

greater ablation at Seward per ablation at Divide as the ~.blation Season 

progresses. A least squares parabola was fitted to the scattergram and 

the equation of the curve is given by: 

where 

S - -65.4 + 10.7D -
a - a 

.50D
2 
a 

S - SeHard cumulative ablation. (snow surface 
a lowering) 

D - Divide cumulative ablation (snow surface 
a lowering). 

The relationship is a reflection of the more marine, warmer ex­

posure of Seward. However, this expect-ad pattern can be greatly altered 

by the complex nature of this rugged mountainous environment, v:i.z., the 

local variation of mass loss within the Seward Basin itself. 

Summary 

On a broad scale, the climate across the St. Elias Mountain Range 

SW to NE changes from marine to continental in character, although 

locally vast differences in relief, orientation, te1·ran configuration., 
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and type of surface alter the expec.ted variation. 

Accumulation and ablation, which inevitably determine the health 

of the inm1ense snowfields and glaciers across the range, show, for the 

most part, the expected variations with climate on both large and small 

scales. Ablation at Seward for the 1964 field season was approximately 

30-50 ems water equivalent, while at the topographic divide, ablation was 

only 1.5 ems. The water differential between Seward and Divide during the 

1964-65 Accumulation Season was estimated at 2 to l; during the 1964 

Ablation Season the loss of water from the glacier interface to lower 

elevations and/or to the atroosphere was at least 30 times more at Seward 

than at Divide. Correlations between ablation and estimates of the amount 

of heat available during the Ablation Season indicates that the warmer 

marine environment and lower elevation of Seward explains this large 

ablation differential. On a local scale, ablation differs over small 

areas primarily in response to local climatic processes, e.g., cold air 

ponding and heat transfer from warm.er air sources. Seward Rock and Ice 

illustrate these local variations. 

Whether only a few stations can be utilized in order to provide 

insights into accurate climate-glacier relationships remains to be 

determined. In an area. with so great a dimension as the St. Elias Range, 

it appears that a large weather and ablation network would be needed in 

determining accurate environmental relationships. 

.,, 

.,• 
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