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ABSTRACT 0 ' • 

Data obtaine'd during the surwne'l"s of 1968 to 1970 on Meighen 

> 
hland N. W. T. were combined with three year s of existing observations 

to investigate the climate and s')mOptjc regime of the al\ea, and to obtain 

values of the energy balan<:e components for Melghen Ice Cap. Creation 

of a Synoptic Energy--Balance Dlagram permitted analysis of the inter-
o • • 

action of mesQ and synoptic scale mflu~nces with- th~ energy balance 
" 

and hence mas s balance of thè tce Cap •. 
u .' 

The existence. of Meigh~n Ice <::ap, although precarious, sterns 
1 • 

" from the IS~d 1 S Ismall size and 1ts position on the edge of the Po1a~ 
Ocean surrounded by expanse"s of ice covered sea. The Ice Cap is 

1 *, 

maintained by suppression of melt r-:!sulting from advection of cool 
( 

thin cloud and fog from the ,Polar Ocean, and by the spring and 'summer , 
.. .. 

accumulation associated with Cyclonic System Conditions. There is 

evidence that it originated following the Climatlc OpHmum during-a . 
pe1"iod dorninated by such Cyclonic System Conditio,ns. 
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l' RESUME :\ 
./ 

I! 

De s- donn~e s obtenue s durant les ètés 1968, 1969 et 1970 sur 

l'tle de Meighen, dans les TerritoIres du Nord-Ouest, ont été " reunies 
, 

avec des observAtions déJà eXlstantes effectuées sur une p~rlode de 
, 

trolS ans afln ,de permett're une investlgation du r~gime cl1matlque 

et synoptique de la réglOn, et une' évaluatlOn des composantes d';! bllan 

ênergétlque,.de la calotte glaClalre Melghen. 
" 

La; cr~ation d'un Dia-

gramme du Bilan Energé'tique SynoptIque a permIS l'~tude des mter-. 
Â"'" aètlOns ~ntre les mfluences d'€chelle m'eso et s'ynoptiqu~ et le bllan 

/' /' l " energet'.lque ou la vanatlOn de la masse de la calotte glacIaIre. 

L'exlstence, m~me pr~calre, de la calotte glaciaIre Melghen 

r~sulte de la petItesse de l'~le et de sa position â 1il limite de l'ocèan 

" ,/ ,/ Arcqque, ou elle est encerclee par la surface oceanIque en grande 

partie gel€e. La calotte glaCIaire est protegÊle de la fonte par l' 
) 

/ advectlOn de nuages froIds de faIble 'épaIsseur de l 'oc'éan ArctIque, 

et par des accumulatlOIls nl;'ales prIntamères et estivales associ~es 
'\ 

a des ConditlOns Gyclolllque s. 

s'est form~e après l'OptImum 

T'out porte à croire que la, Clottè 

ClimatIque, pe'nq,ant une période ou 

ces Condltlons Cyclomques domInaIent. 

l ' 
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Since the existence of Meighen Ice Cap was first suspected in 1916 

it has tantalized Arctic researcher.I;I-. dn 1959 the Polar Continental 
'l, 

Shelf Project of the Federal Depa_i~~~ent of Energy, Mmes and Resources, 
" (')_. 

under Dr. E. F. Roots, began a gi'aciological program on Meighen. Island. 

The present study was supported by PCSP as part of this ongoing research. 

The field program and initial analysis ~ndertaken by the author was con-

ducted along the lines of previous glacial-rneteorological studies, but 

in order to solve the problem of Meighen Ice Cap it was necessary to 

carry the investigation further. DevelopITlent of a dlagram relating mass 

balance to the synoptlc situation, through climate and energy balance, 

aUowed analysis of the factor s governmg the delicate balance of con~lition s 

responsible for maintaimng the ice cap on Meighen Island. It lS hoped 

that this method of approach will be of use in future studles and that the 

answers it provides have solved the problem of the eXlstence of Meighen 

Ice Cap. 

The study is presented in two volumes. Volume II contains the 

detaHed analysis of the observed climate, energy ,balance and synoptic 

regime of Melghen Island and outlines the computer model used to extend 

the two years of energy budge~ o_bse~vations to the six years of climate 

data. In Volume 1 the resultsof these analyses and energy balance calcu-

lations are used to develop the Synoptic Energy Balance Diagram and 

discuss its implications regarding the synoptic-mass balance regime 
1 

., of Meigheh le e Cap. 
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CHAPTER l 

INTRODUCTION 

1: l Meighen Island 
i 

1: 1. l The History 

In the sprmg of 1916 a threé man sledge party lead by Vilhjalmur .. 
Stefans son made lts way along the NW edge of the Canadlan Arctlc 

f 
Archipelago ln search of uncharted land among what are now know as 

~ 

the Queen Ehzabeth Islands. On leavmg the north tlp of Ellef Rmgnes 

lsland the party travelled ln a NE'ly duectlOn along an open lead, to 

the NW of which Lay the movmg lce of the polar pack. Il The hrst 

~ 

premonitions of land ahead were peculiarltles ln the sea currents. Il 

(Stefansson, 1939). The excltement at the posslblllty of new land ahead 

grew as both NOlce and Andersen thought they spied land to the NE, 

from the tops of pressure rldges. When the party was about 20 mlles 

from the mtersectlOn of the 80th latltude and the lOOth longItude 

Stefansson wrltes, Il from the top of a hummock 1 saw indubltable land 

to the northeast. This land, fust seen, 'was barely vlslble against 

the clouded sky. The top of il was snow-covered, wlth a smooth and 

aval skyhne such as 1 have never seen on any land. It occured to me 

that it tlght be covered' with a glacier." (Stefansson, 1944) 

On 15 _June the party landed on the SW corner of the new land and, 

mappmg as they went, sledged the 20 miles to the N end oR island 

and then 35 mües S along the E coast to the southern tip o~ th~ pear 

shaped lsland. The ~sML;nd was subsequently named Melghen Island and 

the existence of Melghen lce Cap was conflrmed 30 years later when 

• 
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Figure 1: l.lb Profile of Meigh~~ lce Cap from North 
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, 
air photographs were taken of the is1and (Dunbar and Greenaway, 1956). 

The ice cap was first visited by Thorsteinsson in 1957 who aiso comments 
\ 

on the lack of relief of the island. " The land surface is dome-shaped, 

a !eature accentuated by the ice cap. . . • . (The Island) exhlbits a uni-

form landscape of rounded hills, subdued rolling plains and intervening 

valleys. Il (Thorsteinsson, 1961, p. 13) 

The Polar Continental Shelf Project began a research program on 

Meighen Island Ice Cap in 1959. The investlgations included survey 

and mapplOg (Arnold 1966) j mas s balance and flow measureITlents of 

the glacier (Arnold 1965, Paterson 1969); gravit y measurements of 

the glacier depth (Hornal unpubhshed); the drilling of a bore hole 

throughthe lce cap (Paterson 1968, Koerner 1969) and the collectlOnof 

met~orological data (Arnold 1965, Arnold and MacKay 1964, MacKay 

and Arnold 1965). Further details of these programs are glven ln Vol-

urne II Chapter 1. These studles showed the oval shaped ice cap to 

occupy 85 km 2. of the north central portion of the island, to have a max-

irnum thlckness of approxlmately 120 meters and to reach 268 m amsl 

at its summit WhlCh was also the hlghest pOlnt on the island. There 

are no obvious signs of past or present movement, no crevasses and 

particularly at the north end of the ice cap th~ edges are t~in and gently 

, ,* ** ; sloping. Flgures 1: 1: lb and II 1 :2a 111u strate the gentle profile of 

the ice cap and surrounding i·sland. 

1:l.2. The Mysteries 

Though Stefans son lS c redited with the diacovery of Meighen Island, 

a Chicago newspaper of 1909 carried a storyand map describmg Cook's 

alleged Journey to the North Pole which showed an island of aimost identi-

* References to Volume 1 have no volume indicators 

** References to Volume Il are preceded by " II'' 
. 
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cal size, shape and posltlOn ta Meighen Island as mapped by Stefansson 

m 1916. Cook, however, denied ever seeing the lsland. Stefansson 

dlscusses the problem at length mcluding accounts of other parties wlpch 

might hàve had an opportumty ta see the Island only to conclude: 

" 1) It 15 impos sible to believe that Stefans son was the discoverer 
1 of Mel,ghen Island. 
1 2) It lS diffleult to belleve that Cook dld not diseover it - elther 
\ on such a Journey as Peary deseribes or on 5uch a Journeyas he h1m-
self desc:flbes; 

3) But lt lS difhcult ta beheve, and seemmgly Impossible tOI 

explam. that Cook dlscovered Melghen Island and then refused to ackrlow
ledge the dlscovery. 

It lS one of these problems where everyanswer seemS wrong." 
Stefansson (1939). 

~ "The second problem surroundmg Melghen lsland, tCYWhlCh 1t lS hoped 

a hnore satlsfactory set of solutions ean be found, 15 ta explaln the ex-

lstence of the lee cap. The elevatlon of Melghen Ise Cap is anomalously 

o 
low even for a glacIer at 80 N. On Axel Heiberg Jsland, 40 miles to 

the east, the snowlme (1. e., the elevatlOn above wh1ch there lS net an-

nuaI acc urnulatlOn and below WhlCh net ablatlon) ranges from 7 00 ta 

•• , r 
1000 m amsi (Ommanne,y, 1969). Slmllar snowlmes are found on the 

other heavlly glaclenzed, mountalnous Islands of the eastern Queen 

Elizabeth group. In other words, to the east of Melghen the glaciers 

are fed by accumulation zones well above ~YOo.O . .p1 amsl whlle on Melghen 
~ 

Island the accumulahon area of the lce cap doe8''-not reach 260 m amsi. 

The Western Queen ElIzabeth Islands, tho~h they resemble Melghen 

Island topographlcally, do reach elevatlOn~ up to 500 m amsl. With the 
i 

exceptlOn of three small 1ce caps on MelvÜle Island, where elevatlOns 

over 1000 m amsl are encountered, the lstands to the we st and south 

of Melghen Island are devoid of glacier lce. 

The western Queen El1zabeth Islands lllcluding Melghen Island are 

" \ 

shawn on the Glacier map of Canada as unglaclated because no evidence 
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~ . 
of erosion or geposltion by movmg ice can be seen in the unconsolidateei 

sands and gravels WhlCh dominate the geology of Melghen Island.' From 

" 
studie.s of the flora of, the reglOn, SaVlle (l 9 61) f e el s th a t th e are a 

c~uld ,not have been free from permanent ~o~ or }ce cove~ durlng th~ 

last lee age. On .the basls of core studies, Koerner (1968) found no 

evidenee that Melghen Ice Cap was evér more than 15 meters thlcker 

than today a,nd no eVldenee of past or present lee mbvement, a.nd he 

feefs that the ice cap ,has probably developed smce the Chmahc Optimum 

(approximately 3000 years aga). 

Patersonostudymg the annual ablatlOn, accumulation and flow fr9m 
~ 1 

seven years of 'Meighen Lee Cap data points out that: " precIpitation 

on Melghen Ice Cap, though greater than on Ellef Rlngnës Island, 16 not 

abnormally hlgh compared wlth that on other ice caps m the reglOn .. 

• • AblatlOn on the Melghen!ce Cap lS only about 30% of that at similar 

elevatlOns on ~hlte Glacler~'. Low ab1atlOn, perhap~ resultmg from 

the fiigh frequency of fog during summer, IS erobably the mam reason 

for the eXIstence of the Melghen l,ce Cap." 

Meteorologlc<;l ob servation performed by K. CI Arnold during the 

summers of 1960-1962 conflrm that " freezi~empe\atures and 'ob-
.. 1 .... "----.,. ( 

struction ta vlsion are more cornmon_at Melghen Island thanJ at Lsachsen 

during the "summer" months. During ~arly June and late Au-

gust obstruCtion ta .vlSlO~ ,at Isachsen and, M\elg,hen I.sland is malnly 
" 

caused by blowing snow. Fog lS frequent at Meighen Island through-

out June, Julyand August.," (M,acKay and Arnold, 196~ 196). Re

gardmg the~ problems of access by air to' Melghen Island, MacKayand 
, ~ • [J 

, . 
Arnold"' conclude: If lt lS eVldent tram th~ -1961 and 10/62 records, 

on Axel Heiberg Island 
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, 
resenting colder and warrner than average conditions respectively, that 

) , 
the Melghen Island lce capstatlOn has conslstently poorer weather than 

, . 
IsàchseI;\'. .'. 

, , 
,.Fog i5 th'é' c~ief hazard, but lS hard tô predict. Il 

(MacKayand A.rnpld, 1965, p. 198). . ' 

Table 1: 1. 2 shows the meas ured net mass balance for the years 

1961 to 1971 (Ar:r;lOld 1965; Pate.t;son, various dates). Both Paterson 

and Arnold note that, based on the assumptlOn that 'these mass bal'ance 

cQnditions corttinue, the lC~ cap would dlsappear m a few hundred years. 

-There' lS however, -during the period of recor?, a attetch of seven years 

during' which the ~ lce càp succeeded- m maintammg ltself. 

* . The unanswered questions emer glng from prevlOus investIgations 

céJU be 5ummanzed, for the purpose of the present study, as follows: 

How and wh~n dld Melghen lce Cap or{ginate? 

How hë1s It been ma~ntalned ? 

Assuming that fog 18 in sorne manner connected wlth the eXIstence of 

th,è-' L~e cap: 

/ 
~ What causes the persIstent ifg? 

By what mechamsms does it suppress negative mass balance? 

ls the ü1fluence 'of fog sûfficient to aecount for the observed 

mass balance regime on Meighen lee Cap '? 

, 
-

1: 1.3 The Approaeh 

The relationsillp of glacier mass balance to meteorological phenom-

ena lS most effective1y studied through surface energy balance deter- ' 

mlnahons. The birth of tradltlOnal glaclal meteorology occured in the 

1930's with the worl< of A1hman (various dates) and Sverdrup (vanous 

dates) in Spitsbergttn, Scandmavia, lceland and Greenland. Wallen 
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followed these early lnvestigations wlt'h his, now clasSIc, studyof glacIer

clunate lnteractlOn on K~r sa Glac 1er. GlaClal-meteorology ln the Canadlan 

Arctlc Archipelago was ftrst performed by Orvlg, whose inve stlgations 

of the Penny and Barnes lce caps on Bafftn Island began m ~950 (Orvlg 

1951, 1954). 

InstrumentatlOn was constantly Improved, but a similar approach was 

used by LlljeqUlst on the Norwegian-Bntish-Swedish Antarctlc ExpeditIon, 

(LilJequist, vanous dates); by Hubley and others ln Alaska (Hubley, 

VarlOus dates); by Dalrymple et al at the South Pole (Dalrymple .:!.. ~ 

1966); by Llste r on Ward Hunt Island (Llste r 1962); and by Muller 

(v"i'"rious dates), Havens (varlOus dates) Adams (1965) and Keeler 

(1964) on the glaClers of Axel HeIberg and Devon Islands. The most 

recent .#f.,omprehens,lve mlcro-meteorological InvestlgatlOn of glacier-

î 
cbmactlc- lnteraction ln the Canadlan Arctlc' lS Holmgren's SlX volume 

study of' chmate and energy exc\\nge on Devon Ice Cap. (Holmgren, 

1971). Though instrumentatlOn and theoretlcal formulation of proces se s 

have developed constantly over the years, the baslc method of appit"oach 

has remained the m'lcro-meteorologlcal measurement and calculation 

of each of the surface energy budget terms and evaluation from these 

of the energy and, hence, mass balance of the site bemg lnvestlgated. 

Reference should be made ta the 'aforementioned author s for detaHed 

discusslon of these methods. 

A second approach to snow-Ice-atmosphere Interactlon emerged Wlth 

the advent of computers a~lth the mcrea ln data from archç re-

glOns followmg the International Geophy: Year. Computer programmes, 

modellmg the energy balance proc and often reqUlrmg only stan-

c 
dard meteorologlcal data as input, permitted the study of energy terms 
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over large areas and the exammatlon of the way ln WhlCh the processes 
.. 

Interact to produce observed changes ln Ice or snow. Of partlcu1ar in-

1 

terest to the study of Meighen Ice C,ap ~re the Polar Ocean studles of 

Maykllt and Untersteiner (Maykut and Unter stemer, 1969; l' Unter stemer, 

varIOus dates) and of Vowmckel and Orvig ("varIOus dates). 

Meighen.lce Cap presents a cornblnatlOn of problems not exper{enced 

ln previous glaCIal meteorology InvestIgatIons. 

The SIX summe r s of meteorologIca1 and surface lowering meas ure-

ments 1ndicate that the melt season on Me1ghen Ice Cap can begm as early 

as Mayor as late as August and can'end as carly as Julyor as late 

as September. Even more cntical 1S the fact that the melt season 18 

// / frequently Interrupted by perlOds of freezmg temperatures and/or 8now 

\u,~ulation. ln addItIon mass turnover ln the average 8ummer is very 

sm_\ a~fl dlfflcult to measure. Unl1ke other hlgh arctlc accumulatlon > 

areas, whlch experlence thlS type of broken ablation season, on Melghen 

lce Cap m sorne seasons the snow IS lost over the complete glacIer, 

slgnlflcantly altermg the surface albedo and the dramage characteristic8 

Il accumulation" area. 

equent strong wlnds accornpanled by snow, b10wing snow, freezing 

preti !tation and rime deposlts play havoc with delicate mlcro-meteorologlcal 

Instr urnents. FIgure 1: 1. 3 shows a three -hour deposlt of r lme. These 

conditIons and the lsolatlOn of the statIon due to dIstance from the Polar 

Shelf Base Camp and the poor weather condItIOns on Melghen Island ne-

cessItate use of basIc, tough InstrumentatIon and as l1ttle dependence as 

possible on machmery such as generators. 

The seemmg uniqueness of Meighen Ice Cap climate requlres ex-

pans Ion of the mvestlgations from a' site study to meso- or synoptic 
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.... 
.cale study. This requires the establishment of other stations on the 

island and close examination of the synoptic situation in an effort to 

determine the origin of the Meighen Island weather. The seasonal 

variabilityof high arctic climate demands the use of many seasons' 

data, if results are to be representative. 

" In order. therefore, to isolate the processes responsible for the 

creation and maintenance of this fragile patch of ice, and to determine 

the forces behind these processes, a combination of the traditional and 

computer model approaches is needed. The emphasis in the case of 

Meighen!ce Cap must be on the interaction of the meso- and synoptic 

scale processes which control the hNl!th of the ice cap via surface. 

energy balance. Whereas previous! studies were concerned with the 
- , 

mechanisms and amount of glacier' melt, the Meighen Ice Cap study 

must be centred on the reasons for the lack of net s ummer ablation. 
«' 

4 

The steps involved in implementing the present studyare discussed 

in the following paragraphs. Discussion of the results of the initial 

phases of th~ work are presented in Volume II. 

The field program initiated in 1968 by -the author. with the support 

of Polar Continental Shelf Project, is outlined in Il 1 and had as its 

objective to obtain estimates of the energy balance components, using 

ba8~c instrumentation, in order to augment the existing 1960 to 1962 

observations. 

The climate of the six years of Meighen Island data from up to 5 

stations and of Isachsen and Eureka for the years 1961 through 1970 

w,as analysed in detail (Il 2). 

Synoptic conditions w~tudied "for the six year 8 of Meighen Island 

record, using weather charts, satellite photographe, upper air data and 

results of the climate analysis (Il 3). 
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The measured energy budget components from the 1969 and 1970 

held season were scrutlnlzed to dlscover the relatlVe Importance of 

the various terms and the vanation of the tenus wlth cllmate and syn-

optlC conditlOns (II 4 and 5). These measured values were also used 

ln adaptmg EBBA - the energy balance program of Vowinckel and Orvig 

(1972) to the Meighen Island problem. MIEBA, the model, was de-
, 

veloped to allow calculation of the energy balance from the years where 

only climate recoz:ds eXlsted (II 6). Dally totals of the energy balance 

components, along wlth mas s balance and cllmate terms, were then 

)~ 
avaüable for 0 'years for the ,1;l1onths of June, Julyand August. Equation 

l: 1. 3 shows the form of the energy balance equatlOn used ln MIEBA. 

SCal (l - ALB) + ()FL - RlU. + QL + QS + QI :; QM 1: 1. 3 

where S41 lB solar mcommg radIation, ALB is surface albedo, t:f-L is 

long wave incommg radlatlOn, RLU is 10ngwavL outgomg radIation, QL 

, is latent heat flux, as Ys senslble heat flux, QI lB heat from the lce 

and QM lS the heat avallable for melting. QM was converted to runoff, 

which was treated as dlscussed ln II 6. Comparison of the measured 

and calculated values of the energy and mass balance components are 

fO}lnd ln II 6. 

The calculated daily totals of the energy and mass balance compon-

ents were rnampulated ln variOU8 ways as dlscussed ln Volume 1, ln 

order to study the mteraction of energy balance ~omponents a~d atrno

sphere ln creating the mass balance conditlOns eXIshng on Meighen 

Ice Cap • 
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1: 2 Energy Balance Climate of Polar Ocean and Island Years 

Analysls of the monthly and summer .. ~~ans of the climatic 

elements from the Meighen Island stations ( II 2) showed that in gen-

eral the clirnate of Meighen Island 18 slmüar to that of the Polar Ocean 

floatmg ic~ island statlOns. At times however the climate of the lslands 

to the south spreads N to the edge of the Polar Ocean enveloping Meighen 

Island. The Island conditions dominated the summer season in two of 

the Il years examined ( Il 2). In the following discussion of the summer 

energy balance c1i,mate of Melghen Ice Cap, the six years of Main Ice 

chmate data have been dlvided mto Polar Ocean years (1961, 1968, 1969 

and 1970) and Island years (1960 and 1962). 

Table l: 2. 1 

----- - - 0------ -- - -
Temperature ( C) 

Relative Humidity (%) 

Pressure (rnb) 

Wmd Speed (ml sec) 

Cloud Amount (tenths) 

Melting Degree Days 

PrecipltatlOn Cern) 

_~,~";:._.~,-'t-~-- density of . 3 ~C'I\ lc..!-.=.... 

1: 2. 1 Mean Summer Chmate 

Polar 
Ocean 

-1. 8 

95.7 

982.7 

6.0 

8.2 

37 

4.9 

18.6 

Island 

0.6 

93.8 

984.5 

4.9 

7. 1 

125 

1.6 

9.6 

Means of the various chmatic elements for the Polar Ocean and 

Island years are shown m Table 1: 2. 1. The Polar Ocean years are 

colder, more humid, cloudier, windier and experience considerably . 
more precipitation than the Island years. 
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l: 2. 2 Wmd Roses of Chmatic Elements 

Sorne insight into the reasons for the observed climate at Maln ' 

Ice can be obtained by examlning wind roses of the various elements 

for Polar Ocean and Island years shown ln Figure 1: 2. 2. 

~ 

Comparing roses of geostrophic wind direction ( II 3:8) with Main 

Ice surface wind direction, it can be seen that the E'ly flow of the 

Polar Ocean years is deflected S around Axel HeIberg Island producing 

SE'lies at Main Ice while ENE'ly flow of the Island years is deflected 

N around Axel Heiberg Island producing N'lies at Mam Ice. 

In the four Polar Ocean years cold N'lies are most frequent, fol-

lowed by the relativel y warm prefrontal SSE wlnds and cool post frontal 

SW winds of cyclonic passages. Durmg these years, only NE'ly sur-

face winds accompamed by S'ly flow in the lower troposphere result 

in mean temperatures él:?ove freezmg. In warm years N'lies dommate 

but temperatures accompanymg these are somewhat higher due partially 

to the effect of land heated ENE'ly flow deflected around Axel HeIberg. 

SSW'ly flow gives a secondary maximum of warm S'lles at the sùrface. 

Relative humldity is low with NE'lies m aU years and wlth S'ly 

sector Island flow. Pressures tend to follow the sa me pattern bemg 

hlgh wüh NE'lies and S'ly sector Island flow. Wind speeds are hlgh 

wlth N'ly and SW'ly sector flow in all years. Cloud and fog cover are 

low wlth NE'lies ln aU years and S'ly sector Island flow once again 

follows havmg low cloud and very low fog amounts. There is- a ten-

deney, with Island fLaw, for Iow cloud amounts with N'lles though the 

fog amounts remain high • 
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1: 2. 3 Summer Means of Energy Balance Components 

b l 2 
. ,. ,/4? 

Ta le : .3 shows the season means of energy balance co~onent8 
,~ 

for the Polar Ocean and Island years. 
1 

The eomponents exl}.ibit thé' ex-

pected differences, melt in the Polar Ocean years being less than half 

°that experienced in the Island years. 

Table 1: 2.3 

------_ .. -------- ~_.--- -.. - - ~- --' --

(Iy /day) 

Inco~ing solar 

Absorbed solar 

Incoming long wave 

Sensible heat 

Latent heat 

Hea~ from lee 

Melt (cm) 

Snow (c:;m) 

Rain (cm) 

Net su;nmer 
ma.aL..lla.l.i..nc e , 

Polar 
- Ocean " Island 

-_:_._-_ .... - ----"'438: -- -_._- -- --- 392 

101. 138 
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1: Z.4 Wind Roses of Energy Balance Com-ponents 

.......""._ .. 

} . 

Roses of the e~ergy balance components show the effects of the 

variahon of climatic elements on the surface ènergy balance and thu8 

~ 
'op. the mass balance of the Ice Cap. (see Flgure 1: 2.'4) 

Solar incomlng radiation is consistently greater wlth Polar Ocean 

flow than with flow off the Islands, as the cloud and fog accompanying 

this flow 18 colder and thinner than the frontal cloud or ~e warm 

Island cloud and fog experienced with flow from the other sectors. 

The solaI"' radiatlOn absorbed at the ground on the other hand is much 

greater in warm years, as in these years aU the snow melts and the 

, " 
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glacier ice is exposed, causing a 20% decrease ln surface albedo. The 

NE'ly maximurn of the Island years and the E'ly maximtlm of. the Polar 

Ocean years result from low cloud arnounts. 
..~ 

The cold thm cloud of the Polar Ocean flow re sults in conslderably 

lower values of long wave lncomlng radlation than are expenenced with .... 
warmer thlcker cloud from ~he Islands. The relatlvely clear NE'hes 

of the Island years and E'l1es of Polar Ocean year s glve low values 

of 'incomlng lOI)g wave. The temperature lnversion ln the lower tropo-

sphere accompanying SEilles produces sl1ghtly hlgher values of long 

wave lhComlng radlation than the strong lapse condltlOns of SW'ly flow. 

(Though in Polar Ocean years, due ta the persistent fog, thlS may be 

\ 
mate a reflectlOn of screen tempe rature. ) 

Turbulent heat transfer lS consistently negatlve ln Polar Qcea~ ye~rs 

as a result of the lapse condItions (temperature and humidity) in the 

lowest meter experienced ln cold fog (II 5: 2). Sensible. and latent 
) , 

heat fluxes are least negative wlth ~E'ly and Elly wmds which ar~ac-.. 
,t 

companled by lower cloud and fog amounts and warmer temperatures. 

In the Island years senSIble heat lS negatlVe_ only wlth wlnds from the 
.# 

NW s~ctor of{' the Polar Ocean, whlle latent heat transfer 15 negat1ve 

also ln the dr.y clear NE'ly flow. Surface roughness IS largest. ln 

Island years due to greater detenoratlOn of the surface ln these years. 

As a result of hlgh values of absorbed solar and lncommg long 

Cf 
wave radlatlOn and posltive turbulent heat fluxes, the mean surfa<...e tem-

o 

peratures are close to freezlng wlth aU types of flow ln the Island years. 

The cold thln Polar Ocean fog ~nd cloud hold surface temperatures weU 

below freezmg in the cold years . Mean surface temperatures h1gher 

than _1°C are experienced only with ElUes and ESE'lies (turbulent fluxes 

tJ 
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not negatlve) and wlth WSW'Ues (long wave lncommg and 80lar absorbed 

radiatlOn combine) but the occurrence wmd roses show that these dIrec-

hons are infreq uent at Main Lce. 

Melt m the Polar Ocean years lS conslstently lower than m the lsland 

years wlth the lowest melt values accompanymg NW sector flow. The 

lowest 8ummer mass balance (melt - preClpItation) results from SW sec-

tor flow in Polar Ocean year s. The greatest ablatlOn occurs in Polar 
'\,>, 

Ocean years wlth NE'hes and SEilles and ln Island years with S sector 

flow. 

~$ 

1:3 Circulation Types and Energy Balance Climate 

The warm and cold year wind roses show that there i8 a strong 
~ 

relationshlp between wind directlOn and energy balance chmate and that 

wlth the exception of the ang e subtended by Axel Helberg lsland the 

surface wmd dIrection at Ma' lee is representatlve of the geostrophlc 

wind dlrectlOn and thus re ated to the synoptic pattern. As discussed 

ln detall ln II 3, four dlstinct elfe ulation configurations were isolated 

such that variations ln the relative lmportanc,e of those circulatlon Types. 

during a penod, adequately accounted for the observed cbmatic charac-

tenstics of that penod. 

The most lmportant characteristlCs of each Type wlll be outlined 

here but reference should be made to II 3 for examples of the Types 

and JustlflcatlOn of their vahdltyas mdlcators of climate. 

Surface and 500 mb charte lllustratmg the three maJor Types are 

reproduced here from II 3. (FIgure 1:3) 

... 
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•• 1: 3. 1 Type l Polar Ocean Clrculatlon 

ThIS Type is characterized, at the surface, bya high pressure area 

west of Meighen Island in the Polar Ocean, and a low in Baffin Bay. 

The dommant feature of the 500 mb map lS a cold low in the Hudson 

Bay area. The position of the upper cold low in thlS clrculahon Type 

results in a predominance of storm tracks alo~ the northern coast of 

mainland Canada and into Baffm Bay. )I<'~;' 
" .' 

When the Polar Ocean hlgh dommates the Melghen Island region.' 

a strong subsIdence inversIon results. Thls subsldence lnversion may 

be enhanced by an advection mversion caused by the intrusion of co1d 

Polar Ocean air mto the islands m the lowest levels. 

1: 3.2 Type II Cyclomc System CirculatlOn 

CirculatlOn of Type II features a 500 mb cold low m the Polar 

Ocean north of Alaska. Lows, developmg ln the strongly baroclinic 

zone between the radlationally heated land of Slberia and Ala ska and .. 
the cold Polar Ocean, plck up moisture over the ice -free areas of the 

peripherai seas. They travel around the upper cold low ln a short wave 

trough. Thls results in tracking of surface lows and well-developed 

baroclmic zones NE along the NW edge ci. the Archlpelago. The temper-

ature soundmg shows the sharp tropopause assoclated with the arc tic 

Jet. The lowest layers are unstable, though there is a shght suggestion 

of subsIdence around 850 mb. 

1: 3. 3 Type III Island Circulation 

A complete development of Type III involves posihoning of a cold 

• low on the Siberian side of the Polar Ocean and a ridge over the eastern 

............ ____ ~~s __ ~~ 
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Canadlan Arctic and Greenland. Surface lows track around the central 

Polar Ocean, occasionally penetrating the Queen Ellzabeth Islands from 

the west but more often bellig deflected along 'the edge of the Islands 

to die near the Pole. Partlal developrnent of thlS Type IS more common. 

The essential feature of thlS modlfied form is the intruslOn of a ridge 

over the eastern Islarids or Greenland at sorne level in the lower tropo

sphere, resulting in southerly flow at that level over Melghen Island. 

This southerly flow comblned wlth subsidence blocks the advance of 

Polar Ocean stratus into the Meighen Island region. 

1: 3.4 Type IV 

A fourth classlfication 1S needed to account for occasions when the 

500 mb cold low is centred over the Pole. Under these circumstances 

there 1S a rapid alteration between the other three types producing a 

varlet y of surface weather conditions. 

quent only in 1970. ) 

(Type IV was slgnihcantly fre-

1: 3. 5 CirculatlOn Types and the Mean Pressure Pattern 

Schernatized lowa representmg the 500 mb flow for the four Types 

ar-e plotted on the mean July 500 mb chart ln Wlgure 1: 3.5. The Types 

do appear to correspc.ld to the mean pressure pattern. Examination of 

the January 500 rnb pattern suggests that Type l could be considered a 

VarlatlOn of the wmter situatlOn. At the surface the Baffin low and 

Polar Ocean ,hrgh of Type 1 are eVldent in the mean pattern. The ten

dency for travelling cyclones to track into the central Polar Ocean and 

die there. is reflected in a mean surface low near the North Pole. The 

trough over N Ellesmere and Axel Heiberg results from the cornbmed 

ft 
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effect of lo.~s trackmg along the edge of the Islan'd-s and of the Baffin 
! ~ .. 

Bay 10w. 

Based on the Slx years considered m this study the major storm 

tracks affeeting Melghen Island are ineluded in Figure 1: 3. 5. The 

traeks typiealof Types l and III are found on most repres-entations of 

Arctie storm traeks (e. g. U. S. Navy, 1952; Hare and Orvig,' 1958; 

McKay, 1969) but that of Type II does not generally appear. Durmg 

the six years of the present study this track was of consIderable im-
/ < 

portance as lt was -responslble for a large part of., the 'summer precip-

ltatlOn on Meighen lsland. Considermg the strong temperature gradlent 

betwe'en the snow free land and the lce covered Polar Ocean lt seems 

reasonable to hnd a cyclone track m thlS posItlon. That these c yelonlc 

dlsturbance sare accompanied by baroe hnlc zones and considerable 

mOlsture should be expected, due to thu! temperature gradlent and the 

avallabllity of mOlsture from the ice free areas aiong the coast. 

l: 3. 6 Relatlon8hip of Wmd DirectlOn to CirculatlOn Type 

FIgure l: 3. 6 shows the distnbution of dally resultant wmd dIrectIOn 

for each c irculatlOn Type. The Polar Ocean Type 18 accompanied al-

m08t entirely by N'ly and NW'ly winds. The Cyc10nlc System Type shows 

a d~mlnanee of SSE;'lies but also a sigmficant number of SW'lies and 

a few NW'hes and NE'lies (the latter resultlng from pre- and post-

frontal situatlOns or from passage of systems s?uth of the station.) S'Iy 

sector winds, lending to'be SW'hes, represent complete developrnent of 

Type III, the Island Type, whlle N'ly sector winds tending to be NE'lies 

represent the modlfied Island circulation . 
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Figure 1: 3.6 Wind Roses for Cnculation Types 

{> 1: 3. 7 Type and Energy Balance Chmate 

Wind roses of the cliJ;nate elements for each Clrculation Type are 

shown in Figure 1: 3.7a. The cold NW sector flow lS primarlly -asso-

ciated wlth Type 1 circulation. With the CyClonlc passage Type II tem-

per~tures remain below freezing wlth aH wind directions. The warm 

NE'lies and SW sector flow are associated wlth Type III Island. circ u -ï~ ~ 
, ;ur. '( 

lation. 

• The roses of pressure show Island flow to have generally higher 

pressures. NW'lies show high pressures while SE sector flow has the 

lowest pressures. 

a • 
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With Island circulatlOn, cloud amounts and fOi frequencies are con

siderably lower than lU the case of Type 1 and' II circulation where cloud 

amounts and fog frequenCles are hlgh for the prevallmg wind dlrectlOtls. 

Table 1 : 3.7 
. -_. - _. __ .... ;-.------ ------.. -- - --

Type 1 II III 

Absorbed solar 117 112 117 

Albedo 74 72 70 

Net long wave - 27 -7 -34 

Sensible heat -14 -,.8 2 

Latent heat -12 -8. -2 

Melt (cm) ,.429 .753 .793 

Snow (cm) .083 • 261 .039 

Summer net 
mass balance (cm) .346 • 531 .716 

Table 1: 3.7 ,glves the mean values of the calculated energy balance 

components for the three Types. 

The mEian values of absorbed solar radlatlOn dlffer rather little be-

tween the Types, the thlck frontal cloud of Type II producmg the lowe st 

values. The mean net long wave radiahon and turbulent fluxes on the 

other hand show consIderable variation. Type III (Island) circulation 

has the most negative net long wave radiation balance but nearly posi-

tive turbulent fluxes whlle Type 1 (Polar Ocean) circulation shows strongly 

negatlVe net long wave radiatlOn and turbulent fluxes. Wlth Type II 

(Cyclonic System) clrculation the net long wave balance approaches posi-

tive values and the turbulent fluxes are onl~ moderately negative. These 

combinations of components result in conslderably lower values of melt 
J \., '1~ 

for Polar Ocean circulation while Island Cyclonlc System circulatlon has 
. ' 

slmilar mean melt values, but for different reasons. When p»ecipltation 

ft 
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• lS consldered, the effective melt power of Type II is 8lgnificantly de'-

creased. 

Figure 1: 3.7b shows wihd roses of the energy balance components 

for the three Types. 'These roses iargely reflect the mean values but 
... 

there are som\ slgmflcant variations with wmd"'dlrectlOn withm the Typ~s. 

Positive net long wave radlation balances are experienced with Cy-

clonic System flow from the E and SE and with Polar Ocean CirC ulation 

from the SSW. The most negatlve values of net long wave radiatlOn 

occur wlth Polar Ocean NW sector flow: 
, 

Turbulent fluxes are strongly posiÙve wüh NE Island and Cyclomc 
, ' 

flow and most negatlve, as ln case of net lOhg wave radiation, wlth 

NW'ly Polar Ocean flo\v. 

r-The resultmg melt roses show least melt wlth NW'ly Polar Ocean 

flow and the strongest melt wlth S'ly Island flow. When precipltatlOn 

18 taken lnto account, Pola.r Ocean SW'he8 appear to 'result in the least 

net loss to the lce cap. AH slgniflcantly frequent duectlOns of cyclonic 

system CIrCUlatlon also show conslde rable c ompensatlon of melt by pte-

clpitatlOn. SE'lles, ln general, appear to produce the hlghest" melt values 

Warm au advectlOn lS greatest wlth SE'ly flow, partlcularly ln the 

case of Island circulatlOn, and least with aU types of NW'ly flow. 
, ,<' 

I: 4 Ongin of Meighen Island Fog 

The dlstnbutlOn of fog and cloud for Main Ice, North Land and lsachsen 

are reproduced from Il 2 in Figure l:4 a. The relative percent (requen-

• des of low cloud and fog at the three statlons 8uggest that much of the 

Melghen Island fog lS stratus or stratocurnulUf~ cloud at Iflachsen. It 



i 

" 

-" 
.-. 

"l, 

, ~ , 

/' 

ft 

• 

0/0 

7 MAIN ICE 

60~ '. 

1 1 : 

50~ .. 1 ~. 

4 

:3 

r 
2cL 

Ofo 

, "-

i ~~ ,,-
~" 

t> 
r---> 
~: 
;..;~ 
~ . 
~:. 

1 
~~ .~ 
C::::' ~ 

1 ~~ ~, 
1 l'-=- t'---:' 

t'-."1' ~ ~ 

.' 

5 ISACHSEN '. 
1960-61,1968-70 

/) 

4 

~~h'rJ li' 
, t l ' l D ,_-

l " 

t 

i t'---
~: 1 : - ... # 

t II ~q 
ST SC AS 

°/0 
.. C.- .. 

7 

6 

4 

5 

4 

20-

CS 0 X 

r~ 

I~ 
1 1:::" 

'.1 

~j 

", 

.. 
~ 

MAIN ICi 
1968-70 

" ,/ 

NORTH LAND' 
1968-70 

~f~ .' 
1 . 

I~ 
1 

Fod 

MEAN FREQUENCIES OF CLOUD TYPE· 

Figure 1: 4a 

t' 
" ,'~ 

~ 1) 

" 

... 

" , 
CS 

, o. 

-:· .. t',,::; 
.. ~_:... ./ 

').-~ .. ; 
{~ . . \l 

~ 

.1 

, 



p 

- -------------------------------------------------------------------------------------------------

• 

2 ? 

21 

. 
18 the purpose of thlS sectlOn to show that a conside rable portlOn of the 

fog expenenced at Mam Ice 18 actually low stratus and stratocumulus 

cloud, advected from the Polar Ocean by perslstent strong winds. WhlCh 

runs mto the 240 m amsl (800 ft) ice cap bemg observed as fog. ThlS 

18 the cold, often thln fog whlch shows up in the year and Type roses as 

bemg associated wlth W through N winds and Type I clrCUlatlOn. North 

Land, bewg 160 m (600 ft) lower than Maw Ice expenences 20% less fog 

than Maln Ice. Isachsen 18 not only 240 m ~800 ft) lower than Mam Ice 

and protected by 700 ft hllls 3 - 5 mües N of the statlOn, but is also 30 

mile s south of the N coast of the Island' and thus expenences 400/0 les s 
J} 

fog than North Land. 

It has been suggested tpat this fog and low cloud are a result of 

the l.d WhlCh tlme s opens between the Polar Pack and inter-

lsland lce. 16 doubtless the case on sorne occaSlons, but lS not 

frequent enough ta expIa ln the almost constant fog at Main Ice. The 

frequencyof occurrence of that partlcular lead ln summer 18 ln the 

opmion of the author sometl~es overestlmated, as flights in that area 

-
are normally made when the weather is good. ThIS generally means 

with S'ly wmds; S'ly winds u sually open the lead. Slrrlilarly, the 

Iead is only VISIble on satellite photographs when cloud .Jcover lS Low, 

at WhlCh tlme the wmd8 are likely ta be from the S'ly sector. Once 

wwds Shlft ta N'ly. there lS a period of perhaps a week when it is 

posslble that the Meighen Island fog orIginates from the lead WhlCh ia 

gradually closmg. Thls however cannat account for the persistent fog 

ln years such as 1968, where S'ly wmds were al~ost absent. 

It is often dlfficult to prove from satellite photographs that the 

Polar pack i8 covered with Low' cloud, due to lack of defmltlOn between 

.ft 
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Figure 1: 4b . Satellite Photograph ~llustrating Low Cloud Cover in 

Polar Ocean: compare Visible where cloud can be 
~ seen in Polar Ocean to Infrared where it can be seen 

that this cloud has a tempe rature close to freezing. 
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Figure 1: 4b' cont'd 
\ 

ice and cloud, but à several of 
\ 

the ESSA photographs for the years 

1968 J 1969 and 197 0 t~xture or a change in cloud boundaries between 
1 

pictures allowed iden~ification of 10w cloud over the Polar pack. ln-
'} 

fra·red satellIte photographs are also of use in dlstingU1shmg low cloud 

froITl lce. as shown in Flgure 1 :4b where there lS defmitely low cloud 

cove ring the Polar pack. 
'1 

The Polar pack ln summer is not saUd and is often extensively 

puddled. providmg an adequate ITloisture source to mamtain a constant , 
layer of stratocuITlu1us. The ITleteorological records of the Trans 
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• Polar ExpedltlOn whlch passed N of Melghen Island dunng the summer 

of 1968 (Koerner,1970) show mean cloud caver of 8/10, 72 percent of 

WhlCh was low cloud. In addüIon they recorded vlSIblllty greater than 

10 mlles only 17 percent of the time durmg the summer s·eason. 

The constant strong wlnds resulting trom the gradIent between the 

Polar Ocean hlgh and Baffln Bay low may be responslble for signihcant 

turbulence ln the lowest levels below the frequent subsIdence InverSIon , 

expe rienced wlth these condltlOns (II 3: 2). FIgures 1 :4c and d illustrate 

a coyer of low stratocumulus WhlCh appears to stretch as far as the 

eye cafl see to the NW. The base of thlS layer ranged from 0 to 300 

ft. These flgures also 1l1ustrate another Important pOlnt: along the 

steep coasts of Ellesmere Island and Axel HeIberg Island the cloud 

layer disappears or lS blocked from contlnuing lnland except perhaps 

where glac 1er s reach the sea. The cloud however dips mto the N end 

of the straits and channels and as seen ln FIgure 1 :4e fiUs the whole 

of the Sverdrup Channel - Peary Channel area ln WhlCh Meighen Island 

lS located. 

Figure 1 :4e also shows that land masses, even the Size of the Fay 

Islands, tend ta burn off this thm cloud layer. It has been noted by 

Stefansson (II 2: 5.1) and SaVlie (1961) that wlthlll 10 to 15 mlles of 

the Polar Ocean, on the NW coasts of the W Queen ElIzabeth Islands, 

the vegetatlOn lS. particularly sparse. Initial analysls of data from the 

011 camp meteorologlcal station at Cape Isachsen on the N tip of Ellef 

Rmgnes Island in 1973 suggests that similar fog frequencles occur here 

as are expenenced at North Land. In addItion it appear s from satelhte 

photographs, from veg~tatlOn coverage and from contact with a party 

• located on the SE corner of the Meighen Isl,and (ln 1970). that the low 
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cloud and log often extends only a, few miles south of the Ice ça». 
Finally 1t was seen in II 5: 2. 1 that this "fog" is unstable in the 

lowest meter at Main !ce. Such conditions should tend to dissipate the 

fog by producing mixing, but the continual re -supply of low cloud from 

the Polar Ocean by the strong NW'lies counteracts thlS effect. 

It -would appear from these arguments that the pers.-istent cold fog 

which accompanies strong NW'ly winds and Polar Oce.4ft Type circula

tion is often actllally low stratus or stratocllmulus continllollsly blown 

onto the Island {rom the Polar pack. The 10 miles of land over which 

the low cloud travels before reaching the Ice Cap is not sllfficient to 

dissipate the cover, and it is likely that any dissipation which OCCllrs 

is largely compensated by the effect of orographlc lifting. This oro

graphic effect combined with the cool surface of the Ice Cap may re

suIt in the fog thlckening somewhat as it reaches the top of the Ice Cap, 

or persisting longer than would otherwise be the case . 

, . 
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CHAPTER 2 

THE SYNOPTIC ENERGY BALANCE DIAGRAM 

" 

The clrCUlatlOn Types give conslderable inslght into the synoptlc 

reasons for the energy balance climate variations on Meighen Ice Cap. 

However, there are slgnlflcant vanatlOns of climate and energy balance 

terms wlthin the Types dependlng. for lnstance, on the tlme of the sea-

son when they oecur, or on the state of the surface of the i~e cap over 

WhlCh they occur, or on thelT degree of development and duratlOn. Ex-

amlnation of the Type roses (1:3) and of the extensive disc us sions and 

Figures of the vanous parameters found ln II 2,3,4 and 5 suggest the 

posslbility of a further breakdown based on wind direction, temperature 

and fog and cloud amount. The most lmportant mdications of thlS are 

revlewed in the following sectlOn, but reference should be made to Vol-

ume II ta fully appreciate the basis on which the Synoptic Energy Balance 

Dlagram was conce1ved. 

2: 1 Basis for Further Breakdown 

Temperature roses of the SlX year s ( Il 3: 8), of the warm and 

cold years (1:2), and of the cIrculation Types (1:3) conslstently show 

N'lies and NW'lies ta be cold, NE'lies to be warmer and winds from 

the S'ly sector to have the highest temperatures, with some exceptions 

(e. g. S'lies in 1970 and SSW'l1es ln 1969 were cool). 

Cloud cover shows a minimum for NE'lies, and in the warm years 

or wüh Type III flow less cloud 18 experieI).ced with S'lies and SW'lies. 

" 
Type l clrculatlOn and NW'lies produce fog occurrence maXIma. while 

~ 
fog amounts are low for aH wind directions in Type III cIrculation and 



• 
\ 

• 
• a 

., 

26 

in waq:n years. The SIL Y Type II circulatlOns have high fog amounts 

while NE'lies appear to be considerably clearer. 

Roses of the radiatIon components for 10/10 fog reflect the above 

temperature and sky conditIon vanatlOns (II 4:4). The solar mcommg 

radIation expressed as percent of the clear sky value (II 4: 3. 1) is high 

for the cool thm fogs accompanymg N through W winds, and low for the 

warm thick SEIlles, while net long wave radiation shows maxima wlth 

NE'lies and SEIlles and a secondary maXImum wlth SW'lles. The long .. 
wave radi«tion vanatlOns relate duectly to the thickness roses (II 2:8) 

WhlCh show a warm lower atmosphere with NE'bes, SE'lles and WSW'hes. 

Frequenc y dlstributlOns of percent lncommg solar radIatIon in 10 Il 0 

fog for various wlnd directions Buggest the 6Ignificant temperature m
~ 

terva16 ta be T < -2; -2~ T < 0, o ~ T < 2; T)- 2 (in deg Cl. 

In case s wlth no fog, temperature 16 rlOt as lmportant but NE and NW 

sector wmds exhlblt sigmhcantly dlfferent radIatIon regime s, as do -SE 

and SW sector wlnds. 

Albedo is also dependent on temperature and was generally greater 

ln fog. The drop in albedo wlth the los s of the snow pack produces the 

most stnkmg effect m thlS term. 

Wmd roses of Richardson Number (II 5:2) show that with no fog and 

NE, SE or SW winds, or with "real" fog and S or NE wmds, the lowest 

meter was stable; otherwlse lt was unstable. Sky condltlOn was also 

seen ta affect RIchardson Number. These stablllty vanatlOns dlrectly 

affect the sensible and latent 'heat fluxes, as seen ln II 5:4. 

ln addItion it should be noted that there is a tendency for Type II 

circulatlOn ta be accompanied by SE'ly sector wlnds and for warm and/ 

or clear conditions ta be assoclated wlth N'ly sector wmds WhlCh tend 

f 
1 
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toward NE'hes. There appears to be significant vanations ln the energy 

balance climate with wind from the N through NW, NE, SSE and SW s~c-
; 

tors; with temperatures m the suggested interva1s; wlth sky cover; with 

occurrence of fog; and wüh clrCUlatlOn Type. 

2:2 Creating the Synoptlc Energy Balance Diagram 
• 

( 

Bearing in mInd the wind sector, temperature interval and cloud 

and fog coyer dlvlslOns which result in vanatlOns ln the energy balance 

components (2:1), an attempt was made to choose combinations of these 

cl1matlc elements which would have a distmct surface ener~y balance. 

There appeared to be consIderable advantage in using on1y the very baslc 
c) 

-'" \ 
climatic elë'ments which are recorded at all stations and which can be 

lnterpolated wlth sorne success from the permanent statlOn meteorological 
\ 

records. Precipüation amounts, though important to the mass balance, 

were not used in choosmg the lntervals as the Meigl?-en-Isachsen preclp-

ltatlOn re1atlOns~lp was not at all consistent. The flnal form of the in~ 

tervals for the Syn,optic Energy Balance DIa,gram (SEB Diagram) w~s 

determined by exammatlOn of calculated daily values of melt for each 
~ 

Type, in indivldu'al wind dlr,e'ctlOns, for 4 intervals of tempeTature, and 
, 

3 int~rvals of sky coyer, 'and 'consldering the frequency of occurrence 

of fog. In addition, lt was nec:;essary to acc6unt for cases where the 

snow' Rack had melted exposing the glacier) lce. As mentlOned in): 1. 3, 

the emphasis m this studyls on de~ermi1üng the reasons for lack of melt 

on Meighen Ice Cap as opposed to ~xammlng the mechanisms of melt. 

For thls reason the glacier ice cases were separated only mto warm 

and cold N'lies, and S'lies with or without fog, and the emphasis was 

placed on cases of Type 1 and Il which tend to inhibtt or counterbalance 

melt. 
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Flgure 2: 2a shows the occurrence wind roses for each of the classes 

and indlcates the temperature. sky caver and other condltions whlch de-

termine thé class boundanes. The classes have been grouped lnto four 

larger dlvlsions on the basis of theu synoptlc Energy Balance regimes 

ti. e., a comblUation of Type, melt amount and preclpitatlOn amount). 

These dl.VISions represent: 

Polar Ocean Conditions 

Gyclonlc System ConditlOnS" . , 
(' ---- .... 

Island and S'hes over glac;:ier lce Cqndltions 
, 

Modifled Island and N'lies over glaCler ice Conditions 

The classes are now plotted on a diagram where synoptic energy 

balance condltion is schematically deplcted by wind directlOn. The Polar 

Ocean clas ses are plotted as NW'ly. as wmds from N through W dommate 

these conditions. The warm N'lles, NE'lies and glacier lce N'lies whlch 

make up the Modlfled Island Condinons have been plotted as NE'lies. 

The c.ycloUlc system condltions have been plotted as SE'Ues due t6 the 

tendency for SE'ly wmds ta dommate wlth Type II Cyclomc System cir-

culations. The Island conditlOns and S'ly glacler ice conditions have 

been plotted as SW'hes as there vas a tendency lU the geostrophic roses 

~ 
for Island condltlOns ta have a maximum in this q.irection. 

The average dally melt for eal!h class lS plo'tted m thls manner in 

Flgure 2; 2b along with schemabc maps 1l1ustratmg the controlling fea-

ture of each of the four dlvislons. 
f 

The line hlstogram represents the 

average melt in cenhmeters. The narrow sohd bars represent mea- f 
1 
" s ured preClpitatlOn and the shaded bars are the resultant net gam or . 

? 

loss to the glacfer for that class • The net summer mass balance bar s 

are shaded. dependmg on the tempe rat ure and, sky caver conditions of .... .. 
the class as lU Flgure 2: la. 

--.... ...... ______ s~ ___ .~~ 
\. 
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dcl"'\\4\el 
Five intervals of mass balance are by the arcs joining the 

histograms. These relate. to the net galn or loss to the Ice Cap at 

Main !ce, assuming that the class were tO'occur for the whole summer 

8eason (90 days) and assuming a méan winter accumulation of 17.5 cm. 

These intervals, which will be used in discusslOns in later chapters, are: 

1 ) 1 1 .. . h net summer accun;lu atlon - preClpltatlon greater t cln summer 

ablation 

2) net annual accumulation - net summer .blat~o~~le.s than -, 

mean wlnter accumulatlOn -~ 

3) negative mass balance of 0 ta .25 cm/day - could be replems~, 

byone accumulation year. 

4) negatlve mass balance of .25 ta .75 cm/day - would take 

several years of ace umulation tp~' replemsh. 
~" 

o 

5) negatlve mass balance of greater than .75 cm/day - would 

l 
take the best part of a decadè of aecumulatlOn years to 

replenlsh. 

The classes have been arranged sa that the amount of melt decreases 

towards the north ln each division. The mass balance results will be 

diseussed ln relation to climate, energy balance and class, in the sections 

that follow . 

As a check on the significance of the classes ln terms of energy 

balance re gime, frequenc y distnbutions of mas s balance, solar radiation 

absorbed at the ground and net 'long wave radlatlOn have been plotted 

for each c1ass (Figure 2: 2c). 

The bimodal distnbutions of \solar radl~tion absorbed at the grbund 
\ , ' 

are a result of albedo and would not show up in plots of lnsolation. With 

·these exceptlOns, the distributions 'Jor Polar Ocean Conditions, Cyclonic 
,~ , 

',) 
1 

/ 

) 
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System CondltlOns, the snow pack Modifled Island CondItIOns and the 

cold clear Island CondltlOn class, show slngle modds and reasonably 

slgnIflcant differences ln Energy Balance regimes between classes. The 

N'ly glaCIer lce conchtlOns tend to be bimodal, probably due to sky cover 

vanations wühln these rather broad classes. The Island CondülOns and 

S'ly glaCIer condItIons show consIderable vJnatlon wlthlO a class due, 

\'~ln the case of Island CondltlOns, to a difference in cloud height and, ln 

the case of glaner condltlOns, ta both sky cover and temperature dlf-

ference s. These vanatlOns were tolerated ln View of the fact that the 

purpose of the pre sent study 16 to examIne the proce s se s WhlCh inhlblt 

or counterac t ablatlon. 

" 1 
ln FIgure Z: Zd the number of occurrences of,each class and the 

percent occurrence of classes ln each clrculatlOn Type are plotted. AU 

clas se s contaln more than 10 values and, wlth the exceptIon of the 

6cattered sky cover classes, the SIX years of data lS reasonablyev_enly 

distributed between classes. 

Type 1 dommates the Polar Ocean condalOns and there are a con-

siderable number of Type 1 occurrenc~s with N'ly glaCler Ice condltlOns. 

The warm scattered and overcast NW'lles (see FIgure Z: la) of class 6 

Include a number of Type 1 Clrculations. The onl y other s Igmflcant 

occurrence of Type l's 18 found wlth the cold, wet, SW'ly Cyclonic 

System CondItIOns WhlCh are l1kelya result of the ençroachment of the 
f 1 

BaHut B'ay Law lOto the Meighen Island reglOn. 

Type II clrculation shows mamlyas CyClOlllC System CondltlOns,t 
. , 

though several warm NE'hes and a conslderable number of N'ly glaCler 
,,-r-

lce" occurrences result fr~ passage of a syste~ south rather than north 

of Melghen Island. 

• 

ft 
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Type III dommates the Island, Modlfled Island and' 5'ly glacier 

lce (wlthout fog) CondItions. Warm glacier ice NIlles also have a 

slgnlflcant number of Type III occurrences. 
" , ~ " " 

In general the clas ~ and s ynoptlc condItions relate Hl the expecsted 

manner to the cir..culatlOn Types. 

...., 

The synoptlc energy balance dlagram appears to be" a rea.sonably 
, 

good mdlcator of both the mass balance condltlOns and of ,the synoptlc 

reasons behmd the ener gy balance climate. 

2:3 Energy Balance Regllnes of the Classes 

The energy balance reglmes of the classes and thus of the Condl-

{;. 

tlOns and Types wlll now ba exammed, usmg plots of the components 

on the SEB Dlagram. Reference should be made to FIgures 2:2 a, b, c 

and d as well as to 2:3 a, band è:< ln the dIScussIons that follow. 

Polar 'Ocean Chmate 

6 . 
The early season cold Polar Ocean flow (class 3,4, 5) 'wlth 75% oc-

currence of fog, results ln mean ablatlOn of less th~"O. 1 cm/aq.y and 

.. modàl ablatlOn of 0 cm/day. The temper.ture Lapse condit104 ln tlie 

lowest meter produce negatlve values of sensible and latent h~at. 

Under overcast or scattered sky cover, strong pres -

sures are experienced. The cold thln fog allows tIon but 

this lS somewhat compensated for by high albedo values . ./ong wave 

lDcomlng radiatlon IS low from thlS coLd fog and Cl,o~ 

• Broken condltlOns (class 5) produce the Lowest mean values of melt, 

due to a 2Q ly /day mor.e negative net long wave balancé than 15 exper-

Flg~res 2: 3a, band 
at back of text to aid 

.... ~t 

,', 
c are also found on removable 
ln following the discus sions. 

chart in pocket 

'.,.. 
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Ienced with overcast condItIons. Warm aIr advectlOn reaches a mml-

mum ln thlS class. The average preClpltabon exceeds the melt for cold 

scattered conditlOns resultlng in a posltlve summer mass balance. 

Ove rcast cold Polar Oc ean condülOns (clas s 4) have low,e r msola-., 
tlOn but the Increased long wave lficomlng radIatIon more than compen-

r' 
sates for thlS. PrecIpitatIon 16 stIll more th an sufhclent to counter-

" 
balance the ablatlOn, producing a posItlVe summer mass balance. 

Scattered cold Polar Ocean fog (class 3) results ln very low m-

coming long wave rad1 4 tlOn. As these condülOns tend ta occur etther 

earlyor ldte m the season, the solar angle IS low and msolation lS 

consequently low. The turbulent fluxes are less negatlve than for cloudy 

conditIons but the resultmg ablatIon IS very slmüar ta that of the other 

Polar Ocean classes. 

For NW sector wmds wlth temperatures greater than or equal ta 

o 0 
-2 C but less than 0 C, (classes land 2) fog 1S even more frequent. 

Lapse condltions preval! and turbulent fluxes are negatlve. The thlcker 

warmer cloud and fog transmit less solar mcommg radiatlOn and r;-

radlate more long wave radlatlOn. 

Wlth overcast skIes (class 2) lDsolatlOn lS low and albedo hlgh. The 

greater values 'of long wave mcomlng radIation and less negatlVe values 

of the turbulent fluxes result ,rR average melt of .2 cm/day, wlth pre-

cipltatlOD, of .09 cm Iday. Thls lS st1l1 not sufhClent lo melt the wlnter 

accumulatlon. 

For broken condülOns (class 1), solar radIation absorbed at the 

ground IS rather hlgh, due ta low albedo, and comblned wlth the long 
.. 

wave lnCOmlng radlatlOn of the cloud results ln ablatlon greater than .3 

cm/da~ WhlCh lS not cornpensated by preClpltatlOD. 
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o 
The NW'lies ln class 7 ( 0 to -2 C, scattered, fog) are assoclated 

wlth Polar Ocean CirculatlOn and account for the. 2 cm/day values 

ln the ablation hlstogram. 

Type I circulatIon occurrlng over glacler lce late ln the season 

lB accompanied by cold temperatures, hlgh fog and cloud amounts, 

strong wmds and lapse condltlOns ln the lowest meter (class 9). In-

- solatlon IS low due to the low solar angle but the glaCler lèe albedo 

lS responslble for relatlvely large values of solar radiation absorbed 

at the ground. The long wave incomlng values resemble those of cold 

overcast NW'ly flow, The turbulent fluxes are Just shghtly negatlve. 

The blmodal dlstnbutlOn of melt, a reflectlOn of varylng sky cover con-

dltlOns, shows a maXImum at . 2, .4 and .9 cm /day (t~e very hlgh 

values resultlng f,rom a few cold clear occaSIons of Type III clrcula-

tIon) • Sorne of the Warm N'lIes over glacIer lce (class 10) are also 

a result of Polar Ocean Circulation and appear as the, 6 cm/day mode 

.~ ln the ablatlOn dist rlbutlOn. 

2: 3. 2 Modlfled Island Climate 

Scattered cloud condItions wlth above freezing temperatures and 

NE sector wlnds emerge as the maln class o~oçhfIed Island CondltlOns 

(class 8). 

" . 
l 

Fog 15 mfrequent, the pressure hlgh and the wlnds 11ght.' 

The insolatlOn values are reasonably hlgh, but net long wave radlatlOn 

lS,;r,very negatlve due to the lack of cloud. SensIble heat values reach 

a maXImum under these conditIons, and latent heat values are positIve. 

There 15 nO precipItatIOn, and ablatlOn values average close to .5 cm/ 

da y', 

Scattered condItlOns with below freezmg temperatures, hlgh fog 

, 
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occurrence, and NElly flow (class 7) show a ,temperature lnVerSIOn ln 

'" the lowest meter suggestmg "real fog" (II 5: Z. 1). The ablation ln 

these sltuatlOns lS shghtly less than that under the warmer fogless 

clear skles, due to the very small pOSItlve (and sometlmes negative) 

value s of the turublent fluxe s. 

Type III Clrculatlon can also produce scattered or overcast skles 

with temperatures near or above freezlng durlng the transltlon to c,lear 

skles (class 6). Under these condItions solar absorbed values are low, 

while net long wave radlatlOn 15 only shg.htly negatlve and the resultlng 

melt values are somewhat lower than for the scattered ,Modified IsLand 

clas s. 

Modifled Island condItIons over glaCIer ice (clas s 10) show posItlVe 

turbulent fluxes and high values of solar l"adlatlOn absorbed at the ground 

(though msolatlOn lS law). The sky candltlOns tend ta be scattered') wlth 

50% occurrence of fog, thus long wave lncomlng values are not partlcu-

la'rly low. Melt under these conditions appears 

gram ta lie ln the 1. 5 cm /day range. 

2: 3.3 Cyclonic Actlvlty Chmate 

/ 
./ 

from the/tSlmodal hlsto

/ 

/ 

\ 

AU the Cyc10mc System conditlOns have cloudy skies, high fog fre-

quency, low pr~~sures and relatlVely warm cloud base temperatures, 
1 • 

suggestmg low ce1l1ngs. There did not appear to be any slgmflcant 

dlfference between below freezlng conditlOns wl,th and wlthout fog. 

Befere the passage of the front and/or trough, SE wlnds, temper

ature s around -1 oC, 10w pres sures' and strong winds prevall (clas B 13 

and 14) . Lapse condltlOns ln the lowe st meter produce ne galive tur-

bulent fluxe s. 
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With overcast skIes (class 13), lDsolatlOn IS low and albedo hlgh 

resultmg ln very low,values of solar radlatlOn absorbed at the ground. 

Due to the pos:itl~e long wave radiatIOn balance, produced by the thlck 
V' 

warm cloud, ~elt lS consIderable (ca .. 7 cm 1 day). The preclpttatlOn 

-
accompanymg these condltions lS suffiClent to counteract this melt and 

a shghtly posItive masv's balance ensues. In the troposphere there 15 

consIderable warm au advectlon. 

When the sky cover lS broken (class 14), absorbed solar radIatIon 

increases but the net long wave balance lS sl1ghtlY,negative. resultmg 

m somewhat less melt than wlth overcast skIes. The broken condltlOns 

are accompamed by conslderably les s preClpltatlOn, thus the ma 5 S 

balance remams negatlve., 

If the warm sector reache s as far north as 

.r' 
'. 
l .. ..:, 

Melghe'z:ï Island, tem-

peratures rlse above free.zmg as ln class 15 and part of class 18. 

ThIS strQng SE sector flow IS accompamed by l.ow pressures and high 
D : 

f'og and cloud amounts. Inver SIOn conditIOns persls't in the lowest meter 
, 1 

and turbulent fluxes are positIve. T~-ough depletIOn of solar lncommg 

rad,latlOn IS great, due to the nature of the sky cover, low albedos par-
" 

tl~lly c?mpensate for thlS effect. The warm c10uds produce a maxi-

mLlm of long wave mconllng radIatIon and hence the greatest positIve 

net long wave balance of any class. Hlgh melt values result (ca. 1. 

cm 1 day). and precIpitatIOn lS insignihcant by comparison. Warm au 

advection also reaches a maXlrnum in thlS class. 

~ 

If the low passes further {lorth of -Ivl,elghen Island, wlnds may never 

become SE'ly. Class Il probably represents such occu~rences as well 

as' occaSIons where Type l cIrCUlatIOn is In effe'Ct but the Baffln Bay 

" 
low has moved N into the Polar Ocean and dominate s the flow over the 

1 
Overcast skIes and below freezlng temperatu;;es Meighen Island r~gion. 

l' 
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result in moderate values of salar radlatlOn absorbed at the ground, ln 
Jl 

\ 

s0mewhat negatlVe net long wave ~radlation -and ln negatlve turbulent 
,( . 

fluxe S" The melt 18 les S than 15 expe r lenced wlth SE 'lies WhlCh advect 

Island au lnto the soundlng. PreClpItation accompanymg thlS SW'ly flow 
o ,~ 

produces an average "n'et summer accumulation of .4 cm/day, wb'ich 16 
J ' 

tWlce the average wmter accumulatlOn. 

There are also occaSl~ns when the system-passes south of the Island, 
J 

producing condItIOns sImllar ta the SElly crelonlc passage condItions but 

wlth NElly flow (see c1as~ 6). 

Wh en frontal activlty occurs over glac>J.er ice, the solar absorbed' 

radiatlOn lncreases conslderably but, as th,s 18 "'fiot the dominant fea-

ture of the cyclonlc system- energy balance, melt values lllcrease only , 

to .8 cm/day. PreClpltatlOn ln the form of snow lS not verY'.significant 

,,' so conslderable mass 10s6 results frorn such occurrences. 

2: 3.4 Island~ Cl1rnate 
) 

Island tllmate cOhditlOns ln sumr,ner (classeS 16, 18 and 19) are 

charactenzed byabove freezing temperatures, hlgh pressure, low wind 
/ ,. 

speed and low frequency of fog. Slmilar averag'e melt values a.re as-

soclated with cloudy istand flow and clear 'Island flow but for dlfferent 

" reasons. 
:;; , 

~ 
ln the case of c10udy skles (class 18), long v.::ave, mcomin& radiatlOn 

, lS hlgh ,glv~n~. a net long wavj balance 

dlstr lbu~lOn of melt bkely re~ults from 

close tb zero': Th.e blmodal 

differences ln cloud height. Low 
1 

cloud occu;s\fn connectlOn wlth the warm s~ctor of Type III.clrculations 
, , 

whlle mlddle and hlgh cloud dorninate with Island:. condItions. 

Wlth scattered 'condIllOns (class 19), s~~ar radlatlOn a~sorbed at the 

~ ... . 

,;. .... 
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ground domlnates. the net long wave balance bemg quIte negatlve dtl'e to 

The- turbulent fluxes are slgmflcantly positlVe. These 

condltlOns result Hi melt values belween .2 and 1. 6 cm/day dependmg on 

the relatIve values of the radIation terms. 
• ~< 

Southerly Island flow over glacier lcé "(class 16) lS most frequently 

- ~ i 

of the cloudy varlety. The lncrease ln solar radl'\tlon absorbed at the 
t • • 

ground results ln melt valu~s of b~tween 1. 5 and 2.6 cm/day. With 

-the ~ncrease1lmportance of solar radlatlOn at'low albedos scattered 

CVddltlOns hAelyaccount for the hlghest mode (ca. 2.0 cm/day), whIte 
'.; 

the mîrequeilt Type l ana Type III occurrences glve1
, melt values ln 

the .6 -.8 cm/day range. 
~ 

The hnal class (20) represe~ts the cold clear f.ogless weather 
\ 

which occurs ln Aprll and May when antlcyclDnlC a:a:tlvity dominates the 

A~ctl't ~slands. and WhlCh can also be experl~nced ln early June. Though 
, ; 

surface tempe.rp.tures average below frE;ezmg, Inversion condItions pre-
, J r,.l ... 

, ~ 

" val! in the hrst meter. 
, # 

SensIble heat fru~es are 'slightly positIve, but 

low humldltles above the surface resu~l ln shghtly neg~tlVe latent heat 
; 

, ' 

flux value s. Albedos are hlgh, lc;mg -p.rave incoming radIation is at a 

mInlmUm 'l"d the solar angle lB 'Sllll Ir el'''ively 1o,,". As a re suIt. meft 

IS freque~tly Ztercr and d~es not exce~ .4 cm. These cOl1~ition~are 
; 

most frequentlyaccompanled b; NE'Ües or SW'hes and represent Island' 

condllions occurrtpg before' the sndw melt beglns on the land. 

-, 

... 
Q , 

" 

• • J 

~ 

\ 
1 
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Table 3: l 

---------.---.. ---

Summer Season Means of Climatic and'Energy Balance Components 

TG (oC) 

SG 1 (1 Y / da y) 

ALB (%) 

SCA' (ty-tclay) 

DFL 

RoLU 

NL 

as 
QL 

QI 

QM 

RO 

SN 

Net" 

" 
" 
Il 

" 
.. " 

Il 

" 
(cm we) 

" 
" 

1960 

-. 9 
348 

63 . 

10r 

627 

645 

-19 

4 
~ 

o 

1961 

-1. 4 

3'86 

66 

118 

620 

639 
_ 19 '<J 

-? 
-5 

28 34 

103- 91 

75 64 

o 6( 21) 

'" -75 o-58( -43) 

1962 

-.3 

421 

71 

150 

618 

649 

-31 

-1 

-3 

32 

)14 

93 

10 

-83 

1968 

-1. 0 

'r46 <\ 

77 

103 \ 

606 

642 

-35 

-16 

-15 

13 

, 36 " 
18 . 

10 

-~ 

1969 

-1. 1 

436 

75 

102 

622 

641 

-27 

-15 

-13 

12 

55 

48 

26 

. -22 

'1 

1970 

-2.0 

461 

81 

86 

613 

634 

- 21 

-16 

-12 

14 

38 

'26 

17 

-9" L-

r { 
TG ::: s urface temper~ture, SGI:::, solé\r mcommg radlatlOn, 
ALB ::: alpedo.: SGA = solar absorbed radiation, DFL::: long 
wave lIf<:oming, RLU = lpng wa1ve outgoing, NL::: net l'erg 
wave, œ;:: senslble heat, QL::: latent heat, QI;:: heat 
from lce, QM '=.~t .available for melt, RO = melt, 
SN !: snow, ~::: ~et Bummer mass balance. 
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CHAPTER 3 

CHARACTERISTICS OF THE SIX SUMMER SEASONS 

3: 1 ·IlltroductlOn 

The chmate and energy balance of each y.ear 18 e}ÇaJ?med, using 
'4t, '.-

the SEB diagram ln order to lsolate the factors govermng the summer 

mass balance of the mdlVldual years. Two SEB dlagrams are" pre-

sented for each year. The fnst glVes the tolal melt and preclpltatlOn , 

amounts for each SEB clas s, the bar s belng shaded according to the 
). 

chmatlc hmlts of the class. The second shows the pex:cent occur-

rence of éach class, the bars shaded according to the mean net sum

mer mass balance for that class (see Ch. 2 for dlscusslOn of the dl-

VlslOns). AddltlOnal mformatlOn concernlng the cllmate and energy 

and maS8 balance of the ye'ars lS glVen ln Table 3: '1 (season means) 

_ and m Figures 3: l a, band c, (ten-day -rneans). Reference should 

aiso be made to the dlscu8slOns and FIgures of II 2 and 3. 
,'1\ 

The Polar Ocean ye~rs wlll be exanuned flrst, followed by the (5' 

Island years. 

\ 
3: 2 1968 

N'ly Polar Ocean, Type 1 ~low, was completely dominant m 1968. , 

A brief penod of cool Island flow ln June '41ltlated the melt. The 
, , ' , 

temperature s m" early June welfe higher than m other Polar Ocean 
" ' 

years anô, fog ambunt'S were rel~tlvely low, but the constant N'ly flow 
-1 -

helti tpe melt"to less than ,.25 cm/day. At times durmg late June 

a.yÙ' early Ju1y the Bafhn Bay low dominated ln Type l flow, and the , .~ .......... 

J 
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cOfl SW'ly cyclomc CondltlOns (class Il) ensued. 

, , 
", 

These occurren~es 

were responsible for reasonably hlgh melt values but also produced 

conslderable preclpitation, resultlng ln net accumulatlOn. 

'.t'" 
A penod of clear warm Modlhed Island flow (clas s 8), ln ea-rly 

and mid-July, produced the only slgmflcant melt. PosItlVe values of 

the turbulent fluxes, resultlng from advectlon of warm au over the 

Ice Cap, were largely responslble for the relatlVely strong melting 

ln these two perlods. 

In late July and earl y A ugust Pola r Ocean flow tO?,k over once 

more. The constant nme' and freezlng dn~zle deposlted on the sur-

face by the cool fogs accompanylng t~lS flow kept the albedo hlgh and 

thus meU was negl1gible. Meltmg resumed late in the season, when 

cic10111C System CondltlOns (mainly SEilles) advected warm mOlst air 
i) 

ovet" the Island, prQdUClng near posltlVe values of the ~urbule'nt and 

net long wave fluxes and deposltmg consldera'ble\ preClp,ltatl~. 

3: 3 .1969 

C yclomc ActlVlly Co'nditlO~s dommated 1969. Ali clas ses of 

these condülOns are well represented, mcludlng the NE'ly class 

(low passlng 5 of the Island). Type 1 oc~urred ,ln the begmning 

and at the end of the season, ~ith ,the us ual low melt values. 

Low albedos (seen Hi bothrmeasur~.A and l calculated albedo curve s) 

m late June were responsible' for conslderable ,melt at that Ume . ., 
The albedo values appear to be a result of ram accompanymg NNE'ly 

i 

flow, assoClated wlth a low trackmg S of Melghen Island mto Baffln .... ",\ 

Bay. 

By July, Cyclolllc System CondltlOn's were establ1shed and the 

. 1 

1 .. 

\ 
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-, 
contmuous pas sag~ of systems along the NW edge of the Islands pro-

duced high values of rnelt and preClpltatlOn whlle holdmg screen tem

peratures bélow freezing. 

In mld-August thé end. bf a cyclon1c passag,e developed mto cloudy 

Island flow (c1ass 18), and high values of the turbulent and net long 

wave fluxes resulted m consIderable melt at Mam Icè and mean tem-

peratures above freezi?g. Melt contmued as clear Modihe'd Island 

~ . 
CondltlOns (Class '8) replaced the S'ly Island CondltlOns. The la~t 

few daya"- of August saw the return of Polar Ocean Condihons and freez-

Ing temperatures. 

f 
3: 4 1961 

As ln 1969, Polar Ocean CondltlOItS occurred at the begmning 

, . 
and end of the season, wlth the accompanying low melt values. Through-

out June surface e.helght measurements Indlcate steady accumulatlon. 

Heavy dnftlng and blowmg snow, as soclated wlth str ong pres sure gra
~ 

dients between the Baffm Bay low asd Polar Ocean HIgh, are partlally 

responsible for thlS accumulatmn. 
). 

The s\ltface helght measurernents 

show accumulatIon of close to 40 cm ln late June and early Juiy. Th1s 

accumulatIon was not reflected ln preclpltatIon rneasurements due to 

the dlfhcultles of measurmg precipltatlOn m strong wlnds. (In the 
, 

calculatlOns 40,cm was add.e~ to the inItial depth of the snow pack to 

a,ccount for thlS accumulation.) 

By mld-July cyclomc syst,ems of the warm sector c1ass (clasa 15) 

dommated. Melt proceeded rapidly and was not accompamed by 80lid 
1 

preclpltatlOn, leading to complete 1088 of the snow pack. Once glaCler 
.~ , 

ice was reached the caleu1ated melt values mereased considerably due 

" 
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p 

!he Cyclonic Syst~m Conditions occuring over gla;-

Cler lce were not accompanied by sohd
j
, preclpitatlOn and. produced Slg

il 

mhcant melt fo~ the remalnder of Julyand early August ln the calcu-

latlC::ms. In August Polar Ocean and Island condltlOnS alternated, but 

both caused melt untli late August when persIstent Polar Ocean condi-

tlOns succ~ded ln depres slng, tempe rature 6 and melt. 

ExammatlOn of the surfale lowermg measurements for the period 

after glacler lce lS reached suggests contlnuous accumulatlOn of snow 

durmg thlS penod. Such COtfchtlOfls would drastlcally alter the energy 

b'udget for the penod Vla albedo, ln addition to compensatmg melt wlth 

accumulation. If the lce surface was repeatedly covered wlth snow, 

an~ the albedo. held al 75% durlllg thlS perlOd,' calculated melt would, 
r , 

be decreased by 28 cm water equlValent or 31 cm surface height, and 

the calculated curve would agree with the mea.sured surface helght. 
f,. 

The effect of thlS lS further discussed ln 4. 

.' .. 
q ~. 

3: 5 197Q 

The season began wlth unusually cold Polar Ocean Conditions. 1;here 

was no melt untfl late June when Type l flow W?S repea'edly replaced / 

bi the other two types, resultmg m Type IV clrCUlatlOn. ThIS ra'Pldly 

changing èircula.tion resembled Cyc1.onic System Conditions, whlch due 

to the penods of Polar Ocean apd Island flow, yielded less prec1pita-
.. 

tion than pure Type Il C yc10nic System CcnndülOns. Raln and relatlVely 

warm temperatu,res accompanymg an early occurrence c;>f thlS type de-
(' ...,. ~ 

CT~a8ed the albedo, resulting in a mld-season peak ln absorbed solar 

radiatlOn. In June and early July thlB was al.lgmented by relatively hlgh 

.. lncornmg long wave radIation from warm thlCk cloud. 
r 

f 

,1 
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Two per~ods of Modlfled lsland CondltlOns ln mld-July and early 

August produced clear skie s but are rather meffectual for melting 

due to the high negatlve net long wave values. The Modifled Island 

portions of the Type IV ClrCUlatlOn (sorne of whlch showed up in class 

l as they were assoClated wlth N'ly wmds whlch had recently passed 

over land) combmed wlth the warm sectpr portlOns of the Type IV 

circulation to produce the most slgniflcant uncomp~nsated melt in 

~ 1970. 
, 

A perlOd of cool foggy Polar Ocean CondltlOns mhlblted melt dur-

ing mld-August. By late August fresh snow lncreased the albedo and 

solar lncomlng radIation was low due to solar angle. J:he moderate 

values of long wave Incommg radlatlOn were unable ta bala..nce these 

low values of absorbed solar radlatlOn. Melt was mSlgriii,lcant while 

the cyclomc actlvlty of Type IV deposlted conl::ndcrable snow. 
1 

3: 6 1962 

Island flow was estabhshed early in June, causmg considerable 

melt and a decrease ln surface albedo. The se conditions were re-
, 

placed briefly at the end 01 June"}by relatlVely warm Polar Oceq.n Flow. 

Fully developed clear Island condltlOns dommated July. The snp\ 

pack disappeared before mid-July and a strong mld- sealion peak in 

melt reflects the Increased values of absorbed solar pra atlOn and 

_, the a'ccompanying posltive values of ~he turbulent flux ~. 

Though clrculatlOn began to alternate ~n late July, melt remained 

s~rTg due to low albedo, and 'I:wlid preêipitatlOn was not experien,ced 

until the last few days of the month, when a well-developed cyclonic 
• t 

system passed over Melghen Island. 
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When Polar Ocean Conditi'ons were re-established ln August, melt 

continued due to the low albedo of glacier ~ce~ Surface lowermg mea-

surements suggest that the lce may have been snow covered 'ln late 

August, resultlng in cessatlOn of melt at that lime and ln a decrease 

- in total seasonal melt. 

3: 7 1960 
,~ 

As in 1962 Island flow was estabhshed by early June while Polar 

Ocean clrculation was only expenenced during the transition between 
CI 

consecutIve ndges... Island circulatlOn alternated with the other types 

throughout the season, but the~e does not appear to have been any 

Slgn.lhcant preClpi:atlOn wlt,h the 33Yclonic systems. 

The snow pack which ~as not' deep initially had dlsappeared by mid-

July., Melt peaked m lâte July due ta the high albedo and rernained hlgh 
, . . 

ln early A~fUst due to posltlVe values of net long w<;ive 

the warm thlck cloud ancLfog accompanymg Island flow 

ql.diation from 

at thlS Ùme. 

The Island and Modlhed Island condltlOns of 1960 differ from those 

of 1962 ln that they are dominantly c10udy Island conditions, where pos-

ltive net long wave radiation rq.ther than high solar lncomlng radlation 

lS responslble for rnelt. This is perhaps~ a result of the trequently 

changing synoptic conditions of 1960, in contrast ta the e'!Itablishmen~ 

ln 1962 cf. a quasl-statlOnary high wlt\l S'ly flqw, and strong subsidence 

WhlCh tendà ta disslpate the fog and cloud. 

~ 
Polar Ocean ConditlOns do not appear to take over untll the last 

few days in August (from syno~tic studies) • 

* The calculated values of energy balance in 1960 are least accurate 
due to the method of interpolating missing data and due to the lack of daily 
surface lowering records. However useful information can be obtained 
from examlnation of the results. 
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3; 8 Governlng Factors 

Polar Ocean Condltlons cornpietely dornlnate 1968, conflnlnK melt 

to a perlOd of warm an advectlon under Modlfled Island conditlOns, 

The nme and fog accornpanymg the mld-season Polar Ocean flow was 
, /" 

largely responslble, through albedo, for the lack of melt at that tlme. 

1969 was controlled by Cyclolllc System CondltlOns yH~ldlllg near 

freezlng temperatures, moderale melt values and hlgh preClpltatlOn 

arrlOunts and frequently experlenClng poSItlve mass balances. Slgnlflcant 

uncornpensated melt was experlenced wIth cloudy Island CondItlons and 

clear Modifled Island CondülOns occunng ln late August; the former 

dominated by positive net long wave balance s and the latter by high 

values of solar radlatlO~sorbed at the ground. 

The 1961 ablatlOn reglme was lnltially created by warm sector cy-

clome clrCUla~lOn (hlgh melt and lIttle sohd preclpltatlOn). Glacier Ice 

condÜlOns dominated from mId-Julyon, ln the caicuiations. If the mea-

sured accumulation values had been used to augment the preclplt,atlOn 

values ln the calculatlons, melt would have been decreas«'1d byas much 

as 30 cm. 

Foudwmg unusually low temperatures wllh Polar Ocean flow early 

ln the season, 1970 expenenced contInuaI alternatlon of cIrculatlon type s. 

Thls phenomenon produced condltlOnS simllar to Cyclonic System Con-

ditlOns but wlth less preClpltatlOn, due to the intervenlng penods of 

Polar Ocean and lsland flow, ) 

Island conditlOns became e stabl1shed early mJl962 and dominated 

the season along with the resultant glacier Ice conditlOns. 

The 1960 season was controlled by Island condItions but brief ap

pearances of Polar Ocean Conditions and Cyclonlc Systerrl.s prevented 

the establishment of c1ear anticyclonlc conditlOns as in 1962. 

.1 
\ 
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-
3: 9 Intervening Years 

/' 0 

Climatic analys~s of the mtervening years suggests that 1964 
: .~ ~ 1 ", , 

/ resembled 1969 while 1967 was a slightly less developed case of 

Type II dominance. The season of 1966 appears to be simllar to 
\ 

> 
1968 except that the mid-surnmer Type III occurrence lasted longer 

in 1966. In 1963 this mid-summer Type III perlOd was almost long 

enough to rnake it an Island year. The very cold June of 1970 showed 

up in 1965 wlth a suggestlOn of Type II cirCUlatIon ln rnid-season and 

Type III in August. 

, 1 
, 'f 1 

1 

1 
1 
1 
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CHAPTER 4 

!.' THE EXISTENCE OF MEIGHEN ICE CAP 

4· l 'Mass Balance 
, ! 

4: 1. 1 Net Mass Balance 

Companson of calculated net summer ablation wlth measured net 

m~ss balance is haz,ardous as the measurements were not made at the 

same tlme each year, and there lS no satlsfactory recor~ of what occurred '. 
r; 

between the time of meas urement and the, begmmng of the meteorologlcal 

observatlOns ( and thus of the calculatlons). Assumlng the calculated 

results are reasonable (wllh the exceptlOn of the problem of accumula-

tlOn m August of 1961, see II 6:3 and 314) sorne mformation concerning 

the sprmg ~ccumulatlOn can, be obtamed from Flgure 4: 1. la. Here 
/ 

results of subtractmg the calculated net summer ablation from the mea-

<.1 
sured wmter accumulatlon are compared wllh the mean net mass balance 

for the indlvidual stakes ln the vlclmty of Mam Ice. It shou1d be noted 

that there is conslderable varl.atlon ln measured net mass balance be-

tween the four or flve stakes used and that these varlations do not ap-

pear to follow any speClhc pattern from year to year. 
, 

With these limlt~ions m mind, sorne mteresting trends emerge from 

Flgure 4: 1. la. 
'0 

ln tht: summers where solid preclpitation is less than 

'10 cm water equivalent (1960, 1962 and 1968) the value of rneasured net 

mass balance is slightly more negative than the calculated values. Two 

factor s Ukely contribute to the se differences in 1960 and 1962. It lS 

quite possible that ,sorne ablatlOn t0,9~ place before the start of meteoro-
~ ';1.-

logical observ~tlOns. As the surface' height measurements were made 
• -' ! ~-

near the camp, a~nd dr{fting lS always gz:ea.N\r m the vlcmity of bulldings, 
~ if' "". 

lt is quite possible that the snow pack was deeper at this site than at 
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the ma SB balane e B la ke s. In' th.. e vent lhe s now pa c k wo uld d •• 'ppea r \ 

sooner at the mass balance stakes than at the camp, and the glacIer' \ 

lce melt rates would apply ~onger al the stakes th an in the camp. The5\e 

\ 
two effectr:. are certaln1y sufflcient ta account for the small dlfferenc.e ln 

measureJ and calculated va1ueb. 

In 1968 wlnter accumulatIon was measured ln late May and preClpl-

tatlon fa1hng ln 1ate August wou1d probably appear m the mass balance 

measurements as next wlnterls accumulation rather than as 1968 sum-

L 

,~er accumulatlon. 'If thlf$, was taken lnto consIderatIon, the stake mea- A 
s urements and cale ulatlons would agree well. The wlnter ac cumulatlon/ 1 

values for 1967 -68 are rather hlgh, suggestmg that the ,l'spnng'' snow 

lS inc1uded ln thlS "wlnter" accumulatlon. 

In 1970 the mass balance measurements were made on 30 April and 

the fIgure lndlcates snow ln May of the order of 3 cm water eqUlva1ent, 

WhlCh lS reasonable conslde,nng that very low temperatures perslsted 

lnto early June that year. 

Sprlng accumulatlOn of 25 cm water equlvalent lS needed m May of 

1969 to brmg the calculated net mass balance up to the measured values. 

Snow and b10wlng snow were frequent during the latter part of May ln 

,thlS year, and though no records were kept lt lS qulte posslble that this . 
much accumulatl,on occured in sprmg of 1969. 

Before cornparmg the 1961 calculations wüh the measured values 

two adjustments must be considered m connectlOn with accumulation WhlCh 

appears ta have taken place m the latter part of the ablatlOn season and 

which was not taken lnto account in the orlglna1 calculatlons. Flrstly, 

the amount of the accumulation must be açlded to the mass balance. ~ec-

albedo values on the energy balance must 
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be accounted for (as much as 26 cm, see 3:4). Applymg these cor-

rectlOns gives a calculated net mass balance of -5 cm cornpared to +3 

measured, suggestlng 8 cm or more of spnng pre Clpltat Ion, which lS 

qulte reasonai>le. 
1 \ 

l , \ 

In Flgure
l 

4: l. lb the net mass balance of the stakes near MaIn Ice 

lS compared wlth that of the whole Ice cap for the years 1961 to 1970. 
\ 

The Island years (1962 and 1963) and the CyclOlllC $ystem years 

\ 
(1961, 1964, 1967 and 1969) show larger differences betjen the Maln 

Ice and ice cap mass balance. The results suggest a st eper gradIent 

of ~lon wlth helght ln these years than ln Polar Ocean ears. The 

occurrence of Island condItlons before mid-June, resulting ln early loss 

of snow pack and il' sequent lowenng of albedo at lower elevatlons and 

. t 
the better dralllag re hkely responslble for the gradIents ln the Island 

years. In cyc10nlc years It lS probable that much of the preClpitatlOn 

fall'ing as snow at the suanmlt of the lce cap falls as raln at lower ele-

vations where the Influence of the warrn land lS fell. r Ocean 

years, such as 1968, the a1bedo remains h1gh over the whole due 

to constant rim'e, etc., even after the snow pack disappears 

elevations. 

Paterson (1969) found ablation to be greater on east and south slopes 

of the lce cap and sugge'sts this may be a combmation of rneteorologica1 

effects and Improved drainage on the steeper slope~ (See also 4: 3.2). 

4: 1. 2 Prediction of Mass Balance 

Figure 4: 1. 2a shows the re sults of using melting degree d~ys from 

Meighen Ice Cap and Isachsen to estima te net rnass balance. The gen-

eral shape of both the Main Ice and Isachsen curve is good for the Island 

Il 
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years when strong melt lS expen/enced, and the Maln Iee eurve lS qUlte 
f 

good ln the Polar Ocean year s wlth the exc"eptlOn of 197 O. E stlmates, 

USlng Isachsen meltmg degree days for the strongly Polar Ocean years 

of 1966 and 1968, are 'partlcularly poor empha,slzlMg the fact that Isaehsen , 

and MaIn Iee are ln separate reglIues under thlS type" of cuculatlon. 
1 

The estimates are Improved by USlng the per~ent occurren2e of 
... 

classes ln SEB dlagram for each year, as shown ln Flgure 4: 1. 2b. The 

general shape of the curve lS good. , IneluSlOn of a temperature class for 

temperatures ), 2
0 

C would Improve the low e stlmate for 1962. The 

estlmated value lS 7 cm too high ln 197p, due mamly to partle ularly large 

amounts of preClpllatlOn ln that year wlth cool SW flow, and to the/1ow 

melt value s as soelated wlth clear modlhed Island condülons WhICh oc-

curred late ln the season when solar angle was low and albedo l11gh. In 

/ the other four years the estlmated values of 5ummer net mass balance 

are wlthln 3 cm of the calculated values (calculated from three-hourly 

observatlOns). 
1) 

ln addltlOn, lt was seen ln 4: 1 and 2 that knowledge of the clrcula-

tlOn Types prevalling durmg a year lS useful in extrapolating from Main 

Ice summer net mass balance CalGLllatlons to net °mass balance of Main 
~ i'" 

Ice are a and of the whole ice cap. 

4: 2 Factors Governmg Mass Balance of Melghen Ice Cap 
. 

The Melghen Ice Cap mass balance regime lB controlled by unusually 

low ablation and by sprmg 'and summe.r accurnulatlOn. Wlnter accurnula-

tlOn appearB to be of l1ttle Importarice in mass balance of the Ice Cap. 

There follows a brIef discussion bf -the factors governing the occurrence, 

on Meighen Ice Cap, of mel,t, o,f suppresslOn of melt and of spring and 

''i 
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Reference should be made to Flgure 4: 2. 1 * 
" WhlCh summarizes the climate, energy balance and mass balance charac-

tenstlcs of the SIX years of Melghen Island data. 

4: 2.1 Melt 

Over glacler lce on Melghen Ice Cap the ~rongest meltlng IS ex-

penenced wlth the clear, warm, fogless condltlOns _of Ilght S'l y flow, 

accompany-mg estabh~t of anticyclonic cuculatlOn and subsIdence 

over the Arctic Islands. Turbulent fluxes are posItlVe, due ta advection 

of warm au over the lce cap, and absorbed solar radiation reaches a 

maximum due to clear skIes and low albedo. Over ':>now pack the hlgh-

est ablatlOn occurs wlth warm c10udy conditlOns due to the decreased Im-

" pance of solar radiation as a result of h''Jh albedo values. "These 

conditions "are most strongly developed on _occaSIons when the warm sec

tor of Cyclon:~~em circulatlOn intrudès lllto the Melghen Island area. 
~ 

The clear, warm C~l...tlOns of NElly ITlOdlfied Island flow yields Just 
"~ 

shghtly hlgher melt than below-fi.èe~g broken conditlOns accompanying 

SE'ly frontal activlty emphasizmg the l~~ta--!lCe of the long wave m

commg radiatwn to the surface energy balance ~~.urface. Con· 

ditlOns produclllg melt on Melghen Ice Cap are not unlike those in nelgh-

~oring Islands, the major difference being the frequency and duratlOn of 

s uch conditions. 

• 
4: 2.2 Suppression of Melt 

The SEB diagraITl illustrates that, even in Island years, Polar Ocean 

floW' successfully supresses ITlelt, accounting for the cOITlparativElly low 

ablation values experienced on Meighen Ice Cap in relation to those found' 

*" Figure 4: 2.' 1 is also av"ailable as a reITlovable chart. in the, back pocket 
along with the SEB Diagrams of Energy Bàlahce Components to com
plement discussions of this èhapter. 
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m warm seasons on Axel HeIberg and Ellesmere Islands. The stlPong 

Polar Ocean flow advects cool, unstable fog and cloud from the ice pack 

onto the Ice cap. Turbulent fluxes are negatlVe due to lapée condülOns 

of temperature and humldlty ln the lowest meter. The cool thm fo~ pro-
1 

duces low valu~s of long wave incomlug radlatlOn due to low tempe\atures 

and low emissIvlty. The high surface 1 albedo produced by nme, freezlng 

drizzle and hght snow, which accompanies the cloud-fog, more than bal-

ances the high transmISSion of solar radiatlOn through the thm fog. Strong 

• 
wlnds contmually replemsh the fog and cause blowlng and driftmg snow. 

o 
When temperatures remam below - 2 C, melt lS neghglble and the fre-

quent hght snow assoClated wlth the cloud-fog results m shghtly positIve 

summer mass balance values wlth the colder Polar Ocean flo~. Even 

when temperatures approach freezmg, melt seldom exceeds .2 cm/day 

with flow off the cool Polar pack. 

Wlth the exceptlOn of the extreme NW coasts, Ellesmere and Axel 

HeIberg Islands are not affected by Polar Ocean flow due to the high 

mountains hmng their coasts. l Isachsen is also protected by hills to 

N and NW and lS situated well inland from the Polar pack. The northern 

portion of Ellef Rmgne s Island is adjaceht to a considerable area of snow 

free land. The low albedo of the bare arctie tundra makes it an im-

presslve heat source, effectlvely dissipatmg this low cloud and f6g with-

in sorne 20 mües of the coast. It should be noted, however, that the 

NW coasts of the Queen Elizabeth Islands show a laek of vegetation and 

that satellite photos show that Bnow lB often very late leaving the northern 

, 
hilly portlOn of Ellef Rmgnes Island • 

• 
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4: 2.3 Spring and Summel' Accumulation 

Passage of Cyclomc Systems S of the Melghen Island area contnbutes 

substantlal amounts of snow to the ice cap. Though the thlCk warm clouds 

a cornpanylng these conditlOns can produce consld~rable melt, tempera-

'-4r..,.,. .. aln below freezing unless the warm sector lnvades the Melghen 

region. Particularly wlth the colder lnstances of such conditlOns the pre-

clpltatlOn more th an compensates for the melt whi1:.:h takes place. 

It should be noted that (see II 3), with pas sage of a system S of 

Melghen IsI~nd, Devon Ice Cap can be expenenclng the hlghest rnelt of 

the sea~on' as a result of the thlCk warrn cloud and strong wlndB of the 

warm sector, whlle Melghen Ice Cap expenences passage of the upper 

trough wlth below freezmg temperatures and considerable solid precip'-

!tatlon. 

The net mass balance measurements suggest that surnmers domi-

nated by Cyclonic System flow and accumulatlon are normally preceded 

by considerable amounts of spring acc umulatlon whlch can aB mu:h aB dooble 

the depth of the Bnow pack before melt beglns > ln earnest. 

AccurnulatlOn lB doubly important on Melghen Ice Cap as the lOBS of" 

the snow Pilck results in a considerable lllcrease ln melt, or in sorne 

1 cases the initIation of melt, due to the lowering of albedo. 
A 

4: 3 The Existence of Melghen Ice Cap 

4: 3. l Origin and Mamtenance 

Examination of the storm tracks a.nd 500 rnb flow suggeits that cir-

culation could be discusBed in terms of the position of the Arctic front 

in relating the general clrculation to the mass balance on ~eighen Ice • 
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Cap. In Polar Ocean yei;lrs the Arctlc front would he along the Maln-

land - Island border. whtle in Cyclomc System year s lt would stretch 

-,' 
along the NW edge of the Islandii and ln Island years he ln the Polar 

Ocean. 

It has been shown. II 3, that widespread warrn clear skies are as-

W sOClated wlth the Shlft of the 5 00 Inb cold low to the Slbenan sIde of 

the Polar Ocean.;II It lS conceivable that the Chrnatlc Optlmum (ca. 

o ~l 
3000 years ago) was assoClated wlth such a clrculatlOn or~least wlth 

the posltlOmng of the Arctic front well N of the Queen Ehzabeth Island 

area. The dlsastrous effect of Island flow on the mass budget of the 

Ice Cap preeludes lts eXlsten~e under these condltions. Koernerls lee 

core studles also suggest that Melghen Ice Cap did not SurVlve the 

Climatlc Optimum but has formed Slnce (Koerner, 1968). It seems . )"" ~ 

reasc)'nable that, as the cold low gradually shlfted towards North Amenca 
• 

at the close of th'~' Gptlmum, the potentlally hlghly baroclime zone be-

tween the Polar pack and the Is lands became, for an extended penod 

. _, ~,lIof tlme, the predomlIilfl-nl: posltion of the Are!le front. If thlS were the 
.. 

case, there ~?J.lld' be a peri od at the close of the Climatlc Optimum 
, ~ 

when when Cyclon'lc System clrCUlatlOn a~d the resultant spring and sum-

mer accumulatlOn would dominate the Meighen Island reglOn. In thls 

manner a permanent snow patch could slowly grow into the small lçe 

cap which exists today. As the 500 mb vortex contlnued S across the 

Island's, the bai-oclinlc zone would tend to shift to the N coast of the 

mainland; the resultant Polar Ocean' circulation allowing the stl'ugghng 

ice cap to survive most surnmer seasons. Polar Ocea~ condItions ap-

pear to be the domlnant pattern at the present time but the ice core 

• ~ shows a distinct ablation surface which Koerner (1968) estimates to be 
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bf the ,arder of 500 -600 years old, bearmg wltnes s ta the power of 

ls land Clr culatlOn. 

4' 3.2 The Shape 

In FIgure y'i.~~ height contour map of the lce cap and the map 

of caie ola t .dcontou~f eq ual ablat lOn (aHe r Pate r 8 on, 1969) are com

pared wlth the roses of melt and warm air advection. There is "a 

strlkmg correspondence between the duectlOn of steep slopes (resultu1J&.. 

f 
' ~\ 

rom larger ablatlOn gradlents wlth height) and atrnosphenc flow producmg 
'» 

hlgh melt values (assoclated with strong warm alr advectIon). In addltlOn, 

consldering that rnost Cyclonic System flow, and thus the major portlOn 

of sprmg and Summer snow accumulatlOn lS assoclatlOn with SE'lies, lt 

is not unreasonable to p1.cture the lce cap as a lar ge snow dnft faClng 

mto the SE wmds, wlth the long leeward tall stretchlng N qnd NW'ly. 

J'he N tangue, once created, 15 adéhtionally protected by the cool Polar 
4'\ 

Ocean flow. C, '1 

4: 3.3 The Geographical Position 

The circumpolar rnap (Figure 4: 3.3) shows Meighen Island to be 

a smaU Island ln a large sea area, a sItuation not found elsewhere in 

the Canadlan Arctlc Archipelago. However, the m.ap shows, m the 

Siberian Polar Ocean, numerous small lslands m vast areas of ice 

choked sea,l.e., Hennrietta, Schmidt and Ushakova. The temperature 

reglme IS simllar to that on Meighen Island (Grosval'd and Krenke, u1lHb-

lisred) but the ice caps a~e, generally larger (Chizhov and Bazeva, 1970) 

as the Soviet islands are more isolated from other land . Cyclonic 

systems also provide the accumulation for those Islands ( Grosval 'd 

and Krenke, unpublished) • 

• v 
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4: 3.4 Conclusions 

Meighen Ice Cap eXlsts: 

because of Melghen Island' s posItion on the edge of the Pqlar Ocean 

surrounded by expanses of ice covered sea (WhlCh effectlVely means 

that lt hes ln the Polar Ocean); 

because it lS sufficiently high to be ~ most of the cool thm Polar Ocean 

stratus and stratocumulus blown over the lsland by strong N'ly flow; 

because it lS not large enough to dis spp3,4:e thlS c1oud-fog; 

and because, the ice cap, once formed, tends to lncrease or prolong 

cloud and precipitatlOn through coohng and orographic effects. 
t 

It 18 suggested that the Ice cap ongmated aftèr the Clu'G~J:ic OptlJ:hum 
,i '-" 

durmg a period when steep horizontal ter:'perature gradIents were found 

along the NW edge of the Islands. Smèe then lt has been malntamed by 

Polar Ocean flow and 18 periodlcally given a new lease on life by the ac-

cumulation accompanylng a Cyc10nlc System year, only ta lose that and 

hve or six Polar Ocean years' accumulation in one Island year . 

• , 1 
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CHAPTER 1 

FIELD PROGRAM AND AVAILABLE DATA 

1: l Introduction 

Melghen Island lS located on the NW edge of the Queen ElIzabeth 

Islands bordering' on the Polar Ocean (see Flglhe 1: 1). It extends 

56 km m length wlth ~ maXImum wldth of 40 km and lS charactenzed 

by low relIef m the form of rolh.ng plaIns. The sallent feature of 

thlS nlonotonous ""*,-ndscape IS the lee cap which oce uples the central 

portlOn of the Island (see FIgure 1 ~ Za). The lce cap covers approx-

irnately 80 krn
2

, has a maXlmum 

to only 268 rn above sea level. 

even at 80
o

N. 

thlckne $ s of 120 rneters and rlse's 

Thls lS rern(l.rkably lQw for a glacIer 

The anornaly of Melghen Ice Cap has interested arctic researchers 

smce 1956 when an photography conflrmed ils eXIstence (Dunbar and 

Greenaway, 1956). The hlstoryand reasons for studyof Melghen Ice 

Cap are dlSC ussed III detall ln Volume 1 Chapte r 1. --~steins son 

(Geological Survey) earrled out geologloal reconnalssance on tile---1-S..l~I).~ 

and lce cap eleven years later, by dog . sIed. In 1959 Polar Continental 

Shelf ProJect began sClentlfie lllvestigatlOns there which are still in 

progresse VertIcal photographie coverage and accompanylng survey 

Â' 
ground corit:ol were undertaken ln conJunctlOn wlth NatlOnal Research 

Council, Defence 'Reiearth Board and Geographical Branch durmg the 

first two years. The necessar'1 field work for thlS was carried out by 
1 

K. C. Arnold (GeQgraphlcal Branch) who also was responsible for the 

glaciologlcal and rneteorologlcal work done during the year s 1959 -1962. 

Qravity rneas'urernents were made by R. Horna1 (Dommion Observatory) 
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Figure 1: 2a .Profile of Meighen Ice Cap from the East 
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and supported by selsmlC work ln 1960. W. S. B. Erson (Polar ContI-

nental Shelf ProJect) look over the glac 1010glcal pr gram m 1963 and ln 

1965 dlrected the dnlllng of a bore hole through t thlckest part of the 

lce cap. The resultlOg g1aclOlogIca1 studles were un'dertaken by Paterson 

and R. M. Koer,ner (1nstltute of Polar Studles, OhlO State- "'UnlVerslty and 

Polar Continelltal Shelf ProJect) and -are conttnumg. 

In 1968 wtth the fmanCla1 ànd loglsttC support of Polar ContlOental 

Shelf ProJect the author mltlated a surface energy balance study of 

Melghen lce Cap wlth the objective of determInmg the reasons for the 

eXIstence of Melghen Ice Cap by examInlng the components of the sur-

tace energy budget of the lce cap. The specIal reqUlrements of the 

studyare discussed m Volume l Section 1: 3. ln respons..e ta these 

requirements two statlOns were rnamtained throughout the four fleld 

seasons and vanous other statIons were establtshed for shorter per-

lOds. The Instrumentation was k;ept as baSIC as possIble as dlscussed 

ln Volume l Sectlon 1: 3 . In the prebent chapter the data obtalOed 

from this and prev lOUS held programs 18 outllned. Reference should 

be made ta Volume 1 Chapter l for further dISCUSSIon of the topograph-

ical settmg of Melghen 1 sland. 

* The rernalOmg chapters J.D vyume II contalO a detalled analysis of 

the observed chmate, energy balance and synoptic reglme of Meighen 

Island, the flnal chapter deallOg wlth the computer m~del used to ex

t~'pd the two years of energy budget observatlOns ta the SIX years of 

cl1mate data. ln Volume 1 the results of these analyses and energy 

balance ~latlOns are used to develop the Synoptlc Energy Balance 

Dlagrarn and dlSCUSS its Imphcatlons regardlng the S YI\<?ptlC -mass 

balance regnne of Melghen Lee Cap • 

>:< In thlS Volume references ta sections of Volume 1 will be given as 

" 1 1: 3" and to Volume II as "1: 3". 

.. 
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F~gu/e 1: 2b Melghen Island 

;ir thotograph mosaie 

( 

Figure 1: 2. 1 Maln Ice ( Ml ) : 

looklng towards surnmlt of lce cap 

{ Bh ) from Mi meteorologlcal area 

(photo Petzold) 

Flgure 1: 2.3 North Land ( NI ) : 

from NW before 5now melt complete 

Flgure 1: 2.6 North Iee ( Ni ) : 

looking NE aeroSs land to Polar 

Ocean from Ni "slush camp" 

• , 

• 
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1: 2 Melghen Island StatlOns 1 

The profIle and map of FIgures l :,za and 1: 2b sho\\, the locatlOn of 

the Melghen lsland StatlOns. 

1 
1: 2. 1 Mam lce Statldn (Ml): 

LI" 
sltuated at 241 meters on a secondary 

\ 

summlt of the lce cap, 3 km north of the sumrrllt, lt has served as the 

base camp for most of the giaclOloglca1 and meteorologlcal work SInee 

1969 provldmg the most complete meteorologlcal records. (See Flgure 

1: 2. 1). 

1: 2. 2 Bore Hole StatlOn (Bh): 

the bore hole, lt lS located on the 

an unobstr ucted Vlew of the 

1: 2. 3 North Land Statwn (NI): 

fIrst occupled durmg the dnllmg of 
/ 

Ai umrrllt of the lce cap and affords 

(See Flgure 1: 2. 1). 

ocated on la Q 1. 5 km from the north 

end of the .lee cap on top of a gentle hIlI (78 . amsl), thlS statIon pro-
1 

" 

duced the second oglcal records. It was first 

occupled m 1968. (See Flgure 1: 2.3). 

1: 2.4 West Land StatlOn (Wl): alsu e stabllshed In 1968, lt he s dl- _ 

rectly west of MaIn Ice, 3 km from the lce cap (110 m. amsl). 

\ 

1: 2. 5 North Ocean Station (No): sltuated 10 meters from the ocean 

on the sandy beaeh of the north coast, this statlOn was used In 1969 and 

~ 1 

1970. 

, . 

, 1 
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1: 2.6 . North lce St~tIOn (Nl):" operated dunng 1970, Il 18 t>ltuated 
/ 

" 

half way between Ma1n Ice, and No'rth Land, at 150 rn. amsl: on the north 

slope' of the lce ~capf We~hèr permlttir:,g, MalO Iee and North Land are 

vlslble from thls' str'hon. (See flgure 1: Z. 6) • 

... '} 1 

ç. , l' 1: 2. 7 South le e': llnmanned and se rVleed from !vIam Iee or Bore Hale .-,,' 
,;lib.. 

Camps, thlS sIle IJ at 240 m. arn sIon the steep southwest slope of the 

lee cap. approxlmatcly . 5 km from the bore hole. 
\,., 

FIgure 1 ;2.c shows the' penods dIJ"Flng ,WhiCh the above camps were 

operated a-s meteorologlcal statIons. Dlstmction lS made be}ween per-

lOds when the statIons were llnmanned reeordlng statIons, and manned 

statIons operatlng on eontlnuOllS 3 -hourly, 3-hourly excépt one observa-
o ' 

tIOn, or 6-hourly basls. 

1:3 Meteot'ologlcal Data 

ln the JoHowmg IS an outlm~ of the meteor ologlcal data secured 
~ 

to date on Melghen Island. Reference should b.e made to FIgures 1 :3a, 

band é for the length of meteorologlertl reco~ds obt,ained each year at 

the varIOUS statIOns for eaeh ot/the parameters. The 'Main Iee mete~ 

, J 

orologlcal c9mpound 15 shown,m FIgure 1: 3d. 
. " 

1: 3. 1 Screen Temperatures 

Thermohygrographs were malntamed m Stevenson screens 'at all" 

, " ~'. 

the ~eteo:tologlcal statIOns for theu total perlOd of operatlOn . The 

. \creen-S". also held G~nad~ D,epartment of Tr~nsport~ Meteorolog~cal 

·Branch dry bulb, maximum and minimum thermometérs. ~aem. aspirate
0
d 
. " 

<' 
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Tlgure 1: 3d Ml 'Meteorologl~al Compound 

, 
Flgure 1: l. 1 ~ln! Scteen.s and Mast (Ml) 
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• 
., ~ 1 

"" / 

. " 

'Figure J: 3. 5 .Radiatjon Instr~mentB , 
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psychrometers were u5ed' at Maut Ice, North Land, North Oced.n and 

West Land, but consIderable trou,ble was tpxpenenced wlth the fan mech~ 

anlsm. Complete records of unaspuated screen tenlperature were se-

çured From aU StttlUIlS fur thelr total perlùd of operatwn. 

Styrofoam screens, designed by the author, contaInmg Ha~nl psy.l 

chrometers or Meteurological Branch thermorneters were llsed to .ob-
.. ' , 

tam aH telnperatures at 30, 90 and 150 cm d.bovc the surface (see 

FIgure 1: 3.1)." These bcreens proved effectIve ln protectlng the ther.. 
mometers from accumulatIons of nlne, freezing drlzzle or rain and 

~ < 

blowing srow and, except on Infrequent stIll clear days, from radIatIve 

heatll1g. ProfIles of temperature ,were obtalned' at 3-hourly ll1tervals 

from Mall1 Ice for 196ti-70 and from North Ice and South let! for 1970. 

The ther~ometers were cp.llbrated by NatlOBal Researeh Counell after 

the 1969 and' 1970 fleld seaSOl1s. fll:,he correctlOn factors from thesè 
l '-__ ~\ 

1 • two cal1bratlonb were sufflclently consIstent. CorrectlOns were also 

'made to account for the unasplratè.cl readIngb. 

In 1961 Stebelsky, Ubll1g a sllng psychrometer, measured air tem-

peratures at 1 meu'~'r and near the surface, over the Ice cap and land 

'east ~,f MaIn Ice under vanous w'~ther condltlpns. 

been dlscussed (Stebelsky, 1962). 

1: 3. 2 Humldlty 

" The results have 

Relative hunlldlty traces v.;er~ obtfill1ed for all statlOns, from tlle 

thermohygrographs. The' r'egu1ar 3-h~ur1y or 6-liou'fly observatlOns 
, . 

ll1cJuded wet bulb,s tempera,tures at Mam Ice (30, 90 and 150 cm). 

North Land (150 cm), North !ce (90 and 150 "cm), West; Land hso ,cm) 

and North Ocean (150 c1î1) • 

" 

~" 

. ... 
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1: 3. 3 Atmosphen~ Pressure 

StatlOn pressure and pressure tendency were recorded' at MaIn Iee , ... 
and North Land by a Fuebb aneroid baromcter and a three -day baro-

graph, suppl1ed by the 0eteorologlcal Branch. Sea level prebbure wab 

also obtained from. M,lln Ice accurdIng,to the Meteorological Brancl~re-. 
ductlOn table for the statlOn. 

1: 3.-1 Wllld 

Regular readlllg5 uf wllld speed and dlrectlOn (ca. 150 cm) wer~. 

secured for aU stàtlOnb. MeteorolDgleal Branch tutallzlng. anemometers 

were used to obtain 3-hour run of wllld records frorn Malll Lee, North' 

Land, North Ocean and North Iee. Small Fuess ane~ometers 10cated at 

1 30, 90, and 150 cm Ylelded 3-hourl-y profIles of wmd for Mam Lce (1961)-

70) and Nor'tl:l Lee (1970). 

Wlth the llltenslflcat\on of the wlIld study III 1970, plbals were re-

lease'd tWlce a day frorn MaIn Ice and North Land, weather and person
r\ 

nel perrnltbng. Dunng the rnelt season of that year the 150 cm vllnd 

speed gnd, dIrectIOn were continuously recorded on a SCIence Assoelates 
''''" 

, " ~ 
AU Purpose Wl11d Recording System at the Bore Hole .and South Lce sta-

tions. ln addltlOn, 60 cm run of wind and Instantaneous wlnd speed . Il 

and dlrectlOn were observed at thesJ~ sItes every three hours. Orange 

smoke generatorb, set off and photographed on the re1ahvely steep south 
.. "'* t..", 

siope of the ice cap, produced mformatlOn about the' katab~tlc wind ef-

fect (Petzold, 1971). \ 

1: 3.5 RadlatlOD 

Trace s of short waVe Incomlng InsolatIon were obtalned at Main Ice 

ln 1968, from a Klpp and Zonnen soUHlmeter and drop bar müLivolt re,-

1 
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'TABLE 1: 3.5 

~ 

- ..Radiation Instr ument Cahbratlon Facfors 
-----~ 

StatlOn 

1 
Maln Ice 

\ Instrument 

\ 
\ 
Kl~p and Z ouens 

Davos short wave 

Davos long wave 

, 2 
North Land Klpp and Z onens 

and 
North lce Davos °short wave 

Davos long wave 

1968 

: 5-70 
'~ 

..,. 
265 -
266 

714 

797 

814 

1 

2 

read on the drop bar mllivolt records 

read on a portable mll1volt mete r 

3 up facing lnstrument 

4 down facing instrument 

,1 

--~969 

S70 

276 

279 

700 3 /721 4 

, 848 
\. 

863 

... -, -

• 
1970 , 

1 

570 

250 

248 

6863 /7284 

820 

835 

'. 
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corder, and ln 1969-70 frorn a dally Belfort pyrhellOgraph. At North 

Land a weekly pyrhellOgraph \vas m operatIon. Durmg the 1<)69-70 bca-' 

sons the recordmg rrlll11volt meter produced a cuntlI1UOUb record of 

ail wave InCOl1llng radlatlon, Inea 1', ured on a portable Del vos py r radlo-

mete r - pyranotl1ete r. Three-hourly spot readmgb of bhort wave In-

comlng and reflected radIatIon (!v1aIn lce, North Land and North Ice) and 

of aU wave InCOrnlng and outgOlng radlatlon (MaIn Ice dnd North Land) 

supplem.ented the contInliolls, recordmgs. The portable py r radlOmete r-

pyranometer wab ubed frorn time to tlme tü IneaSlIre bhurt wave and 
, 

all wave albedos ove r bare grollnd and over meltlng bnow and Ice sur-

faces. Duration of bnght s .1I1Shine was obtained at MaIn Ice and North 
l 

Land usmg regular Meteorological Branch Campbell-Stokes sunshll1e .. 
recorderb. FIgure 1: 3.5 bhows the radIatIon Instruments at MaIn lce. 

The radIatIon Instrument~ were calIbrated by the manufacturers 

" befare the 196H fleld seasç>n. sutf5~quently the Klpp and Zonen soian-

• meters were cal1brated by the Meteoroioglcai Branch Laboratory before 

the 1969 season and after the 1970 season. 'The Meteorologicai Branch 

laboratory aiso made an e stimated callbratlOn of the Davos pr yanomete r-

pyrhehometer at these time s and the Davos ll1struments were recal1-

brated ln Davos ln 1971. The Actlnographs were cal1brated' at the end 

" J 

ofpthe 1971 s ea son. Table 1: 3. 5 shows the calIbratIon factors for the 

Klpp and Zonen and Davos Instruments used m 196H, 1969 and 1970. 

The MaIn lce Kipp and Z onen s oianrneter, from WhlCb the maJor portIon 

of the short wave radIatIOn measurements Llsed ln the present study 

were obtained, showed no vanation over the three years. The Davos 

long wave lnstr lIment caiIbratlOn vaned, conside rably, thf,f 1968 to 1969 

change probably resulting from deterlOre.tlOn of the polyethylene d:.9,,'me, 
, H 

and the 1969 to 1970 v'anatlOn being a ï'esult of repla~lllg Ure dome ln 1970. 
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1: 3. 6 Pre Clpltatlon 

PreclpltatlOn amounts were recorded 6-hourly al all manned sta-

LIOns, most of WhlCh w~re equlpped wlth Meteorologlcal Branel} ordmat·y 
, l' ~ 1 

\ ~p '-' 
raln ~auges." The preClpltatlOl1 records suffer frum the 'maç<,!uracles 

\ - ," }. 

common to all attemptb to rneasure the dccurnulatlon of snow accompan-

Ied by hlgh wmds. ,~,However, duration and type of preCIpItatIon and, m 
. ' 

partlcular, the type of snow crystals fallmg were noted. 

1: 3. 7 Cloud 

Cloud opaclly, ambunt, type and helght were e stllnated and reoorded 

ac cor~lllg to MANOBS (1968) speClflcatlons at each obbe rvatlOn. In 1969 
, ' -1" , 

and 197 0 ~ellmg balloQps G!t~Slsted ln the determmatlOn of _the helght of 
• a,' • ' ,. , 

low cloud and the -o;rdrtlcal vlSlblllty lnto obscurlng phenornena. 

1: 3. 8 Other Obbervatlons 

MANOBS speclflcatlOns we re also followed when observmg weather, 

obstructlOl1S to VlSlOn and honzontal VlSlbihty. Reèords were kept of 

locatlon and appearance of rnlrages and leads ln sea Ice. 

1: 4 Measurements ln Snow, Ice and Grqund 'Dunng the Surnrner Season 

1 
1: 4. l ~ Surfa,ce Temperature and GondltlOn 

An attempt was made to rneasure snow and ground surface temper-

atures ln 1969 and 1970 at Main Ice and North Lanq uSlllg smalt styro-

foarn shlelded thermu,ters. The nature;-colour and rellef of the van-

J 
ous surfaces were recorded al alL observatlons and estlrnates were made 

of the of snjlW / s1ush /lQc e Ibare ground when condlllOns changed .• , 
\ 

\ 

j 

.' 
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1: 4. 2 TeITlperatures at Depth 

Palred therITllsters attached to a cable were frozen ln the lce near 

MaIn lce to ITleasure teITlperature at the followlng depths: 0.5, 1,2,4, 

6 and H rneters. These were read dally ln IfJb4 and 1970. 

At North Land dunng July l')b '), ...Jo lhernllsters were sunk al approx-

lITlately 5, 15, 25, d:l1d 30 cm ln the actIve layer ,of the pe:r:mafrost. 

Thesè were read 3 tunes dally for the l'est of the lC)6CJ season and ail 

of the 1970 season. 

1: ,4.3 Propertleb of Snow and Mud 

Durll1g the 19b9 and 1970 seasons, snow dE'nSl~y an~grZln-s-tze-were 
" 1 
1-,> -

measured ~n the vlclnlly of MaIn Ice when a change ln the COnd'ltlons oc-

curred. SlITlllarly, n1uQ saITlples from nedr North Land were welghed, 

dne~ and rewelghed to deterITll!le 
the 7" content of the mud. 

1: 4.4 Surface Lowenng 

A square frame of slotted angle Iron (1 llfheter by 1 rneter), sup-

ported at the corners by stakes dnlled ln the Ice, was used to deter-

m10ne surface lowenng. Fort y -elght readlngs were obtalned from each 

square. MaIn Ice personnel carrled out measurements on two squares 

1 

tWlc.:.~ daIty and on two others dally ln 1968, and on one square dally in 
. \ " 

1969 and 1970. 
l 'r , 

At North lce ?- one-slded verslOn'of the square wa,s 

read 6-hourly. S'now depth records were kE.pt at North Land. 

.. , 
1: 4:5 Permane~ Meteoraiogicai StatlOn Data 

The" study also made use of the three-hourly meteorologlcal obser

-\ 

vatl,ons from Isachsen and Eureka (see FIgure 1: 1) and the upper air 

soundmgs from Isachsen. 

1 
" 

1 1 
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1: 54 GlaclOloglcal Data 

1: 5. 1 Maps 

GlaClOloglcal maps of Melghen Island (1 :50,000) and Melghf;'n Ice 
... 

Cap (1: 25,000) \Vere produced from an photography dnd ground survey 

control!:> underta~~n ln 195Q-60. Detallb of the productlOn of these maps 

have been publ1shed by Arnold {1<J66}. 

l: 5. 2 Mass Budget and Flow 

A Iletwork of 35 stakes has been utll1zed for the 10 years of mass 

balance studles on the lce cap. Thea approXlmate locatlons are shown 
-e. .. ~ 1 

-

on FIgure 1: 5. Z. Each sprmg SlnC e 1960 the winte r a~cumulatlOn has 

been measured carefully at ea,ch stake and s;lbw densltles evaluatedc
• 

.. 
;. 

;) 
"'.!, 

r"'j' 
1, 
~ 

; 

AblatlOn measurements were taken at these stakes approxlmately weekly 1 
f 

, 1 

durmg the summers of 1960-62 and a, few Slmes eac1l season m 196~-7::J. 

The net balance for the prevlOUs year .was dete rm Ined each year ln the 

sprlhg s urve y. Telluronleter and thecvdol1te traverses were m~dF on 

1 f 

the stakes m 1959, 1960, 1961 and 1964,r to evaluate poss1l:Hœ movements 
, ~ 

ln the lce cap. The results of these glaclOloglcal data ha~e been pub-

~lshed by Arnord (1965) and Paterson (1968, 1969). 

, 
1: 5. 3 Bore Hale 

• The 121 meter deep bore hale was dnlled ln 1965, usmg a CRREL 

thermal drIll., The core recovered has been analysed by Koerner and 

the hndmgs publ1shed (KoerI;ler 1968). Temperatures were measured 
l , 

at 34 depths m. the hole lri sprmg of 19'&5, 1966, 1967, 1968 and 1969. 

The results of.(he 1965-67 data have been publ1shed (Paterson 1968) • 

'. In addition, Patersdh has 'eva1uated the rate of closure of the bore lioie. 
1 
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CHAPTER 

CLIMATIC ELEMENTS 

,2: 1 SU+face Air Temperature 

Melghen'Island's posItIOn on the edge of the Polar Ocean results 

ln a duallty 9J cl1matlc reglme.c;;,. ThIS 1 S pa rtic u lari y e vlden t ln the 
\ 

summer temperatures. Figure 2: l' sh9wb, the July and August rnean 

surface aIr temperature dlsfnbutlOn over the area (Orvlg 1970. after 
( . 

Prlk). In July the snow free Islands of the Archlpelago are strongly 

heated whlle the archlpelagy: sea and contlnental shelf ared of the Po
l 

lar Ocean hover Just above freezmg. By August the zero degree IS0-
, 

therm has pushed south into ~ht:;. Beaufort Sea and the mlnUS ODe degree 

lsotherm approaches the contInental sheU ar,ea. 

Taule 2' 1. 1 / 
/ 

-7--- -"-;------
f Mean Air Temperat" .. "._ Oc 

Main lee r North Land 

laacheen 

Eu reka 

Alert 
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1. 3 
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5.1 
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2.9 5,6 

" J ~ June, J = July, A ~ A"g".t, , 55 = Summer Sea80n 
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A 
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1.4 

J.6 
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20 YEAR 

J , J A 55 

-0.7 +).3 + 1. 5 d. ) 

+ 1.9 t 5.0 +3.4 +]. " 

" -0.7 

2: 1. 1 Summer and Monthly Mean6 7 
\, 

Tabl~ 2: 1.1 .suggests higher tempera,tures ln the Islands than In-
. / 

1 

dIéated ln FIgure .2: 1 and show.s the North '''and temperatures ta be 

conSIstent' with thhse over the 'archlpelagic sea and contInental shelf 

ar~ of the Polar Ocean. ~ summer temperature meal')S (ndiëate 

• 

" 

/, 

\ 
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that· the Melghen Island temperatu-re regime rest)mbles that of the, Polar 

Ocean [l(lating ice htatlOns rather than that of the other I~lands (see . /' -
Isachsen, Alert, and E,llreka'). From Ta,ble 2: 1. l it l'an be seen that 

the ~eans are very sIn1l1ai for the ten yeart>' lQ51-b)O ~nd the slx 

1960r;b2 and 19bH-70 at Ibachben and Ellreka, the md or dlffer.ence 

years 

belng 
Q, ---/ 

.. calder lunes ln the SIX year perlOd at h;-ach-tren. 

The SIX years of 
, 4' 

Melghen Island data appear ta faU LIllo l,va types, 

the \varm years, 1960 'and 1Q62, and the cold years 19b1, 1968, 1969, 
'- 'r1 

,~ 

197 O. At Isachsen the deviatlon from >pe, slxteen year' means for the 

cold years was -'07 deg C whIle for Jne warm years Il wab ahnost 

• tWlce as large (+ 1. 2. deg Cl. ThI~S s~gest~s ~hal the cold years are 

mo're mdicatlve of the recent cllmatic condltlons of the reglon. 

o 
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obtalDed uSlDg the RUSSlan and Amerlcan floatlng lce statlOnb' data and 

the Isaehsen and Alerl records. The MaIn I~ means were Inerea5ed 

one de g C to eOlnpensate for the e leva tlUn of the s tatlUn. _:c The ad-

Justed MaIn lce n1eans and the North Land n1cans wcrc then p10tted 

agall1st the Polar Ocean and Isaehsen-Alert values. The results are 

shawn ln FIgure 2: 1. la. The eold year5 ln aU cabes compare besl 

wlth the Polar Ocean whüe the warm years resemble the lsachsen-

Alert values. The years 1961, 1961), 1969 and 1970 <could be termed 

"Polar Ocean years" and the years 1960 and 1962 the "Island years'~ 

The surTI/ner sea50n and ten-day rneans of temperature are shown 

ln FIgure 2: 1.lb. The Summers of 1960 and 1062 stand out at all 

statlons as belng conslderably warmer than any of th_e other years. At 

Isachsen, temperatures ln 1963, 1966, and 196~ were )'llghtly above the 

~:: '::: 
12 year mean. The shapes of the Isachsen ten-day mean curves for 

these years, are slmllar hav,mg a strong peak ln mld-bummer. On the 

baSlS of 1968, these short relatlvely warm summers al Isachsen repre-
'1 

sent "Polar Ocean ·years Il on Melghen Island. Unusually low temperatures 

'" persIstlng Into mId-June account for Law seasonal means ln 1965 and 1970. 

The absence of a mld-summer temperature maXImum resulted ln below 

average means ln 1961, 1964, 1967 and 1969. 
.4 

Wlth the exceptlOn of 1967. 

the coldest summer at Isachsen, these years expenenced thelr lummer 

maXImum ln mld-August. It appears that, of the twel.ve years studled, 

only 1960 and 1962 were "Island years". 

Isachsen-Eureka temperature dlfferences are greater ln the colder 

" years, as' Eureka 18 less exposed to the Polar Ocean. FIgure 2: 1. le 

)~, Thls correctlOn was arrived at by comparlng the North Land and 
Main lce means and is onlyapproXlmate. 

** 1971 w1l1 be added to the figures at "a ù future date ( the means have 
been ca1cu1ated but the year has -not been studied ln detall). 
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of nine-day runnlng means shows that, on occaSIon, 
1 

Mam Tce tem-

peratures are higher than those at North Land',rj IL wlll be shown ln 

3: 4.2 that th16 16 the result of a strong tempe rature InVerSlOn formed 

" 

by the 'c@mbmed effects of subsldence and the advectIon of \varm aIr 

aloft. Situatlons such as thlS ac{,;o'unt for the decreabe In the North 

Land to Main Ice ternperature dlfference ln 1970. 

2: 1. 2 Daüy Temperature Range 

DlUrl1al temperature vanatlOns on Meighen Island are smali. The 

temperature maXImum tends to occur around 14 MST and the mInimum 

between 02 and 05 MST. 
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Land are similar to those of the Polar Ocean stations. The ten-day 
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the range is high ln June. Once the tempe rature Tises above freezing 
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on Meighen Island, tI;e ranges tend to be low due to the effect of the 
... 

Ice cap and surrounding Ice choked sea. The sea effect lS seen to 

sorne extent at Isachsen and Eureka. Durmg the::.e perl~d5, peaks 

ln the range curves cOlnclde wlth anomalles ln the ten1perature curve, 
/ 

1. e., 10-20July 1962 when Isachsen wa5 warmer than Eureka and tate 
--.. 

July m 1970 when North Land was almost as cool as Mam Ice (see 

FIgure 2: 1. lb). 

2: 1. 3 Meltmg Degree Days 

Meltmg degree days were calculated frorn the three-hourly obser-

vatlOns, from the mean of these elght observations and from the mean 

of the maXImum and mInImum. As discussed by Arnold (1964), c~n-

slderâble etror 15 Introduced by the thud methüd of ca1culatlOn. The 

value s pre sented ln the foilowlng we re obtalned by the fHst method. 

ln Figure 2: 1.3 are plotted" sunîmer season and ten-day means of 
~ / 

meltmg degree day totals for l~ years. Cornpanng me1tmg degree 

days and temperature (Figure 2: 1. J b) &hows that suppression of the , 
mid-summer (July) temperature maXimum (e. g., 1964 and 1969) lS 

more effective ln keeplng ab1atlOn on Melghen Ice Cap at a mlnUTIUm, 

th an are low mId-June temperatures (e. g., 1965 and 1970). Small 

dlUrna1 temperature ranges in 1ate July and early August contnbute to 

the relatlvely Iow meltmg degree day totais expenenced at Mam Ice 

in 1968. 

1 

2: 2 Humidity 
#- ., " , 

Melghen Island relativ'e humldities are equal to or Îugher than the· 

floating Ice Island values and lOo/~ and 15% higher than the l~achsen and 
/ 

Eureka values, respectively. The warm years have the lowest relative 

\ 
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humld~tles, though on Melghen Island theyare htltl wlthm the rahge of 

the Polar Ocean humldltles. ,. Yearlyand ten day vanatlons of sumrner 

relatlVe humldlty are plotted ln FIgure 2. Z Dew pou1l temperature 

(;" 
curves (not shawn) are the sarne shape as the ten1perdture plots though 

t~e htatlon-to-htatlün dtfferences are greatly reduced. The /shape of 

the Eureka relatIve humldlty plut does not always cOlnclde/ wlth that ~, 
. ~ ~ , 

( Ibachsen and Melghen Island, reflectlng a C()mblnatlOn~of temperature 

and humldlty dlfference h. North Land dew pOInt temperatures approach 

1 those of Isachsen whlle the MaIn Ice valueh are conhlderably lower. 

ThIS suggests a losh of vapour content at the lce cap statlOn throllgh 

condensatIon due to l1ftlng or other coolmg procehses. 

2: 3 Pressure 

! 

The rnean JlIly surface pressure conflguratlOn (Orvlg 1970, after Pnk) 

and the mean July contours of the 500 mb hurface (after Hare and OrvIg, 

1958) can be seen m FIgure Z:3a. Meighen Island hes ln a surface trough 

1-
(, 

\ 
) 

500mb 
MEAN JULY 

MEAN PRESSURE PATTERNS 

Figure 2: 3a 
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runnmg from the region of the Pole to Baffm Bay. A large surface 

hlgh covers the Beaufurt Sea and adjommg Polar Ocean area. At 500 

mb a Law donllnateb the whole regIOn. The mean presbure pattern 

and synoptlc condItIOns dre du,cussed ln delcul ln II ) and l 1:2', 

Plotb of beasunal and ten-clay statlon pressure rnea.ns" (FIgure 2:3b) 

show bllnllar VarIatIons at aU statIons. Pressure::, are high ln the Il Ibland 

year s" and low ln the year s 1ackmg mid - summe r tempe ratur e peaks 
., 

(1961,1964,1967 and 196!)), Wlth the exceptIOn of 1961; t'he low pres-
'\ 

sure years had strong Low pressure penods III July. THe hlghe bt sed-

sonal pressure mean for the 11 yearb occurrecl 

2: 4 Wmd Speed and Dlrecllon 

v 1~ 

ln 196~' ... ',: 
~ . . ~ ..... 

" . 

ConsIderatIon should be given to the followmg statIon locatIOn de s-

crlptlons (Atmosphenc Envlronment ServIce, Department of the Envlron-

ment, Canada). 

t 
Isachsen - "It IS located on Deer Bay, a broad bay WhlCh cuts thlrty 
mües mland {rom the west coast of the Island (EUef Rmgne~ Island). 
The statIOn prope r is sltuated on the northeast slde of a mmor mdenta
hon at the east end of Deer Bay. A rocky ndge nses to six hundred 
feet about a mIle south of the statIon whe ~ a long narrow hnger of 
land Juts mto the bay. Inland the hIlls ose to helghts of elght hundred 
feet three to flvej mIres to the north and narth west of the statlOn and 
flve hundred feet three mlle s to the north east. " 

.~ ~~ 
Eureka - "Eureka lles clos,Ç to the centre of the v{nd mas s of Ellesmere 
and Axel HeIberg Island, two large mountamous Islands separated by the 
long and wmdmg Eureka Sound. The ~tatlOn IS situated on the north shore 
of Slldre Fiord .. , . rollmg h1l1s unde:.r ~\ght hundred feet m height sur
round the seventeen mIle long flord. Hllls ieach two ta three thousand 
feet about SIX mIles frorn the statlO1;l m th~ north west, north east and 
south west quadrants, Flve to SIX thousand. foot mountains ring the sta
tIOn a dIstance of fort y mIles. 1',' 

'i These condltlOns should be contrasted wlth the relatlVelyexposed , 
locatlOns of the Melghen Island statlOns (see FIgure 1 :2a). The anemo-

meter helght on Meighen Island was usually under 2 rneters, at Eureka 
1 

It was 6 meters and at Isachsen 9 meters. As a \result of the site and 

\ / 
/ 
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InstrumentatIon dlfferences, relationships between Melghen Island, Isach~en 
" 

and Eureka wmd speed and directlOn are not conblstent. 

FIgure 2:4a ShOWb that, ln general, wlnd speedf:> at Eureka and the 

Axel HeIberg StatlOns tend to be low. 

Eureka, less expobed than Melghen Island and wlth an anem.ometer helght 

7 meters hlgher than the Melghen Island StatlOnf:>, has wlnd speed éurveb 

s(mllar to MalO It:.: 
~, 

On Melghen Island the strongest wlnds were re-

corded ln 1961. The re IS a tendenc y towards hlgh wlnd speeds lo sum-

1 

mers 1acklng ~ nlld-SlImmer temperature maXlnlurn (e. g., 1961, 1964, 

1967 and 1969). 

No stnking pressure - wlnd re1atlonshlp 15 eVldent ln the ten-day 

means. The strong pressure maXImum ln July 1962 was assoclated wlth 

low wlnds and the most dec Ided tenlperature peak of the SIX years: the 

prolonged cold spell of 1969 saw lo~ prebsure comblOe wlth low wlOd 

speeds and hlgh pressure wlth hlgh speeds." Durlng the MalO Ice melt 

,eason, the wlnd speed curve s for the four statlOns lOdlcate the eXIstence 

ff similar wlnd speed regimes at aU statlOhs. '1 

FIgure 2:4b of monthly wlnd roses for MaIn Ice shows that N'lIes 
/ 

predomlnate at the beglnmng and end of the season,' whlle SSE, Sand 

SW ",~nds are ma st hkely durmg the Meighen Island melt season. 

Wlnd roses for Maln lce, North Land and Isachsen are shawn ln 

FIgure 2:4c. The lack of E'l1es on Melghen Island suggests a shadow-

lng effect from the mountams of Axel HeIberg and Ellesmere Islands ta 

the east. Local topography lS re sponslble for the SSW and NE mlnl-

rnum usually present at Isachsen. 

There lS a strong predominance of northerly winds at all statlOns 
/ 

as suggested by the ,.t,ne\.an pres sure pattern . 
;-

These northerlies were , 

" 
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most strongly developed m 1968. Secondary luaXlma occur ln the SW, S 

and SE quadrants. The synoptic reasons for these maXima wlll be dis-' 
, 

cussed ln detail for the Slx years of Melghen 1~land records i~ 3:8. The 
/ 1. '"\ 

, . 
Il years of Isachsen wlnd roses appear, to faU lOto the foU-Qwlng categories. 

In 1961,196'4,1967 and 1969 winds out of aU sectors from E throughS 
/' '. 

to W were reasonably freqUen~/,' .oa:ddrtion to the conslstent N'lies. In 
, 1 -~ 

1965 and 1967 northerhes ~ e more dommant, and there was a SE'ly 
", ?' ' - 0 

) 1 }.1 ,f • 

minimum. West,..and SE minima occurred iQtLt9PO. 1966 and 1963, whlle 
J'V . . " 

in 1962 the E'ly maXimum lS aiso missing. In 11:)68 the N'lies dominated 

complete)y. . ~ ' . 
~ 

~. 

Cl 
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2: 5 ' Cloud and Fog 

2: 5. l Mean Patte rns 

The configuratlOn of n1ean cloud amount ID, July (afte r Orvlg, é 1970, 
; .. ( ~ t 

~ ~" 
wlth added detalls for the archlpelago) IS pres~nte~ ln Flgure 2: 5. la. 

:' 
* ::~ -- ... 4~A. ... "" 

Melghen Island and to a les ser extent, )~achsen can be seen ta lie on 

the edge' of ,the \Central Polar Ocean clpud maximum, whüe Eureka ex

penences consid\rably lower Cloud amounts. 

, ~' , 

90,°1 'é 
1.. ". ___ ---t. 

- - -}-...-*- \ - \ 
\ 

----

\ , 
" " " ..... 

MEAN CLOUD AMOUNT (%) , 

Figure 2; 5. la 

"-

00 

The dIstnbution of low and rnlddle cloud Glver the Arctic Basin 

ln surnmer (after Orvig, 1970, with minor adJustments) appears ln 

FIgure 2: 5. lb. The extenslOn of Polar Ocean stJ,';atus and stratocurn-
, 

, , -
ulus into the western Queen E:lizabeth lslands is reflected in these dis-

tributions. Mlddle cloud, on the other hand, shows shght rnaXlma ln 

the regions of the Baffm Bay low and on the North Arnerican side of 

the pole, where ,cyclone tracks converge (seè 1 1: 3.5). 

- i 
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Frequency dlstnbutlOns ok cloud type for the summer season from 

Mam Ice, North Land and Isachsen are found ln FIgure 2: 5. le. At 

MaIn Ice fog lS responslble for 70% of the sky C',)ver ln bummer, 

stratws for') SP/g- and altoc umulus for only ~')%. 
- "S ",t. 

-" 
The ob~e rved frequenc y 

of mlddle an9 hlgh cloud lS an un de restlrnate of the a( tual bltuatlOn 

due ta the ever present fog and Low stratus. Twenty percent of the 

MaIn Ice fog ... s se en to be stratus or stratoeumulub al North Land, 

and 60% of the Mam Ice fog IS elthér stratus or blratocumulus at 

Isa.chsen. The mcrease m fog frOln North Land ta MaIn lce lS a re-

sult of the elevatlOn of the lee cap station (ca. HOO ft). The remaln-

mg 40% dlfference between North Land and Isachsen results from the 

latter's locatlOn 40 mIles from the north coast of Ellef Rmgnes Island 

and 3 to 5 mües, south of 700 ft hll1s. Stefans son comments that "bath 

PrHlce Patnck Island and ours (Borden) are weil supplled wlth vege-

tatlOn Inland and to the east whlle comparailvely barren along the west 

coast (Polar Ocean coast)" and he sugge sts elsewhere that fog selâom 

extends more than 15 to 20 mIles mland. (Stefansson, 1944 and 1942). 

A comprehenslve dlscusslOn of the ongin and character18tlcs of the 

Mam lce fog 18 found Hl Il: 4. 
l' 

2: 5. 2 Seasonal VarlatlOns 

Flgure 2: 5. 2a of seas,onal and ten-day cloud coyer shows slmllar 

vanatlOns at aH stations. Cloud amounts are lowest ln the ".Island 

year s Il and tend ta be hlghe st ln the year s whlch lack mld- summe r 

maXIma. In the ,-' Island years", ten-day cloud amounts were well 

below 7/10 for at least two penods . ThIS was also the case ln 1963 

and 1968 which could be tel'med warm "Polar Ocean years". Durmg 
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Table 2: 5. 2 

----_.-- --_. 
_________________ . ___ • ___ .:::: .... _ W·- -_ 

Most Important Sky Cover Types in Ten Day- PerlOds 1 

Period
2 

Main Ice Period 
2 

Main Ice North Land 
19601--- -

2 
3 
4 
5 
6 
7 
8 
9 

1961 1 
2 
3 
4 
5 
6 
7 
8 
9 

1962 1 
2 
3 
4 
5 
6 
7 
8 
9 

"'F,ST 
F,AS 
F,ST 
F, ST 
F,ST 
F,AS 
F,AS ~ 

F, Ac:. 

ST,X 
F,X 
F,ST 
F, ST 
F,ST 
F, ST 
F,SC 

,F, SC 
F,~ 

F'ST 
" 'E;ST 

F,ST 
F,AS 
F,AS 
F,SF 
F,AC 
F,ST 

1968 1 ST,F 
F, SF 
F, SC 
F, ST 
F,AC 
F, SF 
F, ST 
F, ST 
F, ST 

1969 

1970 

2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

X,F 
F,ST 
F, SF 
F, SF 
F, SF 
F, ST 
F, ST 
F,AC 
F, ST 

1 F, ST 
2 F, ST 
3 F, ST 
4 F,X 
5 F,AC 
6. F, ST 
1 '-.",~ F, CI 

,·8 '-;''''$, CS 
~;: .. F, ST 

ST,SF 
ST,SC 
ST,SC 
SF,F 
F, ST 
F, ST 
SC, ST 
ST,SC 
ST,SC 

ST,X 
F,ST 
F, SF 
F, SF 
SF,F 
F,.§T 
f~ ST 

tF,SF 
F, SF 

F, ST 
F, ST 
F, ST 
F, ST 
F, SF 
F, SF 
F, ST 
F, ST 
F, ST 

1. Based on total amount of sky covered 1. e. , freq uency of 
observation ;x mean amount. 

2. Periods: 

\ 

<" • 

1) 1-10 June; 2) 11-20 June; 
4) 1-10 July; 5) 11-20 July; 
7) 31 J ul y - 9 Au g u st; 8) 1 0 -19 
9) 20-29 August 

3) 21 -30 June; 
6) 21- 30 July; 
August; 

.. 

' . . 

Q 

• 

• 
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cold "Polar Ocean~ears" amounts ren1aIn hlgh throughout the beason . 
,~ 

F requene y dlSt nblltlO~ cloud type for the 1l1dl" Idual year s \ 

(FIgure 2: 5. 2b) ~how that a decreabe ln low cloud anl<)unl accounled 

for the d(~arer bkleb ln 1960 and 1962. Alto~tratll~, whH.h.tenqed 

Vo be a",ouated w,th warm aH adveLlwn [rom the OC",,,, (,ee 1:6), 

.' 
was 

n10re frequent ln the warn1 years. The relatl\:~ly hlgh frequency of 

altocumulus ln 1969 wab a rebult of lncreabed t yclOTl1\ actlvlty In the 

Melghen Island area that yeal. 

Table 2: 5.2 of mObt Important doud types ln ten-day perlOds 1n-

dlcates that fog lS conbistentty the dumlnant type of cloud cover at 

Maln Ice. A t North Land thlS wab dlso the cdS e 111 1970 and most of 

1969 but ln 196H fog wab of prllnary importance only durlllg nlld- and 

laie July. Stratus, strat us (ract us and stra toc umutus are. ln gene raL 
-,~ 

the second most frequent cloud typCb. Altobtratus shows up In several 

warm perlOds ln 1960 and 1962. The h1gh wmd speed s of 1961 res u1ted 

ln several pclrlOds of obscuratlOn by blowlng bnow. 

EVIdence that MaIn Iee and 1 s achsen are ln separate fog regime s 

appears lU Flgure 2: 5.2c (the [og amounts avera,ged for aU occur-

rences of fog, shawn ln thls flgure, can be a result of the thlckness 

and/ or areal extent of the f og). From 196H ta 1970 there was a de-

crease of bath fog frequencyand n1eau cover at Isachsen, whlle on 

Meighen Island there was an lUcrease of frequencyand a slight decrease 

ln amount. Cloud and fog condillons at Ma1l1 Ice and North Land were 

vej.·y simtlar 111 1969, thoug~w cloud at North Land lS sometlmes 
.... 

fQg at Main Ice. The lowe r total cloud amount at MaIn lce than at 

North Land ln 1968 and 1970 suggests that MaIn Ice was on occaSlOn, 

• near or above the top of the fog. 
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for legend ) 

2: 5. 3 Daily VanatlOns 

o 

Plots of, ten-day cloud amount and fog frequ'ency show no consistent 
'" 

seasonal trends. AU cloud amount minima correspon~ to a minimum 

in the fog frequency curve, but during ~ome perlOds total cloud cover 

is high desplte low fog ~requenCles. AU combined cloud and fog mimma 

re suLt ln temperature maxima. Compadson of the dally mean cloud 

amollnts (Flgure 2: 5.3a) and the 9-day running means of temperature 

(Flgure 2: 1. lc) further lllustrates the temperature-cloud dependency 

on Melghen Island. 
1 

,; 
1 
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2: 6 Weather and Obstr"uctlOns to VISIon 

Table 2:6 glves the frequt;ncy of observatlOns wIth various types 

of weather and obstructlOns to VISIon. Fog 1$ by far the mnst frequent 

• obstructlOn to VlSlOn on Melghen Island. The I11gh WlI1db of 1()61 resulted 

ln bl~wlng snow at 19% of the obse1;vatl0ns ln that !:>('abon. BIowJng 

----snow lS most. lIkely ln June and August when new sn \'. lb cold é1.nd dry. 

Both fog and blowlng snow decrease ln frequency ta North 

Land to Isachsen. 
u, 

The frequencyof observatlOns with VarlOl~S typeb uf prèClpitati~~ .. 

show the expccted relatlOnslllpf:> between Mall1 Ice, North LaO'd and 

Isachsen. (The values for 1960-62 are quef:>tlOnable as a reW:3ult of 

observatlOn rnethods. ) Snow and freezIng dnzzle art' the most com-

mon form of preClpltatlOn,;lt Main lee whlle at North Land rain and -drizzle are also frequent. At Isachsen snow and ram predomlnate. 

2: 7 PreClpltation 

Th. InaccuraCles lnvülved ln preClpltatlOn measurt:'ments have been 

dlscussed by many authors (e. g., Holmgren, 1971; MuUér, 1967; and 

Rae, 1951). 
,-> 

Errors usually result 111 underestlmates of preclpitatlOn 

amounts. In thlS studya trace of precipltatlOn was taken ta be 0.0025 

lnches ln obtalnll1g the dally and monthly total precIpItatIon and ln cal, 
1 

culatll1g the .rnonthly totais of raln and snow. ThIS, may result ln 
j 

sl1ght overestlmates ln some cases, and ln dlscrepanCles between the 

sum of the rain and Snow arnollnts, and the amollnt of total preclpl-
1 

tation' • 

l ~_ 

, -
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Table 2.: 6 

~~--_ .. _-- ---------------- ---- - --- -- ---0.------ ------- -- ~- ------ -:--
Percent Frequency of Observation~ wlth Vanous Type- of WeaJ'her 

Year Ram IDnzzle 

Ml 1960 

NI 

le 

1961 
1962 
1968 
1969 
1970 

1"968 
1969 
1970 

1960" 
1961 ' 
1962 
1968 
1969 
1970 

5 
4 
3 
1 
3 
1 

2 
5 
1 

5 
9 
3 
4 , 
5 

-----------

1 
1 
1 
1 
3 
1 

5 
6 
3 

2 
4 
2 
9 
3 
5 

Freezing 

Raln Drlzzle 

1 
1 
1 
1 
1 
2 

1 
1 
1 

o 
o 
o 
o 
o 
o 

o 
1 
o 

14 
12 

6 

9 
5 
4 

o 
o 
1 
1 
1 
1 

,* Snow and snow showers 

--- -.. - - ~. -----
Snow 

1~' 2** Fog 
Blowmg 
Snow 

5 
5 
4 

13 
16 
17 

13 
9 

10 

6 
21 

9 
17 
18 
17 

1 

3 
1 
2 

1 
3 
2 

o 
o 

21 
3 
o 
1 

57 
66 
50 
52 
61 
74 

30 
46 
62 

18 
47 

1 
35 
27 
13 

"", 

o 
19 

4-

6 
4 
3 

2 
3 
6 

o 
2 

o 
o 
2 

** Snow grains, snow pellets, lce crysta1s and ice pellets 
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." 
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Total preClpIt?-tlOn amounts are plotted ln Flgure Z:7a. 

seasonal totais are simllar to those of Isaehsen, e,xcept ln 19b9 when 
/ 

the preclpltatlOn amounts at MaIn lee werE' conslderably greater-. 
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Seasonal totals of rain and snow tend to Eomplement each other exc~pt 

in 1969 v/hen both rain and snovy amounts were high. 
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USlng the relatlonship between Maln!ce and Isachsen precIpltatlOn 

for the hve. years "1961, 1962, 1968, 1969 and 1970 E'Sllmates were 

made of summer ram and snow amounts for Main Ice for 1963-b7. 

These values together wlth the measured Mam Ice va)\les and the 

wlnter accurnulatlOn measurements (from Paterson 1rt6'} and 1967 -71) . ,. 
were us'ed ta ?btaln the total annual accumulatlOn ~hown ln FIgure 2:7b. 

In years when the mass ba,.lance was strong,ly neg~llIVe only summer 

precIpltatlon ln the fonn of snow was consldered tu contnbute ta the 
, 1 

total accumulatIon. 
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• 
The ten-day plots of days with precipitation show no sigmfica-nt sea-, 

sonal trends (see Flgure 2:7 c).· Plots of precipitation tptals iJldicate 

l amounts ov~r 20 mm in ten-days only at"Lt~e he,ight of the summer sea-

son. ln 1962, bath frequency and amounts were low. J:requent light 

snpw and drizzle 1Il 1968 and 1970 result~d: ln low amounts and high 

frequencies in tho!)e year s: 
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2: 8 Temperature ln the Troposphere 

The mean proflle of temperature wlth helght (50 mb mtervals) .. 
from the 16achsen 12Z radlOsondes of 1968, 1969 and 1970 16 shown 

ln FIgure 2: 8a. The near Isotherrnal layer below 850 rnb 15 a reflce-

tion of the frequent inver610ns m the lower troposphere. C:oncermng 

the frequency of InVerSlons over the Polar Ocean ln summer Orvlg 

(1970) f.3ays "The average lmportance of the InverSlOn 15 best repre

sented l:>y the mean telnperature dlfference betwe~n surface and the 

850 mb level{1.5 km). In summer there lS an mdlcatlOn of sl1ght' pos-

itlve gradlent only over the Béaufort Sea, 1. e., warmlng wlt.h lllcreaslng 

helght. All,other areas of the Polar Ocean show shghtly negative gra-

dlents. The gradIents are much less than over the adjommg land 

ISACHSEN SEASON MEAN TEMPERATURE SOUNOINGS (OC) 
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masses. Il Contmental gradIents can be '?-S great as HOC m summer . 

o 
The mean value for Isachsen 15 2.5 C. The InverSlon 1& most Im-

portant m Ig6H and least IHlportant ln 1970. 

Further mformatlOn about the upper aIr condltlonb 15 glVen m Flg-

ure 2: Hb. The dlfferences between I5ach~en upper aIr temperatures 

and Melghen Island séreen tempe ratures suggest the maXImum temper
~.Y 

ature ln the lnverSlon bes near 900 mb except wlth N'ly wmds when lt 

appears to be higher. The VarIatlOn wlth wlnd dIrectIon of the Isachsen 

" 950 to 81)0 mb temperature dlfferences IS slmllar to that of the Mam 

Ice - Isachsen soundmg temperature dlfferences suggebtmg no-n-;.'ajor 

mconslstancy eXlsts between the upper aIr condItlOns over Isachsen and 

Melghen Island. 
'\) 

Comblnlng the tempe rature dlfference roses and thlckness roses 

suggests the followlng: NW'heb are cold wIth lapse conditlOns to 850 
1 

mb. N'lies are warm wIth the strongest InVerSIOns experlenced. NE'l1es 

are warm wlth strong lapse condItlOns. SSW 'he sare cold wlth strong 

lapse condülons. S'hes and SSE'hes are nloderately warnl and almost 

Isothermal m the mean probably due to a comblnatlon of inver SIon and 

lapse condItlOns. 

Figure 2.8c of ten day mean tempe rature profiles shows that ln 

1970 the entlre tropopause remai~ed cold untll late June. In thlS, year 

inver 610ns were frequent only in ~ate July and early August at which 

tlme Mam Ice experienced anoma~ously high temperatures. There is 
j 

eVldence of an lnVerSIOn m aU perlOds in 1968 whlle ln 1969 theyappear 

in June and late August. ExamltatlOn Of~IVldual soundings suggests 

that subsIdence lS the most imp~rtant cause' of summer InverSIons 
" 

1 

over Isachsen though advectIon lB ~ also frequently present. 

, 

1 
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ISACHSEN TEN DAY MEAN TEMPERATURE SOUNDINGS 1968 (OC) 
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CHAPTER 3 

SYNOPTIC CLIMATOLOGY 

3: 1 IntroductIOn 

In ~n effort tu determme the re1atlonshlp bet'Ween synoptlC scale 

phenomena and the b umme r clln1ate of Melghen I~ land, an anal ys 18 of 

the daüy synoptlc bltuatlOn was lIndertdken. Surface v.eather charts 

(1960-62':', 196K-70-") supplemented by satelhte photographs (1968-70) 

were examlned to determ10e the surface synoptlc sltuatlon for each day 

of June, July and August 10 the years 1960-62 and 196K-70. The sur-

---face geostrophlC wlnd for Melghen Island was extracted from these 

charts. In the analysls use wab alsu made of 500 mb maps, Isachsen 

radIOsonde data and Mélghen Island meteurologlcal observatlOns lnclud-

lng plbal a sc ent s. .. 

As a result of thlS study, four dIstInct CIrcuLatlOn confIguratIOns 

were lsolated such that varIa~ns m t~e relatIve Importance of thèse 

cIrculatIOn types, durmg a perIOd, adequately accounted for th'e observed 

cllmatic characteristics of that perlOd. Examples of the three pnmary 
, . 

cIrculatlOn types are presented below. followed by a general discusslOn 

of the four types. Subsequently the cllmate of Melghen Island during 

the SIX summers lS exammed In terms of these cIrculatIon types. 

)~ U. S. Department of Go.rnmei-ce, "Synoptlc Weather Maps " • 

)~':( Taglicher Wette.~t. Amtsblatt des Deutschen Wetterdienstes. ,----- . 



\ (:S:j64 
J 

,; 

Figure 3 : 2. la 

... , , 

• 

• 



~ 

1 
I, , 
\ 

"-

\ 

\ 
l 

• 

<.. 

32 

3: 2 Type l 

3: 2. l 'Type l Case a - OOZ on 29 Juty 196~( 17 MST on 2B Juty) 
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Figure 3: 2. 1 b 
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The surface sltuatlon showed a 

hlgh pressure area ln the Polar Ocean 

WNW of Meighen)sland and a low pres

sure system ln ~affin Bay wlth a st rang 

gradIent between them. The Baffm low 

tracked to Baffln Ba y from the Labrador 

Sea. At 500 mb there was a multl-

centered low stretching from Novaya 

Zemlya to southern Hudson Bay and a 

hlgh m the Polar Ocean. 

The satellite photograph showed 

cloud from the Polar Ocean stretchmg 

weil mto the north central Queen Ellza-

beth Islands obscurmg Meighen Island and Ellef Ringnes Island but not 

appreclably affect'ing Axel HeIberg or Ellesmere Islands. , 

At Mam Iee the sky was totaily obscured by fog. wlth ViSlbülty at 

one-eight of a mlle, wmds N'at 19 mph, temperature -1.05
0
C!, relative 

humldlty 100% and occaslOnal hght dnzzle. Overcast stratus at zero 

feet above the station lowered to fog by 20 MST at North Land wlth a 

o 
temperature of 0 C. 

~ 

ConditlOns at Isachselî vaned {rom 10/10 stratocumulus at 500 feet 
-~ 

with fog and drizzle at 14 MST to -'-00 stratoc umulu~ at 900 feet by 17 

MST. The temperature was 2. SoC and t~e relatIve humidity 79%. N'ly 

wlnds were experienced at ail levels in the troposphere. 
('" 

The tempera-
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ture and mOlsture soundmgs showed a strong subsIdence Invèrsion with 

1 0 
a maXImum temperature of 7 C at 90D mb. 

3: 2. 2 Type 1 Case b - OOZ on 14 June lQ70 (17 MST, 13 June) 
~-----------

T 
200 / :;/ 

/ 

, 
0-.0. 

\ 
< ° ~OO ';i 

,'t-
0 

700 
Td 

f 

..1 850 

0'\ <'1 ';' ° 
L--__ ---"-------.J 

FIgure 3: 2. 2b 

A strong Bafhn' Bay low extendmg 

NW lOto the Queen Ellzabeth Islands at 

'the surface was f>upported by a 500 mb 

low over the Parry Islands. The sur-

fac e ndge west of the lslands was' 

barely discernlble at 500 mb. 

At MalO lce the sky was obscured 

by fog and blowmg snow, wlth wmds N 

if 26 mIles per hour, VlBIbülty 0 and 

o temperature -5.4 C. Conditlons at 

No..rQ1 Land wor sened from 10/10 stratus 

- -----------~---
at 800 feet at 17-MS-'F-.. ~ompletely -------. 
obscured m fog and blowlng snow ~ 

20 MST. 

Isachsen reported 10/10 cove rand bloVvlOg snow. The northerly 

surface wlnds veered wlth helght becommg easterly by 500 mb. The 

temperature and mOlstllre soundlngs showed strong mlXing up to 950 mb, 

topped by an mverSlOn wlth maXlmum temperature 900 mb., There was 

onl.y slight eVldence of' subslderrêe at the 900 mb level. 

3: 2. 3 General Characteristlcs of Type 1 

Thls Type is charactenzed at the surface by a hlgh pressure area 
1 

we st of Meighen Island in the Polar Ocean, and a low in Baffin ~ay. The 
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domInant feature of the 500 mb map lS a cold low m the Hud50n Bay 

area. The posltlOn of the upper cold low ln thlS ClrcutatlOn Type rf'-, 

sults ln a predomInance of storm tracks along the northern coast of 

mamland Canada and lnto Baffm Bay. 

Northerly flow off the pack lce Import& low stratu& or fog from 

\ the Polar Ocean mto the northern Queen ElIzabeth Islands. The cool, 

frf'!quently th ln ,Polar Ocean stratus or fog tended to dlS&lpate once Il 

has travelled 15 to 20 mlles over warm land. Stefansson (1944) pOlnted 

out that on PrInce Patnck and B.orden lslands the coasts bordenng the 

Polar Ocean are barren ln comparlson wIth the mland a.reas. Satelllte 

photographs show that Axel Helberg and Ellesmere Islands often escape 

thlS Polar Ocean fog due to thetr height. As Melghen lsland 15 re la-

tively low and _smaU, thlS type of ClrculatlOn mvanably results ln fog 

or low stratus, at least as far south as the &outhern end of the lce 
1 

cap. Isachsen lS shelt,~~ed from the Polar Ocean apd usually reports 
" 

only low cloud under these Clrcurnstances. 

The Intens1ty and extent of the Bafhn Bay low deterrnlnes the 
1 
\ 

strength of the wmd ln these situatIons; however lt 18 frequentlyabove 

15 mph. Cloud assoClated wIth the Baffm Bay systetn 15 occaslOnally 

present above the fog, dependmg on the posItlOn of the system. If pre-

clpltation accompanles thlS clrculatlOn type lt lS usually m the form of 

dnzzle or freezing drlZzle, and the fonuatlon of rIme 18 a frequent 

oC~Hrence wIth <t,emperatures a few-degrees below freezing. , 

When the Polar Ocean hlgh dommates the Melghen Island reglOn, a 

strong subsIdence \!ilverSlOn results . 
... -,_:. 

ThIS subsIdence InverSIon may be 

enhanced by an advectIon inver810n caused by the mtrusion of cold Polar 

Ocean ait lnto the Islands ln the Lowe st levels. When the Baffin low 
" 
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dom1nates, the' surface layer 1S strongly m1xed, though a trace of the 

subsidence lnverSlon may be seen in upper levels. 

Type' < c 1rc ulatlOn generally res u'tts ln cool, wmdy and foggy weathe'r 

on Me1ghen Island. Axel Helberg and Ellpsmere Islands. as seen ln the 

satellIte photographs, can experlence relatlvery clear weather under these 

CHC um stance s pr;,OVIdl\g the Baffln b yclone remalnS ln bouthe rn Baffln 

Bay. Havens et al (lq~7, p. 29) notes that clear weather 'prevalled at, ~. 
the Axel Helberg statlons from 16 ta IH June Iq6L Durmg'this penod 

on Meighen Island, hlgh wmds, cool temperatures and fog accompanied 

" -
the _ Type l s 1t uatlOn. At Tanquary Fiord (Jackson 1969, p. 32-37) the 

strdhg NElly, flo'W set up by such a synoptic situatlOn can produce fohn 
~ 

~ondltîons . Holmgren (-1971, p. 47) found that IL Bafhn Bày cyclo~es 

favour glacier1zat10n on Devon Island, no n:atter the season they âppear lf
• 

Thls is as would be expected due to adve.ctl~X: from tre cold .water of 

Baffin Bay. 

" . 

i 
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3: 3 Type II 

3: 3. l' Type II Case a - OOZ 'on 30 July 1969 (17 MST, 29 July) 
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FIgure 3: 3. lb 

obscured ln fog at 17 MST 

At 500 mb a short wave trough 

moved around a ('oid Iow centered ln 

the Polar Ocean west of Melghen Is-

land. Assooated wüh thlS trough a 

surface low and cold front tracked 

northeast along the edge of the Archl-

pelago to a posltlOn west of Melghen 

Island by 30 July. The satelhte photo-

graphs showed a wide band of thlCk 

cloud as soc lated wlth the front pas sing 

Melghen Island by 29 July. 

The condltions at Mal-n Ice., North 

-Land and Webt Larid Improved from 
,;)~ 

to partlally obscuif'ed wlth mlddle and high 

cloud by 20 ·MST. At Mam Ice, 9.9 mm of ram and a trace of snow 
~ , 

feU on 27 JuIy, 1.7 mm of rawand a trace of snow feU on 29 July and 

.8 mm ,of ram lell on 30 July., Wmds shlfted frop1 SSE at 05 MST on , 

29 ~uly to S at 17 MST and to SSW by 23- MST. 
1 

The Isachse-rr-l"'adlOSOnde had a super -adlabatic l'tPse rate up to 

950 mb, topped by an almost lsothermal layer WhlCh, the mOlsture 

soundmg suggested, could be du~ to subsldence. 

3: ~. 2 ,Type II Case h - 12Z on 4 July 1961 (05 MST, 4 JuIy) 

A surface~ low and front tracked NE along the edge of the A rchl

(pelago around a '500 mb cold low 16cat~d north of Alaska. 

" f 

, 
1 
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\ 

Wmds of 35 mph [rom' the ~,SE preceded passage of thlS bystem at 

Main Ice. The sky was obscured by fog and blowmg snow wlth a tem-

o 
perature of 0 C an,d a trace 'of snow reported. 

Muller (1967, p. 23) dlscussed the 5 Jilly sltuatlOn as one of anom-

aious preClpltatlOn amounts. On Melghen Island 2, S mm water equlvalent 
1 

of snow fell on 3- July, and 9.4 mm of ram on 4 July. On 5 Julyat Axel 

HeIberg Base' Cam? Il. 5 mm of raIn was recorded. 

3: 3. 3 General Charactenstlcs of Type II 

CaculatlOn of Type II fcatures a 500 mb cold low ln th~ Polar Ocean 

north of Alaska. Lows, developmg ln the strongly barocl1nlc zone be-

tween the radlatlOnally hedted land of Slbena and -Alaska and the cold, 
Î 

Polar Ocean~I)lck up mOlsture over the lce -free areas of th~ penpheral 

seas. They travel around the upper cold ,low ln a short wave trough. 

ThIS results ln trackll}g of surface lows and well developed barocllmc 
, (-

zone s northeast along the northwe st edge of the A rchlpelago. 

Reed (1959 ) ln a detalled study of the cloud structure of arctlc 

cyclones found that m the layer between O~and 5,000 feet the cloud 

cover averaged nearly 100% and exhIblted only shght relatlOnshlp to 

the s ynoptlc pattern. Th1S 1]> presumably due to the ever-present Po-

lar Ocean stratus and fog. Above 5,000 ft., however, the dlsturbance 

closely resembled mId'-latltude cyclones. Cloudmess ,was relat~d to 

temperature advection (warm advectIon - cloud amount maXImum; cold 

advectlOn - cloud amount mlnlD1Um). 

CondltlOns on Melghen Island durmg pas sage of the cold fr(Yntal 

system cOlnclde wlth these fmdings • Prior to pas sage the wmds are 

SSE, fog obscures the skyand ram mdicates the presence of nimbo-
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stratus above the fog. Wlth pas sage of the cold front, wmds shlft to 

SW and eventually the fog breaks to reveal decreaslng amounts of mlddle 
1 

and high cloud. Temperatures remaln cool. The cl~ar pe nod lS sho rt 

hved. Once the low IS past the Island, cold and foggy N'lIes prevall 

untll the next system approaches. , 
The temperatu't"e soundlng shows the sharp tropopause 'dlscllssed 

by Reed (1 9 59 ) ln connectlOn wlth the arc~lc Jet. The lowest 1ayers 

are unstable, but there lS a sl1ght suggestlOn of subsldence around 

850 mb. 

Type Il clrculatlon results ln temperatures near freezlng and the 

largest preClpitatlOn amounts recorded on Melghen Island. Strong wlnds 

are cornrnon ln these systems. ThIS ,type of clrculatlon IS also respon-

sible for preClpltatlon maXlma on Axel Helberg Island as ln Case b above. 

On Devon Island, strong warm S'ly wlllds result. In fact the penods of 

strongest melt experlenced on Devon Island ln 1961 and 1962, dlscussed 

by Holrngren (1971, p. 41-46), correspond to temperatures near freezmg, 

SW wmds, fog, rnldd1e cloud and conslderable precipltatlOn on Meighen 

Island. 

3: 4 Type III 

o 
3: 4. l Type III Case a - 12Z on 15 July 1962 (05 MST, 15 July) 

~ In thlS fully developed case of Type III,j 500 mb cold low was 

displaced to the Sovlet slde of the Polar Ocea and an 'extenslVe high 

covered the whole of the Archlpelago south to udson Bay. At the sur

face a rldge extended from Hudson Bay to northe rn Greenland:---

Srnall amounts of altostratus, altocumulus and cirrostrat s were 

, 
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Figure 3: 4.2a 
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the only clouds accompanylng these condItlons. The temperature 

o reached Its seasonal maXlmum of 10. l C. 

The skyat 'Isachsen was clear, the wmd was S al 2 mph and the 

o tempe rature reached 13 C. 

The example used by Holmgren (1971, p. 49) tü illustrate antl-

c yclomc development ln 1962 (18 Jul y) 15 the latte r part of the Type 

III case. By thlS tlme a cydonlc system 18 apprüachmg the northern 

Queen Ehzabeth Islands, havlng travelled around the Polar Ocean from 

"the Sovlet slde. 

3: 4. 2 Type III Case b - OOZ on 10 Aug 1970 (17 MST, 9 Aug) 

The penod 8-11 August has been 

anal ys ed ln àetall by Petzo1d (1971) ln 

connectlOn wlth a study of upper wlnds 

ove r Melghen Island. Though the ndge 
1 

lme of the surface ndge hes west of 

Melghen and surface wlnds are N'ly, 

southerly flow spreads upwards frorn 

the 900 rnb Leve!. reachlng 500 mb by 

10 August. 

The satelhte photographs suggest 

that the extreme northern edges of the 

lslands were experlenClng sorne cloud. 

Figure 3: 4. 2b 
Fog or law stratus was noted by observ-

ers at severa1 Melghen Island stations to lie to the north ln the Polar 

Ocean and advanced to cover the lsland at the close of the clear periode 

Mlrages of Axel He'lberg and the Fay Islands were well developed durmg 

the period and estlmated to b~ 2,000 feet deep. 
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Thm c lrr us cloud was reported at ail statlons. The relatlOnship 

of temperatures at the varlOUS Melghen Island statIons and Isachsen 

were unusual: 
o a 0 

MaIn Ice 4. l C, North.. Ice 3.3 C, North Land 2..6 C 

o 
and Isachsen 3.9 C. Wlnds were NE'ly on Meighen and WSW at Isachsen. 

4(1 

The temperature soundlng for Isachsen showed two strong subsldence 

mverSlOns, the flrst from the surface to 950 mb, or approxlmately 1,1:\00 

feet, and the second around the 650 mb level. 

3: 4.3 Type III Case c 12Z on 25 July 1960 (05 MST, 25 July) 

Another vanatlOn of Type III developed when a surface law tracked 

mto the Islands from the south and then turned westward towards Banks 

Island, allowmg a small rldge to deve10p through the lower. troposphere 

over northern Ellesmere Island. 

A t MaIn Ice skle s we re clear and the wlnd was ENE at 4 mph wlth 

o 
a tempe rature of 2. 8 C. Isachsen belng clQser to the low pressure 

system, was warm (5. 6°C) but had 8/10 stratocumulus and easterly wmds 

of 16 mph. 

3: 4.4 General Charactenstics of Type III 

A complete development of Type III such as that shown ln Case a 

Involve s posltlOnlng of a cold Low on the Sibetlan slde of the Polar Ocean 

and a rldge over the eastern Canadian Arctlc and Greenland. Surface 

lows track around the central Polar Ocean occaslOnally penetratmg the 

Queen Ehzabeth Islands from the we st but more often being deflected 

along the edge of the Islands to dIe near the Pole. 

With thlS type of ClrculatlOn the warIn ridge ln eastern North Amer-

ica can dorninate the flow for perio"d.s of more than a week • On these 
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accaslOns, the whale of the western Arctlc expenences hlgh tempera-

tures, I.1ght wmds and clear skIes. In fact Isachsen temperatures often 

exceed those of Eureka durmg these penods. 

Is~d soar as the warm southerly flow pushes the Polar Ocean fog well 

off the coast. 

Though complete cases of Type III are Infrequent, partIal develnp-

" ment ot thlS type of clrculatlon lS connected wlth all slgnlfIcantly warm, 

periods on Meighen Island. The essentlal feature of thlS developrnent 

lS the mtruslOn of a ndge over the eastern Islands or Greenland at 

sorne level m the lower troposphere, resultlng m southerly flow at that 

level over Melghen Island. ThIS southerly flow comblned wlth sub~ldence 

blocks the advance of Polar Ocean str atus lnto the Melghen Island re-

gion. It lS eVldent from satelllte photographs and Melghen observers' 

note 5 that the fog or low stratus remalns ln the Polar Ocean sorne dlS-

tance north of Melghen Island. 

Type III lS charactenzed by anomalously warm, clear weather on 

Melghen lsland. T,hlS clrCUlatlon norrnaily extends far enough east to 

produce sunllar condülOns on Axel HeIberg and Devon Islands. The 

. ~ 

perlOd of antlcyclonlc blocklllg and fohn wmds at the Axel HeIberg sta-

tions, dlscussed by Muller (1967, p. 55), corresponded to Type III con-
, 

d,itlOns on Melghen Island. Slrnllarly 1 the 19-62 sltua.tion chosen by Holm-

gren (1971, pp. 47 -51) to illustrate dOtnmatlon of extenSIVe warm -cored 

antlcyclones, cOlncldes wlth th~ end of the,~ype III period dlscussed m 

Case a. Eureka and Tanquar y FJord (Jackson 1969) do not normally 

faU under the influence of thlS type. 
\ 

. , '\ 
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3: 5 Type !V 

• A fourth classlflcatlon lS needed to account for occaSIons when thE-

• 
--~ 

, 
,0" 

500 mb cold low tends to be ceq"tered over the Pole. Under these Clr-

cumstances there lS a rapld klteratlon between the oth('r three types 

producIng a varlet y of surface weather condltlOns. Type IV was Slg-

mflcantly frequent only ln 1970 and has not been Illustrated. 

\.. 

3: 6 Ten-Day Chmate and Synoptic SItuatIon 

The degree ta WhlCh the summer synoptlc condItIOns over Meighen 

Island can be represented by these four types lS lllustrated ln Tables 

3: 6a and 3: 6b. Here a bnef desenptlOn of the ten-day synoptlc Sltu-

ation lS tabulated agalnst the cIrculatIon type chosen for the penod wlth 

the help of daily surface and 500 mb maps. In sorne case s two Type s 

.occurred ln succesSlOn dunng the penod. Included In the tables are 

ten-day means or totals of varlOUS meteorological elements from MaIn 

Ice. Plots of ten-day means, dls'cussed in seetlOns 2: 1 through 2: 7, 

glve further detaüs on the Cl1mat1c sItuatlOn durmg each penod. Ref-

erence should also be made to the plots of nine-day running mean tem-

peratures and daüy mean cloud amount s found ln Figures 2: 1. 1 c and 

2: 5.3a. 
(" 

In general, the four elrCUlatlOn Types adequately depict the 

actual synoptic sltuatlOn dunng aU SIX years and aecount for aU sigm-

heant devlations from the 111ean of temperature" cloud amount, fog fre-

q uene y and pree IpltatlOn totals. 
,/ 

There follows a bnef dlseusslOn of the synoptic cl1matologyof eaeh 

of the six years as seen from Tables 3: 6a aI}d 3: 6b and the Figures 

of sectIons 2: 1 - 2: 8 • 
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Year Penod 

1960 

1961 

1962 

2 

3 

4 

5 

6 

7 

8 

9 

2 

3 

4 

5 

b 

7 

8 

9 

2 

3 

4 

5 

6 

7 

8 

9 

Table 3: 6a 

TEN DA Y SYNOPTIC CONDI TIONS. CIRCULATiON TYPE AND MAIN ICE CLIMATIC ELEMENTS 

Summary of Synoptlc SltUatlOn
2 

R over QEI glves way to PO H and BB L 

R moves over QEI lyIng W of Ml by 26th 

R followed by L. tben R followed by PO L 

H over GL then R W of Ml pushed E to Ml 

L 10 QEI trades W and small R over GL 

H moves across QEI followed by L 

H ln PO wlth ndge to CL 

H ID PO wlth Ts pushlng mto QEI from S 

H moves from Po-~I to CL 

H ln PO and L ln BB 

H 10 PO batties wlth L Ul BB 

T 6 from E SIB move NE along edge QEI 

Ts from E SIB move NE along edse QEI 

Ls move around PO tben H pushes mto PO 

R tG CL from SIB H. SIB H moves mto PO 

R 10 PO moves to BB. SIB H moves to PO 

H ln PO, Ls track S of ARC 

H ln W ARC wlth R to CL, Ls track through QEI 

H over PO weak Ls S o( ARC 

H moyes E,f;ollowed by L, then H moyes lnto BB 

H over QEl lDterrupted 'by small L's 

H over QEI followed by T's along edge QEI 

H moyes N of QEI to GL followed by L 

H ln S PO, L ln BB 

H ln SIB PO and Ls track S of QEI 

, ,C> 

Cac. 
Type 

Ill. 1 

II(~ 

1 or IV 

III 

III 

III 

III 

1. III 

1 

II 

II 

III. 

III. 

1, lil. 

III 

III 

III 

III, Il 

II, II 

Meltlng 
degree days 

(oC) 

1.7 
20.8 

3.8 

23. 1 

It •. a 
24.9 

28. l 

5.3 

0.0 

0.3 

0.3 

5.0 

22.2 

7.5 

0.0 

9.5 
0.6 

23.8 

52.9 

16.8 

15.3 

0.6 

0.0 

PreClp. 
total 

(mm) 

3.4 

6.5 

3.0 

17.5 

~ 
2.2. b 

0.1 

0.4 

3.8 

0.0 

0.5 

3. l 

0.3 

3 4 

12. a 
10.7 

1.3 

Fog 
frequenc y 

("70) 

70 

2.5 

61 

52 

35 

65 

76 

74 

30 

73 

74 

54 

94 

45 

46 

St; 

52 

75 

22 

15 

33 

43 

~8 

75 

Clo\ld 
ty~e3 coyer 

F. ST 

F. AS 

F. ST 

F. ST 

F. ST 

F. AS 

F. AS 

F. AC 

ST. X 

F. X 

F. ST 

F. ST 

F. ST 

ST 

F. ST 

F. ST 

F. ST 

F, ST 

F. AS 

F. AS 

F. SF 

F. AC 

F. ST 

(/ la) 

9. 1 

4.7 

2..9 

7. b 

'7.3 

7.9 
5.9 

7. 1 

8.0 

9 9 

9. l 

9.0 

9.0 

8.0 

9.2 

5.5 

5. il 

b.3 

4.6 

Cl 2 

il 6 

Wlnd 
dlrectlOn4 speed 

{lb pts.) (rn/sec) 

Nw/NNW 

N . 
N 

SE/WSW 

SE/E 

SE 

N/NW 

N 

N/W 

N/SSW 

N 

SE 

SE/SSE 

SW/NNW 

N 

N 

N/NNW 

NNE/S 

S 

SW/W, 

N 

N 

N 

4.4 

6.0 

4.7 

5. a 
3.5 

4. l 

2.5 

3.9 

6.2 

7 ... 

7. l 

8.5 

7.9 

8.8 

7.7 

5.2 

7. 1 

b l 

3. 1 

3.7 

3.7 

3 7 

S.Q 

t>!c3 

Ten-day penods. 1) 1-10 June, 2) 11-20 June, 2) 21-30 June, 4) 1-10 July, 5) 11-20 J\lly, b) 21-30 July, 7) 31-q A\l!;lust, 
8) 10-19 August, 9) 20-29 August. 

2 AbreViatIons' PO = Western Polar Ocean; BB::: BaffIn Bay. L:: Low, H:: Hlgh, QEI:: Queen Ellzabeth Islands, ARC Archlpelago, 
Ml '" Melgben Island, R:: ndge, T:: trough, CL:: Creenland, S/B:: Slbenan, RUS = Russlan, HB:: Hudson Bay. 

3 Fust and second rnost lmportant cloud type. 
4 Most frequent wmd dl.rectlon and second most freq\lent dlrection li important. 

• • 

CI 
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3: 6. l 1960 

The ocCurrence of Type IiI cIrculatIon ln early,Jlme accouJ1,ts for 
, . 

the unusuaUy warm June of 1960. WIth the exceptlOn of the flrst penod 

ln July, Type III predomlnated from the onbet of summer ln late June 

to lts demlse ln late August. Durlng thls tlole nunleruus warrn spells 

o 
occurred resultmg 10 ten-day meltlng degree day totais of over 20 C. 

Though fog was npt less frequent than normal, the total cloud amount 

was below the SIX year mean m aU Type III perlOds. When Type 1 to ok 

over ln early July the cloud amounts, fog frt'quenCles and melting' degree 

day totais reverted ta early spring values. 

3: 6.2 1961 

Polar Ocean condItIons eXlsted ln June, due to the domlnance of Type 

l ClrculatIOn. The c yc10mc s ysterns of Type' Il brought cOhsiderable pre-

clpltatIOn to the Island dunng most of July. For the remamder of the 

season Types l and III alternated', resultlng 111 several marked warm and 
,. 

c.old spells, the hlghest temperatures and clearest skles ùccunng dunng 

a Type III slluatlOn ln early A'ugust. Exammatlon of 1OdlVldual'Wlnd max-

irna shows that the anomalously hlgh wmd speeds m 1961 resulted from. 
1 

unus~ally strong pre s,sure gr~ .• 

lar Ocean hlgh and Baffm Bay 'low, br 

tems of Type Il Clrculation. 

1 

3: 6.3 1962 \ 
..... ,. 

The se we re found between the Po
,l' 

( 

111 connectlOn wlth the cyclonlc 'sys-

,r 

The early'domlnance 0'( Type III clr,CulatlOn resu1ted ln signlflcant 

-
m.elti'ng de"gree day totals by mId-June. Polar Ocean c~J?dltion6 10truded .. 
ln ta te June but gave way to strongly devetoped Typ~)II clrCUlatlOn 111 

( . 
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Table 3:, 6b 

o 
TEN DA Y SY.\~PTIC CONDI TIONS, 

YeaT. Perlod c • 2 
Summary of 5ynOptiC SituatIon .. ... 

1968, 

\ 

'-

1969 

1970 

H moves across S ARC followed by L then H ID PO 

2 H 11). PO and L m BB dwhlCh moves W to S of QEI 

3 H ln PO and L m BB 

4 H bullds from PO across OEI to GL 

5 Strong L m,BB dommates ~ 
6 H m P0-and L m HB 

7 H ID PO dommates 

8 1..: ID OEI pushed out by H movmg to W OBI 

9 H over OEI wlth L's trackmg ln from SW 

H wlth R to GL followed by L then PO-H, BB.L 

Z H ln SW ARC 

3 H ln PO. ].. moveS' -ever OEI and up BB 

4 L NW of QEI ln PO 

5 L moves ta NVf of QEI 

6 Lif track alons N edge of OEI 

-; Ls track around L ln PO 

S. Hm PO wlth R to GL. Ts across QEI from PO 

9 H GL to SIB ratates to H ln PO 

1 

Z 

R ID PO, strong Ls track across 5 QEI to BB 

R ln PO~ 8trong Ls track actoss S QEI ta BB 

3 rapld motlon around L ln PO 

4 L lJl PO moves to BB. new L m PO 

5 H maves N mta QEI pushed W lnto PO by BB-L 

El €H over GL glVesc way to PO-H 

7 ' Ij from PO moves down Ellesmere Is L 

8 Ellesmere H moves S, H ln PO and L ID BB 

9 R bUllds mto QEI 'wlth L ID PO 

l, Z, ~, 4 see foatnotés Table 3. Ela 

. ,. 
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Clrc. 
Type 

Ill, 1 

LIll 

I. III 

1 

1 

II, 

II 

III, l, 

1 

II 

II 

II 

II 

III 

III, 

1 

IV 

IV 

III, 

Ill. 

m 
1 

",] .~II' 

" 

CIRCULATION TYPE AND MAIN ICÈ CLIMATIC ELEMENTS 

"'. 

MeltlDg 
deg,~e days 

~C) 

0.2 

1.6 

O. 1 

Il. 3 

~7 

0.0 

O. l 

O.Z 

0.2 

0.0 

0.1 

O. l 

0.7 

O. 1 

2.4-

5.3 

10.6 

15.3 

0.0 

0.0 

0.4 

1.7 

, 12.4 

14.8 

8.3 

3.2 

0.3 

'" 

IP 

<.< 

.. 

PreC"lp. Flg 
total frequency 

(mm) ('Vo) 

1.8 

o 4 

6.1 

5.4 

0.4 

1.7 

7.4 

17.4 

7.4 

2.6 

0.2 

l,. 5 

l8. l 

18.5 

33.0 

74.5 

19. l 

0.8 

1.7 

l. 1 

r 3.5 

• 9.1 

0.2 

4.7 

0.7 

9.6 

8.8 

~) 

40 

37 

47 

37 

33 

90 

70 

77 

30 

19 

78 

96 

83 

ç 56 

53 

59 

43 

54 

86 

89 

98 

69 

64 

63 

78 

74 

64 

Cloud 
type 3 coyer 

ST. F 

F, SF 

F. SC 

F. ST 

F. AC 

F. SF 

F, ~T 

F, ST 

F. ST 

X, F 
F, ST~ 

F. SF 

F. SF 

F. SF 

F. ST 

F, ST 

F. AC 

F, ST 

F. ST 

F. ST 

F. ST 

LX 
F. Ac' 

F. ST 
F. CI 

F. CS 
F. ST 

(/10) 

8.5 

7.9 

8.4 

6.3 

5.9 

9.5 

9.9 

9.6 

7.8 

7.8 

8.9 

8.6 

9.6 

8.2 

9.6 

9. l' 

9.3 

6.9 

9.4 

9.9 

9.8 

8.9 

7.8 

8.9 

6.5 

8.2 

8.2 

, 

ftnd 
duectlon speed 

(16pts.) (rn/sec; 

SW 

N 

N 

N 

N 

N 

N 

WSW 

SE 

SSE 

NW 

NNE/N 

SW 

SW/SSW 

SSW 

SSE 

SSE 

NE 

NW 

N 

WSW 

SW 

N/WSW 

SE/WSW 

NNE 

N 

SSE 

• 

5. 1 

6.6 

4.9 

4.0 

6.3 

6.3 

7.5 

3.0 

4.3 

4.7 

3.8 

8.0 • 

6.0 

5.7 

6.7 

7. 1 

~. 0 

4.2 

5.4 

6.1 

6.6 

5.0 

5.5 

3. 1 

4.b 

5.3 

5.0 
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July and early August. 
~ 

Duqng, thlS unusually warm perlOd Mam Ice and 
~ 

Isachsen temp'é~atures often 'exceeded those at Eureka. Cle~r skIe 6, 

<, 

llght wlnds and lnplgnlflcant amounts of pree IpltatlOn WE' re expenenc ed, 

except durmg a short 'spell of Type II C1rculatlOn late ln the 

mld-Au.gust Polar Ocean condltlons took over once more. 

3: 6.4 1968 

Polar Ocean condltlOns dommated m 1968. Type 1 was replaced , 

bnefly m June by Type III clrCUlatlOn, causmg an amellOratlOn of June 

By July, aboyé -freezmg temperatures -exlsted ln the 

lower troposphere up to ~')O mb, and a slgnlflcant number of meltmg 

degree'days resulted frorn a Type III occurren'ce T'arounp 8 Jury:: ln 

" 
mId-July}1satelllte photographs showed that', desplte prevallmg northerly 

surface wmds, southerly îlow at upper levels held the Polar Ocean (og 

off the north coast of the 1 slands. Slgnlflcant preClpItatlOn amounts 
, . 
were recorded dunng three penods when the InverSIon was replaced 

ln lower levels by lapse conditions. ln late August Type II ClrculatlOn 

brought strong cyclonlc actlvlty to the Meighen Island area'
b 

3: 6. 5 1969 

June 1969'was dommated by Polar Ocean conditions and t~e accorn~ 

pany mg subsldenc~ mverSlOnS, but a brief mtraslOn of Type II~ occurred 
. 

'~ . earl y m the mo~th. T,he Type II ClrculatlOn. which perslsted dunng July 

and early August, resulted in anomalously large amaunts of rain and 

, "' 
snow and consIstent below-freezlng· temperatures. Lapse conditlOns 

were ,mamtained 10 the lower troposphere throughout the Type II é'ircu-

latlOn. Not until mï~~ugust dld mean ternpetatures rise above freezing • 
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At dus bme a strong Type III sltuatlOn produced hlgh temperatures and • clear skIes al Maln Ice and Isachsen. Eureka, on the other hand, cx-

~pe nenced below ... free zing tempe ratures and North Land was C onslder,tbi y 

calder than MaIn Ice or Isachsen. Temperatures dropped rapldLy al lhe 

end of August as Fç>lar Ocean flow was r.(-estabLu,hed. 
\ ~ 

3: 6. 6 1970 

The season be gan wllh Polar Ocean condItIons throughout ~he tropo-

sphere, as shown ln the tt'rnperature soundmg. By the end of June the 

Type l clrCUlatlOn waf:> conslantly belng replaced by the other two types 

produClng the Type IV tranf::,ltlOn slluatldn. Conblderable warmlng took 

place ln the lower troposphère. As July advanced, clear Instances of 

Types III and l eIT1erged, resuLtmg ln several defmlle wann and cold 

spells. The two maln ternperature maXIma at MaIn Ice corresponded 

wlth rnaxlIna al Isachsen and Eureka but were not eVldent m the North 

Land curve. The upper flow structure,"'lliustrated ln Çase b of Type 

III and dlscussed ln detall by Petzold (1971) was responsible for these 

tempe rature relatlonshlps. MId-August saw the re -e stabllshment of 

flow from the Polar Ocean, but thlS was ll1terrupted agam in late Au-

gust by a weak Type-III sltuatlOn. Lapf:>e condlilons and temperatures 

near freezlng in the lower troposphere appeared to prevâll ln penods 

experlenClng the hlghest preClpltatlOn amounls of the season. 

3: 7 Frequencyof ClrCUlatlOn Types and Thea RelatlOnshlp to Climate 

FIgure 3: 7 lliustrates the relatIve lmportance of the ClrCUlatlOn 

types durmg the SIX years &{Udled • Polar Ocean conditions dornmated 

• ln 1961 and 1968, cyc10nlc systems, ln 1969 and Greenland rldge s1tlla-

\ 



• 

• 
Table 3: 7b 

Mean Ten Day Totals for Circulation Types'~ 

" T y.pè-
"-

l II III IV 

Melting Degree Days (oC) 1.1 3u.2 20. 1 1. 1 

Precipitation (mm) 3.8 32.2 6. 5 6.3 

* from ten day periods when onl y one type dommated 

Table 3: 7a 

Frequency of, Cuc ulation Types (%) 

t'ype l II III IV 

Island Years 38 9 37 7 

Polar Ocean Years 42 2\1 15 18 
, Six Years 39 19 22 8 

• 

• , 
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tians m 1960 and 1962. In 1970 Polar Ocean and Grcenldnd ndge l ()Il-

ditlOns alternaled, al limes 50 rapldly that Type IV reblllted. The trrll1-

sILlOn frequenCleb represent days when the bituation v.ab chan!bng be-

tween type~. ThIs dccounted for around 10% uf ddyl'> ln dLl years. 1 h( 

dornmance of Polar Oct.'dn condllwns ln the lold y (:'an, (lq61 and l<l6H-

70} and of advectlOn from the Isldnds under th(' mf Iilt.'lll e of Type III ln 

the warm yean, (lQ60 and lQ62) lb eVldent from Tdble 3:7a. 

Referrlng to the beasonal means and circulatIon frequencies ln FIg

ure 3:7 the charactenstics of the cIrCUlatIon typ(:'~ drc further lllus-

trated. Frequènc'les of Type I, the Poldr OU-'dn clrCUlatlOn, appear tu 

explam the lack of meltmg degree clayE> ana thus suppressIon of ablatlOn 

on the lce cap. Seasonal preclp!'tatlon arnounts correspond to~the fre

quencyof Type IL the frontal pabbage type. ,Type III frequenCles re 

the rnean cloud c av e r. 

Ten-day preClpItatlon amounts and meltlng degree day totals were 

averaged for the three types of C1rculatlOn usmg tcn-da'y penods when 

only one type domll1aled (see Table 3.7b). Type l averages O. l of a 

meltll1g degree day and 1 a trace of preCIpItatIon per day. Less than 

haLf a rneltlng degree day r(>sultb frorn Type II, but preClpltatlOn totais 

fOT a ten-day perlOd average over 30 mn1. ThIS should be compared 

wlth the mean wmter accumulatlOn of 170 rnnl. Type III accounts for 

20 rneltmg degree days ll1 a ten day perlOd, WhiCh amounts to more than 

half the total seasonal meltlng degree days accumulated ln a Polar 

Ocean year. On oc caSlon 1 slgnIflcant arnounts of precIpllatlon are pro-

duced by lows associated with a general Type III ClrculatlOn . 
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3: 8 Wmd DlY~ctlOn and Synoptlc CondltlOns 

In order ta mterpret the Melghen Island surface wmd roses in terms 

of syn~ conditions 1t IS necessary flrst ta examIne the relatlOnshlp 

between the dIrectIon of surface geostrophlc flow and meabured surface 

wlnd. The dHectwn of the geostrophlc flow was extracted from syn-

optle maps once a day for the SIX years. FlgU re 3: Ha shows the fre-

quency dlstnbutlOn of the devlation of the actual surface wlnd direction 

from the surface geostrophlc flow. Surface wlnds tend to devlate 20 to 

40 degrees towards low' pressure, due to the effect of surface frIctlon'l 

Roses of geostrophlc and actual wlnd dlTectlOn are conllnned ln 

Flgure 3:tsb. The surGi.ce rose has been rotated clockwlse one com-

( 2.2 °). pass pomt ca. The topography of the Islands, as II relates to 

Melghen Island lS represented by the perlpheral shadlng. The general 

fIt of the two roses lS good. Closer exammatlOn of the data showed 

that geostroph1c flow from the eastern sector was deflected by Axel 

HeIberg Island as mdlcated by the arrows lri the dlagram. There is a 

"tO degree devlatlOn between geostrophic and measured dIrectIon for flow 

from the western sector WhlCh lt Wlll be seen (1 1: 2) lS most frequenüy 

assoclated wlth the weak antlcycloDlc flow of Type III ClrculatlOn6. 

Wüh the exceptlOn of eastern sector flow, WhlCh 15 deflected around 

,Axel HeIberg Island, the surface wlnd directlOn on Melghen Island 16 

directly rela(ed to the synoptic pattern. At lsachsen and Eureka local 

topography has a greater effect on the wmd duectlOn. 

Roses of surface geostrophic flow, surface wlnd directIon and tern

perature for mdIvldual years at Mam Ice are shown ln Figures 3:8c and 

3:8d • 
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3: 8. 1 1960 

The outstandmg feature of the 1960 geostrophlc rose lS the hlgh 

frequency of ENE flow. ThIs was assoclated wlth Type III circulatIOn, 

which ln that year was charactenzed by motion of ndges across the 

Islands from the Polar Ocean to Greenland and by a low tracklng south 

of the Queen ElIzabeth Islands from Baffin Bay. ThIS flow was deflected 

by Axel Heiberg Island to produce a maXImum of SE'lles and above ' 

freezmg temperatures on Melghen Island. Type III ClrculatIOn lS aiso 

responsible for the S'hes. Temperatures durlng these S'hes and SSW'-

lies were well above freezlng. 

3: 8.2 1961 

The geostrophlc and surface roses ln 1961 have a decided N'ly 

maXlmum as a result of frequent domInance of Type 1 clrculation from 

the Polar Ocean~ Temperatures wlth thlS Polar Ocean flow were be

o 
low -1 C. Geostrophlc S'lles prevall ln advance of the Type II frontal 

systems (above aOc temperatures) and shift to WSW'l1es ln the rear 

f 1... Id f (b I _l o C t) o tue co ront e ow tempe ra ures. 

3: 8. 3 1962 

The frequent, well developed Type III cIrculation of 1962, combined 

with several cases of Type 1 Polar Ocean flow, result ln strong maXIma 

of N'1y and S'1y flow. 
o 

Mean temperatures well below 0 C accompany N 

sector wlnds, while +3 0 C averages resuit from Sand SW se'Ctor winds . 
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3: 8.4 1968 

In 1968 complete dominance of the cIrCUlatlOn by Type 1 produced 

the highest frequency of NIlles expenenced ln the SlX years. Only 

the S, SSE and NE wlnds accompanymg bnef penods of Type III flow 

of the a and b types resulted ln temperatures near freezlng. Cyclonlc 

actlvlty assoclated wlth the Type II clrculatlOn ln late August accounts 

for some SW and most of the SE winds. 

3: 8. 5 
( 

1969 

The predomInance of Type II cyc10nlc flow was obvious from the 

wind roses for 1969. In fact, the rose for July (see FIgure 2:4b) 

showed no appreclable NIlles. o In August, +2 C temperatures resulted 

from a Type III Case b sltuatlOn where NElly wlnds at the surface 

Were accompanied by S'ly flow at upper levels. 

3: 8.6 1970 

The Polar Ocean northerlies agam domlnated in 1970. The tranSI-

I,tlon Type IV cIrCUlatlOn accounted for a portlOn of the SWllies and some 
" 

" of the w~"rm temperatures L As ln 1969, NElly winds ,at the surface 

were assoc/i~ted wlth warm aIr advectIon ln the lower troposphere. A 

Type III sltuatlOn at the end of August, I.nd the SSE winds associated 

with it did not result ln slgniflcant warming as the season was well 

advanced by that,time • 
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CHAPTÊR 4 

ME.ASURED RADIATION COMPONENTS 

• 
The radlatlon measurements used m thls chapter' are from Mam 

Ice for the years 1969 and 1970. Dally totals of the Incomlng radiatlon 
\' 

components were obtalned from the. Belfort pyrhellOgraph and Davos 

pyrrad'lometer traces. Daüy values of albedo and long wave outgomg 

radlatlOn were calculated' from spot measurements. 

4~ l DlUrnal VanatlOns of e Ra(l!atlOn Corn onents 

~ 

Figure 4. l shows the values of the measured 

radlatlOn components' for 197 O. FrOlU the short wave Incoming curve 

lt can be seen that there 18 no radiatlon nlght at these lat>ltudes ln June, 

July or August. The solar radiatlOn actually absorbed at the surface 

averages ca. 80 ly/day due to the very high albedo. The relatlOnshlp 

of long wave Incornmg to long wave outgolng radlatlOn lliustrates a 

cornmon feature of arctlc lce-cl1mates. The Ice and snow surfaces, 
, 

J 

." 0 
due to thelr maximum posslble sû'rface ,temperature of 0 C, are often 

calder than the overlymg au. Any appreclable cloud caver m the warIn 

air wül result ln hlgher values of long wa~e mcoming {han of long wave' 

outgomg radiation at the surfacg. The warmer and more mOlst the alr, 
, 

the more posItlve wIll be the net' long wave balance. The mean diurnal 

total net radiatlOn on Meighen Island m 1970 was neve r negatlve, due ta 

relatlvely hlgh long wave mcomlllg values. 

• 
I?aily Totals of RadiatlOn Components 

Daily totals of 't~e radlation components shawn li\' Fig~r~e 4: 2 also re-

flect these arCtlC radiatlOn climate charactenstlcs. ~ L~ng wave incoming 

\ 
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radlatlOn exhlblts a gentle rlse ln mId-summer white lnsolatlOn falls 

• off rapldly after June. The lIuportance of albedo lS seen in the curve 

for solar radlatlOn absorbed at the surface. The decrease of albedo 

wlth advanclng season somewhat compensates for the rapld decllne 

J 

of the ·so,la:t:-e lncomlng radlatlOn. 
r ~ 

PosItlVe net long wave balances are 

found ln aU months, and reach a maxunum ln mld-SUlTImer. The net 

total radiatIon, it can be seen, lB very sensItlve to changes of net long 

wave radIatIon, the latter belng conslderably more vanable than the 

absorbed solar radlatlon. In general, long w{lve Incomlng radlation 

appears to be the crltical component of the radlatHm balance, ln the 

absence' of vlOlent a1bedo changes. 

The Influence uf Weather on the RadlatlOn Components 
• 

The spot radlatlOn meas ur emenls from MaIn Ice for 1969 and 1970 

were used ln thlS section. Each spot measurement conslsted of con- o 

secutlVe readlngs of each component, repeated two or more tlmes ln 

an attempt to slmulate snuultaneous readll1gs. When sky condltlOns 

were changlng rapldly, as ln the case of ragged fog or low stratus ac-

companied by strong wlnds, It was very dlfflcult to ensure tpat' the read-

Ings were representatlve. For thls reason, as well as to account for 
,~ 

occaSIons when a malfunctlon of the sensor or recorder was suspected 

ln the fleld. a dependablllty factor was attached to each' spot radIatIon 

observatlOn. While ln sectlOn 4:3.1 aU observations were mcluded, 
: . \ ~ 

ln sectIon 4:3.1-5 only those observations Wè"rè used WhlCh na.d no ob-

VIOUS lIViccuracles. The meas urem'ents of long 'wave outgoing radlatlOn 

have not been dlscus.sed as they did not appear to be ...adequately accurate. 

" • At the tune of the radlatlon observatlons several addltional pararneters 

\ i , 

were recorded. These mc1uded: 
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the sky caver; 

the type of cloud and/or fog over the sun, 

whether the sun was not vIsIble, dlmly _ \llsible or bnghtly VIsible 

through the cloud and /0; fog; 

weather and obstructlOns VISIon (Includmg rln~e) and 

snow surface condltlons. 

Ir an attempt ta understand the factors whlch govern the radlatlOn cl1mate 

'"," , of Melghen Ice Cap, the radlatlOn components were reiated ta various 
, 1 

,w~ther elernents and to these addülonal parameterb. The seasonal 
\ 

and dIUrnal varIations were ehrnlnateC\ from the short wave mcornlpg 

radIatIon, ioly expresslng the measured values as percent of the clear sky 

value. A clear sky value was calculated for each spot measurernent 

from the lsachsen upper aH soundlng and MaIn Ice weàther 'observatlons 

USU1g the adapt:.ed verSlOn of the Vowmckel-Orvlg ptogramme EBBA dlS-

cussed m Chapter' 6. Incomlng long wave radIation lS also presented as 
" 

percent of clear sky Incoming long wave radiatlon. Il should be noted 

that the clear sky values do not represent true clear sky condItlons as 

they were calculated usmg the actual Is<:rchsen upper air soundmg and 

Mam Ice screèn temperature. ThIS dlstlnctlon IS partlcularly Important 

}n the case of long wave radlatlOn where tempe rature anq mOlsture con-

teÛnt are c ntlcal. In effe(4t, the clear sky values represent the actual 

condftions with the cloud removed" and mcoming components expressed 

as percent of clear ~kds md'cate the mfluence of d'lud and· fog 

on the components. Hereafter measured solar mcommg (lè,Jng wave In-

commg) radIa'tion as percent of clear sky wIll b~ referred to simply as 

pe rcent solar Incomlng (long wave mcommg) and abbreviated ta % SI 

( % LI ) ln diagrams "and figures • 

t 
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4: 3. 1 Percent Solar and Long Wave Incornlng 

FIgure 4:3. l shows the frequency d.,lstnbutlOn of solar and long 

wave Incommg and thelr relatlon to temperature and total cloud opaClty 

(for fog thlS refers to the portwn of the fog through WhlCh one cannot 

see ). Percent solar lnCOmlng has a flat dIstrIbutIon, peaking around 

/ 65 to 70 percent, whlie long wave tnCOtlllng peaks more sha.rplyaround 

125 percent. 

Below 100 percent the 

ereasing tempera.ture (the 

pe~cent solar mcomlng lOcreases wIth de

eolde r fog 'nd cloud being mOl' transparent 

to' Insolatwn) and, particularly above 70 percent, the percent solar m-

coming decreases wIth decreasing opacIty. Low opacltles and warm 

temperatures accompany solar Incomlng percents over 100. Multlple 

reflectlOn b~tween snow and cloud accounts for sorne of these greate r 

" 
th an 100 percent values, but lt lb llkely that the nonventllated Kipp and 

Zonen solarlrneters would be subJect to overheatmg on clear warm days. 

" Long wavè Inçoming percents under 100 also occur with low opaclties 

.and warm temperatures . Long wave radIatIon 15 obtalned by subtractlOn 

. of measured Incomlng short wave fronl measured aU wave radiatIon, and 

the aU wave mstrument would IUJt be subJect to heatmg from trapped 

long wave radIatIon under the dome. The low long wave mCOffiIng per-

cents are probably largely a result of heatmg of the solanmeters. 

4:3. 2 RadlatlOn Components and Sky Co\. er 

Tables 4:3.2 a and b show the mean values of incoming radIation , 
components alon,g wltn temperature and albedo for sky coyer conditions 

at the lime of the radlatlOn measurements. Only condltitns with elther 

fog alone or cloud alone'have been used here, and classes were com-

( 
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blned where there was no slgnlflcant phYSlcal dlfference between the 

classes and the means were slmllar. Totally obscunng fog accounted 

for more than half the cases and dld not break clown on the baSIS of 

vertlcal viSlbllity lnto the fog. 

The fIrst portIOn of Table 4:3.2a shows the mean solar' mcommg 

per~ents for sky condItlons. Wüh the exceptlOn «f the extremely low 

percentage for overcast mIcldle cloud, WhlCh lS a result of nimbostratus 

and ram, the values for cloud are comparable to those obtamed byother 

Inve stigator s (see for Instance Vowlncke1 and Ory 19, 1962; and Haurwltz, 
, 

1945). Percent solar Incomlng radlatIOn decreases wlth Increasing cloud . ....,. 
amount and d~creàsmg cloud helght (agam wlth the exceptlon of oVe'rcast 

(lliddle cloud). 
• Wlth fog the measured solar radlatlOn varIes from 60 

to 9~ percent of clear sky values. ThlS repre sents a range of approx-

lmately 80 lylday m absorbed solar radIatIOn ln JuIy. The percentages 

for fog are hlgher than those for low cloud for opacltles greater than 
~ 

/6/10, 1. e., the fog depletes less than the cloud. For opaCltles less 

than 6/10, the relatlOnshlp 15 reversed. To understand thls lt must be 

remembered that the fog actually covers the whole sky though much of 

lt does not obscure the sky whlle cloud (wlth the exceptlOn of thin cirro

t, 
stratus) usually covers only sllghtly more of the sky than the opaclty m-

dlc.ates. The solar radlatlOn reachlng the surface through fog 18 mainly 

dlffuse, whlle a consIderable portlOn of that wlth low cloud opacltles 

wlll be dIrect radlatIOn. ThIS accounts for the reversaI of the cloud-
'b 

fog relatlOnshlp ln two ways. The multIple- refraction between the snow 

surface and cloud base would be more effectIve wlth dIrect radIatIOn. 

Probably more slgniflcant 15 the fact that heatmg of the nonventllated 

solarimeter /dome would be more serlOUS wlth direct than diffuse radlatlOn . , 
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Té!,.ble 4:3. 2b shows the rnean long wave lncornmg as percent of 

clear sky for vanous sky condltlons. Fog and low cloud wlth opacltles 

greater than 6/10 result ln a 30 percent lncrease ln longwave radIatIon 

over that from the same upper aIr soundlng and no cloud. There ap-

pears to be no VariatIOn due ta opaclty ln thlS range. The clear bky 

value should be dlsregarded as lt IS obvloubly ln error (only 3 obser-

vatlOns) though the values for low opacltles seem qUlte reasonable. The 

hlgher the cloud the lebs 1S its effec' on 10Plg wave Inc omlng radIatIon. 

Whereas low and mlddle cloud coura be comblned ln the case of solar 

radlatlon, the re lS a slgnlhcant dlfferenc e between low and ~l.lddle cloud 

for long wave lnCOmlng, but mlddle and hlgh cloud we re simllar ln the 
, ..... "'-7" ,-1 

long wave case. The measured rn.ean values of Incorn.lng long wave 

radlatlOn (ly 1 mm) are shown ln the thlrd portlOn of Table 4:3. 2b, ta 

ptovide addltlonal lnformation on the relatlOnshlp of long wave lncomtng 

radIatIon to sky conditIon. The thick warm mmbostratus shows the hlgh-

est measured lnCOmlng long wave radIatIon. There lS a .01 lylmin 

(14 ly/day) dlfference between totally obscurmg fog and 6-9/10 fog not 

seen 10 the percent values. 

The means of short wave surface albedo show that although fog 

transmlts more solar radlatlOn, lt also results ln hlgh surface albedo 

-and thus a decrease of solar radlatlOn absorbed at the surface. The 

rneans of teITlper.,p.ture (Tables 4:3. 2 a and b) wlth sky condltl~n mdlcate 

that fog occurs at colder t~mperatures than cloud, and explains further 

sorne of the VarIatIons ln lncommg short and long wave radlation. 

In order ta make a rough estlmate of the net radlatlOn absorbed at 

the ,surface for VarlOUS sky co'ndltlons, the long wave outgoing radiatlon' 

has been estirnated by uSlng ~- r 4 of the screen tempe rature reduced to 

o 

( 
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Table 4: 3. 2e 

Estimated Net R'adiation and Sky Cover 

NET (ly Iday) 

70 EBM 
75 

75 1,2 MH 

x 85 

90 eL 
112 ® 

115 .; 

For Legend see Table 4: 3. 2b. 

oOC for paSltlve temperatures, and a clear 'sky short wave radlat,ion 

of 600 ly/day, representatlve of late July value"s, has been assumed. 

Tab'le 4:3.2e shows estlmates of solar radlatlOn absorbed at the 

s urfaee. net long wav,e radlatlOn and net radlatlon obtained ln thlS rnan-

l'fer. Though the values must be tr'eated wlth eautlOn they show several 

lnterestmg things. (Clear sky values are nat included due to the srnall 
\ 

and unrehable sample.) The Qvereast mlddle' cloud results ln the low-

est net lneOmlng value due to the exceSSIve depletlon of short wave ra-

diahon. Totally obsc unng fog and overeast low cloud exhibit simllar 

net val ues as the higher albedo expeneneed ln fog (due to rinüng of 

t~rface. see 4:4) overrides thè effect of lower depletion ot' insola

tlOn m fog. Conslderably hlgher values of net lncoming radiatlOn are 

obtained for fog and cloud wlth opaeltles of 6-9/10 caver over those 

{ , 
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Table 4: 3. 3 

4: 
"il '-' 'T 

_ r 

Radiation Components and Sky Condition over the Sun 

.. -- ----

No. of RZI ALD T RLI ZLI 

Observations % % Oc % % 
) " '"'1 _ ... ~~--- ~ 

13 1 46 As 1 F 92 Cl F -3.2 As BS 132 .460 As 
1 : r~ 

.44 . 52 St F" 91 -As BS -2.7 F 131 -As i\ .455 Sc 
- -t 

45 55 Ac BS 88 F -2.4 . 130 Sc 1 F .452 
1 

7 BS 57 F 83 Sc F - 1. 9 Sc 129 St j BS . 451 

320 F 57 F 81 Ac F -1. 7 St F 128 St 1 ·.-4~Oi-,St 
1 
i ' . 

8 1 F'/ 59 St F 80 ,F -1. 5 F 128 k F ./t~~ Sc 

~4 F 60 Ac F 79 St -1.3 Sc F 127 .$c 'F .4~8 Ac 

14" F' 63 Sc 77 St -1. 2 St F 125 Cl F .448" Gi-! -

3 F 68 As 77 Sc! F -1. 2 Cl F 125 Ac .447 Ac-; 
l ,~ 

33 72 \c 74 none! F -. 8 Ac F 125 F. 446 St .i 

1 h 

.. 63 F 82 F 73 • 2 Ac 1 1 23 'À c ~ /'i F . 443 As 

4 F 86 èi 73 As .4 none! '123 As ~. 434 
• 1 

28 93 Ci 73 Ac .4 As 1 118 Ci .428 Ci 

59 110 none 1 70 Cl 1. 7 Cl 112 none 1 .398 none 

TABLE 4: 3.4 

Short wave incoming and $unis Visibility 

Sun RLI T 
! - not--viailile 56 -1. 2 

J' dlmly 'visible 74 -1. 7 
/ brightly Vlslble 100 • 7 

clear 111 . 3 
/ 

/ t, 

/. 
~ 

.- ~ • 
ft 



wlth 10/10 cover, due largely to the decreased :"oJar radlatlOn deplellUn . • When the fog opaclty drops below 5/10, the Inc'r~dbe w msolatlOn cannot 

compensate for the decrease ln long wave mconllng. n'blJttlng ln a net 

balance êven sl1jaller than for totally obscurwg fog. Thn' e to flve-

tenths cloud glves the largest value of net InC'onllng radlatlOn due to the 

comblned effects of low depletlon of solar mLOITllng, ITlUltlplc refleètlOn 

(and/or mstrument heatlng), low albedo and warm temperatures, wlth a 

slgn1flcant amount of cloud reradlatmg at these temperatures. When 

'the cloud amount drops to 2/ l 0 or les s, the drop ln long wave Incommg 

radlatlon ove rcome s the hlgh InsolatlOn value s. 

It appears from these estlmated values that the largest net Incommg 

radlatlon balances accompany broken or thm broken cloud and fog (ca. 3-

9/10 opaClty). / 

RadlatlOn Components and Sky Condltl s over Sun 

Table 4:3.3 shows the me n values of he lncomlng radlatlon com-

ponents, temperature and albed ed wlth the type of fog and 
," 

cloud over the sun at the Ume radlatlon rneasurements. The 

thick midtlle clouds show up :mamfy as alto stratus (mmbostratu s). 

The rno8t strikmg feature of the Insolatl'bn table 18 that stratocurnulus 

depletes conslderably less than stratus. This does nbt appear to be 

a temperature effect but rather a functlon of the cloud amounts asso-

Clated wlth these types. 

Solar Incomlllg RadlatlOn and Sun' s Vlslblllty 

sunls VlSlblllty through the cloud or fog" (Table 4:3.4). glVes 
...... 

__ ~nal mforrnation for solar Incornmg radiatlon. Essentlally lt 



... Table 4: 3. 5 
.. 

---... _-*---

~'~ -', -

No. of 

Observations 
------- -- --r - - ---

, 

13 

43 

6 

B 

Radiation Cornponents and Weather 

-:.,.------_._ ..... _-----------_. 

F 

F 
BS 

RZI Albedo RLI 

(%) (%) (%) 
31 L F 90 BS F, BS 135 

43 L F 8'2 S 132 S 

51 Z,S 81 Z F 130 5 

F 

F 

F 

ZLI 

(ly /~m) 

.478 L 

.476 L 

F 

i 

.454 

.450 

Z.S i F 

BS !:F 
1 c' 

l!~'b 
53 S F 80 Z'SI F 130'\ L 

55 S F 7'9 L BS 131 5 F 

56 Z F 78 
-. l 

62 S--' --18 S 

y 

F d29 

127 

126 

Z. S 1 BS 

ZIF 

.450 S 

.447 S 

.447 

.443 Z 

.435 S 

.435 Y 

BS 

F 

;; 

1 
11 !i?F 

1&0 

80 

16 

118 

F 

F 

F 

63 BS F 77 F 

F 

Y, 51 F 

61 

, 68 

72 

77 

Fbnk 76 126 Y 

Y F 75 125 S, Y 1 F 

S,YI 74 L 1 125 L .~34 none, 
/ ' 1 

none, - 73 nonl - 120 none Fbnk .425 1 

_____ ~_~~ ___ LIbnk _ 97 1 BS. ~ _ 6.?_ ___ _ _ _ !br:.~} ~9 __ : _ _1 -~ __ . _ . 421 _ S. ~ i-

F = fog, BS = blowing snow, 
'Z. = freezing pre~ipitàtion. L = 

~ 

"" 

S = snow, Y = rime; 
liquid pre~ipitation 

1 
\ 
1 

\ 

F 

F 

Fbnk 

F 

1 1 .-' 
1 

'II 

\i 
\ 

• -1,1-

,'.,. 
Q 

1\\ 
\ .. 
l' 

T 

(oC) 

- 3.9 BS 

-3.9 S 

-3.5 S.Y 

-2.9 Y 

-2.6 S 

-2.0 S 

-1. 7 Z 

-1. 2 

.9\ Z, s. 

. 1 

.6 L. S 

.8 none 

1. 4 L 

, 

.' 

\ 

~\ 

, .. 

.:; 
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estimates the densIty or th],Ckness of the fog throJgh WhlCh the solar 
, . 

radlation passes before reachlng the surface. Although the VISIbllüy 

of the sun IS not given ln the s ynoptic code, the conditIon of ','s un diml y 

VISIble" lS glven llÎ the ~vlatlon weather reports. Comblnmg thlS wIth 

records of hOur s of bnght sunshIne, kept at most statIo~s. càuld pro-

VIde informatIon simllar ta sun's VISlbll1ty for regular ~tatlOns . 

. 
4:3.5 RadlatlOn Companents and PreClpltatlOn Type 

Table 4:3.5 shows means of va~lous radlal1cm pararneters wlth the 

type of prec~P!tatJ.on- {lUctüçl.mg rlITle) accornpanymg fog and fogie ss con-
------- --------
dltlons. 

, "0"""" 

As would be expected, fog Wlt!: ,n.11'le (lndlcatlng low teITlpera-
,,' 

tures) depletes least, tollowed by fog alone. Precipltatlon accompanylng 

fog has higher mean values of salar mcoffilng rac11atlOn and of long wave 

mcommg radlatlOn than that w~th fogless CGndÎtions. ln general, only 

hght preclpltatlon was expenenced wlth fog and thlS was hkeLy often 

. falhng from the "fag" ltself and not from a layer abov~. the fog m thls 

case being low Polar Ocean stratus or stratocurnulus WhlCh had run lnto 

the lce cap (see l 1: 3). As wbuld be expected, short wave depletion 

and long wave back radIatIOn bath Increâse from snow thro~gh freezmg 

precIpitation to llqUld preclpllation. 

4:4 

/ 

Radiation Coinponer;t ,.Wmd Roses .f 

ln order to examIne the vanatlOn of radiation compoJ;len1~ in the 
... 

large group of completely obscurirrg fog, radÏ.iitIOn wlnd rosee.'have been , 
constructed for observatlOns wlth 10/10 fog (Figure 4:4). It ca~ be 

seen that bath Incomlng short and long) wave radiation are large~y tem

per4ture dependant and· the long and short wave. radlatlOn complement 
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each other ln rnost ca se s . N and NW'ly fogs tefld to be transparent to 

insolatlOn but reradlatlon IS low. Fogs wlth NE'hes (and to some ex-

tent SEilles) reradlate strongly due to ~arm te,mperatures but also de-

pIete solar radlatlOn strongly. Solar radlatlOn albedo lS low wlth wlOds 

from the NE sector suggcstlng these condülOns occur late ln the season. 

'The decrease ln lnSOlatlUn wlth season tends largely to compensate for 

th15 decrease ln albedo. 
1 • 

The means of the radlatlon components and cllmatlc elements for 

10/10 low cloud have been Included ln the roses where there were a 

< 
slgnlflcant number of obSe.fvatlOns. In general the low doud values 

re semble those of fog. Means of these components for l 0,/ 1 0 mlddle 

cloud on the other hand were conslderably dtfferent (10 most cases bel.ng 

off-seale ln the roses as presented and thus not plotted). 
, 

Compar1Og the roses for the surface to 950 rnb C\1'1d 950 to 850 rnb 

temperature dlfferènce show,s that InverSIons are most cornmon wlth 

N sector wmds ln fog and that wlth NW'hes the 1OVerSlOn tends to be 

lower than wlth NE'hes. 

The hnal dlagram ln Flgure 4:4 was obtamed by subtracting mea

s ured long wave 1Ocomlng radlatlon from <::r ::,4, of the Bereen tem~er

ature and mdicat'es the difference between Jcreen temperature and the 
.~ \ 

effectlVe radlatlng temperatllre of t,he fog. Rderence to Flgure 5:2 .2d 

of the temperature dOrJe 10 the lowest meters of the atrnosphere shows 

that sllght lap'se condltlons accornpany NP'lies in fog whlle strong inver-
• t 

Slons are exp-erlenced in the lowest meters wlth NE'ly winds. As a 

there lS httle dlfference between screen temperature and foç ra-

dla~ ve ternperatllre wlth NW'lies but sereen ternperatllres are l ta 2 deg 

than the effectlVe radiative temperature of 'the fog ·~ith NE'lies . 

... 

. .. 
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TABLE 4: 5a 

We' ne. ,no. 
Ne •• no. W., po.dl' 
1 t,d powde, 
Hom'cI 
Packed po. de' 
O,lIlInll powd., 
froll~ 010"\1101 
W., Granula' 

SUN'S V1SlS1UTY 

Nol .,.Ibl, 
_Olmml, .1.lbl, 
Varlabl. 
BrIQhtly vltlble. CI~ar 

AL_BEDQ.oo 
63 
62 
62 
60 

~ 
'8 - - - 1~ 

- - - - 13 

o 
- ••. 80 
·---77 
.. - ·13 
~~---72 

• 

ALBEDO ("IJ 
To'OIl, ob.cUI,cI 10(1 - - 79 
pOlloOn, aIl.tul,d 6 - 9110lOQ - 71 
Por"olI, aIltcuI,d 1 ~/IOIOQ - ,~ 
Clolld 1).10110 - 71 
Cloud 0- ~/IO n 

SKY OVER SUN 

FDQ < 

Foq and clolld 
.Lawo cloud • 
Mlddr.._çloud , {, 
Hloh cloud or Cltat\. 

, , 
... 1-

80 
79 
1.9 
75 
71 

r • , 

TABLE,4: Sb 

- Wet 
Dry mud 
Dirty Glacier lce 
Superimposed Glacier Ice 
ShaUow Water Puddles 
Deep Water Puddles 
Blue Granular Snow 
White: Granular Snow • 
Granular Snow (Cru st) 
Rimed Surface .' 
Neow Snow 

Total number observations 

No. of 
Observations 

,- ---iT----
36 

\ 

'. 

15 
28 
13 

9 
15 
53 
20 
15 
30 

255 

Mean 
(per cent) 

s. r--
Il. 9 
17. 8 
33. 1 
33.8 
36.7 
50.4 
58.6 
66.8 
67,.7 
7 B. 2 

(Aft e r Goodall, 197 1") 

<' 

, 

~\ 

• 
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The underestimate of radlation ternperature ln the cas~ of SSE 'lies is 

not easlly explatned and probably results from a cOmblnatlOn of InVerSlOn 

and lapse cpnditions in the lower atmosphere. 
" 

1 

The radlatlOn charactenstlcs of fog accompanylng NE'lies (and ln 

1 

cases SSE'hes) tend to be most slmllar to those expected from 
.( 

usual radlatlOn as advectlon fogs. 

" ,\ " 

4:5 Surface Albedo 

'. 

~- . 
, " 

! 

Tables 4: 5a and 4:,5b show 1 the mean alb~do for various surface types , 
on Melghenlce Capfrom 1969 anq. 1970 and fromGoGl~all(1971) ln 1971. 

The Goodall values are cOOslstently lower th an the 1969-7~ means .as ,/ __ ;t 

"7. 
the 197 1 me~t season was ~ec:~iler and conslderably warrner th an e'itl\er 

~-

the 1969 or 1970 season, and the observatlOns be~ninlate June in 1971._ 

o o 
lU 
en 
;} 

100 

90 

70 

--1970 

-- --1969, 

-12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 
\ TEMPERATURE (oC) 

Fig~re 4: 5a 'Mean Albedo in T~mperature Int'ervals 
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The vanatlOn of albedo w;ith .sky condltlOn and weatber has been 
.... 

shown ln prevlOus sectIons of thlS chapter and lS summanzed ln Table 

4:5a. The albedo lS hlghest ln totally obscurmg fog, when the sun lS 

not VISIble, and lowest on clear days. These dlfference s result from 

varlatlOns ln the amount of direct and dIffuse rddlatlOn as well dS from 

differences ln surface type and temperature. 

There lS a general decrease ln albedo wlth Increaslng tempe rature 

(see Flgure 4:5a). FIgure 4:5b of frequency dlstrlbutlOn of albedo wlth-

ln temperature lntervals show~ th<lt there 18 consIderable VarIatlon wlth-

ln a temperature lnterval due to varylng surfa~e types. At ail temper-

atures there 18 a peak between 69% and 75% albedo, related to granular 

snow, and another around 78% re sultlng from rlmed surfaces and new 

snow. In the case of tempe ratures below _zoe there IS a thlrd 8eak, 

probably due to cold new snow. .. 
Solar angle also effects the surface albedo of dlrect radiatlOn, par-

' . ... 
tlcularly when the surface IS W!.t* (albedo mcreasmg wlth decreasmg salar 

elev'tlOn as over a water surfa~e). 

Based on the observed varlatlons of albedo wlth varlOUS parameters, 

a method was obtamed to extend the albedo measurements to regular 

three-hourly observatlOns. The method lnvolved modlfymg the mean 

~lbedo for the reported surface type by temperature, cloud amount, fog 

amourlt and solar elevatlC.lIp. Albedo values obtamed ln thlS l1lanner were 

generai~y withl~ 5% of the measured values. The dally means of "ob-

served" albedo used ln Chapter 6, are a combinatlOn of these calculated 
1 

albedos and the actual measured values . 

• 

j 

" 1 ,. 
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CHAPTER 5 

SENSIBLE AND LATENT HEAT FLUXES 

1 Temperature, Hurrlldlty and Wmd Speed Proille b - Thcory 

62 

In order to evaluate the sensIble and latent h~at compo~ents of the 

surface energy balance, an expreSSlon must be found for the varlatlon 

of wlnd, temperature and humIdlty wüh helght ln the lowest meter of 

the atmosphere. The trans{er coefficIents for momentum, heat and 

water VapOU1" are often assumed ta be equal. In thlS case only the wmd 

profIle lE necessary to obtaln the coeffIcIents for the benslble and latent 

heat equatlOns. The iorrn of .the \Vmd proille dependb largely on th~ 

stabülty condItIons prevallmg ln the lowest meters of the atmosphere 

and on the nature of the surface. 

OrIginal studles of senslble and latent heat transfer over glacIers 

(e.g. Sverdrup, 1936/ Wallen, 1948, Orvlg, 1954) made use of the 

power law WhlCh has the form 

( 
_z ) lin 

u = u 1 
zl 

5: 1. 1 

where u,z, and u 1 ' z1 are correspondlng wlnd spèeds and'helghts and 

1/ n lS the powe r mdex. The power mdex 15 dependent (;n the surface 

roughness and stablhtyand 15/ subJect to large varIatIons; nor IS lt 

di easüyexpl;uned ln terms of a physlcal process. 

Expenments wlth flUlds m pIpes suggest the' vanatlOn of wmd speed 

as the loganthm of helght. ThLs loganthmlC I.aw has been used wüh 

success by many lnvestlgator,s in neutral and near neutral condltlons. It 

has the form 

u ::: ln 
5:1. 2 

" 
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wher~ zo' 18 the roughne s s length or he1ght at Wh1Ch the wmd i>peed 

-
goes to zero, k lS von Karrnan's constant and ,u,:< lS the fr1ctIon veloclty. 

The loganthm1c Law 18 unsat1sfactory for non-neutral stab1btles. 

Numerous attempts have been made to obtam a llnlVer5al Law whlC.h 

would defme the vanatlOn of wlnd with height over the range of stabll-

~ 
!tIes normallyexpenenced ln tlie atmo8phere. 

, 
Deacon (1949), for m-

stance, modlfled the power law ,by lntroduclng a stablllty parameter ~ 

(l for neutral conditIOns, > l for' unstable condltlOn5 and < 1 for btable 

condl~lOns) and represented the veloClty proflle as 

-13 
(~) - 1 5: 1. 3 u = 

k( 1 -13) Z 
o 

ThIS ha s the added advantage ove r the simple power la w of mcludmg 

the roughness lengttJ. 'Z • 
o The rnynad of subsequent formulatIOns, such 

as those of Monln and Obukhov (1954

/ 

McVehll (1964), and 

Graéger and LIster (1965) 

Panofsky (1963), 

are reviewed m Sellers (1965), and Doronln 

(1969). 

In studles of the turbulent transfer, stab1l1ty 18 usually discussed 

ln terms of the non-dlmenslonal R1chardson number, Rl. 
<t-

Seller s 

(1965, p. 153) descnbes Rl as representwg "the ratIO of the rate at 

WhlCh mechanlcal energy for the turbulent rnotlOn lS be1ng d1S81pated 

(or produced) by buoyançy forces (free Of nàtural convectlOn) to thè 

rate at whlch mechanlcal energy 18 belng produced by mertlal forces 

(forced or mechanlcal convectIOn) ". Rl':::::::O for unstable condltlOns and 

RI > 0 for stable condülOns. ',' ~( .... 

'f' • For the"'present study lt lS desuable to adopt the slmplest posslble 

" form ulatlOn for the vanation of wlnd, , temperatJre and vapour pressure 

The loganthmlc Law IS preferable to the êlmple p~ofile 

/ • ,,' 
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~, 
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~gure 5: la 

Profile of Wmd: 
over a snow covered 
lce surface 
(after Doronm, 1969) 

" 

Fi'gure 5: 1 b 

Proflle of TemJjtrature: 
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law as lt has more physlcal meanlng. The ran~e of stabllüle s ove r 

WhlCh thlS law appiles appears tü vary wlth author, but there lS genera1 

agreement thal the loganthmlc Law lS sUltab1e fur condltlonb wlth 

+ :0125 (or +.015).> RI> -.0125 (or -.Ol"ï). A s a btrong surface 10-

... 
verSIon 18 a frequent phenoITlenon over ITlObt ITleltlng bnow and lce sur-

faces, the sImple loganthITlIC law lS often unsatlbfactory for energy 

balance studles üver glacIers (see for lnstance LllJeqUlst, 1957 and 

Holmgren, 1971). 

The chmate of Melghen Ice Cap has been shown tü dlffer from that 
'i 
i 

of t~e other glaCler& 10 the Queen Eilzabeth Islands (see II 2 'and II 3). 

The pnnclpal reasons for these dlffetences are the advectlon of c6~l 
1 

Polar Ocean au over thè . .J.B.l..and and the hlgh frequency of fog on thè '. 
lce cap. The prevalenc,e of fog bmlt~)the formatlOn of stable stratl-

" 
flcatlons over Melghen Ice Cap to the very rare perlOds of clear weath/-

er; unstable stratlflcatlOns wlth RI <.:" -.0125 are 6 on the other hand, - . 
more frequent. D'oromn (1969, R. 14) concludes that over the ,polar 

1 ~. • 
, ~ Il ' 

ocean Il ln the overwhelmlng ma]Qrltyof cases one may neglee!': "'not only 
, ... 

~ 
the correetu:m for unsteadmess of the proGess, but also departure of 

of 

stratlflcatld'b from the nebtral state". VertIcal profü~8 of wlnd and 
, 

temperatt:lre (FIgUreS 5:1 a and b, after Doronm, 1969) from North 
~ 

.Pole 4 and 5 10 wlnter and summer shbw httle f.eVlatlOn from a loga-

'l',ÜhmlC proflle ln the lowest few meters. 
J/ ~ • 

ThIS was the case ln both 
, 
lapse and InVerSlOn eondltlons, as IS further lliustrated ln FIgure 5:1c , 
(after Berlyand, 1956) by the temperature profIles measured before al1d 

after a fronlal pas sage at North Pole 4, Il seerns p~obable that the 

logar lthrnle Ilaw w1l1 provlde a good a{1'proXlmatlon of the variatIon of 
" 

wmi and temperature wlth helght in the lowest rneters over the surface 

of ~elghen~ee Cap. 
fi-
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il) : 2 Measured ProfIle!, 

Flve-mlnute wlOd runs and spot readlngs of temperature and hun11d-

\ty were made at 30, <)0 and 150 cm at Maln let' every 3 hours through-

out t~e 1969 and- 1970 fleld seasons. Sunllar wlOd and temperaturc pro-

flles were taken at North lce ln 1970. The lnstrumentatlOn 'Jsed lb d~-

scnbed ln II 1:3. The rnercury thern10mete rs frorn the p~ ychrometer s 

were cahbrated, 'followlng the 1969 ànd 1970 beasons by the PhyS1CS 

DIVISIon of the NallOnal ~ec;earch CouncÜ. The cabbratlon factor s dld 

not change slgnIflcantly between cabbratlOns. The estlmated a'c'f..'uracy 

/ 
of the thermometers/was t .1 deg C. An adJustrnent wab ruade to the 

temperatures to account for perJods when the fan mechanIsms Hl the psy-

.. 
chrometers were Inoperable. 

Wlth the ObVlOUS luultatlOns of the instrumentatIon ln mInci, the pro-

flle s were ex am med ta determlne the appllcaQÜlty of_ the logar~thml,c 

f -
law ta Mt'!lghen Ice Cap condItIons. A l1near regression hne was fltted 

Jby the least squares' method (Brooks and carruthe/s,~953) ta each pro-
0, , 

füe of wlnd, temperature and vapour pressure (wlth th _ loganthm of 
, 

helght) •. The most satlsfactory measure of the goodness of fit proved 
~ , , 

to be mean devl'atlOn of the lPdl~1.dual measuremel1ts from the regresslOn 

, hne. ( 

Table 5:2a gIve9 the percent frequency 0'( the mean devlatlons 'from 

the ioganthmic law for wlnd speed, tempe rature and humIdlty groilles. 

A ssuming that mean deV'latlOns of • 1 deg C and . 1 ml sec' can be at-

. "" 
tnb\ited to instrument errdt, seventy'percent.of aU profiles are loga-

nthmlc wlthin the accuraç:y"hrillts of .. th~ lnstrumentatlOn. Nlnety per-
, l, . 

cent of ail proilles are wlthm . 2 deg C or • 2 ml sec Jf bel~g 
mean d~vlations 

loganthml? 

greate r 

'" . -' 
" 
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'than .Lm/sec, 

due ta lC lng or 

shawed that malfunctlOn Ff one or more anemometer 

rurllng condltlons accoûJted for must of these -devlations. 

În an atternpt to el1mInate profiles where large deviatlons were a -result 
1 

of measurmg errors" all proflles occurnng wlth near neutral ~al:Sil1ty, 
~ 

( -. 0125 < Ri < +. 0125) and hav wg mean devlatlOns gteater than . l deg 

C or . '1 -rri./sec were ,dlscarded. SUTIilàrly for all other stabllltle&, p,o-
Ilfi.-

hIes wüh mean devla.tlons greater than .2 deg C and .2 'm / sec were 

dropped. 

Table ''S';Z'b shows ten day means of mean devlatlOn froDl, log~rlthmlC 

proflles and of mean devlatlOn as a per~cent of the àvérage 150 c~ wind ---_ ... " , 

" speed, "the latter for comparison wlth Gral~ger and LIster (1965). ~ In 

general the wlnd ,speed devlatlons for ten day penods are smaller than 
<; , ' 

, 
the smallest deVlatlOns obti~\.lI'letl by Gramger and LIster (1965) for any 

'" - , 

of the liwS testt:'!d by them (1. e., loganthqllc law, pow~r law, Deacon 
~ , 

10g-lwear law Ol; log-cu~ic 'law). ,power law, 
, 

Applymg .a snnple power law ta 'the Meighen Ice Cap proflles does . ~ 

not appear ta lmprove the fIt for ~en-day mèans. FIgure 5 :.2 shows 
c 

that logarlthmlc la~w 18 defrmtely bette r than the pqwer law, under ne u-

, " 
tral-stable condltlOns and somewqat better under neu,t~al unstable coI)-

dltl~nS while ln unstable condltlOns they glve qUlte slmlla: :resolts. 

Only in the wfrequent stable stratlftca,tlons does the powelri law appear 
• ' tri, 

., ~ 1 ",. _" / Q • 

ta ht the measured prof\l-es better than \he }Clganthmlc Law and )here 
l. (I .."'" .. 

tI:xe me!.n devlatlOns 
1 

of the instruments. 

o J. 1 _ fi " , 

are less than . 04 m/8~c, well below the accura..cy 

The hlghest errd'rs ace ur, wlth unstable con,dltions, 
Cl • -

WhlCh, It wIll be' shawn later, occur wlth hgbt w~ds and h'lgh'tempera-

tures. They allPear to b..e a result of a reversai ln th~ aign of the mea-
~-'J 

gradient above the 9<> cm level. The measured ,proflles appear 
, t, 

, . 
1 

~ ,.-
~, 

.P 

') 

• 

l ' 
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ta substantiate the assumption that, ln geùèràl--.!~the -logarithrnic Law. pro-
f ~~ 

v1es"" a good fit to th,e wind, tel!lpera,ture and vapour pressure profiles 

at Main Ice. 

5:2. l Calculation of Ri {or 30-90 cm , . 
A8sumin and ternperature with height, 

othe Richards6n N~rn.ber an be 'calculated from the ~quatlOn 
/ 

where.g 18 accelera tian due ta g.ravity, 

5 :2. l 

/ 

/' T the 11,Iean tempe rature of the 

30 to 90 cm layér, T'9>O' u90 a~d T 30' u 30 are the temperature and . 

wllld speed for z' = 9'0 cm and z ::: 30 cm. 

Referrlng again ta Flgu're 5:,2 it can be se en th,at near neutral 

conditlOns pfedominate and th~t these are most frequently slightly un-
, ,~ 

stable p On Devon Ice Cap Holmgren '( 1971) found lapse conditions only 

25% of the time while Ke',el,er (1964) found them to be very infrequent, 

as dld Müller( 1967 ). for" ,Axel rIeiberg Island. " Further investIgations ~ 

show tpat the stability distlijJuqon in fog' is' d~ci?edly more' nega~\y~ __ _ 
. ~ 

than with no fog (see 'Figure 5: la). Elsewhere, fog lB generally asso~ 

tiatéd with stable or near' neutral stabl~ conditionsj'- -the fog~bei~g'---.,.. . , .... 

formed by radiatlVe . cooliIlg of the surface, advection, of warm moist 
, / 

'. , ' 
air over a cold iée or water surface or possibly by orographlc uplift 

"f'Jf"'H.... •••• ~., ......... ",. .... ~ .... l' 

, 0 ,., l' 

and c6o~ing of lJloist air. . In aU these cases thé air mass is cooled 
" _ d', 

\ 

,l' 

. from the 'bottom which oftën' results in inversion conditions. 'Il:e .M'eifiten Ice 
~ . " / 

Cap fags are' of a different nat~re. :t'heyare generallyaécompanied 

by-strong winds IB.nq are calder t.}:lan the snow surfaè~, resulting in 
" • 0 

lapse conditions in the f,irst meter. This sugges~s that the, fog iB 

J ., 
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f '-.025 

-x -.022 
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-.020, 
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Table 5: 2. la 
J 

__ l" _ " " 
Riehaljdson--N~~-(Rif-~-~d Sky' Co~e-r -----------

œ, -(1) 
H 

(J), ®, eL 
~ 

., 

- -(J) 
.M 

! • 

(l)H 

<B, ,@ • 
M 

(J)H 

(i)~ 

-- ~~_~ - - ______ 1- __ 

Stability . 
~ - --- -- --~- - ----

unstable 

" 
Il 

" 
" 

neutral unstable 

" '1 
neutral stable 

stable 

" 
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aetuaUy low stratus or stratoeumulus cloud forméd àv~r the cool Polar . . ~ 
'\" 

, Oc~an and blqwn. ag~ins't the iee cap (800 ft â~iH),' appear~ng to be fog . 

to thé Main lee Ç\bserver. Figure 5:2~Ibshow.s that the distribution of 

Richardson number for observations ~~re North-Land repor,tedclo'ud .. 
'while Main lç~ report:d fog, lS very/similar to that for aU bbservations 

of fog at Main Iee. Fllrther dise us ~or; :of thi.~ as suriipti~~ ean b'e found 

in 1. 

Figure S':'Z.1aalso shows that the non-neutral stabilities are largely 

a result of low wind speeds (sxe equation 5:2.~) and" 'that stable ~ondi-, 
~ .,.., <> L 0 • 

, ', Jj' 
t~ons accompany warm, temper~tures, wh!le slightly unstable o~. very un-

, . "f- ,"-
stable conditions aC,company ~old ~~,Il1lpera,tures. 

. Tab~e 5:.2.1a of mean Rlehardson num,bers with varl~us sky fonditions 

show that middle cloud and srpaU amo~_nts of ,high doud results in posi

tive (stable) means and that thick fog p:roduces les s instability than thin 

fog'. or low clol!d. 
, 0, 

• <l' 

--,-----~-'-----
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In order to retate stabÜity conditlOns to the synoptic~\situa.ùQ~ the 
1 " \\/ 

mean values of Richardson number with wmd dlTectlOn 'for fog and no 

fog are 'Plotted i~ F~e- 5:2.lC. In fogless condltlOns NE and ss~L 
, 1 

t~rough SW ~5Jids are most sta,ble, these wind directions representmg . 
1 • 

Island (T~pe IlU c'uculatlOn "and baroclimc (Type II) clT<:ulatlOn; white 
. 

,Polar Ocean ,(Type 1) circulatlOn results m u~stable condülOns. In fog, 
"' 

, 
stable conditions s uggestmg II real fog", as opposed to c'toud at the sur-

face, are expenenc'ed w~th the NE and S wmds of Island clTCUlatlOn .. 

Polar 6cean nOJ;:therlies tend to be near neutral unstable whüe we-sterLies 
---- -- --- -

are most unstable. 

. . 

. , 
"-'K.b/ 

Table 5.2.1h, of ten-day means shows pos,ltlVe mean·Richardson num:oa:lit-s 
~ (> '~,' . , , " 

only dunng the las"'t two penoc;is in 1969, whe"ri Type III ClTCUlation result'eo 

in unseasoonabty warm conditions. 

5 :2. 2 Pi' oÎile Slope s 
" The friction velocity was obtaine,d from the 0 slope of the regression 

, 1 
D 

o ,line fq,r the wind-prof.iles. '" Table 5:2. lb glVes the ten-day ~eans _of 
l1t " , ' 

fnctlOn velocity ~.hich he withm the rang~ of those found by other mi 
4 4 

vestigatolS' Tablè 5:2. la contains ten-day ITleans of the power la.w 

index lin. ta,lculated from the Meiglien Ice Cap proilles and those found 
" , 

, by Hav~ns (1965) for Axel Heiberg in,1962. The Mè,igh7n ls"land indiCes 

ar"~ generally lower (n is higher) than the A:xe,l Heiberg 'values. 
, . 

"~ 
" "4 The frëquency distribuqon 'Of the ~lope of the temperature profll~ 

. 
i6 shown Ùl Figure 5 :l. Zao The absence of a secO'ndary maximum for 

l ,-
strongly negative slopes sugg~,that .... the, secondary ~~l.mU~ fgr ll<l-

stable' Richardson wind sp,eed phenomenori. Fùrther 
" v) \' • 1 

to Richa dson Number, €hrough 

l .. 
1 

/' 

" 

. , 

\ 

1 e 
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Figure 5: 2. lc / Ten-day Means of Të:r;nperatu:r:e/ Pr,ofiles 

." 
Figur~ 5; 2. 2a, shows that" positive .slope.s -occur w:i:th uns table RIchàrd-

sQn numbers. This discrepancy results from the faGt' that the RIchârd

son numbers wer,e,' talculated usmg 30 and '90 cm heights whlle the s16pe 

is the best flt regression line through the 30!9o. and-'!50~cm temperatures. 

When the temperature profiiÇ! is 'negativ'e between 30 and '90 cm .and pos-
. 

itive from /90 to 150 cm, negative RIchardson numbers _!-ànd positlve slope s , , 

'- (,~ 

Comparing ten-day means of Rlchardscbn numbe.r 
f 

could be obtained. 
" 

-(Table 5:2.1a) ~nd tempérq,ture /pJ;ofile slope (Table 5 :2. 2b and FIgure 

5:2.2c), it can be g'een that penod 7 in 1969, has a positIve mean slope 

,~ .' . and a negative rnean Rlchardson number '. and that the mean te$'pperature 
'. 

profile has th~ described shape. These cases of a 'Ilear isothermal 

first rnet~.r" changing. to an inve'r sion by screen level, may represent the 

1 

t-.'''. 

.. 

'" , . 

- 1 
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tra'nsition from lapse to lnverSlOIr conditions accompan,Ying the advection 

sf war:rn air over the ice çap. 

With negative_ Richardson numbers there lS a tendency towards strong~ 

er negatlve slop:s at lower temperatures. 

Means of temperatur,e slore with wind dir.ectlOn, Flguore 5:2.2d, 
1 

" 

sho~: posItive slopes in fog -with NE, through E winds only, whlle the 

strongest negatl~e slopes accompany W'lies: \ With no fog, the strongly 

posltive peaks in the SSE and WSW, not seen in the Richardson number 

r.ose, suggest the mfluence of cases with lapse in the hrst meter and 

inversion above. It may be inferred from tfle lack of si:rnilar pèaks 10 

the 'roses of temperature slope for lOI ro. fog, low cl?ud and :rniddle 
1; 

cloud th;at these reversing profiles -tend not tü occur wlth overcast con-
'-

ditlOns. 

The frequency distributIon of vapour pressure proüle slopes with 
(' - ;.,,1... 

fDg (see Figure 5:2. 2e) IS sirnilar to that of temperature, as would be 

'expecJed consipering that the vapour pressure m,ust be very close to 

the satur~tion vapour pressure at aH lev~ls in the fog. With no fog 
. . 

0.. 

, the hurnidity prpflle i5 bimodal with a positive and a negative méiximurp., 

in contrast tG) the: sirg1e positive maXlmum of the temperature slope. 
" 

There is a ·tenden~y towards more positive slopes with' higher vapo\.lr 
~ 1 1" 

',pressures in fogl'ess conditlOns. 
; ~-

Co:rnparing Figure 5:2.2f of hurnidity lsfope wind roses with that 

of terilperature (Figure 5 :2. l'd) it can be 5een that for fog the sb:apes . . 
1 

are similar, except in the W'ly.-~ector where the humidity slopes are 
~ 

al:r;nost positive white the ternperature slope is decidedly-negative. \ 
, 

W1Jle's in fog a:re accornpani~d by c~:>ld t~mperature s (see Figure o 4:4), 
, 

sugg,esting that the near positive va1?out" pressure slopes may reflect 1 

--
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Surface Roughness (Z 0) for Vanous Snow and lce S~rface~ 

Surface DescrIptIon 

M~_ting snow, Isachsen Plateau 

-',- :ere.-n~1t S'éason snow ~ 
Pre-lnelL season snow , r 

AblaÇ'!,on zone. Greenland Ice Cap 

AblaLlon zone ice, 5verdrup Glatler 

Location 

AblaLlon zone, Lower ILe WhlLe GI.iCICr 
t . 

ICI! wllh cryuconllc holcb. " . 
, . 
Sm~oth blIppcry lce •• .. 

• Franl );noW to f!rn to smooth lce, Storglaclarcn 

Fro .. en lce ddmned lake Ineltlng, NE Grccnlo1lld 

· \ 

'(;od.rse SIlOW wlth sustrugh spnng, 

Undulatlng wet Sl1OW. JnId:lseason. 

Bare hUlnmd.cked Ice, end "b.eason. 

B rltann13 Claue r 
Il 

fi 

'--.f!à.l;; J'y beabon, Lower ~tatlon ,II 
/ 

mld-sbason, " " 
lale season. Il " ~ 

Pre-.lnelt beaSOIl snow, AntarcLIC 

Snow NovemiJer, North Pole 5 , 
Snow ,Julr-Aligust. North PuJe -1 

Fine-gralned fro1.:et}'~~lO'\, "pnng; De, on l<.:c 
~ ,~ 

Rela LlVe;? l'y. (ine -gr::iflfl'd I\)e ltlng bnuw 'II 

- '. Large méltulg lce gra,lns ((1:-3 cm dlam.) ". 

Th f "d 1 ur-caver 0 new snQW on 6uperunpose ' Iee .. 

.1. 
1 

' " 

-, 

Cdp 

Il 

Table 5: 2. 31> 

20 (cm) 

• Z3 
.012 

• 0 l 

. 1-. b 

.3-1-.52 

• Où~- 3. 3 

.01 

.0-1 

1. 1 

• o~ , 
• 5 rl 

.40 

.50 

.57 

l\dercllce 

S, erdrup. 1°36 , 
L!lJcq.l1"t. 1·):;7 

R UbJ,n. Il)1 

.\n'IJrlch. 1<)03 

Kedcr. l'loi , 
" . , \:Ulh·r. !,ltl'i, 

" " 
~ 

If " 

" Il " 
" " " 

" " 
, 

" r 

" " " 
fi " " 

" " 
11 " " 

,.01-1 walqi;lple ct al, 1'1'1) 

.lJo-! Durun,II, 1')&',1 

.. U·j ~ 

• III r 
" l},7 1 

• 13 

" ..... ù5 

Il è Il 

lIdlmgl"'!l. 1'/71 
Il ,., 

" ' 

Il .q :. 

" ~II 

, 
.. -.. _~----~. 

Ten Day !\[eans of Surface Roughr.~,ôs (20) 

PerlOd Z 

Mi -1969~ 
, 

1.,29' > ,_ .45 

Ml 197ct 

Ni 1970 

Period '.1 

t. 

- l 
3 
4 

,.:'5 

.73 

.' 

.,..' 
=' t - 10 'une 
= 11 - ~o rune 
= 21 • 30 June 
:> 1 • 10 July 
= Il - '.W J u1y 

" 

, 
-1 

• l,? 

.90 ' 

.48--

" -

t • ' 

0' 7 .' -5 -0' K , 

· 16 >.',Z7 .35 :î7 1. ~lJ 

• ti4 3.70 .oi • {'li '!.·H 
r 

, .11 ~ 1.28 I. 51 .2'1 

-- -.--

~ ~9 Augul:>t' 

, " 

J, 

.. 

11'· • 

,[ 
/ 

1 

1 

;t 

• 1"- ;Jo' 

.' 
1.1 • 
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fact that the lowêst levels are,'saturated with respect to ice 'whilê 

~ J c>-- ,l ~ the screen level is saturated with resp'ect ta water • ..... , 

• 

l "~ The' vapour p:r~ss~rJ=l profile rose' for fogless conditions shows a 

reve;,al o~e fog-fo~less ,elationship of the temp!'ratore.' .10pe~1 The 
~ • J'/' ' " 1 ~ 

humidi\:y pr~Hes for 'n'Q fog are geAerally more negativ..e, tllan either~th.e 

rernpe~~ture 'pro~~les or the f~g humidity profi,L~~: due."'to drying out with \ '. ' . , ' " 

increase!1 distance from. the' snow surface in' the absence of fog. These . , , 

conditions i;1re particularly weil deyelopedJ-With SW through. WSW winds. ' 

In the, c'ase ,of NE and SSE winds, the air at screen levels appears to 

be more moist,. 

5:2.3 Surface Roughness z, 
o 

Il 

t ~ 
l' ,The surface roughness z was evaluated for' each wind profile from 

o 

the inter,secti?Q. 'of the regression line-
1 

dil?tributions (Fi?ure 5:2. 3) of ,lo~ Zo 

with the u = O' axis. Frequency 

show wide variation of z .. s was a 

ê-1so noted by Havens(1965) and Holmgren (1971). The majority of ~he 

valu'tt·s lie between .OOI{> and 1~'6 cm, with a maxim.um-between .• 1 and , 
..,. 

.4 c!m. This is consistent with the findings o~ other investigat,ors as 

shown in Table 5:2.3a. Ten-day means of z for Main Ice and North • 
. ,0, 1 . 

lce are -shown in Table' 5:°2. 3b. The relatiyely farge spring values of 

·Z correspond well with those from Britannia Glader and probàbly re-. 
o , , ' 

suIt from presence of ~ustrllgi: - , 
... 

l? 

The values of surface roughness averaged as log z for surface 
.' a 

types, are shown in Table.o5:2. 3c. The rather low Z ' founp for packed 
o 

powder -s~ow is probably a reflection of the strong win1s wh,ich,~re~tel 
, ~ / L :-

. thlS type. J lced powder and new snow agree wen\~ith the pr:-~elt, 
1 

season snow, values shawn in Table 5:2 .. 3a. Wet gran~làf cprresponds 

o 

) 
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Surfae'e Type 

Table S: Z. 3e , 

Zo 

No Fog 

Zo 

(cm) (Ctn) - -- ........ __ .... -- - ...... --_., 
Dr y granular. snow 

Wet granular snow 

Rirned surface 

Wet powde r snow 

Wet new snow 

• Frozen granular snow _ 
, , 

New snow 

Drifted powder- snow 

Iced powder snow 

Packed powder snow 

.129 

.083 .... 

.043 

.021 

.0-16 

.013 

.011 

.008 

.008 

.003 

.242 

• 455 

.060 

.031 
, 

(!.040 

.09-0 

.091 

.019 

.OQZ-

75 

Type 
.......... _ .. ... ---.---. 

Fog 

Zo 

(cm) 
• ,a. 
-'" 

• 129 

• 033 
" . , 

• 024 

• 012 

• 015 

• 006 

• 006 

• 0'04' 

• 007 

• 004 

with Holmgren r s. melting snow and dry! granular with his large melting 

_ ice grains •• , Rimed surfas;'es due to the rime> flowers which can be 

_sev1hal~centimeters long, faH between snow and granular snow. 
'l 

Referring to, the second and' third columns of Table -5:2. 3c and to 

Figure 5:2.3, it tan he .. s,een that" fog consistently decreases the surface 
.. extreme 

io_ughnes,~' due largely to a lack ofVhigh valuesl of Zo in fog. The Figure 

also shoi-s that ,z tends to increase with increasing ,temperatures and, 
,Q 

" to decrease with increasing wind speed 'down to z r S of .01 cm at least. 
1 0 ' 

Fog keeps th~~ temperature down, decreases solar radiation, almost 

eliminates direct solar radiation (which i6 _responsible for differential 

meltin~ du~ to colour or albedo differences) and is normally on Meighen. 

accompanied b.y stx;ong winds on Meigheri Ice Cap. 

TapIe 5:2.3d furt.her illustrates the effect of weather on the values 

of z. The right hand portion of 'Figure 5:2.3 indicates that stability 
o .., 

conditions do not appreciably effect. the distribution of surface rO'ughness. 
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Table,:S:' 2. 3d 

Surface: Roughness (20) 'and Weather 
._ ........ 

Zo\ 

(cm) , 

-_ ..... ... _-----... _ .... _--- ..... _---...... -- -~-----_ .. _~ ...... _ ... ~ ~ .. 

Fbnk 

11 

. 
/, 

\ 

F 

, 
F '" . 

F 

F 

F 

F' 

F 

F 

.226 

• 114 

.071 

.068 

.052, 

• :'019 

:017 

• OIS" 

• 013 

• Ç> 13 

.009 

".006 

l, .OQ3 

.003 

il, 

i 

L 

'hone 
L, 

fi-

"' Z 

S 
~. , B'S 

BS, • 
l' 

ZD1S, 

8 .. ' 
,y 

S,'y \ r 

Z, ~ 

\ 
...-' 

, 1 

T 
- (oC) 

. -------. .. • 1 ,. • 8 

+ .8 

+1.4 

-1.7 

' -}. 2 

:"'3.9 

-2. b 

-3.9 . 

+ .9, 
-2.4 

,,-2.9 

-3.5 

-1. 5 

, 1 

~ 

1 
,f 

1 
1 • 
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5:3 SensiblfJ and Latent Heat - Theory ;» \ , , 
, 0 ~ 0 '!' 

As discussed by Sellers (1965) the molecular transfer of 
! 

heat anà water vapour in the laminar layer immediately~ next to the sur-

face can be estimated by the" turbulent transier of thesé quantities in 
, \i' -' .' 1 1 

the rirst one meter of the atmosphere (thus ignoring advection in this 
. 

layer). Assuming the profiles of teITlperature, wind and vapour pres-

sure are logarithmic with height up to one meter (see 5: 1) and that 
..., - , 

the eddy conductivities of m9mentQm, heat and vapour pressuré'" are 
l " , 
equal, the {luxes of sensibté and latent heat from the surface can be 

cale ulated from the equati(!)':h (SeHers, 1965,) 

Os = C k 2 . Au Â T Z P P (lnz Iz 1) , z 5 :3. 1 

~ 

°L = .622 P ~,./k2 A u À e· 
(ln Zz !z 1) 2 , - j 

5 :3.2 --
~~ -----~ 

where p and çp are the" density and specifie heat of air, L is the latent 

heat of vapouri~-ation, k is von Karmen's constant, and Lt.T r and e are 
- // 

the ,wind. temperature and water véiilour pressure at hei~hts zl 'and zZ • 

. ' 
5:4 Sens:tble and Latent Hea1:; from Measured Profiles 

·Equations 5:3. 1 and 5:3.2 were applied to measuremen s 
J • 

terhperatu~e and humi~ity at 30 and 90 cm and at ~O and 150 cm. Fig-

ure 5:4 shows the relatiobship of the fluxes calculated using 

cn-: êfi~ j~eter) to those usin~ 30 and l~O cm '(screen level). 
, .... 1 

30 and 90 , 

For sen-

,~---- . &ible h.eat the relationship is quite good, screen level calculations show- • 
'C , v " , 

ing' slightly lesa variation than those using the first meter .. :, The .rèla-
./ -) , ' 

tionship for latent heat is not as good, the screen level calculations be-
, 0 

ing generally too low or too negative. 'The discrepancy c{i.n he as much' 
o ' '" 

, , 

'-

'j 

" 

, \ 
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as 20 ly /day. In the following discussions the screen le.vel values q':ve 
1 

~ , 

beerl used as these data are normallyava:ilable: 
1 

5 :4. 1 Relation'Sh,tp of Sensibl~ to Latent Heat 1 6. 

f .' • 

~ure 5:4. la shows little relationshi~ between sensible and lâtent 

heat fluxes. 
• 1 • 

This is due ta the dlfferences in'~lope df tqe temperature 
.. '? 

. and humidlty profiles already discus sed in Section 5 :2.2. The frequ~hc y 

distribution ~f sensible and latent _ he~t for fog 'é!-n~' fogless . conditions 
) 

in Figure 5.:4. lb e,xhibit the sarne tendencies as the slope distrihutions. 
\ 

J 
Most of the senslble and latent heat values lie between • -86 and 86 ly/day. 

• l> • 

J 
\ DI URNAL .. VARIATION OF OS -s QL 

1 

• i -1 Y /rfl in 
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1 
1 
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/ 

5:4. 2 
~" 

HOUR ..-, 1 , - .. . 
Figure 5: 4.2 

Diurnal Variation of SeÏlsib1e a~d Latent Heat- Flux 

~ Figure 5 :4.2 shows diurnal ave~ages of sensible and latent heat 

fl ux in 197 .o~. Both are rnost negative- ~t mid-day with..only sensib).e heat - ~ , 
r _...... ..-Q 

aver~ging slightly positive at night • 
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5 :'4. 3 
, 
Relationship to Temperature and' Wind DIrection 

1 The sensible and latent heat fluxes are' most strongly negative at 
, -, 0 Ç)". • 

" temperatures betweeri -2 and 0 C and w~th northerly wlnds. POSÜlve 

values, predommate abdve 3
0

C and with NE through E winds (see Figure 
- 1 

5.:4.3a and b). , , 

In fog the mean values of sensible and latent heat for temperature -
" • , ' 1 

intervals betwe~n -5 Oc and 3 0 C oare qulte sitriilar but the shape of the. , 

curves with temperature tend to \:j'e opposite;'. 'At lower and 'highe.r tern-

peratures c.sensible heat IS considerably more negative th an latent heat •. ~" 

The wlnd roses suggest that the cold W'lies which resuJted in negative 

tempe rature slope's and near positive vapour pres sure' slopes ac count , 

for" the differen"ce at lower, temperatures. 
, l ' 

With no fog and t,emperatuies between _6°C and 4°è. 'latent heat is 

èonsistently .03 ly/min (40 ly~day) 'm.ore negative than sensible heat.)!< 

At v~ry high temperatu'i·es. the ~iffe,renc~' decréase's as the hum,idity 
, 

slope also becomes positive, pos's,ibly reflecting t~ slightly more 'moist 

NElly winds:, At very low temperatures botll.fluxes are negative or 
è' • 

latent h,eat becomes positive as the air is' almost saturated .due to the 
J 

low temperatures and/or the effect of saturation·with respedtt to ice in 
.q-

the lewer levels. 

Sensible heat values with fog are generally more negative than fog-

less conditions, except perhap~ at v.ery low tempt:;ratu:es. Latent heat 
, . 

fluxes are more positive in fog than in no {og. except at near free~ing 

ternperatures. 

* A, QS varies from positiv~ to negative whÜê q~ ia consistently 
n'egat.\ve, the QL/aS relationship is nat constant. . '. '~. 
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CALCULATED ~NERG 

1 
6:1 - EBBA 

In order to extend~the energy balance c 

year s for which rneteorological data' is av 

th~ 'energy budgeJ programme EBBA (Vo 

The, 'approach of EBBA is 

perature is unknow~, ,but that aU th 
, 

and Orvig, 197_~, p."S). - "'An initial e""""-IC'"""'-n. 
g. 1 .. ~ 

made and aU the energy balance terms 

" 
o 

,J 8'1 

COMPONENTS 

ctllations to co/r the" s~ 

from Mel~en Island, 

Orv!g; 1972) has 
\. 

surface 'tem-

he imbalance 

in these terms a new 'su~face temperature estimat~ This , 

proce~s is rep~ated u'iitll the desired degree of ~ccuracy is obt~ined: 

IThe pl'ogramme has the following fortn: 
, , 

'.'1) ,One large u'mbrella pro_~amrne, EBBA, determines the main 

DO loops and decides the !3equence in which Ithe ma'jor sub:routines are 

1 
-called, . . •• In addiÙon, \ it reads in aIl basic ihformation in the form 

J 

of ta:b1es, and it carries out the nece_ssary summation's. 
o 

.,. 
Finally, it ~ 

writes the refults. 

2) - SU,bordinated to EBBA are the rnain subroutines which do or 
<J 

instigate t:l;le calculati<;ms of' the differ..ent., energy'budget terms. Il (Vo-

winckel and Orvig. 1972, p. 3)." ~ 
1 

T~e. flexibility of this àrrang~me~t allo;ed E~BA to be ad~Pte~ t 
the probletn of tne sul"fa"'Ce energy balance Qf Meighen Ice Cap. .J?br 

1;, ,.. I~\ f, ~ ~ ., 

details or" the methods ,a a assurnritions involved in EBBA refer"ence 1 t; ~ Q • 

sh.ould be made to "'ÊBl?A ,An Energy Budget Programmel! (Vo~inc~el 0 

and Orvlg 1972). "J"tiçms 'made ta the programme are 
~ 

,J 

' ... .., , Î' 

, 0 '. . 
1 

J 
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discussed in this chapter. The Meighen Island version of EBBA will 

henceforth be referred to as MIEBA. 

6:2 MIE BA 

MIEBA was designed~ to accept three-hourly surface weat,her obser-

vations (AES card l,). {> daily "climate information (AES c~rd 4) °and twelve..: 
~ " "! " 

- hourly upper air data for 50 mb l~vels (AFS card 5). The upper air 
( 

, ' 

?bservations fr9m Isachsen to' WSW of MeigheIJ. Island were 
." 

::;.: used in the calculations. .. ' 

~ \ 
Thel basic calculations were made at. three-hour intervals thollgh 

:;.~ ,1 '\ 

l 

sorne terms were evaluat~d on ~n hourly basis and other s only daily. 

In the casé of 19~0 ~'n'èl/ 1962' where, only six-hourly obse'rvations were 
, . 

a~,ailable or in the càse of a 'missing .'observation, the temperature has 

,·'been interpolated. using daüy maxim.um and m~irnum temperatures. As 
~ ."," 

diurnal varJations are sm~ll on Iv1eighen Island in symmei due. to the, 
j . ' ;:r ... !: "'. l • .-
... _~ 1; f ) n r,f ; _~ ::. 

lack of solar night and Ul-7the ap:leliotqlfing;- effect' _ oL,.the .ice cap, the 
.~ 1 \"c-- :, "1,-" -N 

~ '- .. ...: 'l 

soundipg has not béen interpolat,ed and:"ri'(issJhg vâlues of elernents oth'er 

th an temperature were~ s~t equal t~ the subsé,.,quent observations: 

, Ta hie 6: 2 . ill ~st:a~~." '~h~ f s ~t up of· the ; ~ppe r., air, so und:ng for ra

d,ia.!'ion calcuLations in ~iEBA.~ Th~, atmospheric layers were\concen

trated pelow 850 mb dl}.e to the imp'ortance or' these îower levela to.the 
.. .. fi i r 

su:;-face budg~t and the req~irèment for onlya total atmospheric budg~t. 
.. .. ~ '1 ' ~ <:; 

n ~ _ 

Above 909 rnb the revels were fixed at constant' pressure levels 

while below 900 mb the layers were a fixe'd percent of th~' surface to 

,900 rob pressure difference • 

. The four layers C;;f cloud were placed rin the sounding on t~e, basiJ 0" 
~. 

of their reported op..,acity, arnount, height ,and type, and were e:x;tended 
, a 
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lupward on the basis~ of the "dew' point temperature spread. The' method 
" ~ 

cof obtaining the cloud so~nding ~as soinewhat modlfied in MIEBA to 

account fo~ the.partiêular probietns' encountered on Meighen Island. 
,~ a. l' " . . 

Th~ radiation sub;outines ~é~e àdj~~ted to accept the MIEBA sounding 
cl . ... " C D 

set up •. Calculateq and measured 'clear sky vaiues lare compared in 

Appendix 1. - -The amendments mfide to the' short wave radiation sub-

routines are disc'ussed in Appendix II . 
. \ 

The short wave surface albedo of tne snow pack was ca,lcalated using 
o 1 

1 

the m~th04 developed by Pet~old (1972). 
. 

In this model the Jnow deter - 1 

ior"ates on the 1:?-asis of the temperature and the n6mber, of clays· since a 

" 
Bnow faU of i cm or more. This basic albedo is then .. corrected for 

0. 

cloud am.ount and solar angle flnet' the effects of rain and' rime are in:' , 

corporated. The basic alb~do of the' gl~ci$r ice was taken to be 50·%. • ~o 
~ " 1 

- The turbulent fluxes were .calculated using équations ~: 3. loand 

5: 3.2 
" . 0-

when the 0 screen temperature was Iess than 2 C- and br the 
. " 

EBBA s ~brout~ne- VERA- (aee Vowinckel a:nd Orvig. 197 2. p. 37. for 
~ 0 . 

details)' when screen temperatures w~re' Z C, or greater. The surface 

1 roughness for the former method was estimated using albed<? ( an in
/" 

dication of the state of decay of the surface) along with temperature and 0 • 

wind 8peed. 
- \ 

The heat flux into tue ~~,r ice was 'obtained, as in EBBA, from. 
1 " li>. . 

the temperature differènce 7bètwe~~ ~he surface and' ,the first "'} 0 cm-of 

ice or snow. Thè temperature in the '11 ground" ~,ias ~djusted houtly 
, 

using the EBBA s'llbroutine Gl\IA (Vowinckel and Orvig 19~2., "p. 38). 
\ , 

The changes made to GAIA and a 70mparis?n-of measured and calcu-

lated "~ground" temperatures can be found in A:pp~ndiX III. 
~ < 

- , 
The sudace' temperatur~ ~ on an ice cap' 'can not rise abo~e fre~zing. 

,. 
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If, during the iteration to a balance, the surface ternperature reachèd 

o 
or exceeded 0 C. 1 the ite~atioI! was stopped and the terms recal-

c.ulated using a surface temperature of 0 deg C. The imbalance in 

the energy budget terms was then made available for melting. 

~~ '" --\ 

6:3 Copparison of Measured and Calculated Radiation Components 
1 

The measured and calculated daily totals of incommg short wave . ' 

radiatil?ll, short wave albedo, short wave radiation absorbed at the 

ground and long wave incoming are plotted in Flgure 6:3. The mea-

sured. varues were obtained from continuous records of short and all 

wave incornirig radiation. The" measured" albedo'is a combination • 

of /me~sured and calcÜlated values as disèussed in 4:5. 

Considering the fact that the calculations were made from three-
-~}-

hourly cloud observations there is qu~te rec;sonable agre,ernent in the 

short wflve radiation terrns. 

The long wave radiation c urves show greater differences particu

larly in early August 1970 and during .tuly in' 1969~' - In both cases the 

ca1culat.ed values are lowêr than the rneasured values. In 1970 the 

difference is a combination of instrument heating due to clear skies 

and low wind speeds and of the existence of a stronger low leve! in-

version over Meighen Island than is indicated by the Isachsen upper air 

sounding. In 1969, though there is the possibility of a calibration prob-
, '1 • 

lem with ,the instr'ument a_nd there was almost constânt ra.in or snow 
c 

falling during the period, Borne portion of the difference lS p;obably 
r 

also a result of underestirria'ting the low, level inversïon. It appears 

that the measured values tend to be..,.'hlgh due ta instrument problems . 
while the calcuLated values are' Low as a result of the difference in 

.. . 

, . 

" 

" , 

, 
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the temperatures ln the lower troposphere above Isachsen and Meighen 

Island, the .correct values likely lying somewhere between the two curves • 

6:4 Errors in Ablation Measurements 
/ 

The problems of accurate measurement of wastlng of snow and' ice 

have been treated in detall by other authors (e. g., Müller and Keel~r 

1969 and Hubley 1954). On Meighen Island estimates of ablatlon were 

. \ 

obtai:?'d from dally mrsurements of surface lowering. In 1969 and 19io 
1 

density measurements were made periodically but were not detailed or 
/ 

frequent enough to produce accurate <values of melting. 

Probably the rnost frequent problem in snow \rnelt is the percolation 
4 

and refreezing of melt water at lower levels in the snow pack or as 

superimposed Ice at~)the snow-ice interface. 

lowers considérably faster than mass is lost. 

-

The surface in this case . 
The opposite effect is 

.' seen when snow or ice melts internally or in holes (due to albedo or 

density differences) without significant surface lowering. These two 
r • 

-effects often combine t6 produce sudden large \urface lowerings WhiCh, 

, are' not a result of melt on that particular day. These differences 
. 

... 

tend to balance out for longer time periods and are not important when 

considering the whole melt season. \ 
\ 

\ 

On Meighen Ice Cap the melt - season is not always well defined and 

the temperatl,lte can drop below freezing for hours or daye during the . - .'- /. 
" 

melt season. With continuaI melt and refreezing the snow J?ack ev7n-

, tually b~comes coarse granular slush laced with water puddles and 

streams.. If' this does not have.a c~,\nce t6 drain off between below 

freezing periods (as was the -case in -1969) slush may remain on the 

glacier in the liquid Of frozen state aU summer making/ accurate a'blation 
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rneasure~nts very difficult. This problern is' also sornewhat klleviated 

by deétling with longer time periods. 
, 

The major difficulty in comparing measured and calculated values 
1 

of melt on Meighen Ice Cap arises from the fact that significant accurn-

.ulation can ocl:ur during and betw~en melt peri~ Snow falling during 

the surnmer season lS usuallyaccompanied by strong winds in which-
, 

case the precipitation rneas ured m the rain gauge is almost certainly 

an underestimate of the real amount. Unde;r these conditions the pre-

cipitation can be estimated from the surface lowering measurernents 

but there is no way to measure the ablation which rnay occur along whh 

'or ·b'etween the precipitation periods. Drifting or blowing ~now may 

also re suIt in a. gain or lOf? s in the measuring area which is no.t repre
~~ 

1· 
sentative of the general conditions or ~which masks concurrent ablation. 

-\) . 

The effects of underestirnatmg precipitation and ablation due to' 
1 

high winds and driftmg do no! balance out over the s~ason and are the 

rno,st serlOU's problems faced in cornparing measured and calculated 

rnelt at Main Ice on Meighen Ice Cap ov~r short or long periods. 

6:5 Modeling Run Off, 

Figure' 6:5 shows the initial snow and ice profile for 1970.. The 

winter sn9w pack wa'", considered to be part of the " g,round" in term~ 

of EBBA. This' snow pack was assumed to have a densityof .32 gm/ 

cc. On-l June it ;was assurned that this snow pack was topped by.2 

IC;n of Isnow havl.ng a density of .3 gm/cc. This initial layer and sub-

sequ~nt snow accumulation were treated as snow in terrns of EBBA. 

If heat was available at the surface for melt the ternperatu!e of 

the first 10 crp of " ground" was brought to 0 deg C and then the snow 

\ 
(" 
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was allowed to me1t. followed by the snow pack and fmally the glacier 

ke. Melt from the snow was allowed to percoliLte into the snow pack 

" 
and was held there available for refreezing ul1til the end of the .glaclO-

loglcal day (0630 MST) at which time it became runoff. Slmilarly melt 

ffom the snow pack or glacIer ice was avallable for refreezing until " 

the end of the glaciological day. At the end of each day h~lf the melt 

wàter still available waB allowed 10 run off. ;~e re",'ainmg ~f, was 

stored in the snow pack or on the glacler and could be refrozen the 

following day. Half or this stored meU was ,aUowed ta run off each 

following day, unless refreezing t<?ok place. When the stored r unoff 

became less than 1 cm it was aU allowed to run off. If the depth of 

the snow and snow pack was greater than 10 cm or the temperature 

was below _laC any r;un which fell was also held ln the Il ground" avaiL-

able for freezing. 

If there was rUhoff from the snow pack or' glacier ice the "ground" 

levels were adjusted so 'that the first level was still 10 cm. below the 

surface. If snow pack was still pre sent the conductivlty and speclflc , 

heat profiles were adJusted to account for the relative upward move-, 

m.ent of the snow-ice interface. The te'mperature in the' interface layer 

was adjusted to compensate for the change in heat content due to the 

cha~ge in' specifie heat. 

6:6 Comparison of Measured and Calculated Melt 

/ 

Daily value s of tneasured and calculated melt for the six years are 

shown in Figure 6:6. The measured values of ablahon were not 

adjusted for pree;pitation as the ace uracy of the precipit,ation measu~e

ments was too variable. Instead, df1Ys onowhich precipitatio~ or accum.-
.! " 

j 

Il· , 



eo 

i" 
~-60 
CI z « 
IIJ 

~ 40 
IIJ 
U : 
ct: 
.~ 

20 

'1 
~ 

o 

." 1968 

, O~'----~--~~--~----~--~----~----~--~----~ 
..... 

ç~= ., lAI 
~ 
~ 
g 

~ 
!=; 1 

~~=-r 6ltt\oL ·fl ~ ~ y ct 0 n 0 

.' 

SOr ........ .... 

60 ') 

40 

, . 

Figu;rtf 6: 6 Measured and Calculated Melt 

-'. 

10 20 
JULY 

SSSS ssss 
00000 

1969 80 

J 

60 

1i 

20 

30 r; 1 I~ 2~ 0 
~ ~ AUG 
l, It 3 

10 

:1 l, " 
,1 " , l'. l, Il 2 

. :: 1 ~ , 
,1 

.,;' 

20 ·30 10 
JUNE 

." 

b 

, 
'. 

.. 

20 30 
Jll.Y 

" r 

1'970 

9 19 29 
AUG 

S ssss 
0000 a 

• , 0' 0., '.e ) 1 \,"',1- 'D' ..... 1 V-:;;.-"" c'v 

a 

tv"'~_ • 

~ 

s S $Ssssss 
00 0 a 

SS 
o 

$SSSSSSS 
o 0 0 oaooooa a 

'- Y./ 
- -,.~,o",_.~ CALCULATED 

MEASURED 
a ACCUMULATION 

s SNOW 

~ 

e 

" 

~ 
> 

.. 



" '. 

• 
; 
.,' 

88 

ulation was recorded havè geen indicated below th) ·plot. During periods 

of precipitation the calculàted l~vd of the ~rface \s given for snow of 

density .3 gm/cc and for sn~w of density . l gm/cc. 

'" 
As' discussed in 6:4 measured values of ablation tend to sho"w muc'h . 

sharper variations th an thé heat availabledor melt would indicate, e 

~o percolation refreezing and di~rential ~elting. 

when n~t accumulation was observed the calculat~d values sugge"st t 

was also significant a~lation. AlI the important differences b.etween the 

measured and calculated values of'fuelt cali be ex:~ained in te~mslof 
the problems involved in met,ts uring total daily melt. <... 

~~"'~ '1' 

The plots 'of surface hèlight emphasize the charaèteristics of the 
) 

melt. regime of the various years. 

6: 6.1 1970 

rh 1970 accumulation in form of hard packed snow dominated in June. 

The moat significant tneJt took place before the end of Jùly, and by mid

August accumulation in the form' of light new snow pad taken over. The" 

measured and calculated plots of surface level sh;>w good agre7-IDent aU 

season. 
..... _, _lb. 

1 './ 

1969 

Ab"ation began early in 1969 and by the end of Junè the surface 'had 

lowered more th~.~ 20 cm. During JIJ1y and early Augu 
,-J' , 

ued, but thia w~s more than compensated by precipitation. id-August 

ablation took bver again and over 50 cm of snow pack was 
1. 

The 

1 

freeze-up did
J 
not begi-n' until the lase few days in August. 

, .1 

of measured and calculated melt ia almost impossible du ing the mi~-

season accumulation period due to the difficulties in obtain ng representa-
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tive daily values of <otal ablâtioq, and to the p~oblems of, percolation '\ 
. 

and refreezing of ~e1t water i,n the slush and of the formation of large 
• J 

puddles and slush streams in the sampling area. Once ablation takes 

" over in August there is good ag:?eement between measured and 'calculated . ~ 

melt. 

'l<. , 

-.' A period of measured accumulation in late June did not show up in 
(r", - . - )' 1 1 ~ 

the' precipitation measu'rements/ Ther'e
o 
was Little 'ange in the measured 

" . ~ 

aurface Ievel until early Jouly though the calculations indicat~· melt had' 

begun. During the ~irsf 15 days of July the ~urface lowered sharply as 

a result of m~ft which·had. begun in late June. This was followed by 
fi" 1 1 / ." " 

20 days when both ablàtion and ac'CumulaUon \Vere almost ·zero. I~.late 
J, j 

\ August melt bega!l agam, but accurn".ulation of riew snow more than corn
t 

pensat~d for the loss. Precipitation was considerably underestimateQ 

in 1968, b_ut the general characteristics ·of the measured and calculated· 
/ ' 

curves coincide. 

6:6.4 1962 

,Melt began early in 1962 and 

, . 

j 

1 

continued throughout the seasln. Glacier . 
. ice was reached in early July. The measured and talculated curves' 

, 
agree well çluring ~~ melt ~eason. In late August significant accumu-

• ( 

lations we.r7 rneasuféd, bu~, these ~id not show up in the ptecipitation ~. 

'rneasurements. During this period; the cale ulated value s of ablation 

may be too high as the measur~d precipitation was not sufficient ,tp cov'er , ~ 

the ic'e surface in terms of the mod~l, 'and thus the cale ulated albedo 

was q,uite possibly too low. 
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6: '6. 5 1961 
i 

During the middle -of t:be seaspn. when a,blation dozninates, the rnea~ 

sured and calçû1ated surface Ievels agree weIl. Çilacier ice was reached 
, " ' 

1 

in 1ate July. . Conside'l"<:lbie ar:p.ounts qf accumulation were recorded at the 

beginning and en9,- of th~ I:%eason in 1961. but ,the se we~e accompanied by 
" : / 

unusually strémg winda (see. Figure 2:4al and do not ~how up in the pre- . 
~ 

dpitation meaaure\Uents. As in 1962. the calculated ablation, values laie 
\ \" 

in the season xpay be too high dué to an undereatimate of surface albedo. 
- " 

, ' 

6: 6.6 1960 

In 1960 melt began early and continued until the end of August. ,~_la~ier 
---~ - lt:.? ,,11 

ice was reached 'in mid-July.' The' weekly· m~a'5uren:ieIits- of surfac~'----'- + ,_ .< 

~",~ ~! .. ----/ 

c<. 
lowering show the same slope as' the ~a~c ulated ab1atiôn c-urve. There 

appears t~ have be~n litt{e é3;ccu!rtulation during the surnroe'r 
,,1 

-'0 ~ 1 ~ , 

1 

o ' 

.. 

season-of 

e 

The, ca'lculat~(Ly~l!le~ of mel~;~pear' to be corisistent ~ith ~he Il}ea-

aured ablation for periods w.hen ablatio~, dominatefil. a~d in most cases 
.. \ .. 

, <> 

e.stimate "of total d~ily rr:l!,t than, cazrl / 

and pres,ipitation measur~me:nt. \,' 

the calculated vallles are a bet~er 

be obtained from surface lowering 

, , 
6: 7 Calculated Surface Temperature 

Figuie 6: 7'" of mean dail{ surface and screen te~perature shows, 
, ' ' 

l '"0 -. 1:1... 

that until the screen temperature rises above freezing it is consisten~ly 
, 

o <, 

1,0wer than the surface temperature (i. e •• the'i'e is an inversion in the 

first; meters). 
.~ 

The estimates of net long wave radiation made' using, , , 

., screËm temperature (Chapter 4) will thu's always be t'oo positive. In' 
o .. 

\ 
Il 
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APPENDIX 1 

,. 

Çlear sky short and -long wave incoming radiation w~re cale ulated' 

for the time df the spot meas urements of these terms. Th~ calculated 
a 

clear sky values. are cornpared here with the spot Pleasurements for the 
1 

few cases of almost clear skj.es experienc:d at Main Ice. 

p.o 

Table A: l 

'Clear Sky ShQrt arid' Lo~g Wave. Incorning Radiation 

Solar Absorbed 

Date: Hr Calculated 

10/8:-14---'" . 570 

01 0 /8: 08 • 47 l 

10/8: 05 

9/8: 20 

9/8:, 05 

20/7! 20 
1 

.284 

- • 200 

.273 

.332 
- r 

r 

Mea'Sul'ed. . 

.577 

.474 * , 

• 253 

.205 

" 275 

.353 

1 

! 

, . 

LO,ng Wave Incoming 

Calculat'ed 

.365 

.366 

.363 

f, -

• 359 

.359 

.360 

Measured 
.. __ . __ .~ ~35-

.315 

.• 317 ' 

.376 . 

-.364 , 

.420 
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l , " APPENDIX II 

,.; 

, 

The formulation for the ëalculati n of cloud top alliedo was amended 

on the basis of Main Ice insolation me surements. For fog the ~lbedo 

was calculated as a function of screen ten~:perature and solar angle, and 
/ 

for cr10ud ffs a function of screen temp rat"ure" splar angle, cloud thick-

ness and cloud top temperature. 
, 

top albedo was not allowed The 

ta become greater than 800/0 or less tha 5%. >Calculated and measured 

f " 
values of insolation for overcast skies with -fog only and cloud only are, , 
compared' in the figures. 

" 
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APPENDIX liI 

. 
The" number of '~ ground" layera was increased from 12 ta 20 but 

this extende~ calculations only to 400 cm. It can be seen from the ten-

day plots of tempe rature in the ice that th.e penetration of the annual 

cycle is at least 800 cm. To compensate for the halving of the pene-

tration depth, the conductivity was also divided by two. The plot of 

measured and cale ulated temperature from 1970 shows that the matcq. 

is\ ~ot very s~tisrc~ory but results in only 129 cal underestim_ate of 

the flux iIito the ground ovA the whole seaso~. This amo\jnts to 1.4 ; 

cal/day and is not very signüicant in comparison ta the other terms • 
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