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ABSTRACT .

Data obtained during the summers of 1968 to 1970 on Meighen
Island N. W.T. were c‘ombined with three years of existing observations
to investigate the climate and synoptic regime of the area, and fo optain
values of the energy balance components for ‘Me1ghen Ice Cap. Creation
of a Synoptic Energy.Balance Diagram permitted analysis 'of the inter-
action of ;nesq and synoptic scale influences v;rith— {thea energy balance

and hence mass balance of the ice Cap. ' -
‘/ -~ v ' .
The existence. of Meighen Ice Cap, although precarious, stems
A

from the Isla d's/éma.ll size and 1ts position on the edge of the Polar

- Ocean surrounded by expanses of ice covered sea. The Ice Cap is
1 -

maintained by suppression of melt resulting 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 Climatic Opyjmum during-a

~—

period dominated by such Cyclonic System Conditions.
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Des données obtenues durant les étés 1968, 1969 et 1970 sur
1'ile de Meighen, dans les Territoires du Nord-Ouest, ont été réunies

”

avec des observations dé;a existantes effectuées sur une période de
; .
trois ans afin de permettre une investigation du régime climatique
. Pe L
et synoptique de la région, et une ©valuation des composantes du bilan

énergéthue’/de la calotte glaciaire Meighen. La création d'un Dia-

gramme du Bilan Energétique Synoptique a permis 1'étude des inter-

" actions gntre les influences d'échelle méso et sﬂynoptique, et le bilan

énergétique ou la variation de la masse de la calotte glaciaire.
L'existence, méme précaire, de la calotte glaciaire Meighen

résulte de la petitesse de 1'lle et de sa position 3 la limite de l'océan

Arctique, ou elle est encerclée par la surface océanique en grande

partie gelée. La calotte glaciaire est protégée de la fonte par 1'
.l/advectlon de nuages froids de faible €paisseur de l'oc€an Arctique,

et par des accumulations nfvalef printaniéres et estivales associées

a des Conditions C‘yclcnilques. Tout porte d croire que la lotté

s'est formée aprés 1'Optimum Climatique, pendant une période ou

ces Conditions Cycloniques dominalent,
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PREFACE : \

Since the existence of Meighen Ice Cap was first suspected in 1916
it has tantalized Arctic rese?.rcher‘s'. +In 1959 the Polar Continental
< “»,
Shelf Project of the Federal Depéf‘fzhfent of Energy, Mines and Resources,

a P AN

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 undertaken by the author was con-
ducted along the lines of previous glacial-meteorological studies, but

in order to solve the problem of Meighen Ice Cap it was necessary to
carry the investigation further. Development of a diagram relating mass
balance to the synoptic situation, through climate and energy balance,
allowed analysis of the factors governing the delicate balance of conditions
responsible for maintaining the ice cap ocn Meighen Island. It 1s hoped
that this method of approach will be of use in future studies and that the
answers it provides have solved the problem of the existence of Meighen
Ice Cap.

The study is presented in two volumes. Volume II contains the
d;tailed analysis of the observed climate, energy balance and synoptic
regime of Meighen Island and outlines the computé‘r model used to extend
the two years of energy budge,t:o_bsex;vations to the six years of climate
data. In Volume I 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
/

ﬁ’ of Meighehn lce Cap. 7
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CHAPTER 1

INTRODUCTION

1:1 Meighen Island

1: 1.1 The History

In the spring of 1916 a ‘three man sledge party lead by Vilhjalmur
Stefansson made 1its way alo;xg the NW edge of the Canadian Arctic
Archipelago in search of uncharted land among what' are now kpow as
the Queen Elizabeth Islands. On leaving the north tip of Ellef Ringnes

P

Island the party travelled in a NE'ly direction along an open lead, to

PN

the NW of which lay the moving 1ce of the polar pack. ' The first
premonitions of land ahead were peculiarities in the sea curx"ents. "
(Stefansson, 1939). The excitement at the possibility of new land ahead
grew as both Noice and Andersen thought they spied land to the NE,
from the tops of pressure ridges. When the party was about 20 miles
from the intersection of the 80th latitude and the 100th longitude
St?fangsox; writes, ' from the top of a hummock I saw indubitable land
to the northeast. . . . This land, first seen, was barely visible against
the clouded sky. The top of it was snow-covered, with a smooth and
oval skyline such as I have never seen on any land. It occured to me
that it %ught be covered with a glacier.' (Stefansson, 1944)

On 15 June the party landed on the SW corner of the ne/w land and,

mapping as they went, sledged the 20 miles to the N end of the) island

and then 35 mailes S along the E coast to the southern tip of| the pear

shaped 1island. The }shlaxn'd was subsequently named Meighen Island and

the existence of Meighen Ice Cap was confirmed 30 years later when

2

b

D



Figure 1: 1l.lb Profile of Meigh?n Ice Cap from North
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air photographs were taken of the island (Dunbar and Greenaway, 1956).
?‘he ice cap was first visited by Thorsteinsson in 1957 who also comments
on the lack of relief of the island. " The land surface is dome-shaped,
a feature accentuated by the ice cap. . . . . (The Island) exhibits a uni-
form landscape of rounded hills, subdued rolling plains and intervening
valleys.'" (Thorsteinsson, 1961, p., 13) :

The Polar Continental Shelf Project began a research program on
Meighenxlsland Ice Cap in 1959. The investigations included survey
and mapping (Arnold 1966); mass balance and flow measurements of
the glacier {Arnold 1965, Paterson 1969); gravity measurements of
the glacier depth (Hornal unpublished); the drilling of a bore hole
through the i1ce cap (Paterson 1968, Koerner 1969) and the collection of
meteorological data (Arnold 1965, Arnoid and MacKay 1964, MacKay
and Arnold 1965)., Further details of these programs are given in Vol-
ume ]I Chapter 1. These studies showed the oval shaped ice cap to
occupy 85 km2 of the north central port%on of the island, to have a max-
imum thickness of approximately 120 meters and to reach 268 m amsl
at its summit which was also the highest point on the island. There
are no obvious signs of past or present movement, no crevasses and
particularly at the north e‘nd of the ice cap the edges are t‘hin and gently
sloping. F1gurés 1: 1. ﬁ)*and 1 l:Za*Tllujsfrate the gentle profile of

the ice cap and surrounding island.

1: L2 The Mysteries
Though Stefansson is credited with the discovery of Meighen Island,
a Chicago newspaper of 1909 carried a story and map describing Cook's

alleged journey to the North Pole which showed an island of almost identi-

* References to Volumel have no volume indicators

** References to Volume II are preceded by " II"




=

cal size, shape and position to Meighen Island as mapped by Stefansson
in 1916. Cocl)k, however, denied ever seeing the 1island. uStefansson
discusses the problem at length including accounts of other parties which
might have had an opportunity to see the i1sland only to concluude:

" 1) It 1s impossible to believe that Stefansson was the discoverer
, of Meighen Island. :
l 2) 1t 1s difficult to believe that Cook did not discover it - either
on such a journey as Peary describes or on such a journey as he him-
self describes;

3) But it 1s difficult to believe, and seemingly impossible to
explain, that Cook discovered Meighen Island and then refused to ackdow-
ledge the discovery. '

It 1s one of these problems where every answer seems wrong."
Stefansson (1939).

4 The second problem surrounding Meighen Island, to“which it 1s hoped
a tmore satisfactory set of solutions can be found, 1s to explain the ex-
1stence of the 1ce cap. The elevation of Meighen Ige Cap is anorﬁ;lously
low even for a glacier at 80°N. On Axel Heiberg Island, 40 miles to
the east, the snowline (1.,e., the elevation above which there 1s net an-
nual accumulation and below which net ablation) ranges from 700 to

1000 m amsl ((;)mmanne,y, 1969). Simalar snowhnesﬂ are found on the
other heavily glacierized, mountainous 1slands of the eastern Queen
Elizabeth group. In other words, to the east of Meighen the glaciers

are fed by accumulation zones well above ﬁ’OOQ-{n amsl while on Meighen
Island the accumulation area of the 10; cap does“not reach 260 m amsl.
The Western Queen Elizabeth Islands, thoZ\Qh they resemble Meighen

Island topographically, do reach elevations up to 500 m amsl, With the

\ .
exception of three small ice caps on Melv‘;}lle Island, where elevations

over 1000 m amsl are encountered, the 1slands to the west and south
of Meighen Island are devoid of glacier 1ce.

J s
The western Queen Elizabeth Islands including Meighen Island are

o 4 §
shown on the Glacier map of Canada as unglaciated because no evidence
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) A .
of erosion or deposition by moving ice can be seen in the unconsolidated

sands and gravels which dominate the geology of Melgﬁén Island.” From

studies of the flora of .the region, Savile (1961) feels that the area
could not have been free from permanent \§now or 1ice cover during the
A ' .

last 1ce aée. On the basis of core studies, Koerner (1968) found no

evidence that Meighen Ice Cap was evér more than 15 meters thicker

1

than today and no evidence of past or present ice movement, and he

feels that the ice cap has probably developed since the Climatic Optimum

(approximately 3000 years ago).

Patersonstudying the annual ablation, accumulation and flow from
< ‘ w -

v

"' precipitation

seven years of ‘Meighen Ice Cap data point; out that:
on Meighen Ice Cap, tl!ough greater than on Ellef Ringnes Island, 1s not
abnormally high compared with that on other ice caps 1in the region. .
. . ;\blanon on the Meighen Ice Cap 1s only about 30% of that at similar
elevations on White Glacier®*. Low ablation, perhaps resulting from
the high frequency’of f;)g during surﬁmer, 18 probably the main reason
for the existence of the Meighen Ice Cap."

Meteorological observation performed by K.Cl Arnoid during the

»

summers of 1960-1962 confirm that ' freezi empe\<atures an@”ob-

¢

struction to vision are more common at Melg‘hen Island ihii_f:‘!at Isachsen
during the "summer' months. .. . During early June and late Au-
gust obstruction to vision at Isachsen and, M’\e1g'hen Island is ma{nly
caused by blowing snow, Fog 18 frequent at Meighen Isla;l\d through-
out June, July and August.- " (MacKay and Arnold, 196%196). Re -
garding the;problems of access by air to' Me1ighen I‘sland,n MacKay,iand

.

Arnold conclude: .” It is ev;dent from the 1961 and 1962 records, feﬂp/-

on Axel Heiberg Island ‘ .
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o Net Mass Balance of Meighen Ice Cap (cm ‘we‘).*

N M - 121

¢

B 1960-61 . -26
. 196162 . . -108
1962-63 N ' -24

1963-64 25

1964:65 : Y 6
1965-66 7

4 1966-67 0

- t1967-68 5
" 1968-69 ‘ ' 6
1969-70 -1

P

: &£ v of waker e.\’\.uuc..\o. t

0-#1 -7 -50 ,
197 ?lﬁhf o _ ““j/// .
(after Paterson, 'varigus dates)
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resenting colder and warmier than average conditions respectively, that

’

the Meighen Island 1ce cap\“étgtlon has consmtently’ poorer weather than
Iséchsen’. .. ¢ Fog 'is th‘é'cixief hazax:d, but 1s hard‘t6 pre:dict.. L
(MacKay and ‘A:gnbld, 1965, p. 198).

Tableﬂlz 1.2 shows t'he~measured net mass balance for the years
1961 to 1971 (Arnold 1965; Paterson, various dates). Both Paterson

~ i

and Arnold note that, based on the assumption that Yhese mass bakance
cqnditio'nr; cortinue, the ice cap would disappear in a few hundred years.
There 1s however, during the period of record, a stretch of seven years
dur»ing‘ which thefi ice cap succeefied~ 1n maintaining 1itself.

‘The unanswyered questions emerging from previous investigations
cayn be summarized, for the purpose of the present study, as follows:.

How and when did Meighen Ice Cap originate ?

How hds 1t been maintained?

l .-
Assuming that fog ‘1s in some manner connected with the existence of
th.é:' wce cap: |
% What causes the persistent f/0g7
By what mechanisms does it suppi'ess negative mass balance?
Is the influence ‘of fog su’ffic'ient to account for the observed

o

mass balance regime on Meighen Ice Cap?
/
1: 1.3 The Ap};roach
The relationship of glacier mass balance to meteorological phenom-
“ena is most effectively studied through surface energy balance deter-
minations, The birth of traditional glacial meteorology occured in the
1930's with the workﬁof Alhman (various dates) and Sverdrup (various

dates) in Spitsbergen, Scandinavia, Iceland and Greenland. Wallen
t

L



followed these early investigations with his, now classic, study of glacier-

climate interaction on Kirsa Glacier. Glacial-meteorology 1n the Canadian
Arctic Archipelago was first performed by Orvig, whose investlgatioxns

of the Penny and Barnes 1ce caps on Baffin Island began in 1950 (Orvag
1951, 1954).

Instrumentation was constantly improved, but a similar approalch was
used by Laljequist on the Norwegian-British-Swedish Antarctic Expedition,
(Liljequist, various dates); by Hubley and others in Alaska (Hubléy,
various dates); by Dalrymple et al at the South Pole (Dalrymple et al,
1966); by Lister on Ward Hunt Island (Laster 1962); and by Muller
(v”;rious dates), Havens (various dates) Adams (1965) and Keeler
(1964) on the glaciers of Axel Heiberg and Devon Islands. The most
recent .gomprehensive micro-meteorological investigation of glacier-
climactic- interaction in the Canadian Arctic 1s Holmgren's six volume
study of’ climate and energy exc@ﬁ\nge on Devon Ice Cap. (Holmgren,
1971). Though instrumentation and theoretical formulation of processes
have developed constantly over the years, the basic method of appioach ;
has remained the mlcro—meteorologxcal measurement and calculation ‘
of each of the surface energy budget terms and evaluation from these
of the enexl'gy and, hence, mass balance of the site being investigated.
Reference should be made to the ‘aforementioned authors for detailed
discussion of these methods.

A sccond approach to snow-ice-atmosphere interaction emerged with

the advent of computers 2rewith the increa in data from arctic re-

gions following the International Geophygfcal Year. Computer programmes,

modelling the energy balance procefses and often requiring only stan-

dard meteorologmai data as input,jpermitted the study of energy terms
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over large areas and the examination of the way in which the processes

' interact to produce observed changes in ice or snow. Of parth;cular in-
terest to the st{de of Meighen Ice Cap are the Polar Ocean studies of
Maykut and Untersteiner (Maykut and Unterstewner, 1969;+ Untersteiner,
varwous dates) and of Vowinckel and Orvig (various dates).

. Meighen Ice Cap presents a commbination of problems not exper{';nced
in previous glacial meteorology investigations.

The six summers of meteorological and surface lowering measure-

ments indicate that the melt season on Meighen Ice Cap can begin as early
as May or as late as August and can‘end as early as July or as late

as September. Even more critical 1s the fact that the melt season 1s

frequently interrupted by periods of freezing temperatures and/or snow

ccumulation. In addition mass turnover in the average summer is very
smyll and difficult to measure. Unlike other high arctic accumulation . -,

areas, which experience this type of broken ablation season, on Meighen
Ice Cap in some seasons thé snow 15 lost over the complete glacier,
significantly altering the surface albedo and the drainage characteristics
f the, " accumulation’ area.

Ffequent strong winds accompanied by snow, blowing snow, freezing
pretipitation and rime deposits play havoc with delicate micro-meteorological
instruments. Figure l: 1.3 shows a three-hour deposit of rime. These
conditions and the 1solation of the station due to distance from the Polar
Shelf Base Camp and the poor weather conditions on Meighen Island ne-
cessitate use of basic, tough instrumentation and as little dependence as
possible on machinery such as generators.

The seeming uniqueness of Meighen Ice Cap climate requires ex-

pansion of the investigations from a' site study to meso-~ or synoptic
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scale 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
variability of high arctic climate demands the use of many seasons'’
data, if results are to be representative.

In order, l&herefore, 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 Ice Cap must be on the interaction of the meso- and éynOptic
scale processes which control the health 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 summer a}lation.

The stepsﬁinvolved in implementing the present study aré‘discussed
in the following paragraphs. Discussion of the results of the initial
phases of the 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 II 1 and had as its
objective to obtain estimates of the energy balance components, using
basic 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 196l }:hrough 1970

I ~

was analysed in detail (I1 2). .
Synoptic conditions weg/e/?tudied'for the six years of Meighen Island
record, using weather charts, satellite photographs, upper air data and

results of the climate analysis (II 3).




The measured energy budget components from the 1969 and 1970
f.:eld season were scrutinized to discover the relative importance of
‘the various terms and the variation of the terms with climate and syn-
optic conditions (II 4 and 5). These measured values were also used
1n adapting 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 xyears where
only climate records existed (II 6). Daily totals of the energy balance
components, along with mass balance a;xd climate terms, were then

”
available for 6‘years for the months of June, July and August. Equation

1: 1.3 shows the form of the snergy balance equation used in MIEBA.,
SGI (1 - ALB) +DFL -RLUM+ QL + QS + QI = QM 1: 1.3

where 541 18 solar incoming radiation, ALB is surface albedo, DRl is
long wave incoming radiation, RLMis longwave outgoing radiation, QL
_is latent heat flux, QS {s sensible heat flux, QI 18 heat from the 1ice
and QM 1s the heat available for melting. QM was converted to runoff,
which was treated as discussed inll 6. Comparison of the measured
and calculated values of the energy and mass balance components are
found 1n II 6,

The calculated daily totals of the energy and mass balance compon-
ents were manipulated in various ways as discussed in Volume I, 1in
order to study the interaction of energy balance components and atmo-
sphere in creating the mass balance conditions existing on Meighen

Ice Cap. )
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i: 2 Enellx Balance Climate of Polar Ocean and Island Years

Analysis of the monthly and summer ls/e—:%ans of the climatic
elements from the Meighen Island stations ( II 2) showed that in gen-
eral the climate of Meighen Island 18 similar to that of the Polar Ocean
floating icg island stations. At times however the climate of the i1slands
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 11 years examined ( II 2). 1In the following discussion of the summer
eneréy balance climate of Meighen Ice Cap, the six years of Main Ice
climate data have been divided into Polar Ocean years (1961, 1968, 1969

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

Table 1: 2.1

——— s A

Polar
Ocean Island
Temperature (°C) -1.8 0.6
Relative Humidity (%) 95.17 93.8
Pressure (mb) 982.7 984.5 .
Wind Speed (m/sec) 6.0 4.9
Cloud Amount (tenths) 8.2 7.1
Melting Degree Days 37 125
Precipitation (cm) 4.9 1.6
Precap. wovb (‘ie.r}“sity of .3gmfc h18- 6 o —_?-_(L‘

1: 2.1 Mean Summer Climate

Means of the various climatic elements for the Polar Ocean and
Island years are shown in 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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l1: 2.2 Wind Roses of Climatic Elements

Sor‘ne insight into the reasons for the observed climate at Main .
Ice can be obtained by examining wind roses of the various elements
for Polar Ocean and Island years shown in F;gure 1: 2. 2.

Comparir:g 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
Sii?'lies at Main Ice while ENE'ly flow of the Island years is deflected
N around Axel Heiberg Island producing N'lies at Main Ice.

In the four Polar Ocean years cold N'lies are most frequent, fol-
lowed by the relatively warm prefrontal SSE winds and cool post frontal
SW winds of cyclonic passages. During these years, only NE'ly sur-
face winds accompanied by S'ly flow in the lower troposphere result
in mean temperatures above freezing. In warm years N'lies dominate
but temperatures accompanying 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'lies at the surface.

Relative humidity is low with NE'lies in all years and with S'ly
sector Island flow. Pressures tend to follow the same pattern being
high with NE'lies and S'ly sector Island flow. Wind speeds are high
with N'ly and SW'ly sector flow in all years. Cloud and fog cover are
low with NE'lies 1n all years and S'ly sector Island flow once again
follows having low cloud and very low fog amounts. There is-a ten-
dency, with Island flow, for low cloud amounts with N'lies though the

N

fog amounts remain high.
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1: 2.3 Summer Means of Eniergy Balance Components .
Table 1l: 2.3 shows the season means of energy balance com’;dnents

for the Polar Ocean and Island years. The components exhibity th:‘:’ ex-

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

B )
that experienced in the Island years.

>y
L)

Table 1: 2.3 '
, Polar e
(ly/day) ) - Ocean « Island ‘
Incoming solar T a3l 392
Absorbed solar ’ ‘ 101. 138
Incoming long wave . 617. 620
Sensible heat -12. 3.
Latent heat -11 -.8
Heat from ice -19 ‘ -27
Melt (cm) -45 ' 1.08
Snow (cm) . 06 . 01
Rain (cm) . .05 .02
m:fh‘gm:e e e e ey

_—

1: 2.4 Wind Roses of Energy Balance Components

Roses of the e}xergy balance components show the effects of the
variation of climatic elements on the surface energy balance and,thua
\’o'n the mass balance of the Ice Cap. (see Figure 1: 2.'4)

Solar incoming radiation is consistently greater with 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 fge warm
Island cloud and fog experienced with flow from the other sectors.
The solar radiation absorbed at the ground on the other hand is much

» (B}

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

s
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glacier ice is exposed, causing a 20% decrease 1n surface albedo. The
NE'ly maximum of the Island years and the E'ly maximum of ,the Polar

k4

Ocean years result from low cloud amounts.
. .

The cold thin cloud of the Polar QOcean flow results in cons1de?ab1y
lower values of long wave incoming radiation than are experienced with
warmer thicker cloud from the Islands. The relatively clear NE'lies
of the Island years and E'lies of Polar Ocean years give low values
of ‘incoming long' wave. The temperature inversion in the lower tropo-
sphere accompanying SE'lies produces slightly higher values of long
wave mcoming radiation than the strong lapse conditions of SW'ly flow.
(Though in Polar Ocean years, due to the persistent fog, this may be
moyre a reflection of sc;een temperature. )

Turbulent heat transfer 1s consistently negative in Polar Qcean years
as a result of the lapse conditions (temperature and humidity) in the ‘

lowest meter experienced in cold fog (II 5: 2). Sensible.and latent
J

heat fluxes are least negative with NE'ly and E'ly winds iWhich aré\“ac-
i . P

companied by lower cloud and fog amounts and warmer temperatures.
In the Island Yyears sensible heat 18 negative only with winds from the
NW sector off the Pofar Ocean, while latent “heat transfer 1s negative
als‘o in the dry clear NE'ly flow. Surface roughnes;/s 1s largest 1in
Island years'due to greater deterioration of the surface in these years.
As a result of high values of absorbed solar and incoming long
wave radlgtlon and positive turbulent heat fluxes, the mean surface tem-
peratures are close to freezing with all types of flow 1n ‘the Island years.
The cold thin Polar Ocean fog and cloud hold surface temperatures well

below freezing in the cold years. Mean surface temperatures higher

than -1°C are experienced only with E'lies and ESE'lies (turbulent fluxes

-
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not negative) and with WSW'lies (long wave incoming and solar absorbed
radiation combine) but the occurrence wind roses show that these direc-
tions are infrequent at Main Ice.

Melt in the Polar Ocean years is consistently lower than in the Island
years with the lowest melt values accompanying NW sector flow. The
lowest summer mass balance (melt - precipitation) results from SW sec-
tor flow in'Polar Ocean years. The greatest ablation occurs in Polar
Ocean years with NE'lies and SE'lies and in Island years with S sector
flow.

wed |

1:3 Circulation Types and Energy Balance Climate .

The warm and cold year wind roses show that there is a strong
relationship between wind direction ;nd energy balance climate and that
with the exception of the ang e subtended by Axel Heiberg Island the
surface wind direction at Majyn Ice is representative of the geostrophic
wind direction and thus refated to the synoptic pattern. As discussed
in detail in II 3, four distinct circulation configurations were isolated
such that variations 1in the relative importance of those circulation Types,
during a period, adequately accounted for the observed climatic charac-
teristics of that period.

The most important characteristics of each Type will be outlined
here but reference should be made to Il 3 for examples of the Types
and justification of their validity as indicators of climate.

Surfac‘e and 500 mb charts illustrating the three major Types are

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

fe
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. . 1: 3.1 Type I Polar Ocean Circulation
Thas 'Ji‘ype is characterized, at the surface, by a high pressure area
west of Meighen Island in the Polar Ocean, and a low in Baffin Bay.
The dominant feature of the 500 mb map 1s a cold low in the Hudson
| Bay area. The position of the upper cold low in this circulation Type
i results in a predominance of storm tracks alo:rlleg the northern coast of
: mainland Canada and into Baffin Bay. ‘ vt
When the Polar Ocean high dominates th; Meighen Island region,"
a strong subsidence inversion results. This subsidence inversion may

be enhanced by an advection inversion caused by the intrusion of cold

Polar Ocean air into the islands in the lowest levels.

1: 3.2 Type 1I Cyclonic System Circulation

Circulation of Type II features a 500 mb cold low inthe Polar
Ocean north of Alaska. Lows, developing 1n the strongly baroclinic
zone between the radiationally heated land of Siberia and Alaska and
the cold Polar Ocean, pick up moisture over the ice-free areas of the
peripheral seas. They travel around the upper cold low 1n a short wave
trough., This results in tracking of surface lows and well-developed
baroclinic zones NE along the NW edge d the Archipelago. The temper-
ature sounding shows the sharp tropopause associated with the arctic
jet. The lowest layers are unstable, though there is a slight suggestion

of subsidence arcund 850 mb.
1: 3.3 Type I1I Island Circulation |

A complete development of Type III involves positioning of a cold

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

.
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Canadian Arctic and Greenland. Surface lows track around the central
Polar Ocean, occasionally penetrating the Queen Elizabeth Islands from
the west but more often being deflected along ‘the edge of the Islands

to die near the Pole. Partial development of this Type 18 more common.
The essential feature of this modified form is the intrusion of a ridge
over the eastern Islards or Greenland at some level in the lower tropo-
sphere, resulting in southerly flow at that level over Meighen Island.

This southerly flow combined with subsidence blocks the advance of

Polar Ocean stratus into the Meighen Island region.

l1: 3,4 Type IV

A fourth classification 1s needed to account for occasions when the
500 mb cold low is centred over the Pole. Under these circumstances
there 18 a rapid alteration between the other three types producing a
variety of surface weather conditions. (Type IV was significantly fre-

quent only in 1970.)

1: 3.5 Circulation Types and the Mean Pressure Pattern

ySchematized lows representing the 500 mb flow for the four Types
are plotted onthe mean July 500 mb chart in Figure 1:3.5., The Types
do appear to correspcad to the mean pressure pattern, Examination of
the January 500 mb pattern suggests that Type I could be considered a
variation of the winter situation. At the surface the Baffin low and
Polar Ocean high of Type I are evident in the mean pattern. The ten-
dency for travelling cyclones to track into the central Polar Ocean and
die there, is reflected inal meax; surface low near the North Pole. The

trough over N Ellesmere and Axel Heiberg results from the combined
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PR
effect of lows tracking along the edge of the Islands and of the Baffin
Bay low. :

Based on the six years considered 1in this étudy the major storm
tracks affecting Meighen Island are included in Figure 1: 3.5. The
tracks typical of Types I and III are found on most representations of
Arctic storm tracks (e.g. U.S. Navy, 1952; Hare and Orvig, 1958;
McKay, 1969) but that of Type II does not generally appear. During
the six years of the present study this track was of considerable im-
portance as 1t “;a;s ‘responsible for a large part of the summer precip-
itation on Meighen Island. Considering the strong temperature gradient
between the snow free land and the ice covered Polar Ocean it seems
reasonable to find a cyclone track in this position. That these cyclonic
d1sturb§nces are accompanied by baroclinic zones and considerable

moisture should be expected, due to this temperature gradient and the

availability of moisture from the ice free areas along the coast.

¥
.

l1: 3,6 Relationship of Wind Direction to Circulation Type

F-xgure 1: 3. 6 shows the distribution of daily resultant wind direction
for each circulation Type. The Polar Ocean Type 18 accompanied al-
most entirely by N'ly and NW'ly winds. The Cyclonic System Type shows
a dgminance of SSE'lies but also a sigmﬁcént number of SW'lies and
a few NW'lies and NE'lies (the latter resulting from pre- and post-
frontal situations or from passage of systems éputh of the station.) S'ly
s;ctor winds, tending to be SW'lies, represent complete dévelopmer;t of

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

represent the modified Island circulation.
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1: 3.7 Type anfl Energy Balance Climate .

Wind roses of the climaté elements for each circulation Type are
shown in Figure 1: 3.7a. The cold NW sector flow 18 primarily -asso-
ciated with Type 1 circulation. With the Cyclonic passage Typell tem-
peratures remain below freezing with all wind directions. The warm
NE'lies and SW sector flow are associated with Type III Island.ci’rcu-sj‘}
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.




™TYPE T

120
90+
ABSORBED 501
SOLAR
(LY/DAY)

ALBEDO (%)

‘ 0

NET LONG =

WAVE

(Ly/DAY) 40
0

SENSIBLE

HEAT

(LY/ DAY) =I5 /
q

ol
LATENT \

HEAT . @
(LY /DAY) > /

Y N Y

Figure

1: 3.7b




19

‘ With Island circulation, cloud amounts and fog frequencies are con- .
siderably lower than in the case of Type 1 and II circulation where cloud

amounts and fog frequencies are high for the prevailing wind directions.

Table 1: 3.7
Type ‘ I R o 11 o I
{ Absorbed solar 117 112 117
Albedo T4 72 70
Net long wave -217 \ -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 gives the mean values of the calculated energy balance
components for the three Types.

The mean values of absorbed solar radiation differ rather little be-
tween the Typ;as, the thick frontal cloud of Type II producing the lowest
values. The mean net long wave radiation and turbulent fluxes on the

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

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

tive turbulent fluxes while Type I (Polar Ocean) circulation shows strongly
negative net long wave radiation and turbulent fluxes. With Type II
(Cyclonic System) circulation the net long wave balance approaches posi-

\
|

Tooa
|

tive values and the turbulent fluxes are only moderately negative. These

combinations of components result in considerably lower values of melt
J ., 4
' for Polar Ocean circulation while Island Cyclonic System circulation has

similar mean melt values, but for different reasons. When p2ecipitation
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1

18 considered, the effective melt power of Type II is significantly de-

*

" creased.

»
¢ El

Figure 1: 3.7°b shows wind roses of the energy balance components
for the three Types. - These roses largely reflect the mean values but
there are sor:x\e significant variations with wind#direction withm‘the Typ¥s.

Positive netp long wave radiation balances are experienced with Cy-
clonic System flow from the E and SE and with Polar Oceam circulation
from the SSW. The most negative values of net long wave radiation
occur with Polar Ocean NW sector flow.

Turbulent fluxes are strongly posit&hve with NE Islar{d and Cyclonic
flow and most negative, as in case of net long wave radiation, with
NW'ly Polar Ocean flow.

rThe resulting melt roses show least melt with NW'ly Polar Ocean
flow and the strongest melt with S'ly Island flow. When precipitation

18 taken 1into account, Polar Ocean SW'lies appear to'result inthe least
net loss to the 1ce cap. All significantly frequent dlre.ctmns of cyclonic
system circulation also show considerable compensation of melt by pre-
cipitation. SE'lies, 1n general, appear to produce the. highest melt values
‘and NW'lies the least.

Warm air advection 18 greatest with SE'ly flow, particularly in the
case of Island circulation, and least with all types of NW'ly flow.

.
a o

l: 4 Or1g"1n of Meighen Island Fog

“

The distribution of fog and cloud for Main Ice, North Land and Isachsen
are reproduced from II 2 in Figure 1:4 2. The relative percent frequen-
cies of low cloud and fog at the three stations suggest that much of the

Meighen Island fog 1s stratus or stratocumulusg cloud at Isachsen. It
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18 the purpose of this section to show that a:.“considerable portion of the
fog experienced at Main Ice 1s actually low stratus and stratocumulus

cloud, advected from the Polar Ocean by persistent strong winds, which
runs 1into the l240 m amsl (800 ft) ice cap being observed as fog. Thas
18 the cold, often thin fog which shows up in the year and Type roses as
being associated with W through N winds and Type I circulation. North
Land, being 160 m (600 ft) lower than Main Ice experiences 20% iess fog
than Main Ice. Isachsen i1s not only 240 m 800 ft) lower than Main Ice

and protected by 700 ft hills 3-5 miales N of the station, but is also 30

miles south of the N coast of the i1sland and thus experiences 40% less

17 N

\

fog than North Land.
It has been suggested that this fog and low cloud are a result of
the 18ad which somgtimes opens between the Polar Pack and inter-
1sland 1ce.  ThxS 1s doubtless the case on some occasions, but 1s not
:fr;aquent enough to explain the almost constant fog at Main Ice. The
frequency of occurrence of that particular lﬂead in summer 18 1in the
opinion of the author sometintes overestirnated, as flights {n that area

are normally made when the weather is good. This general'ly means

with S'ly winds; S'ly winds usually open the lead. Similarly, the *

lead is only visible on satellite photographs when cloud i«cover is low,
at which time the winds are likely to be from the S'ly sector. Once
winds shift to N'ly, there 1s a period of perhaps a week when it is
possible that the Meéighen Island fog originates fro‘m the lead which is
gradually closing. This however cannot account for the persistent fog
in years such as 1968, where S'ly winds were almost absent.

v

It is often difficult to prove from satellite photographs that the

o

Polar pack is covered with low cloud, due to lack of definition between




Vigible |

Figure 1: 4b | Satellite Photograph Illustrating 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 temperature close to freezing.

-
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Figure 1: 4b’cont'd
\

ice and cloud, but CX\ several of the ESSA photographs for the years
1968, 1969 and 1970 t\@sxture or a change in cloud boundaries between

f
pictures allowed identification of low cloud over the Polar pack. In-

Y
frared satellite photographs are also of use indistinguishing low cloud

from 1ce, as shown in Figure l:4b where there 1s definitely low cloud

covering the Polar pack.
i
The Polar pack in summer is not solid and is often extensively

puddled, providing an adequate moisture source to maintain a constant
) ~
layer of stratocumulus. The meteorological records of the Trans

1
L)




Figure 1: 4c N of Ellesmere Island Looking NE - Low
Sc to N and W.
(See Figure l: 4e for location map)

Figure 1: 4d  Approaching Nansen Sound (see Figure
l: 4e for location map)
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Polar Expedition which passed N of Meighen Island during the summer
of 1968 (Koérner,lQ?O) show mean cloud cover of 8/10, 72 percent of
which was low cloud. In addition they recorded wvisibility greater than
10 miles only 17 percent of the time during the summer season.

The constant strong winds resulting trom the gradient between the
Polar Ocean high and Baffin Bay low may be responsible for significant
turbulence 1n the lowest levels below the frequent subsidence mversxo:
experienced with these conditions (II 3:2). Figures l:4c and d illustrate
a cover of low stratocumulus which appears to stretch as far as the
eye camn see to the NW. The base of this layer ranged from 0 to 300
ft. These figures also illustrate another important point: along the
steep coasts of Ellesmere Island and Axel Heiberg Island the cloud
layer disappears or 1s blocked from continuing inland except perhaps
where glaciers reach the sea. The cloud however dips into the N end
of the straits and channels and as seen in Figure l:4e fills the whole
of the Sverdrup Channel - Peary Channel area in which Meighen Island
18 located.

Figure l:4e also shows that land masses, even the size of the Fay
Islands, tend to burn off this thin cloud layer. It has been noted by
Stefansson (II 2: 5.1) and Savile (1961) that within 10 to 15 miles of
the Polar Ocean, on the NW coasts of the W Queen Elizabeth Islands,
the vegetation i1s particularly sparse. Initial analysis of data from the
oil camp meteorological station at Cape Isaéhsen on the N tip of Ellef
Ringnes Island in 1973 suggests that similar fog frequencies occur here
as are experienced at North Land. In addition it appears from satellite

photographs, from vegetation coverage and from contact with a party

located on the SE corner of the Meighen Island (in 1970), that the low
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Figure 1: 4e * E Sverdrup Channel looking W to holes
burned in Low Sc by Meighen Island and

the Fay Islands.
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cloud and fog often extends only a,few miles south of the Ice Cap.

Finally it was seen inII 5: 2.1 that this " fog' is unstable in the
lowest meter at Main Ice. 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 this effect.

It ‘would appear from’these arguments that t‘he persistent cold fog
which accompanies strong NW'ly winds and Polar Oce:ajif; Type circula-
tion is often actually low stratus or stratocumulus continuously blown
onto the Island from the Polar pack. The 10 miles of land over which
the low cloud travels before reaching the Ice Cap is not sufficient to
dissipate the cover, and it is likely that any dissipation which occurs
is largely compensated by the effect of orographic lifting. This oro-
graphic effect combined with the cool surface of the Ice Cap may re-
sult in the fog thickening 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 carculation Types give considerable insight into the synoptic
reasons for the energy balance climate variations on Meighen Ice Cap.
However, there are significant variations of climate and energy balance
terms within the Types depending, for instance, on the time of the sea-
son when they occur, or onthe state of the surface of the ice cap over
which they occur, or on their degree of development and duration. Ex-
amination of the Type roses (1:3) and of the extensive discussions and
Figures of the various parameters found in II 2,3,4 and 5 suggest the
possibility of a further breakdown based on wind direction, temperature
and fog and cloud amount. The most important indications of this are
reviewed in the following section, but reference should be made to Vol-
ume II to fully appreciate the basis on which the Synoptic Energy Balance

Diagram was conceived.

2:1 Basis for Further Breakdown

Temperature roses of the six years (II 3: 8), of the warm ar;d
cold years (1:2), and of the circulation Types (1:3) conswtently show
N'lies and NW'lies to 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'lies in 1969 were cool).

Cloud cover shows a minimum for NE'lies, and in the warm years
or with Type III flow less cloud 18 experienced with S'lies and SW'lies.

Type I circulation and NW'lies produce fog occurrence maxima, while

fog amounts are low for all wind directions in Type III circulation and

4
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in warm years. The S'ly Type II circulations 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 variations (II 4:4). The solar incoming |
radiation expressed as percent of the clear sky value (II 4: 3.1) is high
for the cool thin fogs accompanying N through W winds, and low for the
warm thick SE'lies, while net long wave radiation shows maxima with
NE'lies and SE'lies and a secondary maximum with SW'lies. The long
wave rad.i:!/tion variations relate directly to the thickness roses (II 2:8)
which show a warm lower atmosphere with NE'lies, SE'lies and WSW'lies.

Frequency distributions of percent incoming solar radiation in 10/10
fog for various wind dlrections‘suggest the significant temperature in-
tervals tobe T <-2; ) -2\<T < 0, O<T < 2; T>/2 (in deg C).

In cases with no fog, temperature 1s not as important but NE and NW
sector winds exhibit significantly different radiation regimes, as do SE -
and SW sector winds.

Albedo is also dependent on temperature and was generally greater
in fog. The drop in albedo with the loss of the snow pack produces the
most striking effect in this term.

Wind 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 winds, the lowest
meter was stable; otherwise 1t was unstable. Sky condition was also
seen to affect Richardson Number. These stability variations directly
affect the sensible and latent heat fluxes, as seen in II 5:4.

In addition it should be noted that there is a tendency for Type II
circulation to be accompanied by SE'ly sector winds and for warm and/

or clear conditions to be associated with N'ly sector winds which tend

5
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toward NE'lizes. There appears to be significant variations in the energy
balance climate with wind from the N through NW, NE, SSE and SW sec-
tors; with temperatures in the suggested intervals; with sky cover; with

oc¢currence of fog; and with circulation Type.

2:2 Creating the Synoptic Energy Balance Diagram

Bearing in mind the wind sector, temperature interval and cloud
and fog cover divisions which result in variations in the energy balance
components (2:1), an attempt was made to choose combinations of these
climatic elements which would have a distinct surfa;:e energy balance.
There appeared to bedconmderable advantage in using only the very basic
climatic eI‘vé";x;lents which are recorded at al\l stations and which can be
interpolated with some success from the permanent station meteorolagical
records. Precipitation amounts, though important to the mass balance,
were not used in choosing the intervals as the Meig‘hen-,lsachsen precip-
itation relationship was not at all consistent. The f;nal form of the in-
tervals for the Sy*npptic Energy Balancg Diagram (SEB Diagram) was
determined by examination of calculated daily values of melt for each

» \ : \

Type, in individual wind directions, for 4 intervals of temperature, and
3 intervals of sky cover, ’;md\‘conmdering the freq{xency of occurrence

of fog. Ir; addition, it was necessary to account for cases where the
snow pack had melted exposing the glacier, ice. As mentioned in ]: 1.3,
the emphasis in this study’is on determining the reasons for lack of melt
on Meighen Ice Cap as opposed to ¢xamining the mechanisms of melt,
For this reason the glacier ice cases were separated only into warm
and cold N'lies, and S'lies with or without fog, and the emphagis was

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

melt.




ILEGE/VD

SYNOPTIC ENERGY BALANCE DIAGRAM

'POLAR OCEAN MODIFIED ISLAND

ISLAND

TEMPERATURE (°C) CLOUD COVER (TENTHS)

r<-2[ |4 ~ c<eno MMM e
6/10 < ¢ <1/ ©

¢ >6/M00 08

C = I/10

OVER GLACIER ICE [R] 6

NO FOG NF
FOG F
SOUTH WEST WINDS SW



WIND DIRECTION OCCURRENCE (%) IN CLASSES e

LV

N
J * R
10 . »
: @ POLAR OCEAN

Figure 2: 2a r‘,?‘r



28

. Figure 2: 2a shows the oécurrence wind roses for each of the classes
ar;\d indicates the temperature, sk.y cover ‘and other conditions which de-
termine the class boundaries. The clas;ses have been grouped into four
larger divisions on the basis of their synoptic Energy Balance regimes
{i.e., a combl;'lation of Type, melt amount and precipitation amount).
These divisions reptresent;
Polar Ocean Conditions
Cyclomic System Conditions’
. Island and Sflies over gl;c;ier 1ce Conditions
Modified Island and N'lies over glac1ér ice Conditions
The classes are now plotted on a diagram where synoptic energy
balance condition is schematically depicted by wind direction. The Polar
Ocean classes are plotted as NW'ly, as winds from N through W dominate
these conditions. The warm N'lies, NE'lies and glacier ice N'lies which
make up the Modified Island Conditions have been plotted as NE'lies.

The cyclonic system conditions have been plotted as SE'lies due té the

tendency for SE'ly winds to dominate with Type II Cyclonic System cir-

culations. The Island conditions and S'ly glacier ice conditioné have
been plotted as SW'lies as there was a tendency in the geostrophic roses
| for Island conditions to havg a maximum in this direction.

The average daily meit for eabh class 1s plo'tted in this manner in
Figure 2: 2b along with schematic maps 1illustrating the controlling fea-

, tare of each of the four divisions. The line histogram represents the

e

average melt in centimeters. The narrow soliad bars represent mea-

o~

sured precipitation and the shaded bars are the resultant net gain or ,
loss to the glacier for that class. The net summer mass balance bars

. are shaded, depending on the temperature and sky cover conditions of

v

the class as 1n Faigure 2: 2a.

a o

o

T ’ .




v
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. 1~1gure 2: 2b See rigure 2: 2a for legend.
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- . delinated
(‘ Five intervals of mass balance are by the arcs joining the

histograms. Thesge relate to the net gain or loss to the Ice Cap at
Main Ice, assuming that the class were to-occur for the whole summer
season (90 days) and assuming a mean winter accumulation of 17.5 cm.
These intervals, which will be used in discussions in later chapters, are;
1) net summer accumpulation - precipitation greater than summer
ablation

-~

2) net annual accumulation - net summer ablationlis less than

mean winter accumulation -

3) negative mass balance of 0 to .25 cm/day - could ;::m\
by one accumulation year. ‘

4) negative mass balance of .25 to .75 cm/day - would take o

-

several years of accumulﬁation tg,’replemsh. ©

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

take the best part of a decadf;v of accumulation years to
~ replenish.

The classes have been arranged so that the amount of melt decreases
towards the north in each division. The mass balance results will be
discussed 1n relation to climate, energy balance and class, in the sections

( that follow.

As a check on the significance of the classes in terms of energy
balance regime, frequency distributions of mass balance, solar radiation
absorbed at the ground and net ‘long wave radiation have been plotted
for each class {Figure 2: 2c). "

v

The bimodal distributions of \solar radiation absorbed at the grl’)und
\

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

!‘ these exceptions, the distributions 'for Polar Ocean Conditions, Cyclonic

i
-
Al ?/ ¢
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LY

. System Conditions, the snow pack Modified Island Conditions and the
cold clear lIsland Condition class, hshow single modéds and reasonably
significant differences in Energy Balance regimes between classes. The
N'ly glacier ice conditions tend to be bimodal, probably due to sky cover
variations within these rather broad classes. The Island Conditions and
S'ly glacier conditions show considerable variation within a class due,

‘«’m the case of Island Conditions, to a difference in cloud height and, 1n
the case of glacier conditions, to both sky cover and temperature daf-
ferences. These variations were tolerated in view of the fact that the

purpose of the present study 15 to examine the processes which inhibit

or counteract ablation.

. J
In Figure 2: 2d the number of occurrences of. each class and the
2 percent occurrence of classes in each circulation Type are plotted. All
classes contain more than 10 values and, with the exception of the

scattered sky cover classes, the six years of data 1s reasonably evenly
distributed between classes.

Type I dominates the Polar Ocean conduions and there are a con-
siderable number of Type I occurrences with N'ly glacier ice conditions.
The warm scattered and overcast NW'lies (see Figure 2: 2a) of class 6
include a number of Type I circulations. The only other sigmificant
occurrence of Type I's 1s found with the cold, wet, SW'ly Cyclonic
System Conditions which are likely a result of the encroachment of the
Baffin Bay low 1into the Meighen Island region. 7

Type 1I circulation shows mainly as Cyclonic System Cond1t10ns,’

.

though several warm NE'lies and a c',‘,onmderable number of N'ly glacier
Pt

1ce occurrences result froth passage of a system south rather than north

‘ of Meighen Island. .
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‘

‘ Type III dominates the Island, Modified Island and S'ly glacier
ice (without fog) Conditions. Warm glacier ice N'lies also have a

significant number of Type III occurrences.

-

In general the class and synoptic conditions relate in the expected

manner to the circulation Types. e
»

&y
e

The synoptic energy balance diagram appears to be a reasonably

good 1indicator of both the mass balance conditions and of the synoptic

r

reasons behind the energy balance climate.
{ o ’

2:3 Energy Balance Regimesof the Classes

The energy balance regimes of the classes and thus of the Condi-
tions and Types will now be examined, using plots of the components

«

on the SEB Diagram. Reference should be made to Figures 2:2 a,b,c *

and d as well as to 2:3 a,b and ¢ in the discussions that follow.

m(\—

2: 3.1 Polar Ocean Climate

d .
The early season cold Polar Ocean flow (class 3,4,5) with 75% oc-

currence of fog, results in mean ablation of less than0.1 cm/day and

<

*modal ablation of 0 cm/day. The temperature lapse condition® 1n the

'
¥

lowest meter produce negative values of sensible and latent heat.
Under overcast or scattered sky cover, strong wi nd low pres-
sures are experienced. The cold thin fog allows HKigh insolation but
this 18 somewhat Eompensated for by high albedo values. ong wa'v:e
incoming radiation 1s low from this cold fog and clougs
_Broken conditions (class 5) produce the lowest mean values of melt,

. due to a 20 ly/day more negative net long wave balancé than 1is exper -

é
4 s

- >
. .t ,

* Flg;xres 2: 3a, b and ¢ are also fpund on remoyab'le chart in pocket
at back of text to aid in following the discussions. N

13
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1enced with overcast conditions. Warm air advection reaches a mini-
mum 1n this class. The average precipitation exceeds the melt for cold
scattered conditions resulting in a positive summer mass balance.

Overcast cold Polar Ocean conditions (class 4) have lower insola-
tion but the increased long wave incoming radlatlgx more than compen-
sates for this. Precipitation is s[fxll more than sufficient to counter -
baiance the ablation, producinﬁg a positive summer mass balance.

Scattered cold Polar Ocean fog (class 3) results in very low in-
coming long wave radiation. As these conditions tend to occur either
early or late 1in the season, the solar angle 1s low and insolation 1s
consequently low. The turbulent fluxes are less negative than for cloudy
conditions but the resulting ablation 1s very similar to that of the other
Polar Ocean classes.

Far NW sector winds with temperatures greater thanor equal to
-2°C but less than OOC, (classes 1 and 2) fog 1s even more frequent.
Lapse conditions prevail and turbulent fluxes are negative. The thicker
warmer cloud and fog transmit less solar incoming radiation and rg-
radiate more long wave radiation.

With overcast skies (class 2) insolation i1s low and albedo high. The
greater values ©f long wave incoming radiation and-less negative values
of the turbulent fluxes result i average melt of '.‘2 cm/day, with pre-
cipitationiof .09 cm/day. This 1s still not sufficient to melt the wainter
accumulation.

. For broken conditions (class 1), solar radiation absorbed at’ the
ground 1s rather high, due tolow albedo, and combined with the long

wave incoming radiation of the cloud results in ablation greater than .3

cm/day&L which 1s not compensated by precipitation.
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. The NW'lies 1n class 7 ( 0 to -ZOC, scattered, fog) are associated
' with Polar Ocean Circulation and account for the .2 cm/day values
in the ablation histogram. *\
Type 1 circulation occurring over glacier ice late 1in the season
18 accompanied by cold temperatures, high fog and cloud amounts,
strong winds and lapse conditions 1in the lowest meter (class 9). In-
™ golation 1s low due to the low solar angle but the glacier ice albedo
1s responsible for relatively large values of solar radiation absorbed
" at the ground. The long wave incoming values resemble those of cold
overcast NW'ly flow. The turbulent fluxes are just slightly negative.

The bimodal distribution of melt, a reflection of varying sky cover con-

ditions, shows a maximum at .2, .4 and .9 cm/day (the very high

PRy
%
M

values resulting from a few cold clear occasions of Type III circula-

. tion). Some of the warm N'lies over glacier ice (class 10) are also
3
a result of Polar Ocean Circulation and appear as the .6 cm/day mode

-

in the ablation distribution.

2: 3.2 Modified Island Climate
Scattered cloud conditions with above freezing temperatures and
NE sector winds emerge as the main class of?.f'Modxhed Island Conditions
(class 8). Fog 1s infrequent, the pressure hiéh and the winds light.
The insolation values are reasonably high, but net long wave radiation
4 1s svery negative due to the lack of cloud. Sensible heat values reach
a maximum under these conditions, and latent heat values are positive.
There 1s no precipitation, and ablation values average close to .5 cm/
day. )
’ Scatteredﬂ conditions with below freezing temperatures, high fog

- ‘ 3N
‘ 3}

)
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)
occurrence, and NE'ly flow (class 7) show a.temperature inversion in

« the lowest meter suggesting '"reai fog" (II 5: 2. 1). The ablation in

these situations 1s slightly less than that under the warmer fogless
clear skies, due to the very small positive (and sometimes negative)
values of the turublent fluxes.

Type III circulation can also produce scattered or overcast skies
with temperatures near or above freezing during the transition to clear
skies (class 6). Under these conditions solar absorbed values are low,
while net long wave radiation i1s only slightly negative and the resultmg‘
melt values are somewhat lower than for the scattered Modified Island
class. ,

Modified Island conditions over glacier ice (class 10) show positive
turbulent fluxes and high values of solar radiation absorbed at the ground
(though insolation 1s low). The sky conditions tend to be scattered',' \;11th
50% occurrence of fog, thus long wave incoming values are not particu-

larly low. Melt under these conditions appears from th{-:/ﬁ’l/modal histo-

e
gram to lie inthe 1.5 cm/day range. e

2: 3.3 Cyclonic Activity Climate \
All the Cyclonic System conditions have cloudy s\kies, high fog fre-

quency, low pré%s’sures and rela}twely warm cloud base temperatures,

suggesting low ceilings. There did x;ot appear to be any significant

difference between below freezing conditions with and without fog.

Befcre the passage of the front and/or trough, SE winds, temper-
A
atures around -1°C, low pressures and strong winds prevail (class 13

and 14). Lapse conditions in the lowest meter produce negative tur-

-

bulent fluxes.
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With overcast skies (class 13), insolation i1s low and albedo high
resulting 1in \;ery low .,values of solar radiation absorbed at the ground. o

Due to the positive long wave radiation balance, produced by the thick
o

warm cloud, melt 1s cohsiderable (ca. .7 cm/day). The preciprtation

accompé.nymg these conditions 1s sufficient to counteract this melt and

-

. ¥
a slightly positive mass balance ensues. In the troposphere there 1s

considerable warm air advection.

B v

-

When the sky cover 1s broken (class 14), absorbed solar radiation
increases but the net long wave balance 1s slightly negative, resulting o

in somewhat less melt than with overcast skies., The broken conditions

are accompanied by considerably less precipitation, thus the mass
"

balance remains negative, . \)

.

If the warm sector reaches as far north as Meighen Island, tem-
peratures rise above freezing as in class 15 and part of class 18.
This strong SE sector flow 1s dccompanied by low pressures and high

fog and cloud amounts, Inversion conditions persist in the lowest meter

i

and turbulent fluxes are positive. Though depletion of solar incoming
radiation 1s great, due to the nature of the sky cover, low albedos par-

tially compensate for this effect. The warm clouds produce a maxi-

o

mum of long wave incoming radiation and hence the greatest positive ’

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

¥ ]
[

cm/day), and precipitation is insiéniflcant by comparison. Warm air “ K

» ¥
advection also reaches a maximum in this class,

If the low passes further porth of Meighen Island, winds may never
become SE'ly. Class 11 probably represents such occurrences as well
as ' occasions where Type I circulation is in effect blut the Baffin Bay

, .
low has moved N into the Polar Ocean and dominates the flow over the
Meighen Island region. Oviercast skies and below freezing temperatures

L 4

B
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3

. result in moderate values of solar rad1a}t‘1on absorbed at the ground, 1in
somewhat negative net long wave oradlationﬂ;a'nd 1n negative turbulent
fluxes. The melt 1s less than 1s experienced with SE'lies which advect

1sland air into the sounding. Precipitation accompanying this SW'ly flow

b -
produces an average ‘net summer accumaulation of .4 cm/day, which 1s

twice the average winter accumulation.

There are also occasiens when the system-passes south of the Island,

’ producing conditions similar to the SE'iy cyclonic passage conditions but

with NE'ly flow (see class 6). nl
When frontal activity occurs over glacier ice, the solar absorbed ’

radiation increases considerably but, as this 1s “ffot the dominant fea-

ture of the cyclonic system energy balance, melt values increase only

to .8 cm/day. Precipitation in the form of snow 1s not very significant
/ N -
, so considerable mass loss results from such occurrences.

2: 3.4 Island- Climate . . ) ‘
. )
Island climate conditions in summer (classes 16, 18 and 19) are

characterized by above freezing temperatures, high pressure, low wind

speed and low frequency of fog. Similar average melt values are as- '
soclated with cloudy island flow and clear-Island flow but for different g
reasons. - -

' -t i v ;

W

h In the case of cloudy skies (class 18), long vg(ave\mcoming radiation

T

_1s high giving. a net long wav[ balance close tb zero. The bimodal T

dxstrxbu:1on of melt likely results from differences in cloud height. " Low

v

cloud occurds.\e'n connection with the warm éqctor of Type IIl.circulations

~

\ . A while middle and high cloud dominate with Island, conditions.

v ‘ ' With scattered “conditions {(class 19), so}ar radiation absorbed at the

- ‘ . . ~

-
[

!
,
}
Y N
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‘ ground dominates, the net long wave balance being quite negative due to

lack of ciyﬁgd: The- turbulent fluxes are significantly positive. These

conditions result i1 melt values between .2 and 1.6 cm/day depending on

the relative values of the radiation termse.

s L
Southerly Island flow over glacier 1icé (class 16) 1s most frequently
R I \
of the cloudy variety. The increase 1in solar rad1aget10n absorbed at the

. ground results in melt values of between 1.5 and 2.6 cm/day. Waith
- .
the increased importance of solar radiation at'low albedos scattered

p cu.aditions likely account for the highest mode (ca. 2.0 crn/day), while
. ) ‘<¢ .
/ % the infrequent Type I and Type III occurrences give' melt values in

Al
.

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

- The final class (20) represents the cold clear fogless weather N

)

which occurs in April and May when anticyclonic aetivity dominates the

[ 4

: Arctic Islands, and which can also be experienced in early June. Though

surface temperatures average below freezing, inversion conditions pre-
3 S

3

t\h/all in the first meter. Sensible heat f}ﬁxes are -slightly positive, but

“low humidities above the surface result in slightly negative latent heat

flux values. Albedos are high, lqng‘évave incoming radiation is at a

miniinum and the solar angle 1s st111:t-rel.'ative1y low. As a result, mejt

-

}
i

18 frequehtly zerd and does not exceed .4 cm. These conglitions/are

v -

most frequently accompanied by NE'lies or SW'lies and represent Island*

conditions occurripg before-the snow melt begins on the land. N

-

. R ‘ o
CR -
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Table 3: 1

Summer Season Means of Climatic and-Energy Balancé Components

¥

1960 1961 1962 1968 1969 1970

-

TG (°C) -9 -1.4 . -.3 -1.0 -1.1 -2.0
SGI (ly/day) 348 386 421 Y46 436 461
ALB (%) ‘ 63 66 71 77 75 81
SGA' (fy7day) 101 118 150 103 102 86
DFL " 627 620 618 606 622 613
RLU " 645 639 649 642 641 634
NL " -19 -1977 -31 -35 -27 -21
Qs L 4 -5 -1 “16 ¢+ 15 -16
QL * " ’ 5 -5 -3 -15 -13 -12
QI " 28 34 32 13 12 14
QM " 103. 91 114 36 55 38
RO (cm we) 75 62 93 18 - 48 . 26
SN "o 0 6(21) 10 10 26 17
Net " 75 £58(-43) _83 & 22 -9~
TG = surface temper‘alture, SGI =, s°ol‘q=;r incoming radiation,
ALB = albedo,: SGA = solar absorbed radiation, DFL = long
wave 1irfcoming, RLU = long wave outgoing, NL = net long

wave, (S = sensible heat, QL = latent heat, Ql = heat
from 1ice, th ‘available for melt, RO = melt,

SN = snow, = Net summer mass balance.

N R - 8}
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CHAPTER 3

. CHARACTERISTICS OF THE SIX SUMMER SEASONS

3: 1 " Introduction

"The climate and energy balance of each year 1s examined, using
v

the SEB diagram 1:order1 to 1solate the factors governing the summer
mass balance of the 1nd1v1dL;al years. Two SEB diagrams are.-pre-
sented for each year. The first gives the tPtal melt and precipitation
am:)unts for each SEB class, the bars being shaded according to the
climatic limits of the class. The second shows the percent occur-
rence of €¢ach class, the bars shaded according to the mean net sum-
mer mass balance for that class (see Ch. 2 for discussion of t};e; di- .
visions), Additional information céncermng the climate and energy
and mass balance of the ye€ars 1s given in Table 3:’1 (season means)
and in Figures 3: 1 a,b and ¢ (ten-day ﬁueans). " Reference should
also be made to the discussions and Figures of II 2 and 3.

The Polar Ocean years will be examined first, foll‘owed by the (ii})

L

Island years.. ; . \
3:’2 1968 °

N'ly Polar Ocean, Type I flow, was completely domlinant in 1968.
A brief period of cool Island flow 1n J;Jne pitiated the melt. The
temperatures in"early June were hig’her than in other Polar Ocean
years and fog ambunte were relgtively low, but the constant N'ly flow

held\tbe melt to less thah «25 cm/day. At times during late June

apd early July the Baffin Bay low dominated in Type I flow, and the ‘
) ' N \ .

-

U I?’
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coPl SW'ly cyclonic Conditions {class 11) ensued. These occurreny&es

were responsible for reasonably high melt values but also produced

x
A

considerable precipitation, resulting in net accumulation.

A( ! -
A period of clear warm Modified [sland flow (class 8), in early

and mid-July, produced the only significant melt. Positive values of
the turbulent fluxes, resulting from advection of warm air over the

Ice Cap, were largely responsible for the relatively strong melting

4 1

in these two periods.

In late July and early August Polar Ocean flow took over once
more. The constant rime and freezing drizzle deposited on the sur-
face by the cool fogs accompanying this flow kept the albedo high and
thus melt was negligible. Melting resumed late in the season, when

Ciclomc System Conditions (mainly SE'lies) advected warm moist air
N
over the Island, producing near positive values of the turbulent and

net long wave fluxes and depositing considerable precxpltau&).

»
-

3: 3 <1969

i

Cyclonic Activity Conditions dominated 1969. All classes of

2

these conditions are well represented, including the NE'ly class
(low passing S of the Island). Type I occurred inthe beginning
and at the end of the season, with.the usual low melt values.

Low albedos (seen in bothemeasured and, calculated albedo curves)

o

in late June were responsible for considerable melt at that time.
*

The albedo values appear to be a result of rain accompanying NNE'ly

flow, associated with a low tracking S of Meighen Island into Baffin
" s

-

Bay.

By July, Cyclonic System Concﬁt;oris were established and the .‘
: ’ |

N - .
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continuous ﬁassagg of systems along the NW edge of the Islands pro-

duced high values of melt and precipitation while holding screen tem-

F

peratures below freezing.

In mid-August the end vf a cyclonic passage developed 1into cloudy
Island flow (class 18), and‘ high values of the turbulent and net long
wave fluxes resulted in considerable melt at Main Ice and mean tem-
peratures above freezing. Melt continued as clear Modified Island
Condxtmx?s (Class '8) replaced" the S'ly Island Conditions. The last
few' days® of August saw the return of Polar Ocean Conditions and freez-

ing temperatures.

3: 4 1961

As 1n 1969, Polar Ocean Conditionns occurred at the beginning

a

and end of the season, with the accompanying low melt values. Through-
out June surface®height measurements indicate steady accumulation.

Heavy drifting and blowing snow, associated with strong pressure gra-
) )
dients between the Baffin Bay low asd Polar Ocean High, aTe partially

responsible for this accumulation. The sutface height measurements
A

show accumulation of close to 40 cm 1in late June and early July. This
accumulation \}vas not reflected 1in precipitation measurements due to
the difficulties of measuring precipitation in strong winds. (In the -

calculations 40.cm was added to the initial depth of the snow pack to

<

account for this accumulation.)

By mid-July cyclonic systems of the warm sector class (class 15)
dominated. Melt proceeded rapidly and was not accompanied by solid
precipitation, leading to complete loss of the snow pack. Once glacier

3 "

ice was reached the calcd’iated melt values increased considerably due
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P

~ to the low albedo. The Cyclonic Syst#m Conditions occuring over gla-

jads
cier 1ce were not accompanied by solid; precipitation and produced sig-
i

-~

,nificant melt fo¥ the remainder of July and early August in the calcu-
lations. In August Polar Ocean and Island conditions alternated, bu‘t‘
both caused melt until late August when persistent Polar Ocean condi-
tions succeeded in depressing. temperatures and melt.

Examination of the surfage lowering measurements for the period
after glarc1er ice 18 reachedluggests continuous accumulation of snow
during this period. Such cofiditions would drastically alter the energy
budget for the period via albedo, in addition to compensating melt with
accumulation. If the i1ce surface was repeatedly covered with snow,
and the albedo held rat 75% during this perlod,"calculated melt would, .

be decreased by 28 cm water equivalent or 31 cm surface height, and

the calculated curve would agree with the measured surface height.

»

The effect of this 1s further discussed in 4. ) 2
a ) A\ '
3: 5 1970 -

P

The season began with unusually cold Polar Ocean Conditions. There
was no melt until late June when Type 1 flow was repeaqedly replaced g
by the other two types, resulting in Type IV circulation. This rapidly
changing circulation re;aembled Cyclonic System Conditions, which due

‘

to the periods of Polar Ocean apd Island flow, yielded less precipita-

tion than pure Type II Cyc{onic System Conditions. Rain and .relatlvely
warm tem;;eratu,res accompanying an tiarlly occurrence of this type de-
creased the albedo, resulting in a mid-season peak 1n absorbed solar

radiation. In June and early July this was augmented by relatively k'ugh

incoming long wave radiation from warm thick ¢loud.
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3: 6 1962

45,¢’ . s

Two periods of Modified Island Conditions in mid-July and early
August pioduced clear skies but are rather ineffectual for melting
due to the high negative net long wave values. The Modified Island

Kl

portions of the Type IV circulation (some of which showed up in class
1 as they were associated with N'ly winds which had recently passed
over land) combined with the warm sectpr portions of the Type v

circulation to produce the most significant uncompensated melt in

[ ]

1970. ’ ’
A period of cool foggy Polar Ocean Conditions inhibited melt dur-
ing mid-August. By late August fresh snow increased the albedo and +
solar incoming radiation was low due to solar angle. The moderate
values of long wave incoming radiation were unable to balance these
low values of absorbed solar radiation. Melt was insignificant while

the cyclonic activity of Type IV deposited considerable snow.
1

-

Island flow was established early in June, causing considerable
melt and a decrease 1in surface albedo. These conditions were re-
placea briefiy at the end of Jur‘;e’*;by relatively warm Polar Ocean Flow.
Fully developed clear Island conditions dominated July. The snp%
pack disappeared before mid-July and a strong mid-season peak in
melt reflects the increased values of absorbed solar radiation and
the accompanying positive values .of the turbulent fluxes.

Though circulation begar; to alter‘nate in late July,/melt remained .
strorg due to low albedo, and 'solid preeipitation was not experienced
u;xtil the last few days of the month, when a well-developed ‘cyclonic

§
system passed over Meighen Island. e
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s 3
When Polar Ocean Conditions were re-established in August, melt

_ continued due to the low albedo of glacier jce: Surface lowering mea-

surements suggest that the ice may have been snow covered - in late

August, resulting in cessation of melt at that time and in a decrease

" in total seasonal melt.

3.7 1960 , /

As in 1962 Island flow was established by early June while Polar
Ocean circulation was only experienced during the transition between
consecutive ridges. Island circulation alternated wi:h the other types
throughout the season, but there does not appear to have been any
significant prec1pi}at10n with the’gyclonic‘ systems.

The snow pack which was notndeep initially had disappeared by mid-
July. Melt peaked 1in late July due to the high albedo and remained high
n earl); Al;f'ust due to positive values of net ‘long wave radiation from

the warm thick cloud and, fog accompanying Island flow at this time.

4

The Island and Modified Island conditions of 1960 differ from those
'

of 1962 1n that they are dominantly cloudy Island conditions, where‘ pos-
itive net long wave radiation rather than high solar incoming radiation
1s responsible for melt. This is perhaps a result of the frequently
changing synoptic conditions of 1960, in contrast to the establishment
in 1962 d a quasi-stationary high with S'ly flow and strong subsidence (\!
which tends to dissipate the fog anc{ cloud. k

‘ .
Polar Ocean Conditions do not appear to take over until the last

few days in August {from synoptic 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 examination of the results.

i o
/

'_)” L
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3: 8 Governing Factors

“

Polar Ocean Conditions completely dominate 1968, confining melt
to a period of warm air advection under Modified Island conditions.

The rime and fog accompanying the mid-season Polar/ Ocean flow was
largely responsible, through alb;zdo, for the lack of melt at that time,.

1969 was controlled by Cyclonic System Conditions yiglding near
freezing temperatures, moderate melt values and high precipitation
amounts and frequently experiencing positive mass balances. Significant
uncompensated melt was experienced with cloudy Island Conditions and
clear Modified Island Conditions occuring in late August; the former
dominated by positive net long wave balances and the latter by high
values of solar rad1at1on£b-sorbed at the ground.

The 1961 ablation regime was initially created by warm sector cy-
clonic circulation (high melt and little solid precipitation). Glacier ice
conditions dominated from maid-July on, in the calculations. If the mea-
sured accumulation values had been used to augment the precipitation
values 1n the calculations, melt would have been decreased by as much
as 30 cm.

Folldwing unusually low temperatures with Polar Ocean flow early
in the season, 1970 exper1encec} continual alternation of circulation types.
This phenomenon produced conditions similar to Cyclonic System Con-
ditions but with less precipitation, due to the intervening periods of
Polar Ocean and Island flow.

Island conditions became established early in{1962 and dominated
the season along with the resultant glacier ice conditions.

The 1960 season was controlled by Island conditions but brief ap-

/
pearances of Polar Ocean Conditions and Cyclonic Systems prevented

the establishment of clear anticyclonic conditions as in 1962.

»




3: 9 Intervening Years

48

Climatic analysis of the intervening years ;uggestsothat 1964
I tos

e \ N
;resembled 1969 while 1967 was a slightly less developed case of

Type II dominance.

The season of 1966 appears to be sir{ular to

3 ;
1968 except that the mid-summer Type III occurrence lasted longer

in 1966. In 1963 this mid-summer Type III period was almost long

enough to make it an Island year.

"

The very cold June of 1970 showed \

up in 1965 with a suggestion of Type II circulation in mid-season and

Type 1II in August.
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! CHAPTER 4

/f THE EXISTENCE OF MEIGHEN ICE CAP

4: 1 - Mass Balance

4: 1.1 Net Mass Balance

Comparison of calculated net summer ablation with measured net
myé;ss balance is hazardous as the measurements were not made at the - -
same time each year, and there 1s no satisfactory record of what occurred .
between the time of measurement and the‘begmmng of the meteorological |
observations ( and thus of the calculations). Assuming the calculated
results are reasonable (with the exception of the problem of accumula-
tion 1n August of 1961, see II 6:3 and 334) some information concerning
the spring accumulation canbe obtained from Figure 4: l.la. Here
re;ults of subtracting the calculated net summer ablation from the mea-
sured winter accumulation are compared with the mean net mass balance
for the individual stakes 1in the vicinity of Main Ice. It should be noted
that there is considerable variation in measured net mass balance be-
tween the four or five stakes used and that these variations ‘do not ap-
pear to follow any specific pattern from year to year.

With these limitations 1in mind, some mteree;ting trends emerge from
Figure 4: 1.1la. Inthe summers where‘lsolid precipitation is less than
'10 cm water equivalent (1960, 1962 and 1968) the value of measured net
mass balance is slightly more negative than the calculated values. Two
factors likely contribute to these differences in 1960 and 1962. It 1s
quite possible that some ablation to’?)l‘c place before the start of meteoro-
logical observdtions. As the surfac;’height measurements were made
near the can'r‘lp, and d;{fting 18 always greatdr in the vicinity of buildings,

a

it is quite possi~ble that the Bnow pack was deeper at this site than at




the mass balance stakes. In‘this event the snow pack would disappear

sooner at the mass balance stakes than at the camp, and the glacier' \
ice melt rates would apply %onger al the stakes than in the camp. Tﬁes‘e
two effectc are certainly sufficient to account for the small difference in
measurel and calculated values.

In 1968 winter accumulation \;/ag measured 1n late May and precipi-
tation falling in late August would probably appear in the mass balance
measurements as next winter's accumulation rather than as 1968 sum-
mer accumulation. If this was taken into consideration, the stake mea-
‘surements and calculations would agree well. The winter accumulation
values for 1967-68 are rather high, suggesting that the "spring'' snow

" winter ' accumulation.

18 included 1in this

In 1970 the mass balance measurements were made on 30 April and
the figure indicates snow in May of the order of 3 ¢cm water equivalent,
which 18 reasonable considering that very low temperatures persisted
into early June that year.

Spring accumulation of 25 cm water equivalent 1s needed in May of
1969 to bfmg the calculated net mass balance up to the measured values.
Snow and blowing snow were frequent during the léltter part of May in
\thliS year, and fhough no records were kept 1t 1s quite possible that this
much accumulation occured in spring of 1969.

Before comparing the 1961 calculations with the measured values
two adjustments must be considered 1in connection with accumulation which
appears to have taken place in the latter part of the ablation season and

which was not taken into account in the original calculations. Fuirstly,

the amount of the accumulation must be added to the mass balance. Sec-

albedo values on the energy balance must

i

ondly, the effect of the
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be accounted for (as much as 26 cm, see 3:4). Applying these cor-
rections gives a calculated net mass balance of -5 c¢m compared to +3

measured, suggesting 8 crm or more of spring precipitation, which 1s

L} \

In Figure 4: 1. 1b the net mass balance of the sthkes near Main Ice

quite reasonable.
b
]

1s compared with that of the whole ice cap for the year:s 1961 to 1970,
The Island years (1962 and 1963) and the Cyclonic %ystem years
-(1961, 1964, 1967 and 1969) show larger differences bet\een the Main
Ice and ice cap mass balance. The results suggest a st¢eper gradient
of ablation with height in these years than in Polar Ocean yjears. The
occurrence of Island conditions before mid-June, resulting 1n early loss
of snow pack and cgmsequent lowering of albedo at lower elevations and
the better dramag%fc likely responsible for the gradients gn the Island
yvears. In cyclonic years 1t 1s probable that much of the precipitation
falling as snow at the summait of the ice cap falls as rain at| lower ele-
vations where the influence of the warm land 1s felt. In Polar Ocean
years, such as 1968, the albedo remains high over the whole glacier due
to constant rime, etc., even after the snow pack disappears at|lower
elevations. /
Paterson (1969) found ablation to be greater on east and south slopes

of the 1ce cap and suggests this may be a combination of meteorological

effects and improved drainage on the steeper slopeé (See also 4: 3.2).

4: 1.2 Prediction of Mass Balance
Figure 4:1.2a shows the results of using melting degree days from
Meighen Ice Cap and Isachsen to estimate net mass balance. The gen-

eral shape of both the Main Ice and Isachsen curve is good for the Island
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2

years when strong melt 1s experyenced, a!nd the Main Ice curve 1s quite
good in the Polar Ocean years with the exception of 1970. Estimates,
using Isachsen melting degree days for the strongly Polar Ocean years

of 1966 and 1968, are'particularly poor emphasizigdg the fact that Isachsen
?nd Main Ice are in separate regimes under this Type" of circulation.

[

The estimates are improved by using the percent occurrence of
classes in SEB diagram for each year, as shown in %1gure 4. 1. 2b. The
general shape of the curve 1s good. Inclusion of a temperature class for
temperatures>/ 2°C would improve the low estimate for 1962. Th;a
estimated value 1s’7 cm too high in 1970, due mainly to particularly large
amounts of precipitation in that year with cool SW flow, and to thg/)low
melt values associated with clear modified Island conditions which oc-
curred late in the season when solar angle was low and albedo high. In
the other four years the estimated values of summer net mass balance
are within 3 cm of the calculated values (calculated from three-hourly
observatlong).

In addition, 1t was seen in 4: 1 and 2 that knowledge of the circula-
tion Types prevailing during a year 1s useful in extrapolating from Main
Ice summer net mass balance calculatlo?s to net ‘'mass balance of Main

-

Ice area and of the whole ice cap.

4

4: 2 Factors Governing Mass Balance of Meighen Ice Cap

The Meighen Ice Cap mass balance regime 18 controlled by unusually
low ablation and by spring and summer accumulation. Winter accumula- '
tion appears to be of little importarce in mass balance of the Ice Cap.

There follows a brief discussion of the factors govefning the occurrence,
on Meighen Ice Cap, of melt, of suppression of melt and of spring and

o o
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summer accumulation. Reference should be made to Figure 4: 2,1%
- . ) ,‘
which summarizes the climate, energy balance and mass balance charac-

teristics of the six years of Meighen Island data.

4: 2.1 Melt

Over glacier ice on Meighen Ice Cap the ﬁ)rongest melting 15 ex-
perienced with the clear, warm, fogless conditions of light S'ly flow
accompanying establla!gfsxt of anticyclonic circulation and subsidence
over the Arctic Islands. Turbulent fluxes are positive, due to‘ advection
of warm air over the ice cap, and absorbed solar radiation reaches a
maximum due to clear skies and low albedo. Over snow pack the high-
est ablation occurs with warm cloudy conditions due to the decreased im-
portance of solar radiation as a result‘ of ‘\K)k albedo values. .These
conditions "are most strongly developed on.occasions when the warm sec-
tor of Cyclon1;:\Syvzitem circulation intrudés into the Meighen Island area.

The clear, warm c%du\mns of NE'ly modified Island flow yields just
~

slightly higher melt than below:f\i'éez{g broken conditions accompanying
SE'ly frontal activity emphasizing the 1;np\orta\nce of the long wave in-
coming radiation to the surface energy balanceNurface. Con-
ditions pro&ucmg melt on Meighen Ice Cap are not unlike those in neigh-
boring Islands, the major difference being the frequency and duratxox; of

such conditions.

4. 2.2 Suppression of Melt
The SEB diagram illustrates that, even in Island years, Polar Océan
flow successfully supresses melt, accounting for the comparatively low

ablation values experienced on Meighen Ice Cap in relation to those found ‘

n

* Figure 4: 2.1 is also available as a removable chart.in the back pocket

along with the SEB Diagrams of Energy Balance Components to com-
plement discussions of this chapter.
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in warm seasons on Axel Heiberg and Ellesmere Islands. The strong
Polar Qcean flow advects cool, unstable fog and cloud from the ice .pack
dnto the 1ce cap. Turbulent fluxes are negative due to lapse conditions
of temperature and humadity in the lox;vest meter. The cool thin fog pro-
duces low values of long wave incommgl radiation due to low tempe‘;tures
and low emissivity, The high surfacelalbedo produced by rime, freezing
driz"zle and light snow, which accompanies the cloud-fog, more than bal-
ances the high transmission of sola;r radiation through the thin fog. Strong
winds continually replenish the fog and cause blowing and drifting snow.
When temperatures remain below —ZOC, melt 15 negligible and the fre-
quent light snow associated with the cloud-fog results in slightly positive
_summer mass balance values with the colder Polar Ocean flov'v\. Even
when temperatures approach freezing, melt seldom exceeds .2 cm/day
with flow off the cool Polar pack.

With the exception of the extreme NW coasts, Ellesmere and Axel
Heiberg Islands are not affected by Polar Ocean flow due to the high
mountains lining their coasts. ‘'Isachsen is also protected by hills to
N and NW and 1s situated well inland from the Polar pack. The northern
portion of Ellef Ringnes Island is adjacent to a considerable area of snow
free land. The low albedo of the bare arctic tundra makes it an im-
pressive heat source, effectively dissipating this low cloud and fdg with-
in some 20 miles of the coast. It should be noted, however, that the
NW coasts of the Queen Elizabeth Islands show a lack of vegetation and

that satellite photos show that snow 1s often very late leawing the northern

hilly portion of Ellef Ringnes Island.

o

A N
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4: 2.3 Spring and Summer Accumulation
. Passage of Cyclonic Systems S of the Meighen Island area contributes

substantial amounts of snow to the ice cap. Though the thick warm clouds

adcompanying these conditions can produce considerable melt, tempera-
tures ain below freezing unless the warm sector invades the Meighen
re‘gion. Particularly with the colder instances of such conditions the pre-
cipitation more than compensates for the melt which takes place.

It should be noted that (see II 3), with passage of a system S of
Meighen Island, Devon Ice Cap can be experiencing the highest melt of
the Sea,SOn’ ;\s a result of the thick warm cloud and strong winds of the
warm sector, while Meighen Ice Cap experiences passage of the upper
trough with below freezing temperatures and considerable solid precip-
itation, ’

The net mass balance measurements suggest that summers domi-
nated by Cyclonic System flow and accumulation are normally preceded
by considerable amounts of spring accumulation which can as much as double
the depth of the snow pack before melt begins 1in earnest.

Accumulation 18 doubly important on Meighen Ice Cap.as the loss of -
the snow pack results in a considerable increase in melt,’or in some
cases the initiation of melt, due to the lowering of albedo.

r

4: 3 The Existence of Meighen Ice Cap

4: 3.1 Origin and Maintenance
Examination of the storm tracks and 500 mb flow suggegts that cir-
culation could be discussed in terms of the position of the Arctic front

‘ in relating the general circulation to the mass balance on Meighen Ice

/
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Cap. In Polar Ocean years the Arctic front would lie along the Main-
' land - Island border, while in Cyclonic System years it would stretch
along the NW edge of the Islan;lzs; and 1n Island years lie in the Polar
Ocean. !
It has been shown, II 3, 'that widespread warm clear skies are as-
* sociated waith the shift of the 500 mb cold low to the Siberian side of
the Polar Ocean.® It 1s conceivable that the Climatic Optimum (ca.
3000 years ago) was associated with such a circulation or“l\tleast with
the positioning of the Arctic front well N of the Queen Elizabeth Island
area. The disastrous effect of Island flow onthe mass budget of the
Ice Cap precludes 1ts ex1stend"e under these conditions. Koerner's ice
core studies also suggest that Meighen Ice Cap did not survive the
Cl.imahc Optir}:\xum but has formed since (Koerner, 1968). It seems

Jm

reas’cl)‘nable that, as tLhe cold low gradually shifted towards North America
at the close of th’é Optl;num, the potentially highly baroclinic zone be-
tween the Polar pack and the Islands became, for an extended period
.1, ¢of time, the predomln‘\ant position of the Arctic front. If this were the
case, there vyguld’be a period at the close of the Climatic Optimu;r;
r . e’

when when Cyclonllc System circulation and the resultant spring and sum-

mer accumulation would dominate the Meighen Island region. In this

manner a permanent snow patch could slowly grow into the small ice
cap which exists today. As the 500 mb vortex continued S across the

1 Islands, the baroclinic zone would tend to shift to the N coast of the !
mainland; the resultant Polar Ocean circulation allowing the struggling
ice cap to survive most summer seasons. Polar Ocean conditions ap-
pear to be the dominant pattern at the present time but the ice core

‘ \shows a distinct ablation surface which Koerner (1968) estimates to be
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of the, order of 500-600 years old, bearing witness to the power of

Island circulation.

4: 3.2 The Shape

SN e

In Figure 4;-%.2 the height contour map of the ice cap and the map
of calculatedéntours f equal ablation (after Paterson, 1969) are com-
pared with the roses of melt and warm air ‘advectlon. There is ‘a
striking correspondence between the direction of steep slopes (resulting
from larger ablation graaf‘énts with height) and atmospheric flow proguc1ng
high melt values (associated with strong warm air advection). In addition,
considering that most Cyclonic System flow, and thus the major portion
of spring and summer snow accumulation 1s association with SE'lies, 1t
is not unreasonable to picture the ice cap as a large snow drift facing
into the SE winds, with the long leeward tail stretching N and NW'ly.

The N tongue, once crg:ated, 1s additionally protected by the cool Polar

PR S o
Ocean flow. (VIR

4: 3,3 The Geographical Position

The circumpolar map (Figure 4: 3.3) shows Meighe;l Island to be
a small Island 1n a large sea area, a situation not found elsewhere in
the Canadian Arctic Archipelago. However, the map shows, in the
Siberian Polar Ocean, numerous small islands 1n vast areas of ice j
choked sea,:.e., Hennrietta, Schmidt and Ushakova. The temperature
regime 16 similar to that on Meighen Island (Grosval’d and Krenke, unpub-
lished) but the ice caps are generally larger (Chizhov and Bazeva, 1970)
as the Soviet islands are more isolated from other lar;d. Cyclonic

systems also provide the accumulation for those Islands ( Grosval'd

and Krenke, unpublished).

® ¢
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4: 3,4 Conclusions
Meighen Ice Cap exl-s;;s:

because of Meighen Island's position on the edge of the l;qlar Ocean
surrounded by expanses of ice covered sea (which effectively means
that 1t lies in the Polar Ocean);

because it 1s sufficiently high to be 1n most of the cool thin Polar Ocean
stratus and stratocumulus blown over the 1sland by strong N'ly flow;

because it 1s not large enough to disswpate this cloud-fog;

and because, the ice cap, once formed, tends to increase or prolong

cloud and precipitation through cocglmg and orographic effects.

It 1s suggested that the 1ce cap originated aftér the Climatic Optimum
E .-
during a period when steep horizontal temperature gradients were found
along the NW edge of the Islands. Slnc"e then 1t has .been maintained by
Polar Ocean t;].ow and 1s periodically given a new lease on life by the ac-
cumulation accompanying a Cyclonic System year, o.nly to lose that and

five or six Polar Ocean years' accumulation in one Island year.

.

o
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CHAPTER 1

FIELD PROGRAM AND AVAILABLE DATA

1: 1 Introduction

Meighen Island 1s located on the NW edge of the Queen Elizabeth
Islands bordering’ on the Polar Ocean (see Figdre 1: 1). It extends
56 km 1n length with a maximum width of 40 km and 1s characterized
by low relief in the form of rollang plains. The salient feature of
this monotonous ¥indscape 1s the 1ce cap which occupies the central
portion of the island (see Figure 1; 2a). The 1ce cap covers approx-
imately 80 kmz, has a maximum thickness of 120 meters and rises l
to only 268 m above sea level. This 1s remgrkably low for a glacier
even at 80°N, )

The anomaly of MeighenIce Cap has interested arctic researchers
since 1956 when air photography confirmed its existence (Dunbar and
Greenaway, 1956). The history and reasons for study of Meighen Ice
Cap are discussed 1in detail in Volume I Chapter l.' ‘\Wstmnsson
(Geological Survey) carried out geologidal rec§onna1ssance on t\ﬁ“e\}sl_a;r}fi
and 1ce cap eleven years later, by dog ‘sled. In 1959 Polar Continental T
Shelf Project began scientific investigations there which are still in
progress. Vertical photographic coverage and accompanying survey
ground coritrol were undertaken in conjunction with National Research
Council, Defencie ‘Researth Board and Geographical Branch during the
first two years. The necessary field work for this was carried out by
K.C. Arnold (Geographical Branch) who also was resp;;nsible for the
glac’iologlcal and meteorological work done during the years 1959-1962.
Gravity measurements were made by R. Hornal (Dominion Observatory)

‘

¥
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and supported by seismic work in 1960. W.S.B. Paterson (Polar Conti-

nental Shelf Project) took over the glaciological prpgram in 1963 and 1n
1965 directed the drilling of a bore hole throught thickest part of the
ice cap. The resulting glaciological studies were undertaken by Paterson
and R.M. Koerner (institute of Polar Studies, Qhio Statek}nwersﬁy and‘
Polar Continental Shelf Project) andsare continuing.

In 1968 with the financial and logistic support of Polar Continental
Shelf Project the author initiated a surface energy balance study of
Meighen Ice Cap with the objective of determining the reasons for the
existence of Meighen Ice Cap by examining the components of the sur-
’irace energy budget of the ice cap. The special requirements of the
study are discussed in Volume I Section l: 3. 1n response to these
requirements two stations were maintained throughout the four field
seasons and various other stations were established for shorter per-
1ods. The instrurmentation was kept as basic as possible as discussed
in Volume I Section 1: 3. Inthe present chapter the data obtained
from this and previous field programs is outlined. Reference should
be; made to Volume I Chapter 1 for further dxscuss;on of the topograph-
ical setting of Meighen Island.

The remaining chapters in Valume II*contaln a detailed analysis of
the observed climate, energy balance and synoptic regime of Meighen
Island, the final chapter dealing with the computer model used to ex-
téhd the two years of energy budget observations to the six years of
climate data. In Volume I the results 'of these analyses and energy
’balance cal¢ulations are used to develop the Synoptic Energy Balance

Diagram and discuss its implications regarding the synoptic-mass

balance regime of Meighen Ice Cap.

#*  In this Volume references to sections of Volume I will be given as
" 1 1: 3" and to Volume II as '"1l: 3"



F;gux/e 1: 2b Meighen Island

air photograph mosaic

Figure 1: 2.1 Main Ice ({ M1):

looking towards summait of 1ce cap
{ Bh ) from Mi meteorological area

¥ (photo Petzold)
< '

F1g‘ufe 1: 2.3 North Land ( Nl ) :

from NW before snow melt complete

Figure 1: 2.6 North Ice ( Ni):
looking NE across land to Polar

Ocean from Ni 'slush camp"

N




1: 2 Meighen Island Stations /

The profllé and map of Figures l:2a and 1:2b show the location of
the Meighen Island Stations. .
| .
1: 2.1 Main Ice Statlo‘nw(Ml): situated at 241 meters on a secondary

At

summait of the 1ce cap, 3 km north of the sumfn,lt, 1t has served as the
base camp for most of the giaciological and meteorological work since
1969 providing the most complete meteorological records. (See Figure
1: 2.1).
1: 2.2 Bore Hole Station (Bh): first occupied during the drilling of

/
the bore hole, 1t 1s located on the Summit of the ice cap and affords

an unobstructed view of the island., (See Figure 1: 2.1),

1: 2.3 North L.and Station (Nl): ocatéd onlapd 1.5 km from the north
end of the ice cap on top of a gentle\hill (78

! ) a
duced the second most complete metéoroldgical records. It was first ‘

.amsl}), this station pro-
occupied 1n 1968. (See Figure 1: 2. 3).

1: 2.4 West Land Station (Wl): alsa established 1n 1968, it lies di- .
rectly west of MainlIce, 3 km from the 1ce cap (110 m. amsl). ,,/
1: 2.5 North Ocean Station (No): situated 10 meters from the ocean

on the sandy beach of the north coast, this station was used in 1969 and

.

1970,
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1: 2.6 - North Ice Station (N1): ° operated during 1970, 1t 1s situated
]
half way between Max/’n Ice, and North Land, at 150 m. amsl, on the north

slope of the 1ceacap/. Wquh‘er permitting, Main Ice and North Land are

~

visible from this stfli“mon. (See figure 1: 2.6).

o3 {
]
s

< o T
1. 2.7 South Ice‘:, unmanned an_d serr}ﬁced from Main Ice or Bore Hole -

Camps, this site 151 at 240 m. amsl on the steep southwest slope of the

1ice cap, approximately .5 km from the bore hole.

N 4

Figure l:2c shows the periods dyring which the above camps were

operated as meteorological stations. Distinction 1s made bejween per-

-

10ds when the stations were unmanned recording stations, and manned
Al

stations operating on continuous 3-hourly, 3-hourly excépt one observa-
[ . - 4

tion, or 6-hourly basis, _ .

!

1:3 Meteofological Data - ,

‘ In the following 1s an outline of [the meteorological data secured I

N

todate on Meighen Island. Reference should be made to Figures l:3a,
b and ¢ for the 1ength of meteorological records obtained each year at

the various stations for each of/the parameters. The Main Ice mete-

¢

! - Q@
orological compound 1s shown in Figure 1: 3d. .

- .

1: 3.1 Screen Temperatures " , g
! »

Thermohygrographs were maintained 1in Stevenson screens ‘at all_
the meteorological stations for their total pe-rlod of operation. The
ﬁcreemé also held Canada Department of Transport, Meteorological

-Branch dry bulb, maximum and minimum thermometers. Haena, aspirated
. - X £

i
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psychrometers were used’at Main [ce, North Land, North Ocean and

[

West Land, but considerable trouble was ®xperienced with the fan mech-
anism. Complete records of unaspirated screen temperature were se-
cured from all stations for their total period of operation.

Styrofoam screens, designed by the author, c&ntammg Haeni psy
chrometers or Metevrological Branch thermometers were used to ,ob-

-

tain air temperatures at 30, 90 and 150 cm above the surface (see

o

Figure 1:3.1).+ These screens proved effective in protecting the ther-
.

mometers from accumulatxons\\ of rime, freezing drizzle or rain and

blowing spow and, except on infrequent still clear days, from radiative

héatmg. Profiles of temperature.were obtained at 3-hourly intervals

from Main Ice for 1968-70 and from North Ice and §c;uth Ice for 1970.

The thermometers were calibrated by National Research Council after

the 1969 and 1970 field seasons. The _correction factors from thesé\

i

two calibrations were sufficiently consistent. Correcilons were also
made to account for the unaspirated readings.

In 1961 Stebelsky, using a sling psychrometer, measured air tem-
peratures at 1 metér and. near the surface, over the ice cap and land
‘east of Main Ice under various wa®ather condltlpns. The results have\

been discussed (Stebelsky, 1962).

I: 3.2 Humidity

. ; 1

Relative humadity traces were, obtpined for all stations, from the

thermohygrographs. The,r‘egular 3-hz)urly or 6-}'10u“’1°1y observations ‘

~ ?e

included wet bulb, temperatures at Mam Ice (30, 90 and 150 cm),
North Land (150 cm), North Ice (90 and 150 cm), West Land {150 cm)

and North Ocean (150 ém).
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1: 3.3 Atmospheric Pressure

Station pressure and pressure tendency werewrecorded' at Main Ice
and North Land by a Fuess aneroid barometer and a three-day baro-
graph, supplied by the Meteorological Branch. Sea level pressure was

also obtained from Main Ice according to the Meteorological Branchére—.

duction table for the station.

1: 3.4  Wind

Regular readings of wind speed and d1rect’1on (’ca. 150 ¢cm) were -
secured for all stations. MELEOI‘OlOglC‘al Branch totalizing. anemometers
were used to obtain 3-hour run of wind rercords from Main Ice, North

Land, North Ocean and JNorth Ice. Small Fuess aneMometers located ‘at
30,‘ 90, and 150 cm ‘ywlded 3-hourly profiles of w1.nd for Main Ice (1968-
70) and Nor:th Ice (1970). ,

With the intensificatwon of the wind study in 1970, p1b'als were re-
lea(se'd twice a day from Main Ice and North Land, weather and person-
nel permitting. During the melt season of t[l:la:t year the 150 cm wind
speed and“gplrectlon were continuously recorded on a Science Assoclates

All Purpose Wind Recording System at the Bore Hole and South Ic\e\:}sta-

tions, In addition, 60 cm run of wind and instantaneous wind speed " &

" and direction were observed at thesge sites every three hours. Orange

smoke generators, set off and photographed on the iela‘glvely steep south
slope of the ice cap, produced information about the- kata'ba_tlc wind ef- .,
\ - -

fect (Petzold, 1971).

FEa

1;: 3.5 Radiation

T ¢

Traces of short wave incoming insolation were obtained at Main Ice |

-

in 1968, from a Kipp and Zonnen solarimeter and drop bar mullivolt re-

*




"I‘ABLE‘ 1: 3.5

- Radiation Instrument Calibration Factors

/

Station  \  Instrument 1968 1969 1970
Main Icc-’:1 K;Rp and Zonens . 570 570 570
‘ Dfivlas\ short wave . 265 276 250
Davos long wave 266 279 248

North Land® Kipp and Zonens 714 7003/721 6863/7284
Norat;:dlce Davos short wave 797 . 848 820
Davos long wave 814 863 835

1 read on the drop bar malivolt records
2 read on a portable milivolt meter
3 up facing instrument °
4 down facing instrument .
>
I '
f 1
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corder, and 1n 1969-70 from a daily Belfort pyrheliograph. At North
Land a weekly pyrheliograph was 1inoperation. During the 1969-70 sea-'
sons the recording millivolt meter produced a continuous record of “
all wave incoming radiation, measured on a portable Davos pyrradio-
meter - pyranometer. Three-hourly spot readings of short wave 1in-
coming and reflectved radiation (Main Ice, North Land and North Ice) and
of all wave 1ncoming and outgoing radiation (Main Ice and North Land)
supplemented the continuous recordings. The portable pyrradiometer-
pyranometer was used frorn time Vto time to measure short wave and
all wave albedos ove; bare ground and over melting snow and 1ce sur-
faces. Duration of bright sunshine was obtained at Main Ice and North

i
Land using regular Meteorological Branch Campbell-Stokes sunshine

recorders. Figure 1l: 3.5 shows the radiation ;struments at Main Icé.
The radiation instruments were calibrated by the manufacturers
before the 1968 field season. Sul::s}:quently the Kipp and Zonen solari-
meters were calibrated by the Mete‘orologlcal Branch Laboratory before
the 1969 season and after the 1970 season. ‘The Meteorological Branch
laboratory also made an estimated calibration .of the Davos pryanometer-
pyrheliometer at these times and the Davos instruments were recali-
brated in Davos 1n 1971. The Actinographs were calibrated at the end
ofpthe 1971 season. Table %l: 3.5 shows the calibration factors for the
Kipp and Zonen and Davos instruments used 1n 1968, 1969 and 1970,
The Main Ice Kipp and Zonen solarimeter, from which the major portion
of the short wave radiation measure’:mems used 1n the present study
were obtained, showed no variation over the three years. The Davos
long wave instrument calibration varied. considerably, the 1968 to 1969

change probably resulting from deterioration of the polyethylene d:f?;me’

and the 1969 to 1970 variation being a tesult of replacing the dome 1n 1970,

\

A



l: 3.6 Precipitation

. Precipitation amounts were recorded 6-hourly at all manned sta-

tions, most of which were equipped with Meteorological Branch ordinavy
R !
D i ~
rain gauges.” The precipitation records suffer from the indc¢uracies
- s
) )
common to all attempts to measure the accumulation of snow accompan-

t

1ed by high winds. . However, duration and type of precipitation and, in -

N
“

particular, the type of snow crystals falling were noted.
Y

1: 3.7 Cloud

»

Cloud opacity, amount, type and height were estimated and recorded
A )

. according to MANOBS (1968) specifications at each observation. In 1969

P e ¥
| and 1970 ceiling balloons ayssisted in the determination of the height of

low cloud and the -we¢ftical visibility into obscuring phenomena.

»

I: 3.8 Other Observations

MANOBS specifications were also followed when observing weather, -
obstructions to vision and horizontal visibility. Records were kept of
location and appearance of mirages and leads 1n sea 1ce, -

.

1: 4 Measurements 1n Snow, Ice and Ground :During the Summer Season

1

A 1: 4,1 ° Surfa,c/e Temperature and Condition
An attempt was made to measure snow and ground surface temper-

atures 1n 1969 and 1970 at Main Ice and North Land using small styro-

foam shielded thermisters, The nature;"colour and relief of the var1-l

J

ous surfaces were recorded at all observations and estimates were made

. of the percentages of snaw/slush/ice/bare ground when conditions changed. .
- _ \ {

”



1: 4.2 Temperatures at Depth

l

. Paired thermisters attached to a cable were frozen in the 1ce near
Main Ice to measure temperature at the following depths: 0.5, 1, 2, 4,
6 and 8 meters. These were read daily in 1969 and 1970.

At North Land during July 1969, 4 thermisters were sunk at approx-
imately 5, 15, 25, and 30 cm 1n the active layer ,of the permafrost.
These were read 3 times daily for the rest of the 1969 season and all

of the 1970 season.

1: 4,3 Properties of Snow and Mud

During the 1969 and 1970 seasons, snow density and grain-s1z& were
2 ) -
19
measured 1n the vicinity of 'Main Ice when a change 1n the conditions oc-

>

curred. Similarly, mud samples from near ‘North Land were weighed,

X |

o |

dried and reweighed to determipe the v&?n. content of the mud. o
1 i

1y
i

1: 4,4  Surface Lowering

A square frame of slotted angle 1iron (lYmeter by l meter), sup-
ported at the corners by stakes drilled in the Ice, was used to deter-

mine surface lowering. Forty-eight readings were obtained from each

o square, Main Ice personnel carried out measurements on two squares

- tw’m“e daily and on two others daily in 1968, and on one square daily in
. .

T / '

1969 and 1970. At North Ice a one-sided version-of the square was’

read 6-hourly. Snow depth records were kept at North Land.
. & Yo
) ’
1: 4.5 Permanemt Meteorological Station Data .

The study also made use of the three-hourly meteorological obser-

LY .
‘ vations from Isachsen and Eureka (see Figure 1: 1) and the upper air

soundings from Isachsen. !

+

g
g
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1: 5  Glaciological Data

1+ 5.1 Maps
Glaciological maps of Meighen Island (1:50,000) and Meighen Ice
.

Cap (1: 25,000) were produced from air photography and ground survey

[

controls undertaken in 1959-60, Details of the production of these maps

have been published by Arnold (1966},

J
1: 5.2 Mass Budget and Flow

A network of 35 stakes has been utilized for the 10 years of mass

balance studies on the :ce ¢gap., ~Their approximate locations are shown

on Figure 1: 5.2. Each spring stfice 1960 the winter a‘;cumulatlon_has

been measured carefully at each stake and spow densities evaluated.

Ablation measurements were taken at these stakes approximately weekly
r .

during the summers of 1960-62 and a few fimes eact{ season 1n 1968-70.
The net balance for Lh‘e previous year .was determined each year 1in the
spring survey. Tellurometer and theodolite traverses were ma‘,d"p on
the stakes in 1959, 1960, 1961 and 1964,. to evaluate possff&le movements
in the 1ce cap. - The results of these glaciological data ha\xe: been pub-

lished by Arnotd (1965) and Paterson (1968, 1969).

ca, 2

‘ 4 { | - ;
l: 5.3 Bore Hole . -

. .
The 121 meter deep bore hole was drilled in 1965, using a CRREL
thermal drill. . The core recovered has been analysed by Koerner and
the findings published (Koerner 1968). Temperatures were measured
‘ .

, (
at 34 depths 1in the hole 1d spring of 1965, 1966, 1967, 1968 and 1969.

The results ofﬁthe 1965-67 data have been published (Paterson 1968).

" In adciition, Paterso(f’) has ‘evaluated the rate of closure of the bore hole.

!

-
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MEAN AIR TEMPERATURE (°C), JULY
{ Orvif 1970, after Prik)
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MEAN AIR TEMPERATURE (°C), AUGUST
( Orvig 1970, after Prik)
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CHAPTER 2

. CLIMATIC ELEMENTS \

[ 24 2
’\

211 Sukface Air Temperature ) -

9
Melghen‘lsland’s position on the edge of the Polar Ocean results
in a duality of climatic regimes, This 1s particularly evident 1n the
summer temperatures. Figure 2: 1“\ shows the July and August r;rxean
surface air temperature disfribution ovep:Fhe area (Orvig 1970, after
Prik). In July the snow free 1islands of zEhe Archipelago are strongly

heated while the archlpelagif,:‘sea and C(‘mtmental shelf area of the Po-
/ .

lar Ocean hover )ust above freezing. By Au'gust the zero degree 1so-

therm has pushed south into the Beaufort Sea and the minus one degree -
£ A
1sotherm approaches the continental shelf area. , ;
\ Table 2°1,1 /
s 0
/ ( f ; Mean Air Temperature. G
} YEAR /6 YEAR 20 YEAR ’
) hj J A 55 J J A 58 b SR { A SS  4
1 ! °
Main Ice -39 -0,2 -l.2 -l.8 -2,6 +0,6 —?.0 -1,0 R )
) North Land -3,0 +0.7 -0,0 -0 8
. .’ . N
- . L1y, 4.0 L4 1.4 <0.7 +L3 41,5 T el)
1sacheen 1.3" 2.9 1.2 09\_ l., \(
Eureka Ly 5.1 L3031 2,9 5.6 3.6 40 +1.9\+5.0 +3,4  +3.4 ,
Alert . ' -0.7
! * J = June, J = July, A S August, S5 = Summer Season
3 year = 1968-74, 6 year = 1960 62 and 1968470, 20 year 1951-70 * \ ’
o £
’
2: 1.1 Summer and Monthly Means . )
\' . - i
» Table 2: 1.1 suggests highér temperatures 1in the 1slands than in-

I

[ ‘
dicated in Figure 2: 1 and shows the North hand temperatures to be )

consistent with thbse over the ‘archipelagic sea and continental shelf

aré‘ of the Polar Ocean, The summer temperature means eindic"ate

. ) SN— N
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thatrtixe Meighen Island temperature regime resgmbles that of the Polar

Ocean floating 1ce stations rather than that of the other islands (see )
. | ) .
Isachsen, Alert, and Eureka), From Table 2: 1.1 1t can be seen that 4

¢

the means are very s1mllar, for the ten years 1951-60 and the six years

196062 and 1968-70 at Isachsen and Eureka, the ma_J)r difference being

@ ﬁt/,.‘./
v colder Junes 1in the six year period at Fsach#€én,

<

The s’;x years of Meighen Island data appear to fall .nto two types,
the Swarm years, 1960 ‘and 1962, and the cold years 1961, 1968, 1969,

. . 7
1970. At Isachsen the deviation fromuZheo sixteen year means for the

cold years was -.7 deg C while for the warm years 1t was alrnost

+twice as large (+1.2 deg C). This su&ggests that the cold years'are

more indicative of the recent climatic conditions of the region.

¥

MEIGHEN ISLAND MEAN TEMPERATURE '
() ?
SUMMER JULY ' »
oC’ ! - tos - oC - N
CopTT T eehe "“‘7 ”“/’« : “ - 4 . O e X e - - '7"’ (’/7’4
141 ISLAND TEMP ’ ' ISLAND TEMP 4
g /
// 3 ' // *
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L: // )
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Figure 2:1.1la |

S/

Summer season and July temperature means representativeﬁof two
' !
regions - the Polar Ocean and the islands bordering the Ocgan - were

' / .
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obtained using the Russian and American floating ice stations' data and
the Isachsen and Alert records. The Main [ce means were increased
orie deg C to compensate for the elevation of the station.+ The ad-
justed Main Ice means and the North Land means werc then plotted
against the Polar Ocean and Isachsen-Alert values, The results are
shown in Figure Z2: 1. la‘. The cold years 1n all cases compare best
with the Polar «Ocean while the warm years resemble the Isachsen-

Alert values. The years 1961, 1968, 1969 and 1970 <ould be termed
""Polar Ocean years' and the years 1960 and 1962 the '"Island years'.

The summmer season and ten-day means of tempefature are shown
in Figure 2:1.1b. The summers of 1960 and 1962 stand out at all
stations as bewing considerably warmer than any of ;h_e other years. At
Isachsen, temperatures in 1963, 1966, and 1968 were l{sllghtly above the
12%% year mean. The shapes of the Isachsen ten—day'mean curves for
these' years are similar hav‘mg a strong peak in mid-summer. On the
basis of 1968, these short‘relre}twely warm summers at Isachsen repre-
sent '"Polar Ocean ‘years'" on Meighen Island., Unusually low temperatures
persisting into mid-June account for low seasonal means 1n 1965 ar:d 1970,
The absence of a mid-summer temperature maximum resulted in below
average means in 1961, 1964, 1967 and 1969. With the exception of 1967,
the coldest summer at Isachsen, these years experienced their "Summer
maximum 1n mid-August. It appears that, of the twelve years studied,
only 1960 and 1962 were 'Island years'\

Isachsen-Eureka temperature differences are greater inthe colder

years, as Eureka 1s less exposed to the Polar Ocean. Figure 2: 1. lc

e [] Lo

*«\ This correction was arrived at by comparing the North Land and

Main Ice means and is only approximate.

x% 1971 wall be added to the figures at a,future date ( the means have
been calculated but the year has -not been studied 1in detail).
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of nine-day running means shows that, OI.I occasion, Main \Ice {em-
/ i
‘ peratures are higher than those at North Land._jIt will be shown 1in
3: 4.2 that this 1s the rc;sult of a strong temperature inversion formed n
by the\ combined effects of subsidence and the advection of warm air

aloft. Situations such as this aceount for the decrease 1in the North

Land to Main Ice temperature difference in 1970. ‘

2: 1.2 Daily Temperature Range o
Diurnal temperature variations on Meighen Island are small. The

temperature maximum tends to occur around 14 MST and the minimum

between 02 and 05 MST.

TEN DAY MEANS OF TEMPERAT URE RANGE
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Figure 2: 1.2 ' |

Monthly means of daily temperature range at Main Ice and North
Land are similar to those of the Polar Ocean stations. The ten-day
means of daily range are found in Figure 2: 1.2. 1In the cold years

the ramge is high in June. Once the temperature rises above freezing
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on Meighen Island, the ranges tend to be low due to the effect of the

1ce cap and surréund%ng 1ice choked sea. The sea effect 1s see‘;l to

some extent at Isachsen and Eureka. During these p°er1%ds, peaks

in the range curves coincide with anomalies 1in the temperature curve, /
1.e, 10-20July 1962 when Isachsen was warmer than Eureka and late

July 1n 1970 when North Land was almost as cool as Main Ice (see

Figure 2: 1.1b). L

2: 1.3 Melting Degree Days

Melt1’ng degree days were calculated from the three-hourly obser-
vations, from the mean of these eight observations and from the mean
of the maximum and minimum. As discussed by Arnold (1964), con-
siderable error 1s introduced by the third method of calculation. The
values presented 1in the following were obtained by the first method.

In Figure 2: 1.3 are plotted'fummer season z}nd ten-day means of
melting degree day totals for 1] years. Comparing melting degree
days and temperature (Figure 2: l.1b) shows that suppression of the

’ . ,
mid-summer (July) temperature maximum (e. g., 1964 and 1969) 1s
more effective in keeping ablation on Meighen Ice Cap at a minimum,
than are low mid-June temperatures (e.g., 1965 and 1970). Small
diurnal temperature rafuges in late July and earl}; August contribute to

the relatively low melting degree day totals experienced at Main Ice

in 1968.

2: 2 Humidity .
‘ Ay -,
Meighen Island relative hurmidities are equal to or higher than the.

floating 1ce 1sland values and 10% and 15% higher than the Isachsen and
/ a

Eureka values, respeciively. The warm years have the lowest relative /

\
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" Isachsen and Meighen Island, reflecting a combination_of temperature

16
hum1d;€1es, though on Meighen Island they are still within the rahge of‘
the Iifolar Ocean humidities. Yearly and ten day variations of summer
rela}twe humidity are plotted in Figure 2.2 Dew point temperature
curves (not shown) a’re the same shape as the temperature plots though
tHe station-to-station differences are greatly reduced. The /shape of
the Fureka relatlve.hum1dlty plot does not always coincide’ with tha; od.
and humidity differences. North Land dew point temperatures approach
those of Isachsen while the Main Ice values are co‘nslderably lower.

This suggests a loss of vapour content at the i1ce cap station through

condensation due to lifting or other cooling processes.

2: 3 Pressure
The mean July surface pressure configuration (Orvig 1970, after Prik)
and the mean July contours of the 500 mb surface (after Hare and Orvig,

1958) can be seen in Figure 2:3a. Meighen Island lies 1n a surface trough

500 mb N ' ) SURFACE
MEAN JULY MEAN JULY

Figure 2: 3a
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running from the region of the Pole to Baffin Bay. A large surface
high covers the Beaufort Sea and adjoining Polar Ocean area. At 500
mb a low dominates the whole region. The mean pressure pattern

and synoptic conditions are discussed in detail in II 3 and I 1:2.

.

Plots of seasonal and ten-day station pressure nﬁe;ms”(Flgure 2:3b)

show similar variations at all stations. Pressures are high in the "Island

years'' and low 1n the years lacking mid-summer temperature peaks

" [ 4
(1961, 1964, 1967 and 1969). With the exception of 196l; the low pres-

t

sure years had strong low pressure periods in July. THe highest sea-
sonal pressure mean for the 1l years occurred 1in 1968;.“ A

PN
.o d
s * <
- .
!

2: 4 Wind Speed and Direction

Consideration should be given to the following station location des-
criptions (Atmospheric Environment Service, Department of the Environ-
ment, Canada).

Isachsfen - "It 15 located on Deer Bay, a broad bay which cuts thirty
miles 1inland from the west coast of the Island (Ellef Ringnes Island).
The station proper is situated on the northeast side of a minor indenta-
tion at the east end of Deer Bay. A rocky ridge rises to six hundred
feet about a mile south of the station wher#*a long narrow finger of
land juts into the bay. Inland the hills rise to heights of eight hundred
feet three to five, miles to the north and north west of the station and
five hundred feet three males to the north east.'

5 A
Eureka - '""Eureka lies clogg to the centre of the 121d mass of Ellesmere
and Axel Heiberg Island, two large mountainous 1slands separated by the
long and winding Eureka Sound. The gtation 1s situated on the north shore
of Slidre Fiord . . . . rolling hills under eaght hundred feet in height sur-
round the seventeen mile long fiord. Hillg reach two to three thousand
feet about six miles from the station in th& north west, north east and
south west quadrants. Faive to six thousand foot mountains ring the sta-
tion a distance of forty miles. ' : .

/r‘

K These conditions should be contrasted with the relatively exposed

'
locations of the Meighen Island stations (see Figure 1:2a). The anemo-
meter height on Meighen Island was usually under 2 meters, at Eureka

|
it was 6 meters and at Isachsen 9 meters. As a\result of the site and
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instrumentation differences, relationships between Meighen Island, Isachsen

and Eureka wind speed and direction are not consistent.

Figure 2:4a shows that, i1n general, wind speeds at Eureka and the
Axel Heiberg Stations tend to be low. Isachsen, less sheltered than
Eureka, less exposed than Meighen Island and with an anemometer height
7 meters higher than the Meighen Island Stations, has wind speed c¢urves
sfmllar to Main I&. On Meighen Island the strongest vﬁ‘nds were re-
corded 1n 1961. There 1s a tendency towards high wind speeds 1n sum-
mers lackmg‘ai mid-summer temperature maximum (e.g., 1961, 1964,
1967 and l9i69).

‘ No striking pressure - wind relationship 1s evident in the ten-day
means, The strong pressure maximum 1n July 1962 was associated with
low winds and the most decided temperature peak of the six years: the
prolonged cold spell of 1969 saw low pressure combine 'w1th low wind
speeds and high pressure with high speeds.” During the Main Ice melt
E’eason"the \:vmd speed curves for the four stations indicate the existence
//gf similar wind speed regimes at all stations. %

Figure 2:4b of r/nonthly wind roses for Main Ice shows that N'lies
predominate at the beginning a—nd end of the season, while SSE, S and
SW winds are most likely during the Meighen Island melt season.

. Wind roses for Main Ice, North LLand and Isachsen are shown 1n
f1gure 2:4c. The lack of E'lies on Meighen Island suggests a shadow-
ing effect from the mountains of Axel Heiberg and Ellesmere Islands to
the east. Local topography i1s responsible for the SSW and NE mini-
mum usually present at Isachsen.

There 1s a strong predominance of northerly winds “at all stations

/
as suggested by the anean pressure pattern. These northerlies were |,

-

o
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. in 1962 the E'ly maximum 18 also missing. In 1968 the N'lies dominated

“u

Figure 2: 4b ‘\ '/
)

most strongly developed in 1968. Secondary maxima occur in the SW,S

K

and SE quadrants. The synoptic reasons for these maxima will be dis-’

/cussed in detail for the six years of Melg};en’lsland records 1n 3:8. The

11 years of Isachsen wind roses appear, to fall into the following categories.
In 1961, 196';1,/~ 1967 and 1969 winds out of all sectors from E through S

to W were reasonably frequent i ~addition to the consistent N'lies. In
M £

| gt
1965 and 1967 northerlies w/< e more dominant, and there was a SE'ly

) i }\I‘I ’
minimum. West_and SE minima occurred i"ég,};g%o, 1966 and 1963, while

3
! ) L - Y
completely. “
ey ”



,\z‘g\“ ®
(" ?
/
< L
¥ PR
<
3
.. _h
.
s %
/
ﬂ [
)
o o
SUMMER
Frequency of As and Ac ( % )
el ° --
P > s - - '

& . Figure_Z: 5.1b ', T .« o

5 ;o ) S



20

2: 5 ' Cloud and Fog

2: 5.1 Mean Patterns

[

The configuration of mean cloud amount 1n July (after Orvig, 1970,
A ;

? with added details for the archipelago} 1s presqntedz*nm Figure 2: 5. 1la,

!
Ao A,

Meighen Island and to a lesser extent, oIs’a)[chsen can be seen to lie on
the edge’ of the \Central Polar Ocean clpud maximum, while Eureka ex-

periences considgrably lower cloud amounts.

" MEAN CLOUD AMOUNT (%) - .
Figure 2; 5.1la

-
-

”e o The distribution of low and maiddle cloud over the Arctic Basin

) in summer (after Orvig, 1970, with minor adjustments) appears in
"‘ Q - 3
Figure 2: 5.1b. The extension of Polar Ocean stratus and stratocum-

Il
’

ulus into the western Queen Elizabeth Islands is reflected in these dis-
tributions. Middle cloud, on the other hand, shows slight maxima in
‘ the regions of the Baffin Bay low and on the North American side of

the pole, where.cyclone tracks converge (se¢ I 1: 3,5).

v
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Frequency distributions of cloud type for the summer season from
Main Ice, North Land and Isachsen are found in Figure 2: 5.1lc. At

Main Ice fog 1s responsible for 70% of the sky cover in summer,

stratus for?l&%' and altocumulus for only,5%. The observed frequency

Lt
s

of middle and high cloud 1s an underestimate of the actual situation
due to the ever present fog and low stratus. Twenty percent of the
Main Ice fog &s seen to be stratus or stratocumulus at North Land,

and 60% of the Main Ice fog 1s either stratus or stratoc“umulus at
Isachsen. The increase 1in fog from North L.and to Main Ice 15 a re-
sult of the elevation of the 1ce cap station (ca. 800 ft), The remain-
ing 40% difference between Nort/h Land and Isachsen results from the
latter's location 40 miles from the north coa;t of Ellef Ringnes Island
and 3 to 5 miles.south of 700 ft hills, Stefansson comments that '"both
Prince Patrick Island and ours (Borden) are well supplied with vege-
tation inland and to the east while comparatively barren along the west
coast (Polar Ocean coast)" and he suggests elsewhere that fog seldom
extends more than 15 to 20 miles 1nland. (Stefansson, 1944 and 1942).

A comprehensive discussion of the origin and characteristics of the

Main Ice fog 1s found 1in I 1: 4.
s

2: 5.2 Seasonal Variations

Figure 2: 5.2a of seas~ona1 and ten-day cloud cover shows similar
variations at al stations. Cloud amounts are lowest in the ' Island
years' and tend to be highest in the years which lack mid-summer
maxima. In the ' Island years', ten-day cloud amounts were well"
below 7/10 for at least two periods. This was also the case 1n 1963

and 1968 which could be termed warm '"Polar Ocean years''. During
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Table 2: 5. 2

i SO,

3

Most Important Sky Cover Types in Ten Day Perlods1

Period2 Main Ice Periodz Main Ice North Land
1960 1 - 1968 1 ST,F ST, SF
2 ¥, ST 2 F,SF ST, 5C
- 3 F, AS 3 F, SC ST, SC
4 F,ST 4 F,ST ° SF,F
5 F,ST 5 F,AC F,ST
6 F,ST 6 F,SF F, ST i .
7 F,AS 7 F,ST SC, ST 7
8 F,AS 8 F,ST ST, sC
9 F,AC 9 F,SsT ST, SC
1961 1 ST, X 1969 1 X, F ST,X
2 F,X 2 F,ST F,ST
3 F,ST 3 F,SF F,SF
4 F,ST 4 F,SF F,SF
5 F,ST 5 F,SF . SF,F
6 F,ST 6 F,ST F, ST
7 F,SC 7 F,ST F,ST
8 .F, SC 8 F, AC 'F, SF
9 F,sT 9 F,ST F, SF ,
1962 1 .- 1970 1 F,ST F,ST
2 F,ST . 2 F,ST F,sT
3 E;ST 3 F, ST ‘. F,ST
4 F,ST . 4 F,X F,sT
5 F, AS 5 F,AC - F,SF
6 F,AS 6. F,ST F,SF
7 F,SF 7 ~. F,CI F,ST
8 F,AC 48 ‘;«J‘, CS F,ST
9 F,ST 9 F,ST F,SsT
1. Based on total amount of sky covered l.e., frequency of

observation x mean amount,
2. Periods: 1) 1-10 June; 2) 11-20 June; 3) 21-30 June;
" 4) 1-10 July; 5) 11-20 July; 6) 21-30 July;
7) 31 July-9 August; 8) 10-19 August;
9) 20-29 August




cold '"" Polar Ocean_years'

' amounts remain high throughout the season.!

Frequency dlStI"lbUthMCl()ud type for the indiyv 1dgf11 years ‘l"\,
(Figure 2: 5.2b) show that a decrease in low cloud amount accounted
for the (learer skies 1n 1960 and 1962. Altostratus, which.tended
0 be associated with warm air advection from the south (se’e 3:6), was
more frequent in the warm years. The relatively high frequency of
altocumulus 1n 1969 was a result of increased ¢ yclonic activity in the
Meighen Island area that yeat.

Table 2: 5.2 of most 1mportant cloud types 1inten-day periods in-

dicates that fog 1s consistently the dominant type of cloud cover at

“»

Main Ice. At North Land this was 4lso the case 1n 1970 and most of
1969 but 1n 1968 fog was of primarywnportance only during mid- and

-

late July. Stratus, stratus fractus and stratocumulus are, 1in general,
the second most frequent‘\cloud types. Altostratus shows up in several
warm periods in 1960 and 1962. The high wind speeds of 1961 resulted
in several pdriods of obscuration by blowing snow.

Evidence that Main Ice and Isachsen are 1in separaterfog regimes

appears 1n Figure 2: 5.2c (the fog amounts averaged for all occur-

rences of fog, shown 1in this figure, can be a result of the thickness

and/or areal extent of the fog). From 1968 to 1970 there was a de-
crease of both fog frequency and mean cover at Isachsen, while on
Meighen Island there was an increase of frequency and a slight decrease
in amount. Cloud and fog conditions at Main Ice and North Land were
very similar 1n 1969, though\low cloud at North Land 1s sometimes

fog at Main Ice. The lower total cloud amount at Main fce than at
North Land 1n 1968 and 1970 suggests that Main Ice was on occasion:

near or above the top of the fog.
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Figure 2:5.3b Ten-day Means of Fog Amount ( see Figure 2: 5, 2a
for legend )
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2: 5.3 Daily Variations

<
Plots of ten-day cloud amount and fog frequency show no consistent

—

seasonal trends. All cloud amount minima correspond to a minimum

in the fog frequency curve, but during some periods total cloud cover

is high despite low fog frequencies. All combined cloud and fog mimma

result in temperature maxima. Comparison of the daily mean cloud

4
amounts (Figure 2: 5.3a) and the 9-day running means of temperature

(Figure 2: l.lc) further 1illustrates the temperature-cloud dependency

. on Meighen Island.
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2: 6 Weather and Obstructions to Vision ) e

‘ Table 2:6 gives the frequency of observations with various types

I

of weather and obstructions to vision. Fog 1s by far the most {requent

obstruction to vision on Meighen Island. The high winds of 1961 resulted
! in blowing snow at 19% of the observations in that s¢hson. Blowing

i snow 1s most likely in June and August when new snpw 1s cold and dry.

Both fog and blowing snow decrease in frequency fr¢gm Main Ice to North

LLand to Isachsen,
&y

< *
The frequency of observations with various types of préc1pita’{ic‘?j§3—‘

show the expected relationships between Main Ice, North Lahd and

Isachsen. (The values for 1960-62 are questionable as a result of

el :

observation methods. ) Snow and freezing drizzle are the most com-

: mon form of precipitation at Main Ice while at North Land rain and
S~

~

drizzle are also frequent. At Isachsen snow and rain predomauinate.

2: 7 Precipitation

Thg 1inaccuracies involved in precipitation measurements have been
discussed by many authors (e.g., Holmgren, 1971; Mullér, 1967; and
Rae, 1951). Errors usually result 1in underestimates of precipitation
amounts. In this study a trace of precipitation was taken to be 0,0025

inches 1in obtaining the daily and monthly total precipitation and 1in cal-
i

. /
culating the monthly totals of rain and snow. This may result in

] N
slight overestimates in some cases, and 1in discrepancies between the

X sum of the rain and snow amounts, and the amount of total precipi-
/

tation.



Table 2.6
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‘Percent Frequency of Observations with Various Type of Weagher

%,
A ; .
Freezing .,  Snow Blowing
Year Rain 'Drizzle Rain Drizzle  1x 2+*  Fog Snow
M1 1960 5 1 1 0 - 5 . 57 o -
1961 4 1 1 1 5 1 66 19 '
1962 3 1 1 0 4 -- 50 4
1968 1 1 1 14 13 3 52 6
1969 3 3 1 12 16 1 61 4
1970 1 1 2 6 17 2 74 3
| NI 1968 2 5 1 9 13 1 30 2
| 1969 5 6 1 5 9 3 46 3
| 1970 1 3 1 4 10 2 62 6
‘ IC 1960, 5 2 0 0 6 0 18 0
1961 9 4 0 0 21 0 47 2
1962 3 2 0 1 9 21 1\
1968 4 9 0 1 17 3 35 0
1969 5 3 0 1 18 0 27 0 » )
1970 5 5 0 1 17 1 13 2 o
a3 Snow and snow showers ¢ é
** Snow grains, snow 'pellets, 1ce crystals and ice pellets ru)
{
) LS
[N
L
4

. aee - % Lo, N B L
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Total precipitation amounts are plotted in Figure 2:7a. Main Ice
seasonal to/tals are similar to those of Isachsen, except in 19069 when

the precipitation amounts at Main Ice were considerably greater.
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Seasonal totals of rain and snow tend to complement each other except

i

in 1969 when both rain and snow amounts were high. ;

~
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Using the relationship between Main Ice and Isachsen precipitation
for the five years 1961, 1962, 1968, 1969 and 1970 estimates were
made of summer rain and snow amounts for Main Ice for 1963-67.
These values together with the measured Main Ice values and the

winter accumulation measurements (from Paterson 1969 and 1967-71)
¥

were used to obtain the total annual accumulation shown 1n Figure 2:7h.

In years when the mass balance was strongly negative only summer

N

precipitation in the form of snow was considered to contribute to the
! - ~

total accumulation.,

N {(cm) 1
= \
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- Figure 2: 7b

. .

The lzen-day plots of days with precipitation show no significant sea-
sona‘ﬂl trends (see Figure 2:7c).- Plots of precipitation tptals indicate ) .
‘amounts‘ ové:r 20 mm inten-days only at_the he\iéht of the summer sea-
son. In 1962, both frequency and amounts were low. Frequent light
snpw and drizzle 1n l§68 and 1970 resulted 1n low amou?ts and high

¢ v

frequencies in those years.

4
-

n - /

o
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2: 8 Temperature 1n the Troposphere

The mean profile of temperature with height {50 mb intervals)
from the Isachsen 127 radiosondes of 1968, 1969 and 1970 1s shown
in Figure 2: 8a. The near 1sothermal layer below 850 mb 1s a reflec-
tion of the frequent inversions in the lower troposphere. (Concerning
the frequency of inversions over the Polar Ocean in summer Orvig
(1970) says " The average importance of the inversion 1s best repre-

I

sented by the mean temperature difference between surface and the
850 mb level {1.5 km). In summer there 1s an indication of slight pos-
itive gradient only over the Beaufort Sea, 1.e., warming wilh increasing

height. All other areas of the Polar Ocean show slightly negative gra-

dients. The gradients are much less than over the adjoining land

ISACHSEN SEASON MEAN TEMPERATURE SOUNDINGS (°C)

{968 1969 i970 1968 -1970
Mean Mean Mean Mean
£
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.
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3]

o .
masses, Continental gradients can be as great as 8 C in summer.

The mean value for Isachsenis 2.5°C. The inversion 1s most im-
portant in 1968 and least important 1in 1970. )

Further information about the upper air conditions 1s given in Fig-
dre 2: 8b. The differences between Isachgen upper air temperatures
and Meighen Island screen temperatures suggest the maximum temper-

Ry

ature 1in the inversion lies near 900 mb except with N'ly winds when 1t

"appears to be higher. The variation with wind direction of the Isachsen

950“to 850 mb temperature differences 1s sumilar to that of the Main
Ice - Isachsen sounding temperature differences suggesting nogﬁiﬁajor
Inconsistancy exists between the upper air conditions over Isachsen and
Meighen Island.
k]

Combining the temperature difference roses and thickness roses

suggests the following: NW'lies are cold with lapse conditions to 850
j

mb. N'lies are warm with the strongest inversions experienced. NE'lies
are warm with strong lapse conditions. SSW'lies are cold with strong
lapse conditions. S'lies and SSE'lies are moderately warm and almost
1sothermal in the mean probably due to a combination of inversion and
lapse conditions,

Figure 2,8c of ten day mean temperature profiles shows that in
1970 the entire tropopause remai{iled cold until late June, In this.year
inversions were frequent only in ljate July and early August at which
time Main Ice experienced anoma?.ously high temperatures. There is

z
evidence of an inversion in all pefiods in 1968 while 1n 1969 they appear

in June and late August. Examnation ofﬂﬂi\rihwdual soundings suggests

. z ,
that subsidence 1s the most impdrtant cause of summer 1nversions

-

i
over Isachsen though advection 18 'also frequently present.
‘ .
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CHAPTER 3

‘ SYNOPTIC CLIMATOLOGY

3.1 Introduction

In\m effort to determine the relationship between synoptic scale
phenor;;en:;l and the summer climate of Meighen I:lar;d, an analysis of
the daily synoptic situation was undertaken. Surface weather charts
(1960-623, 1962;—70-") supplemented by satellite photographs (1968-70)
were examined to determine the surface synoptic situation for each day
of June, July and August 1n the years 1960-62 and 1968-70., The sur-
face geostrophic wind for Meighen Island was exiracted from these
charts. In the analysis use was also made of 500 mb maps, Isachsen
radiosonde data and Meighen Island meteorological observations includ-
ing pibal ascents. ’ »

As a result of this study, four distinct circulation configurations
were 1solated such that variatgons in the relative importance of these
circulation types, during a period,adequately accounted for the observed
climatic characteristics of that period. Examples of the three primary

circulation types are presented below, followed by a general discussion

of the four types. Subsequently the climate of Meighen Island during

the six summers 1s examined in terms of these circulation types.

% U.S5. Department of Commetce, " Synoptic Weather Maps'.
. *% Taglicher Wet{e;b—efﬂt. Amtsblatt des Deutschen Wetterdienstes,
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TYPE I CASE A

Figure 3: 2, la



3: 2 Type I
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i
3: 2.1 " Typel

Case a - 007 on 29 July 1968(17 MST on 28 July)

The surface situation showed a

high pressure area in the Polar Ocean
WNW of Meigh

e?sland and a low pres-
sure system 1in

affin Bay with a strong
gradient between them.,

The Baffin low
tracked to Baffin Bay from the Labrador
Sea.

At 500 mb there was a multi-

centered low stretching from Novaya

Zemlya to southern Hudson Bay and a
high in the Polar Ocean.
' The satellite photograph showed
™ cloud from the Polar Ocean stretching
Figure 3: 2.1b well into the north central Queen Eliza-
beth Islands obscuring Meighen Island and Ellef Ringnes Island but not
( appreciably affecting Axel Heiberg or Ellesmere 1islands. |
. o At Main Ice the sky was totally obscured by fog, with visibility at '
l\ one-eight of a mile, winds N'at 19 mph, temperature -1.05°c?, relative
"‘\ hurmidity 100% and occasional light drizzle,
\\ | a

Overcast stratus at zero
feet above the station lowered to fog by 20 MST at North Land with a
temperature of 0°c.

a

Conditions at Isachsen\v‘gﬁ'om 10/10 stratocumulus at 500 feet

y
with fog and drizzle at 14 MST to 7/10 stratocumulus at 900 feet by 17

MST. The temperature was 2.8°C and the relative humidity 79%. N'ly
winds were experienced at all levels in the troposphere.

The tempera-



500mb 00Z
14 JUNE 1970

SURFACE 002
14 JUNE 1970

TYPE I CASE B

Figure 3: 2.2a




33

ture and moisture soundings showed a strong subsidence invérsion with

i

/
a maximum temperature of 7°C at 900 mb.

\ 3: 2.2 Typel Case b - 00Z on 14 June 1970 (17 MST, 13 June)
200 ‘T/ A strong Baffin Bay low extending
// NW 1into the Queen Elizabeth Islands at
o ‘the surface was supported by a 500 mb
o T low over the Parry Islands. The sur-
3 face ridge west of the Islands was’
. /D‘O. barely discernible at 500 mb. |

At Main Jce the sky was obscured
by fog and blowing snow, with winds N
at’ 26 miles per hour, visibility 0 and
temperature -5.4°C. Conditions at

»

—1—North Land worsened from 10/10 stratus
\\

at 800 feet ;\TTMS”F-. completel
| : tQ\\\P\ y

obscured in fog and blowing snow by\\

20 MST.

Figure 3: 2.2b

Isachsen reported 10/10 cover and blowing snow. The northerly
surface winds veered with height becoming easterly by 500 mb. The
temperature and moisture soundings showed strong mixing up to 950 mb,
topped by an inversion with maximum temperature 900 mb. There was

only slight evidence of subsidence ’at' the 900 mb level.

3: 2.3 General Characteristics of Type I

This Type is characterized at the surface by a high pressure area
/

. west of Meighen Island in the Polar Ocean, and a low in Baffin ?ay. The

P-4

/
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dominant feature of the 500 mb map 1s a cold low in the Hudson Bay
area. The position of the upper cold low in this circulation Type re-
sults 1n a predominance of storm tracks along the northern coast of
mainland Canada and into Baffin Bay.

Northerly flow off the pack ice imports low straius or fog from
the Polar Ocean into the northern Queen Elizabeth Islands. The cool,
frequently thin Polar Ocean stratus or fog tended to dissipate once 1t
has travelled 15 to 20 miles over warm land. Stefansson (1944) pointed
out that on Prince Patrick and /Borden Islands the coasts bordering the
Polar Ocean are barren in comparison with the inland areas. Satellite
photographs show that Axel Heiberg and Ellesmere 1slands often escape
this Polar Ocean fog due to their height. As Meighen Island 1s rela-
tively low and _small, this type of circulation invariably results 1in fog

‘ [.

or low stratus, at least as far south as the southern end of the ice ShIe
7

cap. Isachsen 1s shelt!éfz:ed from the Polar Ocean and usually reports
only low cloud under th‘ese circumstances.

The intensity and extent of the Baffin Bay low determines the
strength of the wind 1n these‘\snuatmns; however 1t 1s frequently above
15 mph. Cloud associated with the Baffin Bay systern 1s occasionally
present above the fog, depending on the position of the system. If pre-
cipitation accompanies this circulation type 1t 1s usually 1n the form of
drizzle or freezing drizzle, and the formation of rime 1s a frequent
oc¢urrence with temperatures a few degrees below freezing.

When the Polar Ocean high dominates the Meighen Island region, a

strong subsidence 1pversion results, This subsidence i1nversion may be

Rt eted

enhanced by an advection inversion caused by the intrusion of cold Polar

QOcean air into the 1s}ands in the lowest levels, When the Baffin low

-
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4
dominates, the surface layer 1s strongly mixed, though a trace of the

subsidence inversion may be seen in upper levels,
% = ) ,
Type I circulation generally results 1n cool, windy and foggy weather

on Meighen Island. Axel Heiberg and Ellesmere 1slands, as seen in the

¢ -

satellite photographs, can experience relatively clear weather uunder these

v

i , 2
circumstances providirig the Baffin cyclone remains in southern Baffin

Bay. Havens et al {1967, p. 29) notes that clear weather prevailed at
the Axel Heiberg stations from 16 to 18 June 1961, During this period
on Meighen Island, high winds, cool temperatures and fog accompanied
thé_TypeI situation. At Tanquary Fiord (Jackson 1969, p. 32-37) the
strong NE'\\ly. flow set up by such a synoptic‘ situation can produce ofohn
éond;tfons. Holx:ngren (1971, p. 147) found that '* Baffin Bay cyclones

a

favour glacierization on Devon Island, no matter the season they ’ai’ppear".

This is as would be expected due to ad’vé-ctlér_l from the cold water of

Baffin Bay.

1

b ]
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TYPEIL CASE A . '
. Figure 3: 3.1a : .
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3: 3 Type II -

B -

3: 3,1 Typell Case a - 00Z on 30 July 1969 (17 MST, 29 July)

At 500 mb a short wave trough
moved around a cold low centered 1in
the Polar Ocean west of Meighen Is-
land. Associated with this trough a
surface low and cold front tracked
northeast along the edge of the Arch;-
pelago to a pOSlLlOI; west of Meighen
Island by 30 July. The satellite photo-
graphs showed a wide band of tbh1ck ‘

cloud associated with the front passing

Meighen Island by 29 July.

The conditions at Main Ice,. North

B F.lgur-e N _ Land and W;e::it Larid improved from
obscured in fog at 17 MST to partially obscuted with middle and high
cloud by 20 MST. At Main Ice, 9.9 mm of ra‘m and a trace of snow
fell on 27 July, 1.7 mm of rain and a trace of snow fell on 29 July and
«8 mm of rain }ell on 30 July. . Winds shifted from SSE at 05 MST on
29 duly to S at 17 MST and to SSW by 23- MST.
The Isachsénmradiosonde had a super -adiabatic lapse rate up to
950 mb, topped by an almost 1sothermal layer which, the moisture
sounding suggested, could be dug to subsidence,
.
3; 3.2 ,Typell Case b - 12Z on 4 July 1961 (05 MST, 4 July)
. A surface-low and front trackeci NE along the edge of the Archi-

o

‘pelago around a 500 mb cold low lécated north of Alaska.

N~
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500 mb 122
4 JULY 1961

Figure 3; 3,2
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Winds of 35 mph from'the_»SE preceded passage of thxls syste;m at
Main Ice.’ The sky was obscur’:éd by fog and blowing snow with a tem-
perature of 0°C and a trace ‘of snow reported.

Muller (1967, p. 23) discussed the 5 July situation as one of Qném—
alous precipitation amounts. On Meighen Island 2.5 mm water equivalent

!

of snow fell on 3  July, and 9.4 mm of rain on 4 July. On 5 July at Axel

Heiberg Base Camp 11.5 mm of rain was recorded.

3: 3.3 General Characteristics of Type II

Circulation of Type Il features a 500 mb cold low in the Polar Ocean
north of Alaska. Lows, developing in the strongly baroclinic zone be-
tween the radiationally heated land of Siberia and-Alaska and the cold,
Polar Ocean, pick up moisture over the ice-free areas of thL peripheral
seas. They travel around the upper cold low in a short wave trough.
This results 1n tracklng‘ of surface lows and well developed baroclinic
zones northeast along tie northwest edge of the Ax:chlpelago.

Reed (1959 ) i1n a detailed study of the cloud structure of arctic
cyclones found that in the layer between O-and 5,000 feet the cloud

cover averaged nearly 100% and exhibited only slight relationship to

the synoptic pattern. This 15 presumably due to the ever-present Po-

lar Ocean stratus and fog. Above 5,000 ft., however, the disturbance
closely resembled maid-latitude cyclones. Cloudiness was related to

temperature advection (warm advection - cloud amount maximum; cold
advection - cloud amount minimum). |

Conditions on Meighen Island during passage of the cold fromtal
system coincide with these findings. Prior to passage the winds are

SSE, fog obscures the sky and rain indicates the presence of nimbo-
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500mbi22Z
15 JULY 1962

)

SURFACE 122
. IS JULY 1962
TYPEIIL CASE A

Figure 3: 4.1 o
/
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stratus above the fog. With passage of the cold front, winds shift to
SW and eventually the fog breaks to re:veal decreasing amounts of middle
and high cloud. Temperatures remain cool./ The char period 1s short
11ved.\ Once the low 1s past the Island, cold and foggy N'lies prevail
until the next system approaches, -

The temperature sounding shows the sharp tropopause ‘dI’SCuSSCd
by Reed (1959 ) in connection with the arctic jet. The lowest layers
are unstable, but there 1s a slight sugge‘stlo;*l of subsidence around
850 mb.

Type II circulation results 1n temperatures near freezing and the
largest precipitation amounts recorded on Meighen Island, Strong winds
are common 1n these systems. This Jtype of circulation 1s also respon-
sible for precipitation maxima on Axel Heiberg Island as in Case b above.
On Devon Island, strong warm S'ly winds result. Infact the periods of
strongest melt experienced on Devon Island in 1961 and 1962, discussed
by Holmgren (1971, p. 41-46), correspond to temperatures near freezing,

SW winds, fog, middle cloud and considerable precipitation on Meighen

Island.

3: 4 Type 111

0
3: 4.1 Type III Case a - 127 on 15 July 1962 (05 MST, 15 July)

¢ In this fully developed case of Type III, the 500 mb cold low was
!
displaced to the Soviet side of the Polar Oceal) and an extensive high

covered the whole of the Archipelago south to Hudson Bay. At the sur-

s

face a ridge extended from Hudson Bay to northern Greenland. |

Small amounts of altostratus, altocumulus and cirrostratys were



500mb 00Z
10 AUGUST 1970

(

SURFACE 00Z
J 10 AUGUST 1970

., TYPE I CASE B

Figure 3: 4. 2a
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the only clouds accompanying these conditions. The temperature
reached its seasonal maximum of 10.1°C.

The sky at Isachsen was clear, the wind was S at 2 mph and the
temperature reached 13°¢.

The example used by Holmgren (1971, p. 49) to illustrate anti-
cyclonic development 1n 1962 (18 July) 1s the latter part of the Type
III case. By this time a cyclonic system is approaching the northern
Queen Elizabeth Islands, having travelled around the Polar Ocean from

the Soviet side.

3: 4.2 Typelll Case b - 00Z on 10 Aug 1970 (17 MST, 9 Aug)

T 200 The period 8-11 August has been
analysed 1in detail by Petzold (1971) in
connection with a study of upper winds
over Meighen Island. Though the ridge
line of the surface ridge /hes west of
Meighen and surface winds are N'ly,
southerly flow spreads upwards from
the 900 mb level reaching 500 mb by
10 August,

The satellite photographs suggest

that the extreme northern edges of the |

islands were experiencing some cloud. ’

Figure 3: 4.2b Fog or low stratus was noted by observ-
ers at several Meighen Island stations to lie to the north in the Polar
Ocean and advanced to cover the 1sland at the close of the clear period.

Mirages of Axel Heiberg and the Fay Islands were well developed during

the period and estimated to be 2, 000 feet deep.




500 mb IZZ
25 JULY 196

o e
mt o
SURFACE 122 /?\ N

. | 25 JULY 1960 |

TYPETLCASE C
Figure 3: 4,3




, 40

Thin cirrus cloud was reported at all stations. The relationship
of temperatures at the various Meighen Island stations and Isachsen
were unusual: Main Ice 4.1°C, Nortk; Ice 3.3°C, North Land 2.6°C "
and Isachsen 3.9°C. Winds were NE'ly on Meighen and WSW at Isachsen,

The temperature sounding fo'.; Isachsen showed two strong subsidence
inversions, the first from the surface to 950 mb, or approximately 1,800
ff:et, and the second around the 650 mb level.

A '

3: 4.3 Type III Case ¢ - 12Z on 25 July 1960 (05 MST, 25 July)

Another variation of Type 1II developed when a surface low tracked
into the 1slands from the south and then turned westward towards Banks
Island, allowing a small ridge to develop through the lower troposphere
over northern Ellesmere 1sland.

At Mawn Ice skies were clear and the wind was ENE at 4 mph with
a temperature of 2.8°C. 1sachsen being closer to the low pressure

system, was warm (5.60C) but had 8/10 stratocumulus and easterly winds

of 16 mph.

3: 4,4 General Characteristics of Type lII

+ A complete development of Type III such as that shown in Case a
involves positioming of a cold low onthe Siberian side of the Polar Ocean
and a ridge over the eastern Canadian Arctic and Greenland. Surface
lows track around the central Polar Ocean occasionally penetrating the
Queen Elizabeth Islands from the west but more often being deflected
along the edge of the Islands to die near the Pole,

With this type of circulation the warm fidge in eastern North Amer-

ica can dominate the flow for periods of more thana week. On these
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occasions, the whole of the western Arctic experiences high tempera-
tures, light winds and clear skies. In fact Isachsen temperatures often
exceed those of Eureka during these periods. Temperatures on Meighen
Is]\%nd soar as the warm southerly flow pushes the Polar Ocean fog well
off the coas-t.

Though complete cases of Type IIl are infrequent, partial develop-
ment of this type (;f circulation i1s connected with all significantly warm
perio;lé on Meighen Island. The essential feature of this development
15 the intrusion of a ridge over the eastern Islands or Greenland at
some level in the lower troposphere, resulting in southerly flow at that
level over Meighen Island. This southerly flow combined with subgidence
blocks the advance of Polar Ocean stratus into the Meighen Island re-
gion. It 1s evident from satellite photographs and Meighen observers'
notes that the fog or low stratus remains in the Polar Ocean some dis-
tance north of Meighen Island.

Type III 1s characterized by anomalously warm, clear weather on
Meighen Island. This circulation normally extends far enough east to
produce similar conditions on Axel Heiberg and Devon Islands. The
period of anticyclonic blocking and fohn winds at theé Axel Heiberg sta-
tions, discussed by Muller (1967, p. 55), corresponded to Type III con-
ditions on Meighen Island. Slmllafly, the 1962 situation chosen by Holm-
gren (1971, pp. 47-51) to illustrate domination of extensive warm -cored
anticyclones, coincides with the end of the.Type III period discussed 1in
Case a. Eureka and Tanquary Fjord (Jackson 1969) do not normally

fall under the influence of this type.
\

[

\\‘“
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3:5 Type IV

-

A fourth classification 15 needed to account for occasions when the
500 mb cold low tenda:. ;;o be centered over the Pole. Under these cir-
cumstances there 1s a rapid alteration between the other three types
producing a variety of surface weather conditions. Type IV was sig-

nificantly frequent only in 1970 and has not been illustrated.

»

A

3: 6 Ten-Day Climate and Synoptic Situation

The degree to which the summer synoptic conditions over Meighen
Island can be repfesented by these four types 1s 1illustrated in Tables
3: ba and 3: 6b. Here a brief description of the ten-day synoptic situ-
ation 1s tabulated against the circulation type chosen for the period with
the help of daily surface and 500 mb maps. In some cases two Types
occurred 1n succession during the period. Included 1n the tables are
ten-day‘means or totals of various meteorological elements from Main
Ice. Plots of ten-day means, discussed in sections 2: 1 through 2: 7,
give further details on the climatic situation during each period. Ref-
erence should also be made to the plots of nine-day running mean tem-
peratures and da'lly mean cloud amounts found in Figures 2:1.1lc and
2: 5.3a. In general, the four” circulation Types adequately depict the
actual synoptic situation during all s1x years and account for all sigm-
ficant deviations from the mean of temperature, cloud amount, fog fre-
quency and precipitation totals.

There follows a brief discussion of the synoptic climatology of each
of the six years as seen from Tables 3: 6a and 3: é6b and the Figures

of sections 2:1 - 2: 8,

‘e



" Year

1960

1961

1962

Table 3. 6a

i TEN DAY SYNOPTIC CONDITIONS, CIRCULATION TYPE AND MAIN ICE CLIMATIC ELEMENTS

Period Summary of Synoptic Snuatum2 Cairc. Melting Precip. Fog Cloud
- Type degree days total frequency ty9e3 cover

- (°c) (mm) (W) (/10)
2 R over QEI giwves way to POH and BB L HI" 1 1.7 -- 70 F, ST 9.1
3 R moves over QEI lying W of MI by 26th ur - 20.8 -- 25 F, AS 4.7
4 R followed by L, then R followed by PO L Loriv 3.8 -- 61 ° F, ST 2.9
5 H over GL then R W of MI pushed E to MI 1 23.1 -- 52 F, ST 7.6
6 L i QEI trades W and small R over GL I It 0 -- 35 F, ST 7.3
7 H moves across QEI followed by L I 24.9 -~ 65 F, AS 7.9
8 H in PO with ridge to GL 1 28.1 -- 76 F, AS 5.9
9 H in PO with Ts pushing into QEI from S 1 5.3 -- 74 F, AC 7.1
1  H moves from PO over QEI to GL L, Il 0.0 3.4 30 ST, X 8.0
2 H mPOand LinBB \ 1 0.3 6.5 73 F, X 99
3 H 1in PO battles with L 1n BB L 0.3 3.0 74 F, ST
4 Ts from E SIB move NE along edge QEI 3.4 17.5 54 F, ST
5 Ts from E SIB move NE along edge QEI e 7.0 .6 94 F, ST 9.7
6 Ls move around PO then H pushes into PO 5.9 22.6
7 R te GL from SIB H, SIB H moves into PO -2 .1 45
8 R in PO moves to BB, SIB H moves to PQ .5 0.4 46 .
9 H i PO, Ls track S of ARC -0 3.8 88 F, ST 9.0
2 H i W ARC with R to GL, Ls track through QEI m .5 0.0 52 F, ST 8.0
3 H over PO weak Ls S of ARC - 1 .6 0.5 75 F, ST 9.2
4 H moves El"fouowed by L, then H moves into BB 11 ¢3.8 3.1 e2 F, 5T 5.5
5 H over QFl interrupted by small L's 1 52.9 0.3 15 F, AS 5.8
6 H over QEI followed by T's along edge QEI o1, I 16.8 34 33 F, AS 8.3
7 H moves N of QEI to GL followed by L 1, I 15.3 12.0 43 F, SF 4.6
8 HaiiS PO, L inBB ‘ I 0.6 10.7 88 F, AC a2
9 H 1nSIB PO and Ls track S of QEI 1 0.0 1.3 75 F, ST {5 6

Wind
directiont speed
(16 pts.) (m/sec)
NW/NNW 4.4
N 6.0
I\} 4.7
SE/WSW 5.0
SE/E 3.5
SE 4.1
N/NW 2.5
N 3.9
N/wW 6.2
N/SSW 7.4
N 7.1
SE 8.5
SE/SSE 7.9
SW/NNW 8.8

7.7
5.2

Ten-day periods. 1) 1-10 June, 2) 11-20 June, 2) 21-30 June, 4) 1-10 July, 5y 11-20 July, o) 21-30 July, 7) 31-9 August,

8) 10-19 August, 9) 20-29 August.

Abreviations: PO = Western Polar Ocean; BB = Baffin Bay, L = Low, H = High, QEI = Queen Ehizabeth Islands, ARC = Archipelago,

Ml = Meighen Island, R = ridge, T = trough, GL = Greenland, §/B = Siberian, RUS = Russian, HB # Hudson Bay.

First and second rmost important cloud type.
Most frequent wind direction and second most frequent direction if important.

~
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3: 6.1 1960
The OCCUl'reI;CG of Type III circulation in early. June accounts for

the unusually warm June of 1960. With the exception of the fifst period
in July, Type III predominated from the onset of summer in late June

w“t\o, its demise 1n late August. During this time nutherous warm spells
occurred resulting in ten-day melting degree day totals of over \ZOOC.
Though fog was npt less frequent than normal, the total cloud amount )
was below the six year mean in all Type III periods. When Typg I took

over 1n early July the cloud amounts, fog frequencies and melting degree

day totals reverted to early spring values.

3: 6,2 1961
Polar Ocean conditions existed in June, due to the dominance of Type
I circulation. The cyclonic systems of Type II brought considerable pre-

cipitation to the Island during most of July. For the remainder of the

3

season Types I and lII alternated, resulting in several marked warm and

»
o cold spells, the highest temperatures and clearest skies occuring during
a Type III situation in early August, Examination of individualswind max-

ima shows that the anomalously high wind speeds 1in 1961 resulted from

unusually strong pressure gra/dwe«ai " These were found between the Po-

4

lar Ocean high and Baffin Baytlow, r 1n connection with the cyclonic ‘'sys-

x

tems of Type II circulation.

S

It
3: 6.3 1962 \
The early"dommance of Type III circulation resulted in significant

meltiqng degree day totals by mid-June. Polar Ocean cquxtio;ms intruded

1n late June but gave way to strongly developed Type III circulation in

- T
[

1]
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’ Table 3. 6b . i

TEN DAY SYtNFOPTIC CONDI TIONS, CIRCULATION TYPE AND MAIN ICE CLIMATIC ELEMENTS

Year  Period Summary of Synoptic Sxtuan:nz ' * Carc. “ Melting Precip. ’ Fig Cloud xhnd
- ] , Type degEe days total frequency type cover direction speed
C) {mm) (%) (/10) (16 pts.) (m/sec;
1968, 1 H moves across S ARC followed by L then H 1n PO aL 1 0.2 1.8 40 ST, F 8.5 SW 5.1
2 H m POand L in BB“which moves W toS of QEI I m 1.6 04 37 F, SF N 6.6
' 3 H mPO and L 1n BB . 1 © 0.1 6.1 47 F, sC N 4.9
4 H builds from PO across QEI ta GL L m *o1L3 5.4 37 F, ST "N 4.0
5 Strong L inBB dominates :x i 1 B Y 0.4 33 F, AC 5.9 N 6.3
6 H in PO-and L in HB . I 0.0 1.7 90 F, SF N 6.3
~ 7 H wm PO domainates i 1 0.1 7.4 70 F, ST 9.9 N 7.5
8 L in QFEI pushed out by H‘movmg to W QEI 1L, 1 0.2 17. 4 77 . F. ST 9.6 WSW 3.0
‘ 9 ~ H over QEI with L's tracking in from SW u 0.2 7.4 30 F, ST 7.8 SE 4.3
M .
1969 1 H with R to GL followed by L then PO-H, BB-L ) I, I, 0.0 2.6 29 X, F 7.8 SSE 4.7
. 2 H i SW ARC 1 0.1 0.2 78 F, sT" 8.9 Nw 3.8
3 H i PO, L moves ever QEI and up BB I 0.1 2.5 96 F, SF = 8.6 NNE/N 8.0 -
4 L NW of QEI in PO 1 0.7 28,1 83 F, SF 9.6 Sw 6.0
5 L mroves to NW of QEI I 0.1 18.5 & 56 F, SF 8.2 SW/SSW 5.7
6 L& track along N edge of QEI - u 2.4- 33.0 53 F, ST 9.6 Ssw 6.7
' 7  Ls track around L in PO I 5.3 ) 74.5 59 F, ST 9.1 SSE 7.1
8 Hmn PO with R to GL, Ts across QEI from PO 1431 10.6 19.2 43 F, AC 9.3 SSE 8.0
9 H GL to SIB rotates to H in PO I, 1 15.3 0.8 54 F, ST 6.9 NE 4,2
b ’ ( -
1970 1 R in PO, strong Ls track across § QEI to BB T, 0.0 1.7 86 F, sT 9.4 NwW 5.4
2 R PO, strong Ls track actoss S QE]l to BB I 0.0 2.1 89 F, sT 9.9 N 6.1
3  rapid motion around L in PO . v 0.4 ¢ 3.5 98 F, ST 9.8 WSW 6.6
4 L m PO moves to BB, new L in PO v L7 yae 9.1 69 F, X 8.9 SW 5.0
5° H moves N into QEI pushed W into PO by BB-L L, 1 S 12.4 0.2 64 F, AC 7.8 N/WSw 5.5
6 <H over GL gives, way to PO-H ’ L, 1 14.8 4.7 63 F, 5T 8.9 SE/WSW 3.1
7 + H from PO moves down Ellesmere Is L . 11X 8.3 0.7 78 F, CI 6.5 NNE ) 4.6
8 Ellesmere H moves S, H in PO and L 1n BB I 3.2 5.6 74 F, C$ 8.2 N 5.3
9 R builds into QEI ‘with L in PO "5 - 0.3 8.8 64 F, ST 8.2 SSE 5.0
1,2,3,4 see footnotes Table 3. 6a ’ R
* ° -
. e
e It - . . )




£

44
¥

July and early August. During this unusually warm period Main Ice and

v

ey o «
Isachsen temperatures often exceeded those at Eureka. Clear skies,

o
\ -

light winds and insignificant amounts of precipitation were expemenced:
except during a short ‘spell of Type Il circulation late 1n the period. By

mid-August Polar Ocean conditions took over once more.

3: 6.4 1968 ‘ S,
Polar Ocean conditions dominated in 1968. Type I was replaced
briefly in June by Type IIl c‘1rculat10n, causing an amelioration of June
temperatures. By July, above-freezing temperatures .existed in the
lower troposphere up to 850 mb, and a significant number of melting
degree’days resulted from a Type Il occurrence “around 8 Jul?'.;f In
mid-July”satellite photographs showed that, despite prevailing northerly
surface winds, southerly flow at upper levels held the Polar Ocean fog
off the north coast of the Islands. Significant precipitation amounts
were rec:rded during three periods when the inversion was replaced

1in lower levels by lapse conditions. In late August Type Il circulation

brought strong cyclonic activity to the Meighen Island area.,

]
t

i

3: 6.5 1969 “

June 1969%was dominated by Polar Ocean conditions and the accom-
y ;

" panying subsidence inversions, but a brief intrusion of Type Il occurred

_early in the mor}tht The Type II circulation, which persxsted during July

and early August, resulted in anomalously large amounts of rain and

v

snow and consistent below-freezing temperatures. Lapse conditions

were maintained 1n the lower troposphere throughout the Type Il circu- |

lation. Not until midmAugust did mean temperatures rise above freezing.

R
v



SUMMER SEASON MEANS (JUNE JULY AUGUST)

MELTING® DAYS (°C) PRECIPITATION (CM)  CLOUD AMOUNT (/i0)
2oL 7+ i
Ia_ A !
~ |
T T i\/ |
iof— g
100%- | o=~ ;
|
I I S Y R B I L1 ]
YEAR | 2 3 4 5 6 I 2 3 4 5 6 I 2 3 4 5 6
FREQUENCY OF CIRCULATION TYPES
1 f) T
(%) 60} — —
\
40} - -
20} — —
l 2 3 & 5 6 l 2 3 4 5 6 I 2 3 4 5 6
1Y TRANSITION YEARS
(%) 60} - [~ | = [960
2 = (96l
401 ~ = 3 = (962
; \ 4 = 1968
oL B 5 = 1969
2 6= 1970
o | -
Il 2 3 45,6 _ 12 3 4656
Figure 3:7
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At this t.1me a strong Type III situation produced high temperatures and
. clear skies at Main Ice and Isachsen. FEureka, on the other hand, ex-
.perienced bélow.vfreezmg temperatures and North Land was cénmderably
colder than Main Ice or Isachsen. Temperatures dropped rapidly at the
end of August as Pg\)lar Ocean flow was rg-established.
»

3: 6.6 1970

The season began with Polar Ocean conditions throughout the tropo-
sphere, as shown in the temperature sounding. By the end of June the
Type I circulation was constantly being replaced by the other two types
producing the Type IV transition situatidn. Considerable warming took
place 1n the lower troposphere. As July advanced, clear instances of
Types III and 1 emerged, resulting 1n several definite warm and cold
spells. The two main temperat:re maxima at Main Ice corresponded
with maxima at Isachsen and Eureka but were not evident in the North
Land curve. The upper flow structure,“illustrated in Case b of Type
III and discussed 1n detail by Petzold {1971) was responsible for these
temperature relationships. Mid-August saw the re-establishment of
flow from the Polar Ocean, but this was interrupted again in late Au-
g-ust by a weak Type-Ill situation. Lapse conditions and temperatures
near freezing in the lower troposphere appeared to prevail in periods

experiencing the highest precipitation amounts of the season.

+

.

3.7 Frequency of Circulation Types and Their Relationship to Climate
Figure 3:7 1llustrates the relative importance of the circulation
types during the six years afudled. Polar Ocean conditions dominated

. in 1961 and 1968, cyclonic systems,in 1969 and Greenland ridge situa-



Mean Ten Day Totals for Circulation Types*

Ty,[;;e“

" Table 3: 7b

Melting Degree Days (°c) 1.1

Precipitation {mm)

* from ten day periods when only one type domainated

3.8

Table 3: 7a

I1

3.2
32.2

2

I

20,1
6.5

Frequency of- Circulation Types (%)

T ype

Island Years '
Polar Ocean Years

"Six Years

1

38
- 42
39

I

9
2¢
19

II1

37
_ 15
22

v

1.1
6.3

v

18
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tions 1n 1960 and 1962. In 1970 Polar Ocean and Grecnland ridge <on-
ditions alternated, at times so rapidly that Type IV resulted. The tran-
s1tion freqt;enmes represent days when the situation was changing be-
tween types. This accounted for around 10% of days in dl‘l years. The
dominance of Polar Ocean conditions 1n the cold years (1961 and 1968-
70} and of advection from the Islands under the intluence of Type III 1n
the warm years (1960 and 1962) 1s evadent from Table 3:7a. .
Referring to the seasonal means and circulation fre'quenmes in Fig-
ure 3:7 the characteristics of the circulation types are further 1llus-
trated, Frequencies ofmType I, the Polar Ocean circulation, appear to

/
explain the lack of melting degree days and thus suppression of ablation

on the 1ce cap. Seasonal precipftation amounts correspond tom}lle\f\re}—hi/
quency of Type II, the frontal passage type. Type III frequencies re /

the mean cloud cover.

L

Ten-day precipitation amounts and melting degree day totals were
averaged for the three types of circulation using ten-day periods when
only one type dominated (see Table 3.7b). Type I averages 0.1 of a
melting degree day and a trace of precipitation per day. Less than
half a melting degree day results from Type II, but precipitation totals
for a ten-day period average over 30 mm. This should be compared
with the mean winter accumulation of 170 mm. Type III accounts for
20 melting degree days 1n a ten day period, which amounts to more than
half the total seasonal melting degree days accumulated in a Polar
Ocean year. On occasion, significant amounts of precipitation are pro-

duced by lows associated with a general Type III circulation.

- -
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3: 8 Wind Direction and Synoptic Conditions

In order to interpret the Meighen Island surface wind roses in terms
of synop$IC conditions 1t 18 necessary first to examine the relationship
between the direction of surface geostrophic flow and measured surface
wind. The direction of the geostrophic flow waﬁs extracted from syn-
optic maps once a day for the six years. Figure 3:8a shows the fre-
quency distribution of the deviation of the actual surface wind direction
from the surface geostrophic flow. Surface winds tend to deviate 20 to
40 degrees towards low pressure, due to the effect of surface frlctlon;;

Roses of geostrophic and actual wind direction are combined 1in
Figure 3:8b. The surfice rose has been rotated clockwise one com-
pass point (ca. 220). The topography of the Islands, as 1t relates to
Meighen Island 1s represented by the peripheral shading. The general
fit of the two roses 1s good. Closer examuination of the data showed
that geostrophic flow from the eastern sector was deflecte'd by Axel
Heiberg Island as indicated by the arrows in the diagram. There is a
40 degree deviation between geostrophic and measured direction for flow
from the western sector which i1t will be seen (I 1:2) 1s most frequently
associlated with the weak anticyclonic flow of Type III circulations.

With the exception of‘ eastern sector flow, which 1s deflected around
. Axel Heiberg Island, the surface wind direction on Meighen Island 1s
directly relat/ed to the synoptic pattern. At Isachsen and Eureka local
topography has a greater effect on the wind direction.

Roses of surface geostrophic flow, surface wind direction and tem-

perature for individual years at Main Ice are shown 1n Figures 3:8c and

3:8d.
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3: 8.1 1960 .
/’I‘he outstanding feature of /the 1960 geostrophic rose 1s the high
frequency of ENE flow. This was associated with Type III circulation,
which 1n that year was characterized by motion of ridges across the
Islands from the Polar Ocean to Greenland and by a low tracking south
of the Queen Elizabeth Islands from Baffin Bay. This flow was deflected
by Axel Heiberg Island to produce a maximum of SE'lies and above -
freezing temperatures on Meighen Island. Type III circulation 1s also

responsible for the S'lies. Temperatures during these S'lies and SSW'- |

lies were well above freezing. Y

3: 8.2 1961 : ~
The geostrophic and surface roses in 1961 have a decided N'ly
maximum as a result of frequent dominance of Type I circulation from

the Polar Ocean.

, Tlemperatures with this Polar Ocean flow were be-

low -1°C. Geostrophic S'lies prevail in advance of the Type II frontal
systems (above 0°c temperatures) and shift to WSW'lies 1n the rear
of the cold front (below -1°%¢c temperatures),
3: 8.3 1962

The frequent, well developed Type III circulation of 1962, combined
with several cases of Type I Polar Ocean flow, result in strong maxima
of N'ly and S'ly flow. Mean temperatures well below 0°C accompany N

sector winds, while +3°C averages result from S and SW sector winds.
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3: 8.4 1968

In 1968 complete dominance of th'e circulation by Type I produced
the highest frequency of N'lies experienced 1n the .snc years. Only
the S, SSE and NE winds accompanying brief periods of Type IlI flow
of the a and b types resulted in temperatures near freezing. Cyclonic
activity associated with the Type II circulation in late August accounts

for some SW and most of the SE winds. /

3: 8.5. 196(9

The predominance of Type II cyclonic flow was obvious from the
wind roses for 1969. In fact, the rose for July (see Figure 2:4b)
showed no appreciable N'lies. In August, +2°C temperatures result‘ed
from a Type III Case b situation where NE'ly winds at the surface

were accompanied by S'ly flow at upper levels.

3: 8.6 1970

The Polar Ocean northerlies again dominated in 1970. The transi-

" itaon Type IV circulation accounted for a portion of the SW'lies and some

A

of the "Wa“rm temperatures. As 1n 1969, NE'ly winds .at the surface

#

were associated with warm air advection in the lower troposphere. A

Type III situation at the end of August, #nd the SSE winds associated

with it did not result in significant warming as the season was well
FY - .

advanced by that-time.
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CHAPTER 4

| ! .
‘ . MEASURED RADIATION COMPONENTS

*

-. The radiation measurements used 1n this chapter are from Main

Ice for the years 1969 and 1970. Daily totals of the incoming radiation
~ v

components were obtained from the Belfort pyrheliograph and Davos
pyrradiometer traces. Daily values of albedo and long wave outgoing

radiation were calculated® from spot measurements.
-

n

4+ ] Diurnal Variations of the Radiation Components

Figure 4.1 shows the mfean diurnal six-hour values of the measured
radiation components for '1970. From the short wave incoming curve
1t can be seen that there 1s no radiation night at these latitudes in June,
July or August. The sola;r radiation actually absorbed at the surface
averages ca. 80 ly/day due to the very high albedo. The relationship
of long wave incoming to long wave outgoing radiation illustrates a
| common feature of arctlc.1ce—c11n}ates. The 1ce and snow surfaces,
- due to their maximum possible s’(‘j:rfacektemperature of 0°C, are often
colder than the overlying air. Any appreciable cloud cover in the warm
’ air will result in higher values of long wave incoming than of long wave'»‘
outgoing radiation at the surfacg.. The warmer and more moist the air,
the more positive will be the neé'long wave balance. The mean diurnal

total net radiation on Meighen Island in 1970 was never negative, due to

relatively high long wave incoming values.

"
@
- "-‘..""v

4.2 Daily Totals of Radiation Components

-

-

. Daily totals of 'the radiation components shown u'i‘FiggrE 4:2 also re-

flect these arctic radiation climate characteristics. Long wave incoming
e >
e K ! I ' \ f\ ’
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radiation exhibits a gentle rise in mid-summer while insolation falls

off rapidly after June. The importance of albedo 1s seen in the curve

for solar radiation absorbed at the surface. The decrease of albedo .
with advancing season somewhat compensates for the rapid decline

iy I

of the-solar’ incoming radiation. Positive net long wave balances are
! o~

found 1in all months, and reach a maximum 1n mid-summer. The net

total radiation, 1t can be seen, 19 very sensitive to changes of net long

wave radiation, the latter being considerably more variable than the

absorbed sbla;' radiation. In general, long wave incoming radiation

appears to be the critical component of the radiation balance, in the

absence' of violent albedo changes.,

4.3 The Influence of Weather on the Radiation Components t’

The spot radiation measurements from Main Ice for 1969 and 1970
were used 1in this section. FEach spot measurement consisted of con-
secutive readings of each component, repeated two or more times 1in
an attempt to simulate simultaneous readings. When sky conditions
were changing rapidly, as in the case of ragged fog or low stratus ac-
companied by strong winds, it was very difficult to ensure that the read-
ings were representative. For s:_h1s reason, as well as to account for
occasions when a malfunction of the sensor or recorder was suspected
in the field, a dependability factor was attached to each spot radiation

- »

observation. While 1in section 4:3.1 all obser\./‘ations were included,
in section 4:3.1-5 only those observations werevused which had no ob-
vious 1naccuracles. The measurements of long-wave outgoing radiation
have not been discussed as they did not appear to be -adequately accurate.

At the time of the radiation observations several additional parameters

were recorded. These 1ncluded: ‘L

i

. .
N
< - o © ;
.



the sky cover;

19

the type of cloud and/or fog over the sun,

whether the sun was not visible, dimly visible or brightly visible

— o

through the cloud and/or fog,
weather and obstructions vision (including rirme) and
. snow surface conditions.

In an attempt to understand the factors which govern the radiation climate

of Meighen Ice Cap, the radiation components were related to various
: !

+weather elements and to these additional parameters. The seasonal

and diurnal variations were eliminateq from the short wave incoming
radiation by expressing the measured values as percent of the clear sky
value. A clear sky value was calculated for each spot measurement
from the Isachsen upper air sounding andw Main Ice weather observations
using the adapted version of the Vowinckel-Orvig programme EBBA dis-
cussed in Chapter' 6. Incoming lo?g wave radiation i1s also presented as
percent of clear sky incoming long wave radiation. [t should be noted
that the clear sky values do not represent true clear sky conditions as
t‘hey were calculated using the actual Isachsen upper air sounding and

~

Main Ice screen temperature. This distinction 1s particularly important

» in the case of long wave radiation where temperature and moisture con-

- e

tent are critical. In effect, the clear sky values represent the actual

conditions with the cloud removed,_ and incoming components expressed

»

as percent of clear sky valdes indicate the influence of cloud and- fog

' [
on the components. Hereafter measured solar incoming (long wave 1n-
coming) radiation as percent of clear sky will bt referred to simply as

percent solar incoming (long wave incoming) and abbreviated to % SI

( % LI) in diagrams-and figures.A
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4:3.1 Percent Solar and Long Wave Incoming

Figure 4:3.1 shows the frequency distribution of solar and long
wave incoming and their relation to temperature and total cloud opacity
(for fog this refers to the portion of the fog through which one cannot
see)., Percent solar incoming has a flat distribution, peaking around
65 to 70 percent, while long wave incoming peaks more sharply around
125 percent.

Below 100 percent the pe¥cent solar incoming increases with de-
creasing temperature (the colder fog gnd cloud being moi: transparent
to insolation) and, particularly above 70 percent, the percent solar in-
coming decreases with decreasing opacity. Low opacities and warm
temperatures accompany solar incoming percents over 100. Multiple
reflection between snow and cloud accountsfor some of these greater

N
than 100 percent values, but 1t 1s likely that the nonventilated Kipp and
Zonen solarimeters would be subject to overheating on clear warm days.
%

Long wave incoming percents under 100 also occur with low opacities

and warm temperatures. Long wave radiation 1s obtained by subtraction

‘of measured i1ncoming short wave from measured all wave radiation, and

~

the all wave instrument would not be subject to heating from trapped
long wave radiation under the dome. The low long wave incoming per-

cents are probably largely a result of heating of the solarimeters.

4:3.2 Radiation Components and Sky Cover L
Tables 4:3.2 a and b show the mean values of incoming radiation
§ ,
components along with temperature and albedo for sky cover conditions

at the time of the radiation measurements. Only conditidns with either

fog alone or cloud alonefhave been used here, and classes were com-

/\ "



Table 4: 3, 2a ) : .

Short Wave Radiation and Sky Cover

No. of RZI ALD . T ‘
Observations (%) - (%) (OC)
24 ‘ 32 (‘)M X 80 ) .—Xb’q -2.9
49 . 53 "OL -X6'9 79 -XI’S -1.7
328 X 57 77 QLM { X . -1.5
43 | 70 ‘DL,M 77 Dy -1.3 0
24 | -Xe,9 78 » 76 1,2 MH -4 QM
11 ,' 81 Of 75 clear 1.1 clear )
13 §-X1,5 90 -Xy,5 72 ' 1.4 3,5 LM
"3 g 102 clear f 71 Oy ! 1.4 Oy
26 l 107 3,5 LMH 71 @y : b8 Oy °
16 l 126 1,2 MH | 69 3,5 LMH 2.2 1,2 MH
¢
Legend s, R
- - o o« v =
T X obscured 10 tenths
& -X partially obscured 6-9 tenths
f ’ 1-5 tenth
, a4
(4] overcast 10 tenths ) -
@ broken 6-9 tenths )
; |
| 3,5 3-5 tenths
| . .
| 1,2 1-2 tenths -
‘ L low
M middle )
H high
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bined where there was no significant physical difference between the
classes and the means were similar. Totally obscuring fog accounted
for more than half the cases and did not break down on the basis of
vertical visibility into the fog. *

The first portion of Table 4:3.2a shows the mean solar incoming E
percents for sky conditions. With the exception Qf the extremely low
percentage for overcast middle cloud, which 1s a result of nimbostratus
and rain, the values for cloud are comparable to those obtained by other
investigators (see for instance Vowinckel and Orvig, 1962; and Haurwitz,
1945), Percent solar incoming radiation decreases with increasing cloud
amount and décréasmg cloud ’helght%zagam with the exception of' ové‘rcast
Enlddle cloud). Waith fog the measured solar radiation varies from 60
to 90 percent of clear sky values. This represents a range of approx-
imately 80 ly/day 1in absorbed solar radiation in July. The percentages
for fog are higher than those for low cloud for opacities greater than
6/10, 1. e., the fog depletes less than the cloud. For (;pa:’;ltles less
than 6/10, the relationship is reversed. To understand this it must be
remembered that the fog actually covers the whole sky though much of
it does not obscure the sky while cloud (with the exception of thin cirro-
stratus) usually covers only slightly mére of the sky than the opacity in-
dicates. The solar radiation reaching the surface through fog 1s mainly
diffuse, while a considerable portion of that with low cloud opacities
will be direct radiation. This accounts for the re;}ersal of the cloud-
fog relationship in two ways. The multiple® refraction between the snow
surface and cloud base would be more eff\ectwe with direct radiation.

Probably more significant 1s the fact that heating of the nonventilated

solarimetexwdome would be more serious with direct than diffuse radiation.

4



Table 4: 3. 2b

/ Long Wave Radiation and Sky Cover

RLI ZLI - T
(%) (%) (°C)
— - - . N
129 @ .470 Oy -Xg, 9 -2.9
X 129 . . 457 Oy, -Xy,5 -1.7
-Xg, 9 129 X  .453 | X L5
{
129 O Y ~ -1.3 @
124 clear . 445 clear -1 ©
124 &) -Xp,9 . 444 4 OMH
121 OMmp . 433 Opg 1.1 clear
115 3,5 LMH - .410 3,5 LMH 1.4° 3,5 LMH
-X) 5 114 i-X1,5 - 392 e }
107 1,2 MH .388 1,2 MH i 2.2 1,2 MH
»
Legend
X obscured 10 tenths 7\“‘
’ -X partially obscured 6-9 tenths ’
- 1-5 tenth
. 5] overcast 10 tenths
o broken 6-9 tenths
. 3,5 3.5 tenths : :
\ ¥
1,2 1-2 tenths N
! ' h ‘
) ow .
y - , N
. middle s
H _ . high B |
1
?_;'__’ 8] Q“\“"
\_\ -
/
. - < 4
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Table 4:3.2b shows the mean long wave incoming as percent of
clear sky for various sky conditions. Fog and low cloud with opacities
greater than 6/10 result in a 30 percent increase 1in longwave radiation
over that from the same upper air sounding and no cloud. There ap-
pears to be no variation due to opacity in this range. The clear sky
value should be disregarded as 1t 1s obviously in error (only 3 obser-
vations) though the values for low opacities seem quite reasonable. The
higher the cloud the less 1s its effecgon long wave 1ncoming radiation.
Whereas low and middle cloud could be combined in the case of solar
radiation, there 1s a significant difference between low and maiddle cloud
for long wave 1incoming, but middle and high cloud were_similar in the
long wave case. The measured mean values of mcommg“?l’ong wave
radiation (ly/min) are shown in the third portion of Table 4:3.2b, to
provide additional information on the relationship of long wave incoming
radiation to sky condition. The thick warm nimbostratus shows the high-
est measured incoming long wave radiation, There 1s a .0l ly/min

;
(14 ly/day) difference between totally obscuring fog and 6-9/10 fog not
seen 1n the percent values,

The means of short wave surface albedo show that although fog
transmits more solar radiation, it also results in high surface albedo
and thus a decrease of solar radiation absorbed at the surface. T};e
means of temperature (Tables4:3.2 a and b) with sky condition indicate
that fog occurs at colder temperatures than cloud, and explains further
some of the variations in incoming short and long wave radiation.

In order to make a rough estimate of the net radiation absorbed at

the .surface for various sky conditions, the long wave outgoing radiation

has been estimated by using < T4 of the screen temperature reduced to

o



Table 4: 3. 2c¢

— —_— - - [P

-

Estimated Net Radiation and Sky Cover

.
, 4

NET (ly/day)

70 B\
'XI’S 75
' 75 1,2 MH
X 85 } -
90 ®L
112 0

For ~I:égeﬂd see Table 4: 3. 2b. o :

0°C for positive temperatures, and a clear ‘sﬁy short wave radiation .2
of 600 ly/day, representative of late July values, has been assumed.
Table 4:3.2c shows estimates of solar radiation absorbed at the

surface, net long wave radiation and net radiation obtained in this man-

o

ner. Though the values must be treated with caution they show several

interesting things. (Clear sky values are not included due to the small
\

-

and unreliable sample.) The overcast maiddle cloud resulte; 1in the low-
est net incoming value due to the excessive depletion of short wave ra-
diation. Totally obscuring fog and overcast low cloud exhibit éimllar
net values as the higher albedo experienced in fog (due to riming of )
tNrface, see 4:4) overrides thé effect of lower depletion of insola-
tion in fog, Considerably higher values of net incoming radiation are

“ -

obtained for fog and cloud with opacities of 6-9/10 cover over those
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Table 4: 3. 3

v . *
Radiation Corn;)onents and Sky Condition over the Sun
No. of RZI ALD T RLI ZLI
Observations % % - °c % %
o1 i 46 as IF 92 ci | F o -3.2 As | Bs 132 .460 As
.44 : 52 St F 91 sAs | BS -2.7 | F 131 As j{  .455 Sc
45 .f 55  Ac BS 88 P -2.4 . 130 Sc  F .452
7+ ' Bs 5% ) F 83 Sc | F -1.9 Sc 129 St BS .451
320 F 57 F 8 Ac | F -1.7 St | F 128 St | ~~ -.450,..5t
8 ,Fy 59 St F 80 ' F -5 F 128 _F  .448 Sc
24 :F 60 Ac  F 79 St . 1.3 Sc | F 121 8¢ ['F .4;1?; Ac
14 "F' 63 Sc 77 st | 1.2 St | F 125 C1 | F ..448 Gi,-
3 F 68 As 77 Sc { F -l.2 G | F 125 Ac | & .447 Ac :,
' 33 | 72 T ‘ 74 nonez F -.8 Ac! F 125  |'F .446 St
63 | F 82 F 73 : .2 Ac 123 . AcTL F .443  As
4 . F 86 ¢i 73 As | .4 none "123  As | F .434 \
| 28 93 ci 73 Ac | .4 As 118 ci .428 Gi
59 _ 110 nome 70 ¢ 1.7 Ci | 112 none .398 none
TABLE 4: 3.4
Short wave incoming and Sun's Visibility
Sun RLI T -
" not visible 56 -1.2
dimly visible 74 -1.7
brightly visible 100 .7
clear 111 }
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with 10/10 cover, due largely to the decreased solar radiation depletion.
. When the fog opacity drops below 5/10, the increase 1n insolation cannot .
compensate for the decrease in long wave incoming, resulting in a net
balance even smaller than for totally obscuring fog. Three to five-
- tenths cloud gives the largest value of net incoming radiation due to the !
combined effects of low depletion of solar incoming, multiple reflection
(and/or 1instrument heating), low albedo and warm temperatures, with a
significant amount of cloud reradiating at these temperatures. When
| ‘the cloud amount drops to 2/10 or less, the drop in long wave incoming
radiation overcomes the high insolation values. .

It appears from these estimated values that the largest net incoming

radiation balances accompany broken or thin broken cloud and fog (ca. 3-

’

|
}
9/10 opacity). /

43,3 Radiation Components|and Sky Conditighs over Sun

Table 4:3.3 shows the mean values of Ahe incoming radiation com-

e ponents, temperature and albedq associagfed with the type of fog and .

cloud over the sun at the time o radiation measurements. The

thick middle clouds show up mainly as alto stratus (numbostratus).

- t
'

The most striking feature of the insolatibn table 1s that stratocumulus
depletes considerably less than stratus. This does not appear to be
a temperature effect but rather a function of the cloud amounts asso-

ciated with these types.

4:/3.4 Solar Incoming Radiation and Sun's Visibility

The sun's visibility through the cloud or fog-(Table 4:3.4) gives

L
'. a nal information for solar incoming radiation. Essentially it



Table 4: 3.5

————— o - ———y

Radiation Components and Weather - ’ -

—— - - - - - o - _— e - [ - -

Y
<

No. of RZ1 Albedo RLI Z1.1 T

Observations (%) (%) (%) (ly/mm)  (°c) __
13 ] 31 L |[F 90 BS |F,BSI35 F .48 L |F  -3.9 BS
43 F 4 L |F 8 S 132 s 476 L -3.9' s
6 F 51 2,8 8l z |F 130 S F  .454 7,S!F  -3.5 S,Y
s BS 53 s |F 80 z,8|F 130 L |F  .450 BS |,F  -2.9 Y
17 . . 55 s |[F 19 L |BS 131 S .JF  .450 S BS -2.6 S
45 " -R _56 z |F 18 F <129 Z,S|BS .447 S F -2.0 s
101 F 62 §° .18 __S 121z | F o L447 -1.7 Z. “
11 -F 63 BS|F 17 Y |F 126 T .443 z |F 1.2
160 - F 67 Fbnk 76 F 126 Y | . 435 S F -.9'2z,8. =~
_ 80 F 68 Y |F 75 Y,S|F 125 S,Y{F .43 Y | Fbnk - .1 4
16 .| F 72 S8,Y 74 L 125 L .%34 none F .6 L,s
118 77 none . 73 nons 120 none| Fbnk . 425 ; 8 none N
42 Fbnk 97 BS,S 67 | Fbak 119 * |F  .421 s, Y| ~ 1.4 L
ST
‘ " F = fog, BS = blowing snow, S = snow, Y = rime, \ . ,
h Z = freezing precipitdtion, L. = liquid precipitation ' ] ! )
\ -
’ . o . |
i ' \| |
-

:2," \
n
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estimate;s the density or thickness of the fog Ehrod’gh which the solar
radiation passes before reaching the surface. Although the visibility
of the sun 1s not given in the synoptic code, the condition of 'sun dimly
visible' 1s given i the gviation weather reports. Combining this with
records of hours of bright sunshine, kept at most stations, could pro-

vide information similar to sun's visibility for regular gtations. !

PES

*

4:3.5 Radiation Components and Precipitation Type

Table 4:3.5 shows means of varjous radiation parameters with the

- 2

type of precipitation {intluding rime) accompanying fog and fogless con-

ditions. As would be e;cpected, fog with ,rlm"é”‘(1nd1cat1ng low tempera-

03

4 a
tures) depletes least, tollowed by fog alone. Precipitation accompanying

fog has higher mean values of solar incoming radjation and of long wave
incoming radiation than that with fogless cenditions, In general, only

light precipitation was experienced with fog and this was likely often

falling from the "“fog" itself and not from a layer above, the fog inthis

case being low Polar Ocean stratus or stratocurnulus which had run 1into
the ice cap (%ee I 1:3)., As wbuld be expected, short wave depletion

and long wave back radiation both increase from snow through freezing

%

precipitation to liquid precipitation.
/‘ + -

~ - -

4:4 Radiation Component Wind Roses y

In order to examine the variation of radiation compogents in the
"

large group of 'completely: obscuring fog, radiation wind rosesﬁkhave been

constructed for observations with 10/10 fog (Figure 4:4). It gaﬁ be,

>

seen that both incoming short and long wave radiation are largely tem-
perature dependant and. the long and short wavéarad1at1on complement

a

‘

o~
By
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each other in most cases;. N and NW'ly fogs tead to be transparent to
insolation but reradiation i1s low. Fogs with NE'lies (and to some ex-

tent SE'lies) reradiate strongly due to Warm termperatures but also de-
plete solar radiation strongly. Solar radiation albedo i1s low with winds

from the NE sector suggesting these conditions occur late in the season.

'The decrease 1n insolation with season tends largely to compensate for

o
-

this decrease 1in albedo.

» it

The means of the radiation components and climatic elements for

10/10 low cloud have been included in the roses where there were a
3

’ <
significant number of obsegvations. In general the low cloud values

"resemble those of fog. Means of these components f{or 10/10 rmaddle

cloud on the other hand were considerably different (in most cases being
off-scale in the roses as presented and thus not plotted).

Comparing the roses for the surface to 950 mb and 950 to 850 mb
tem‘perature difference shows that inversions are most common with
N sector winds in fog and that with NW'lies the inversion tends to be
lower than with NE'lies.

The final diagram in Figure 4:4 was obtained by subtracting mea-

sured long wave incoming radiation from (TT'Q of the screen temger—

ature and indicates the difference between dcreen temperature and the
‘t% 2

effective radiating temperature of the fog. Reference to Figure 5:2.2d

of the temperature clope 1n the lowest meters of the atmosphere shows

that slight lapse conditions accompany NE'lies in fog while strong inver-

e

sions are experienced in the lowest meters with NE'ly winds. As a

result there 1s little difference between screen temperature and fog ra-
! a

diatjve temperature with NW'lies but screen temperatures are lto 2 deg

C fower than the effective radiative temperature of ‘the fog -with NE'lies.

- I

W



TABLE 4: 5a
L4

Total number observations

‘(After Goodall, 1971)

0

SURFACE TYPE ALBEDQ (%) SKY _CONDITION A
We! new snow 83 Toloily obascured fog -
New snow 82 Parholly obscured 6- 9/10%og -
Wetl powder 82 Porhally obscured | %3/1010g
fced powder 80 Cloud 6 -10/10
Himed 19 Cioud 0- %20
Packed powder 7‘
Dritting powder --- I8
Frozea qranulor --- 74
Wat granulor 1 ---- 173
SUN'S _ VISIBILITY KY Qv
No visible S.- -0 Fag .-
_Dimmly vislble --==-T77 Fog ond cloud ---
Voriable ----T73 Low: cloue -
Brightly wisible, Clear ‘& -~ -72 MiddR_cloud S
High cloud or chol"_ik‘ I
A
’
3 ‘:" -
oy -
i .
_ TABLE, 4: 5b
’ 4 No. of
- Observations
~ Wet mud ’ ) R
Dry mad : 36
Dirty Glacier Ice 15
Superimposed Glacier Ice 28
Shallow Water Puddles 13
Deep Water Puddles 9
Blue Granular Snow \ 15
White Granular Snow ° 53
Granular Snow (Crust) - 20
Rimed Surface 15
New Snow ) i 30
255~

- 79

7

- 14

5!

80
79
9
75

7

%

Mean
(per cent)

T8.TTT T

11.9
17. 8
33.1
33.8
36.7
50. 4
58.6
66. 8
67.7
78.2
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v B,
The underestimate of radiation temperature in the case of SSE'lies is

. not easily explained and probably results from a combination of inversion

and lapse conditions in the lower atmosphere.

. t
o

/
The radiation characteristics of fog accompanying NE'lies (and 1n

some cases SSE'lies) tend to be most similar to those expected from f

~

usual radiation as advection fogs.
.8

. .
¢ ' ~ L

4.5 Surface Albedo

Tables 4:5a and 4:5b show/the mean alb®do for various surface types
on Meighen Ice Cap from 1969 and 1970 and from Goedall (1971) 1n 1971.

- 1,\ The Goodall values are c?ns1stent1y lower than the 1969-70 means .as

i -~

e 4
the 1971 melt season wasd fearlier and considerably warmer than either

the 1969 or 1970 seasoﬁ,‘and the observations be%an in late June in 1971.

. 100

. — = [970 4
~===1969 -

90}

ALBEDO (%)
@
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. 60
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Figure 4: 5a 'Mean Albedo in Temperature Intervals

1
[} L

AY
Y



24 |

20

b

OCCURANCE
>
|

8 |
)
»
~ 4
O 4 ‘
% 90 84 78 66 60 54 48 .
ALBEDO (%) )
. . . .
-Figure 4: 5b  Frequency Distribution of Albedo within Temperature Intervals ’

*

s

‘ ) . .
L |




61

The variation of albedo with sky condition and weather has been
- Y
shown 1n previous sections of this chapter and 1s summarized in Table
4:5a. The albedo 1s highest in totally obscuring fog, when the sun 1s

not visible, and lowest on clear days. These differences result from

variations 1n the amount of direct and diffuse radiation as well as from

differences 1in surface type and temperature.

There 1s a general decrease 1n albedo with increasing temperature
(see Figure 4:5a). Figure 4:5b ‘of frequency distribution of albedo with-
in tempetature intervals showg that there~ 18 considerable variation with-
in a temperature interval due to varying surfade types. At all temper-
atures t};ere 1s a peak between 69% and :/5% albedo, related to granular
snow, and another around 78% resulting from rimed surfaces and new
snow. In the case of temperatures below -ZOC there 1s a third peak,
probably due to cold new snow. s

Solar angle also effects the surface albedo of direct r:adiatlon, par-
ticularly when the surface 1s w?tl(albedo increasing with decreasing solar
elevdtion as over a water surfaé;:).

Based on the observed variations of albedo with various parameters,
a method was obtained to extend the albedo measurements to regular
thrée—hourly observations. The method 1nvolved modifying the mean
albedo for the reported surface type by temperature, cloud amount, fog
amour\l\t and solar elevatiap. Albedo values obtained 1in this manner were
generai}y within 5% of the measured values. The daily means of "ob-
served" albedo used in Chapter 6 are a combination of these calculated

I
albedos and the actual measured values,

w——

;,c‘\



CHAPTER 5

SENSIBLE AND LATENT HEAT FLUXES

3
¥y

5:1 Temperature, Humidity and Wind Speed Profiles - Thccn!y

In order to evaluate the sensible and latent heat compolents of the
surface energy balance, an expression must be found for the variation

of wind, temperature and humaidity with height in the lowest meter of

.
the atmosphere. The trans§er coefficients for momentum, heat and
water vapour are often assumed to be equal. In this casé only the wind
profile i1s necessaty to obtain the coefficients for the sensible and latent
heat equations. The form of .the wind profile depends largely on the
stability conditions prevailing in the lowest meters of the atmosphere
and on the nature of the surface.
Original studies of sensible and latent heat transfer over glaciers
(e.g. Sverdrup, 1936, Wallen, 1948, Orvig, 1954) made use of the
power law which has the form |
u=u1(—§-l)l/n 5.1

where u,z, and uy, 2z, are corresponding wind speéeds and-heights and N

7

1/n 1s the power index. ‘ The power index 1s dependent orethe surface

roughness and stability and is subject to large variations; nor 1s 1t

easlly explained in terms of a physical process. !

Experiments with fluids 1n pipes suggest the variation of wind speed
as the logarithm of height. This logarithmic law has been used with

success by many investigators in neutral and near neutral conditions. It

Has the form v _
L ux z 5:1,2
Uu * — In — .
k Z, '
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where z_ 1s the roughness length or height at which the wind %peed

goes to zero, k 1s von Karman's constant and u, 18 the friction velocity.
The logarithmic law 1s unsatisfactory for non-neutral stabilities,
Numerous attempts have been made to obtama: universal law which
would define the variation of wind with height over the range of stabil-
ities normally experienced 1in the atmOSp}alere. Deacon (1949), for in-
stance, modified the power law “t‘)y mtroduc1né a stability parameter f

(1 for neutral conditions, >1 for unstable conditions and << 1 for stable

conditions) and represented the velocity profile as

u:‘: -ﬁ
u = i <y L 5:1. 3
K(1-8) 7

0
J

This has the added advantage over the simple power law of including
the roughness length ZO. The myriad of subsequent formulations, such
as those of Monin and Obukhov (1954) Mcvehll (1964), and Panofsky (1963),
are reviewed 1in Sellers (1965), Grayhger and Lister (1965) and kDoronm
(1969). : "

In studies of the turbulent transfer, stability 1s usually discussed
in terms of the non-dimensional Richardson numberc,’ Ri. Sellers
{1965, p. 153) describes R1 as répresentmg ""the ratio of the rate at
which r;w.echamcal en;rgy for the turbulent motion 1s being dissipated

(or produced) by buoyangy forcés (free or natural convection) to the

rate at which mechanical energy 1s being produced by inertial forces

'

{(forced or mechanical convection)'. R1<0 for unstable conditions and
{ »
R1 >0 for stable conditions. ' .
3 ' »
For the“present study it 1s desirable to adopt the simplest possible
-

formulation for the variation of wind, temperature and vapour pressure
y : .

with height. The logarithmic law 1s preferable t? the simple profile

2 ! N
s ‘ 1

) .«
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law as 1t has more physical meaning. The range of stabilities over
which this law applies appears to vary with author, but there 1s general
agreement thal the logarithmic law 1s s;u1tab1e for conditians with
+.70125 (or +.015) > R:1> -.0125 (or -.015). As a strong surface 1n-
version 18 a frequent pheno‘menon over most melting snow and ice sur-
faces, the simple log:arxthmlc law 1s often unsatisfactory for energy
balance studies over glaciers (see for instance Liljequist, 1957 and
Holmgren, 1971}).

The climate of Meighen Ice Cap has been shown to differ from that

/

of t‘he other glaciers in the Queen Elizabeth Islands (see II 2 ‘and II 3).$.
The principal reasons for these differences are the advection of c.é"’o‘l
Polar Ocean air over the.island and the high freqn.lency of fog on thé&
1ce cap. The prevalence of fog limitsfthe formation of stable strati-
fications over Meighen Ice Cap to the very rare periods of clear weathf
er; unstable stratifications with Ri < -.0125 are, on the other hand,
more fr/equent.i Doronin (1969, p. 14) concludes that over thfe polar
ocean ''in the overwhelming majgrity of cases one may negleé‘"ﬁ"i{not‘only
the correction f;)r unsteadiness of the process, but also depar'ture of

stratificatich from the nebtral state'. Vertical profiles of wind and

temperatare (Figures 5:1 a and b, after Dorohnin, 1969) from North .

%

.Pole 4 and 5 1n winter and summer shbw little geviation from a loga-

1

‘rithmic profile in the lowest few meters. This was the case 1in both

qlapse and 1inversion conditions, as 1s further 1llustrated 1in Figure 5:lc

L
(after Berlyand, 1956) by the temperature profiles measured before and

after a frontal passage at North Pole 4. It seems probable that the
logarithmic#law will provide a good approximation of the variation of
L

w1nc£and temperature with height in the lowest meters over the surface

of Meighen<ce Cap. . N

-
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- ‘TablepS: 2a
=~ Percent Frequency of Mean Deviation from Logarithmic —Law
— S (1 —
- i
Mean Deviation (m [sec ¢, ™, %\0\)
from .0 .3 .7'»; 1.0 1.3 1.7 2.0 2.3 *2.7°
. to .3 .7 . L0, 1.3 L7 20 #2.3% 2.7 3.0
1969 o
Wind 28.4 19.6 1683 12.4 6.7 4.7 3.7 2.5 2.5
> -
Temperature 48.4 16.8 12.6 6.4 2.9 1.6 .9 .6 .7
Vapour Pressure 50.8 .23.6. 11.0, 6.0 2.6 2.2 .6 3.9
1970 N \ ’ ,
Wind . £ 39,0 22,9 1.7 9.2 4.4 4.1 .8
Temperature 36,5 22.6 12.5 8.1 4\\9 ~4-b 1.9 1. .8
Vapour Pressure 27.6 20.9 13.6 9.1 5.3 3.7 .6 1.9 2.7

a

>

w O




. N l“Exammatxdn of mdwxduawi/nd profiles, having mean d

%5:2 \

Measured Profiles

Five-minute wind runs and spot readings of temperature and humid-
"ity were made at 30, 90 and 150 cm at Main Ice cvery 3 hours through-

out tde 1969 and 1970 field seasons. Sumilar wind and temperature pro-

files were taken at North Ice 1n 1970. The instrumentation used 1s de-

4

scribed in II 1:3. The mercury thermometers from the psychrometers
were calibrated, following the 196.9 and 1970 seasons by the Physics

Division of the National ﬂeeearch Council, The calibration factors did
not change significantly between calibrations. The estimated dccuracy
of the thermometers/was t+ .1 deg C. An adjustment was made to the

temperatures to account for periods when the fan mechanisms 1n the psy-

@
2

A
chrometers were inoperable, o

With the obvious limitations of the instrumentation in mind, the pro-

AN

files were examned to determine the applicability of the logarithmic

law to Mglghen Ice Cap conditions. A linear regression line was fitted

-

® Q *

by the least sqﬁares- method (Brooks and Carruthers) 1953) to each pro-
8
file of wind, temperature and vapour pressufé (w1tht¥? logarithm of

”

height). - The most satisfactory measure of the goodness eof fit proved
2 ~

to be mean deviation of the indiMdual measuremegts from the regression

‘line. o ) - p
Table 5:2a gives the percent frequency of the mean deviations from
the logarithmic law for wind speed, temperature and humidity profiles.
Assuming that mean deviations of .1 deg C and . 1 m/sec' can be at-
tributed to 1nstrument errjf, seventy'percent of alli p;’bfiles are loga-
rlthmlc’ within the accuracy*limits of:th& 1nst;umentat10n.’ Ninety per-

cent of all pf.ofﬂes are within .2 deg C or .2 m/sec Zf b'emg logarithmaig.

.
viations greater

o
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Mean Deyiations from Logaiitn mic ang Power 1aw

Perx\?d 1 2 3 KY 5 ; 7 s 9
P w ’ o '
. . LOG LAW
Wind m/sec T T T ° '
M1 1969 .u%(l\)"’\ L03(1) LG5 ’.('E(l) L0 TS A S TR Sl
M1 1970 &3 L05(1)  L0U(1) . O5(1) L 04(0) L0kd) Lua(l) LU Lo °
Ne 1970 D L. -- . '.Ta(l) L05(1) L or(1) RETRY! Cogty V1)
Temperature ’c . ‘
M1 1969 . .0 .04 .03 L U5 .04 .04 e 0 o
Al 197()\ L7 .05 . 04 . Vo . 0o .04 L0 s e
N1 1970 .. - v L 10 ol - RS 07
Vapouur Pressure b , o — .
M1 1969 .05 C o4 .03 .04 % ToLu3 s o 0l
Mi 1970 .05 . 0% .03 . Vo .06 .03 05 i o :
pe) .
POWER LAW '
W.nd a/sec l : ,
M1 1909 .05 . 05 .05 .05 .05 o4 I Y 03y ,
M1 1970 . 0v . 04 .03 . U3 05 ¢ v4 03 g ¢ . -
N1 1970 -- -~ -- .05 05 us - oo 03 .
Temperature OC’ b ' i o “ ! - -
M1 1969 .U .04 .03 , 03 L4 L0t 13 05 e
M1 1970 LT .05 .. 0% L0606 Ui o) S0 o3 .
N1 1970 -- -- LR LA L -- ;«\‘3 " L07 . &
Vapour Pressure mb ' .
M1 1969 .05 04, .03 SalLes T el 0 e s 04 .
Mi 1970 . 05 '004 .03 . U6 .—}(} 93/ ‘)t RV LUt ]
* mean as % of mcan wind speed . f/ ’
L R - ¥ h , .
i ° '.
| Y
, ooy N
o 8 TN ‘ ’
0 ‘ ° ‘ .
~ - ) f Jﬂ"‘ + ¢
v ' ’ ' -
,
. ' | . . .
RN - ¢
, oo \ . N : . .
. . ,
: - . ' . . - |
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‘ Y
‘than .1l m/sec, showed that malfunctlon‘[of one or more_anemorneter

‘ due to icing or riming conditions accofrted for most of these ¢{deviations.
e

-4
o

in an attempt to eliminate profiles where large deviations were a result
. / .
of measuring errors, all profiles occurring with near neutral Qtabfhty
- N e ' 9
(-.0125 << Ri<{+ 0125) and having mean deviations gfeater than .1l deg

C or .1 m/sec were.discarded. Similarly for all other stabilities, pRo-
G x

files with mean deviations greater than .2 deg C and .2 m/sec were

o .
i ¢

@

. dr opi;‘ed.

-

.= Table “5”21; shows ten day means of mean deviation from logérlthmic .

v proflles’ and of mean deviation as a pér‘cen”t of the avérage 150 cm wind
e . . ‘ ' . ’ A
N speed, the latter for comparison with Grainger and Lister (1965). | In

~ e

i general the wind speed deviations for ten day periods are smaller than

o

. the smallest deviations obtained by Grainger and Lister (1965) for any

of the laws festged l;y them (1. e., logarithmic law, power law, Deacon
A - ¥ .

power law, log-linear law or log -cuic law). ' .

5

% Applying a simple power law to the Meighen Ic\e Cap prof1leé does
[ 4 : [

Mg
e
¢
A

—Ta

not appear to improve the fit for ten-day means, Figure 5:2 shows
. :

that logarithmic law 1s definitely better than the power law. under neu-

k4 X.,
tral-stable conditions and somewhat better under neutral unstable con-

«

. 1
ditions while 1n unstable conditions they give quite similar ‘resalts.

5 ‘Only in the‘ 1nf1;equ‘ent stable xstratlﬁca,pornls does the powew law appear.
) to fit the measu;ed pro&ies better tk'lanp\*t'_f;e /h/:)ganthmm law a.ndw}ﬁerﬂe o
the mean devla‘tmns a;e less than .04 )m/séc, well bgldw the a"c\cura,cy‘
of the instru/rnents. The highest errdrs occur.'v‘uth gnstablerc.on‘dﬂ‘i‘ons, , ~’

N

- - -,

N I - ' . R
which, 1t will be shown later, occur with light wids and high tempera-

¢ ¥
* .

B

tures, They appear to be a result of a reversal in the sign of the mea-
) vl P

. \?red gradient above the 90 cm level., The measured.profiles appear

)
’ ]

N « /

N\ :

e
-
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4

to substantiate the assumption that, in geriére'tl\, the -logarithmic law- pro-

“
3
= [ [ 4 RN

vvd&es'a a good fit to the wind, temperature and vapour pressure profiles
. / ]
at Main Ice. ) : .

5:2.1  Calculation of Ri for 30-90 cm o -

) : Assumin%c‘variation of wind and temperature with height, -
* .the Richard&dn Number—ean be .calculated from the equation / :
/ i . . .
] g Tgg = T30 n %90
. Rl‘ = L2l (——-—-—-————-—u = 3 )2 ' 290 5:2- l
.- T Yoo 30 230

i 4
’

where g 1s acceleration due to gravity, T the ngfean temperature of the

N 3

30 to 90 cm laye.r, TL9°O’ g0 30 Y30

wind speed for z = 90 cm and z = 30 cm.

and T are the temperature and
Referring again to Figure 5:2 it can be seen that near neutral
Eon‘cfitmnsrpfedominate and that these are most frequently slightly un-

stable. On Devon Ice Cap Holmgrén (1971) found lapse conditions only

25% of the time while Keeler (1964) found them to be very infrequent,

show that the stability distribution in fog' is' decidedly more negap’i,y_ea___\_
. y a2 L -
. tha#h with no fog (see Figure 5:1a). Elsewhere, fog 1s generally asso-

. + ¢jated with stable or near neutral stable conditions;— -the fog-being-- — <
b sne ' ' ' - \l“"‘:\\:

formed: by radiative cooliflg of the surface, advectiox} of warm moist N

N

air over a cold ice or water surface or possibly by orographic uplift
e . -' . g e e e u.-n?_;,‘,. ,_' . 1
and cooting of moist air. In all these cases the air mass is cooled

" from thg ‘bottom which oftén resul’s in inversion conditions, The Meighen Ice
Cap' fogs are of a different nature. They are generally accompanied

. ° by-strong winds and are colder than the snow surface, resulting in

lapse conditions in the first meter. This suggests that the fog is

Fs -

as did Miller(1967 ).for Axel Heiberg Island. . Further investigations _—

N
e
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Table 5: 2.1a
/ ’ oo
/ = Ric‘hér/dson“i'\ib".”ﬁfi-)‘"iﬁd sky Cover .
L Ri o " stability
. -, 200 ®, -0y ' " unstable
/ ) . hu
. 025 o, 0, @L (
-X  -.022 " o "
- C ' ’ n ® »
X 2 . 020 ) .
-.020. Oy o
-Xl, - =+ 004 neutral Gnstable
-.000 o " n
’.004 /’ @, \®Ivi neutral stable ~
037 Oy a stable
! J 1
.04§ n (DM - . .

actually low stratus or stratocumulus cloud ‘forméd oveér the cool Polar:

kS

) chan and blown against the ice cap (800 ft aelm%l),' appearing to be fog -

to the Main Ice gbserver. Figure 5:2,bshows that the distribution of

Richardson number for observations where North-L.and reported cloud

‘while Main Ice reported fog, 1s very similar to that for all dbservations

a

of fog at Main Ice. Further discusgior; of this assumption can be found

in Io o / ) N

Figure 5':'2.laal;:~o shows that the non-neutral stabilities are largely

a result of low wind speeds (see equation 5:2.1) and ‘that stable condi-.
tions accofnpany warm-temperatures, while slivéhtly\gmstable or_very un-

stable conditions accompany cold tle]mperaqtvures.
Table 5:2.1a of mean Richardson numbers with various sky conditions
show that middle cloud and small amounts of high ¢loud results in posi-

tive (stable) means and that thick fog pz;oducestless instability than thin

fog.or low cloud. ' ) : E :
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- " 69 -
~ - " i .
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. - ’ .
el . Table 5 2.1b {
= ! :’I‘ena{)ay Means of Richardson Number (Ri)
. - -
Period ~ 1 s 2 3 4 X 6 7
o - : T .
e . e .
Mi 1969\\-.011 +. 020, _ -.048 -, 081 ~.023 - 09 - - 013 .017 .090
M1 1970 = -.0%8 -.003 .02 ° .06  -006 .o020 . 065 -.018
NI 1970 -- - -.022 -:016 137 .- S-.033 ¢ 07
° . « 4 . . " -
T : . /
oy i Table 5: 2, 2a
1 i ) . H
« . . / Wind Speed Power Law Indices (1/n) fof Various Periods
' ) ' ' ° *
Ten Day Period 1 2 - 3 4 5 .6 & 7 8 9
© ’ . M
T~ 1969 Rz 16 - 1 .15 .14 16, .15 18 .20
Mi 1970 -15 12 13~ .18 .19 .35 <. 17 17 .20
— , .
N1 1970 shmm T .- L7 W14 _.18 -- .18 .13
{
-

« "Periodt p 24 2B 3a 3B 4 5A 5B 6 7 8
Axel Heiberg " - Lot ) ~ ) A__,,—-:—-«
Lower Ice 1961 *+ 23 21 .22 S8 .23 .20 " 40 11 .31 I3 .18

Lo« See Havens 1365 for details of periods - '
**  After Havens 1965 p, 26 \ ! R
' : ’/’ . ’ ~ s
[} § - ‘f
’ o RS
¥ ‘ JENCE . B
. Table 5 2, 2b . '
. . . .
R [N - ° .
. 4 Profile Parameters (U*, slope of T, slope of e} .
. . ' . R <
T PRI | [
Period 1 .2 3 4 5 6 7 8
3 k1 L3
U’ w \\\\yo//
i . Ps . - .o
Mi 1969 26,5 21.2 9.6 3.9 27.3 29.5 34,1 28.2 21.5
. . v
M1 1970 29.4 27,17 29.3 © 26,1 33.4 18.8 26 9 3.4 7 24,3
Ni 1970 - ' - -- 24,9 - 27.9 14.3 -- 28. 6 16.1
s / i .
Slope of T . , ' B *
Mi 1969 l-.os . 08 1 ~09 - 17 -.14 " 002 .05 .12 .33
M: 1970 01}"” -.16 -.08 -.22 .11 .02 -. 07 -.10 -.04

Ni 1970 * - -- -- -, 23 -.121 -. 20 -- -2 .08

Slope of e | ’ . s

Mi 1969 W11 -.0@ ~.06 -.03 -.12 -.01 .05

M 1970 .05 -.05 7 .08 -.08 -.42 »=03 .05 T .03

/ g R
Table 5. 2, 3b for ‘periods.
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In order to relate stab111ty condltlons to the synopticy, sutuahqﬁl the

aQ

’ W
mean values of Richardson number with wind direction‘for fog and no

fog are plotted in Figure 5:2.1c. In fogless conditions NE and SSE%,G,

: . . . .
through SW winds are most stable, these wind directions representing

v

' 1 -’
Istand (Type III) circulation and baroclinic (Type II) circulation; while

-Polar Z)ceanx(Type I) circulation results in unstable conditions. In fog,

stable conditions suggestmg; "real fog', as opposed to cloud at the ’sur-' 0

face, are experienced wrth the NE and S winds of Island circulation. -

Polar bcean northerlies tend to be near neutral unstable while westerlies

Q

are most unstable.

\
i

Table 5.2.1p of ten-day means shows pOS1t1ve mean-Richardson numbef}s

.
-

only durmg the last two permds in 1969, when Type III circulation resulted

- 3

in unseasonably warm conditions. : .
o .

o

5:2.2 Prof#lile Slopes :
( . ' ¢
The friction velocity was obtaine(d from the slope of the regression
) /
-line fq,r the w1nd profales Table 5:2.2b gives the ten- day means of

fr1ct1on veloc:1ty which lie within the range of those found by other ns

vestigators. Tablé 5:2.2a contains ten-day means of the power law

index 1/n, talculated from the Meighen Ice Cap profiles and those found

. by Havens (1965) for Axel Heiberg in.1962. The Méighen Island indices

&

arE generally lower (n is l;igher) than the Axel Heiberg -values.

" The frequency d:lstribut‘lon ©of the slope of the temper(attxre profile

is shown in Figure 5:2;2a. The absence of a secondary maximum for

/ B ’ -
strongly negative slopes suggdits that the secondary maximum for ua-

stable Richardson geky a wmd speed phenomenon. Further ,

AN
rature proflle slopes to Rlchaldson Number, fhrough -

relatmg the ter‘p
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Figure 5:2. 2a, shows that, positive slopes ‘occur with unstable Richard-

x son numbers. This discrepancy results from the fact that the Richard-

'

son numbers were, talculated using 30 and 90 cm helghts while the slope

. -

is the best fit regression line through the 30,90 and 150 cm temperatures.

4 .

When the temperature profile is negative between 30 and 90 cm and pos-

itive from/9OVto 150 cm, negative Richardson numbers iaAnd positive slopes

e
5 gd

could be obtained. Comparing ten-day means of Richardsén numbeyr

{Table 5:2.1a) and temperature /profile slope (Table 5:2.2b and Figure
. P p P

5:2.2c), it can be seen that period 7 in 1969 has a positive mean slope

©

. 3 ] ‘.
and a negative mean Richardson number, and that the mean te@pperature )

/ phrofile has thé described shape. These cases of a mear isothermal

first meter, changing to an inversion by screen level, may represent the

T 2
<
t
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transition from lapse to inversionr conditions accompanying the advection

of warm air over the ice cap.

q

With negative Richardson numbers there 15 a tendency towards strong-

o

" er negative slopes at lower terhperatures.

v

Means of temperatur},e slope with wind direction, Figure 5:2. 2d,

o

show bosﬂive slopes in fog -with NE. through E winds only, while the

strongest negatfve slopes accompany W'lies. 1 With no fog, the strongly -

N

positive peaks inthe SSE and WSW, not seenin the Richardson number

rose, suggest the influence of cases with lapse in the first meter and

-
9

inversion above. It may be inferred from thK€ lack of similar peaks in

« Ny

the roses of temperature slope for 10/10.fog, low cloud and middle .
W T
cloud that these reversing profiles.tend not to occur with overcabt con-

ditions. . .

B

® ¢ °

The frequency distribution of vapour pressure profile slopes with

fog (see F{guréLS:Z. Z2e) 1s similar to that of temperature, as would be

a

‘expected considering that the \}apour pressure must be very close to

the saturation vapour pressure at all levels inthe fog. With no fog g
" the humidity profile is bimodal with a positive and a negative maximum,
in contrast to the single positive maximum of the temperature slope.

There is a ‘tendency towards more positive slopes with higher vapour -

pressures in fogless conditions. Y.

[ - ¢

Comparing Figure 5:2. 2f of humidity‘sl’ope wind roses with that

o

a

of uten‘qperature (Figure 5:2.2d) it can be seenthat for fog the shapes
~ : |

are similar, except in the W'ly.sector where the humidity slopes are

4 B

almost positive while the tempe}ature slope is decidedly negative. A

[

W'les in fog are accompaniéd by cold témperatures (see Figure. 4:4),

éugg,esting that the near positive; vapéu:‘* pressure slopes may reflect’ o

/
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| -~ Teble Si2.3a . o AR
o Surface Roughness (Zaj-for Vanous’ Snow and lce Su_rface§- N ~
v . .
Surface Desgrxpuon . Location Zo (cm) Keference
Melting snow, Isachsen Plateau . - .23 & erd;up, 136
.- Ere,—igﬂ}elt s’éason snow > X . Lxl_;eqin:t, 1937
Pre-melt, season snow Iy ) .01 Rusin, 1ol
Ablafon zone, Greenland lce Cap N " .1-. 0 .\n*bf&ch, 1903
Ablation zone ice, Sverdrup Glatier c .34-.532 Kecler, [9od . . o
Al;lauon zone, aLower Ice White 91§C1€r ) .002-3, 3 \lh“u;r. 1-’05.’ Al L
Ice _wxl.h cryoconite holus, "o . 1.6 " " , ;
Smooth bl;ppcry wce, 3 " © s TR oo . /
", * From snow tofirn lo smooth ice, Slurglﬂacxaren .01 Gramger-Lister, "1ws
Frosen ice damned lake melting, NE Greenland ) .04 " " '
Coarse snow with sustrugy, spru):g. Britannia Glacier 1.1 oo " "
Undulating wet‘snow, mid5eason, * L ’ ‘ .Juu o " g L
Bare hummacked ice, end season, " . ~~ .58 " " " ) .
"t ‘——early season, Lower b,tauon M- . .40 " " " o ) -
mid-skason, " Tl b \:' .50 " " '
late season, " y " : .57 & M " .
Pre-melt season snow, Antarctic ! . L0144 Lalryimple ¢t al, tevn ’
Sno%y’ © November, North Pole 5 Vo4 Dorun.in, 1469 '
Snow July-August, North Pule 4 . L0313 S . ’ o
Frne-gramned frozesn’ spow,  spring, Deton lce Cap LOLF Holmgren, 1971 ° A -
Rclduv(;l’y, fine- brdllftd pelting snow L ) 2071 " noo A / r X
Large melting ice grains ({{-3 cm diam. )'{‘ " /o, -7 13 LI LR " I
Thirmr-cover of‘new‘.snow on superimpose—d‘lxce " . m.osn " T
» - - T , .
Lo "l ,
) e ‘
- ‘ Table 5: 2. 3b L .
- ’ Ten Pay Mea’ns of Suriace ROughDEBS (ZO) o . /|
g ) - b h . ’ '
Period T ) ’ ST o v S .
: o /
Mi 1969~~~ ' 1.20" .. 35 77 L
Mr  197¢ .73 .62 .03 Al >
Ni 1970 o, -- .51 L2t
. - ] e — .
Period -1 = } - 10 June 6 . -
. -2 =11 - 20 June . 7= ) K :
3 = 2] -« 30 June ’ . 8 = 5
L. < 4= 1-10 July . . B 9 =20 . 29 August® - .
-‘‘Fa.—;ﬁ=ll—.Z().)uly3 . o L ’° .. L ! .
v S , -n S e . ‘ . .
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!’N \ / ‘ ’ " 3 ‘ "/ I4
’ F / ’ : l/
~ti1e fact that the lowest levels “are’saturated with respect to ice whﬂe

r— -
N ®

the screen level is saturated with resp‘ect to water.

“~The vapour pressure profile rose for fogless conditions shows a
&

reversal of;( the fog- fogless relationship of the tempprature slope. j\LBThe

! 4

hum1d1ty pré‘iles for no fog are generally more negative tHan e1ther *the

/) 5

femper%ture proflles or the fog humidity profxles, due 'to drymg out with
vmcreasQe_d distance from the snow surface in fbe ablsence of fog. These
conditions are Iaaar'ticularly’well de{zeloped@'éith S-W through ,WSW winds. -’
In the- case of NE and SSE winds, th‘e air at screen levels appears to ,

~—

be more moist. ' — e
5:2.3 Surface Roughness Z s

_The surface roughness z, was evaluated for each wind profile from

the intersection of the regression line with the u = 0 axis. Frequency
/ ’ :

distributions (Figure 5:2. 3) of log z show wide variation of Zo &5 was

also noted by Havens(1965) and Holmgren (1971). The ma jority of the

valu‘és lie between ,0016 and 1,6 cm, w1tha max1m_um between 1 and

-
v

W
«4 ¢m, This is consistent with the findings of other 1nvest1gators as

shown in Table 5:2. 39. Ten day means of z for Main }ce and North -

Ice are shown in Table 5:2.3b. The relatively lirge spring values of

‘z correspond well with those from Britannia Glacier and probably re-,

~ s

sult from presence of snustrugi.‘

-

The values of surface roughness averaged as log z, for surface

types, are shown in Table %5:2. 3c. The rather low z, found for packed

powder “snow is probably a reflection of the strong w1nd]s which cre/ate
w . !
. thas type. - Iced powder and new snow agree we%\wnh the pre- -melt -
/
season snow, values shown in Table 5:2. 3a. Wet granula}‘ cprresponds
&

%

[ S-S
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o Table 5: 2. 3c

_ Surface Roughrfess and Surface 'I'ype

. e = e crmmme——y

- e vy

Y

Ne Fog Fog
G' ‘ Surface Type Zo Zo Zo
— _ (em) _ (cm) ~_(cm)
Dry granular snow  .129 . 129
) Wet granular snow .g83 . . 242 . 033“ .
Rirned surface . 043 .455 ..024
Wet powder snow .021 . 060 . 012
Wet new snow .016 . . 031 . 015
¢ Frozen granular snow . .013 T 4,040 . 006
New snow .011 . 090 . 006
Drifted powder snow .008 .091 . 004
" Iced powder snow .008 .019 . 007
Packed powder snow .  .003 . 002 . 004

®
~
L]

' with Holmgren's. melting snow and dry granular with his large melting
e . .
« ice grains.. Rimed surfaces due to the rime flowers which can be

sevéral-centimeters long, fall between snow and granular snow.
@ N R
Referring to the second and third columns of Table 5:2.3c and to

.

Figure 5:2.3, it tan be seen that, fog consistently decreases the surface

extreme

3 roughness, due largely toa lack ofYhigh values of z in fog. The Figure

. also shows that 2 tends to increase with increasing temperatures and,

<
4

to decrease with increasing wind speed ‘down to zo's of .0l cm at least.
Fog keeps the temperature down, decreases solar radxatmn, almost
eliminates direct solar radiation (which is reSponsxble for dxfferentxal
e melting due to colour or albedo differences) and is normally on Meighen.
) accompamed by strong winds on Meighen Ice Cap.
T'aple 5:2, 3d further illustrates the effect of weather on' the values

‘ ! of z The right hand portion of Figure 5:2.3 indicates that stability

conditions do not appreciably effect the distribution of surface roughness,
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’ - Table 5: 2. 3d L

¥ - A . [N - - m— e e e m U U

, Surface’ Roughness (Zo)'and Weather

{, S .
1 . _ ‘ . /
5 ’ ZO\ i ' T
' (cm) : " (°c)

Fbnk  .226 : -1

F .14 L ﬂ + .8

e . 071 ‘none .. + .8
- . 068 L- +1.4

o .052 g S

Fo 019 | . -L2

N o017 s ‘ ~3.9

© . . .015"  .BS : - -2.b ]

F .013 ~ BS.. - -3.9
’ F , »013 . - .z/)s. + .9
) *'F 009 8 T . . -2.4
o F %006 . Y - =29
: F 1,003 SSY . -3.5 .
e F . 003 z, i . -l.5
S : -
o “
. g, t
*
.
\# L ]
@ /
S ,
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5:3 _ Sensiblg and : ‘ ™~
. 3. nsi /q_an Latent Heat - Theory | . . \\\
b , As discussed by—Sellers (1965) the molecular transfer of momenhﬁx,

. , 1 .
heat and water vapour in the laminar layer immediately,next to the sur-

. face can be estimated by the- turbulent transfer of thesé quantities in

- -

e

the first Gne mrefter of the atmOSphere‘ (thus ignoring advection in this
© layer). Assurr;ing the profiles of temperature, wind and vapour pres-

sure are logarithmic with height up to one meter (see 5: 1) and that
. “~r

the eddy conductivities of momentum, heat and vapour pressur/e"’are

A A}
@

/ “
equal, the fluxes of sensible and latent heat from the surface can be

o calculated from the equatio’ﬁ(SelLers, 1965,) '

= ¢

. . . 2 Au AT - :
- : Qg = pC Kk (In'z_7z) z - 5:3.1

-

- - ""2 Audbde
¢ . 5 Qq, - 622 p Ij"k (In zz7z1$2 5:3.2
. © - BN =T

;
A > . &

. & ’ e
‘' where p and gp are the density and specific heat of air, L is the latent

heat of vapouriz'ation, k is von Karmen's constant, and u, T, and e are
. : Y i .
the .wind, temperature and water vapour pressure at heights z, ‘and Z,e
[

v
N

. 534 "Sensible and Latent Heat. from Measured Profiles “é

or
Equations 5:3.1 and 5:3.2 were applied to measurements of wind,
J . [
terperature and humidity at 30 and 90 cm and at 30 and 150 cm. Fig-

r

ure 5:4 shows the relatiofnship of the fluxes calculated us,ing 30 and 90

cmw (figvt*met.er) to those using 30 and 150 cm (screen level). For sen-

i

- S 'sible heat the relationship is quite good, screen level calculations show- ,

ing‘ slightly less variation than those using the first meter... The rela-
- ) : ‘
tionship for latent heat is not as good, the screen level calculations be-

4

C ing generally too low or too negative. 'The discrépancy can be as much’

o
5]

~
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‘ , beerd used as these data are normally available. -

"

5:4.1 Relationshjp of Sensible to Latent Heat

H

~ b

I '

* .and humidity profiles already discussed in Section 5:2.2.

A . ! [

]

heat fluxes. This is due to the differences in‘slope

79

as 20 ly/day. Inthe followfgg discussions the screen level values h::ve

_—~Eifure 5:4.1la shows little relationship between sensible and latent

of the temperature

'

The frequency

distribution &f sensible and latent heat for fog and fogless conditions

£

3
in Figure 5:4.1b exhibit the same tendencies as the slope distributions.
. AN

N Most of the sensible and latent heat values lie between .-86 and 86 ly/day.

13

- ~7 . i
’ ‘. DIURNAL. VARIATION OF Qs-a& Q

- y/min \Qs 3

‘00

A

b u
1

flux in 1970. Both are most negative” at mid-day with only sens

averaging slightly positive at night.

0

*'.‘ 5:4, 2 ° Diurnal Variation of Sensible ar}d Latent Heat- Flux

»

/

3 2 5 8 1l 1417 20 23 MST.
-, ‘ o HOUR

E“igure 5: 4,2

. Figure 5:4,2 shows diurnal averages of sensible and latent heat

ible heaf:

- $
3
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5:4.3 Relationship to Temperature and Wind Direction

; The sensible and latent heat fluxes are most strongly negative at
e

' temperatures between -2 and 0°C and with northerly winds. Positive

”,
<

Valuéé, predominate abdve 3°C and with NE through E winds (see f‘iguré

L] “

-

5:4.3a and b). ’ .

—%

o

In fog the mean values of sensible and latent ﬁgat for tempex/'ature -

» - ’

intervals between -5°C and 3°C .are quite similar but the shape of the. :

2

curves with temperature tend to e oppositer °At lower and higher tem-

peratures ,sensible heat 1s considerably more negative than latent heat.
The wind roses suggest that the cold W'les which resulted in negative

>

temperature slopes and near positive vapour pressure slopes account.

for- the difference at lower temperatures.

oz 3 t

With no fog and temperatufes between -6°C and 406, "latent heat is )

2

<

Eonéistently .03 ly/min (40 ly/day) more negative than sensible heat.

) L

At very high temperatutes the éliffe‘rencé'decre"ase's as the humidity

-

slope also becomes positive, 'pés's’ibly reflecting the slightly more moist

NE'ly winds. At very low tempeératures both fluxes are negative or .

latent heat becomes positive as the air i§ almost saturated due to the

LY

*
low temperatures and/or the effect of saturation-with respeéﬂ to ice in
- Ei

the lewer levels. > : . . .

Sensible heat values with fog are generally more negative than fog-

\

less conditions, except perhaps at very low temperatures. Latent heat

[§ - [3 .
fluxes are more positive in fog than in no fog, except at near freezing

A -

temperatures. ' . : -
s ' s

5 ! » R

¥ As Qg varies from positive to negative while QL is consistently

negative, the Qp /Qg relationship is net constant. . ) I

- b
. ,
- 7 T - 1 .
- .

4

-4

M}
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 CHAPYER 6

CALCULATED ENERGY\BALANCE COMPONENTS

1]

6:1° EBBA

* bgen used.

'The programme has the following form: :

. /
.called, . . . . In addition,. it reads in all basic information in the form

In order to e_xtendkthen ehergy balance cglculations to covegr the six
years for which meteorological data' is aviilablé from Me1§£n Island,
the 'eneréy budget programme EBBA (Vo

The 'approach of EBBA is

and Orvig, 197_&, p.\tS). " “An initial e

i

in these terms a new surface temperature estimate

9

is ardived at. This

process is repeated until the desired degree of accuracy is obtained.

4
5 -

- ° e

"1) Onellarge umbrella progjamme, EBBA, determines the main

DO loops and decides the sequence in which /the major subroutines are

-

- o~
of tables, and it carries out the necessary summatmns. Finally, it

' * @

writes the re‘sults.
2) - Subordinated to EBBA are the main subroutines which do or
& : . ' p -
instigate the calculatipns of the different. energy budget terms.' (Vo-

’

winckel and C/)rvig, 1972, p. 3).- N
The.flexibility of this arran,gement allowed EBBA tobe adaptedf

_ the problem of the su}'fa‘ce energ_y\balance of Melghen Ice Cap. #or

detaxls of the methods apd assumptmns involved in EBBA reference
7/

°

o
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Table 6: 2

\

. K ‘ “ b Ty ~ £
Example at Upper Air Sounding Set Up (2300 MST, 7 July 1970)
PR R L I SR A P A S Y v 2 --._.} . . —— . - ) 0
" Press Ht - Ht>  Temp TD T-TD , Level
mb m m ° oC T oG, oc - ,
4. 150 « . 13220 -42.3  -54,00 117 1
200 - . 10,0 2.2
- 250 : v T 10,0 2.1 ‘
300 8595 1542 -53.2 ., ~-64.9 11.7 T2 ,,
' Lo - T e TS P )
350 i . 10:0° 3.3 ,
400 AR I 3.2 a
— 4530 | . , TS89 3.1
500 5117 869  -27.7  -39.4 /1179 3 g
550 0oL ’ S 2000 4.3 " /
600 | L 14,3 4.2 '
650 : 22.5 4.1 -
700 . ~2610 627 -15.5 . -31.7 20,2 4 S
’ - [ ° S . i
|- , . o 7
750 e 14,3 5.2 - R i’ .
800 S v o22.5 5.1 o W
850 1107 501 6.2 -17.3 | 111 5, x b ¥
. - ) Je . ’ ’ " f Toam 'a‘
875 ‘885 222 -8.8 -16.6 7.8 ¢ 6 ' A
\ 900 . % 663 % 222  -11.4 | -15)9 4.5 © 0 1 :.
: | . ) . :
. . 3 . .
. 916 . ' 532 131 -10.6 [ -15.3" 4.7 . .8
930 413 119 * --9.9 - :-14.8 4.9 . °7 9 a
.© , o w - L K
: / 942, + - 313 100 ~9.3  -14,3 5.0, =10 g
Ao 9si T, 237 76 8.6 - -1%5 49 /11 - .
' ‘ ‘ o . T .o
958 - 163. 74 -6.1 -9.5 3.4 12 -
_ 965 . - 96° 67 -3.8 " -5.9 2.1 13 | ‘
B * . i . [ - .
970 44’ 52 -2.1 -3.1 1.1 14
7 . : o ~ o . i
¢ .975 3 41 -7 -9 . .2 R - A
o . S - . oo ¥ . -
Y 915 T, .5 < 2. 6 -.8 2. ‘16
b% . v > ‘ , . e .
" 975 0 0 -6 -.8 .2 , 1T, .
' ?ﬂ' (\-' % . 4 » &&/v d-« >
C ¢ . s ’. ' u
1 i‘ .:~ ! » - E
¥ . . N . ) ) . .
N B ;I’f’r (1‘ -.—;@;, "D?f > . i . / .
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discussed in this chapter. The Me1ghen Island version of EBBA will ‘

benceforth be referred to as MIEBA ot / 3

Wy

? ¢

- - -

6:2 MIEBA '

@ ' ¢
‘v

MIEBA was designed. to accept three-hourly surface weather obser-

- L)

vations (AES card 1), "daily -climate information (AES card 4) ‘and twelve-
- hourly upper air data for 50 mb levels (AFS card 5) The upper air
observatlons frem Isachsen 300»1—/1'111es to WSW of Meighen Island were -

% used in the calculations, {(

A &

-

- ! AN ¢
’I‘he\ basic calculations were made at three-hour intervals though

some terms were evaluated on an houriy basw and others only daily.

- st

In the casé of 1960 and’ 1962 where only six-hourly observations were

'

o N .
available or in the case of a missing ’observation, the temperature has

¢

been interpolated using daily maximum and mm1mum temperatures. As

n -
2 .,_a.:v-

diurnal varjations are sma,ll on Me1ghen Island in symmer due. to the
B l, .

lack of solar night and t.p the amehora!fmg. effect eL the ice cap, the

,w/ Yo AR
soundipg has not been 1nterpolated and’ rfxg.ssmg va,lues of elements other

3

than temperature were- set equal to the subsdquent observations,

,\’ el «

)

Table 6: Z. 111ustrates thé rset up of-» therupper air soundmg for ra-
dlatmn calculdatlons in MIEBA The‘ atmospheric layers Wwere' concen-

trated pelow 850 gnb dqe to the imp'ortance of these iower levels to.the
¢ -~

surface Budget and the requirement for only a total atmospheric budget.

¢ Y

Above ‘509 mb the levels were fixed at constant pressure levels

¢

while below 900 mb the layers were a fixed percent of the surface to

a

o
%

900 mb pressure difference., o ’ )

* The four layers of cloud were placedfin the sounding on the. basis/

b

of their reported opacity, amount, height and type, and were extended



o ‘ 83 .
jupward on the basis.of the dew point temperature spread. The method d

©of obtaining the cloud sounding was sornewhat modified in MIEBA to

- .

account for the.particulai probiefr“xs encoiintered on Méighen Island.

@
o ©

The radiation subroutines were adjusted to accept the MIEBA sounding
o B - @ £
. set up. . Calculated and measured -clear sky values are compared in

¢
A4

Appendix I. ~The amendments made to the short wave radiation sub-

.
v

routines are discussed in Appendix II. ' ;

The short wave surface albedo of the snow pack was calculated using
o/ < &

the method developed by Petzold (19702). In this model the snow deter- . °

iorates on the basis of the temperature and the nﬁmber‘ of days* since a
snow fall of 1 ¢cmm or more. This basic albedo is then,corrected for

[

cloud amount and solar angle and the effects of rain and'rirhe are in-
?

-~ S

corporated. The basic albédo of the'gla“cier ice was taken to be 59.!%. S

- The turbulent fluxes were .calculated using equations 5: 3.1 and

s

5: 3,2 when the screen temperature ‘was less than 2°C and by’ the

EBBA subroutine-VERA' (see Vowinckel and Orvig, 1972, p. 37, for
details) when screen gemperatureé were' Zocfor greater. 7I‘he; surface
rroughness for the former method was estimated using albedo ( an in-

. > .
dication of the state of decay of the surface) along with temperature and .

°
« ©
-

wind speed.
. { N ‘

The heat flux into the snow or ice was obtained, as in EBBA, from

/ ———— ,

. N X ® - t “N
the temperature diiference 7be‘tweeg the surface and the first 10 cm-of

ice o:{- snow. The temperature inthe " ground” was adjusted houi"ly'
using the EBBA subroutine GAIA (Vowinckel and Orvig 1972, I; 38).
o The changes made to GAIA and a ﬂcomparis‘c\m‘of measured and calcu-

lated "“ground'' temperatures can be found in Appendix III: ‘

’ ‘- ‘ o . 1 . " :
. 4. The surface temperature on an ice cap can not rise above freezing.

~

-~ ‘ ¥ & -

o
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If, during the iteration to a balance, the surface temperature reachéd

(o] . .
or exceeded 0 G,, the iteration was stopped and the terms recal-

culated using a surface temperature of 0 deg C. The imbalance in
the energy budget terms was then made available for'melting.

e -
v

6:3 Comparison of Measured and Calculated Radiation Components

Ed

The measured and calcuiated daily totals of incoming sﬁort wave
ra@iatign, short wave albedo, short wave radiation absorbed at the
ground and long wave incoming are plotted in Figure 6:3. The mea-
suréd.val:ues were obtained from continuous records of short and all

wave incoming radiation, The "

measured'' albedo-is a combination ,
of /me;sured and calcdlated values as discussed in 4:5. N

C;)nsidering the/facEt that ‘thsr calculations were made from three-

hourly cloud observations there is quite reasonable agreement in the
.
short wave radiation terms.

The long wave radiation curves show greater differences parti.cu-
larly in early August 1970 and during j‘uly in'1969. "In both cases the
calculated values are lowér than the mea;;ured values. In 1970 the
difference is a combination of instrument heating éue to clear skies ;
and low wind speeds and of the existence of a stronger low level in-

version over Meighen Island than is indicated by the Isachsen upper air

sounding. In 1969, though there is the possibility of a_rcallbra.tlon prob-

.

lem with the instrument and there was almost constdant rain or snow

falling during the period, some portion of the difference is probably
also a result of underestimating the low level inversion. It appears .

that the measured values tend to be.high due to instrument problems

while the calculated values are low as a result of the ﬂdifference in

® 3 \

[}

Pt
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N

the temperatures in the lower troposphere above Isachsen and Meighen

. Island, the .correct values likely lying somewhere between the two curves.

Al

“ /
i

6:4 Errors in Ablation Measurements
T

The problems of accurate measurement of wasting of snow and' ice
: have been treated in detail by other authors (e.g., Miller and Keeler

1969 and Hubley 1954). On Meighen Island/ estimates of ablation were

s
/

‘ obtaix}jd from daily m%surements of surface lowering. In 1969 and 1970

density measurementé were made periodically but were not detailed or
/

a .

frequent enough to produce accurate walues of melting.

N

Probably the most frequent problem in snow Ymelt is the percolation
. 4 ' o
and refreezing of melt water at lower levels in the snow pack or as

superimposed ice at?the snow-ice interface. The surface in this case

.\

lowers considéral')ly faster than mass is lost. The opposite effect is

~ seen when snow or ice melts intérnally or in holes (due to albedo or

-

density differences) without significant surface lowering. These two
-effects often combine td produce sudden large Turface 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

A

considering the whole melt season. |

On Meighen Ice Cap the melt-season is not always well defined and

the temperature can drop below freezing for hourls or days during the
melt season. With continual melt and refreezing the snow pack even-
_tually bécomes coarse granular slush laced with water puddles and

streams.. If this does not havera cha{nce té drain off between below

freezing periods (as was the -case in 1969) slush may remain on the

f

i
’

. glacier in the liquid oy frozen state all summer making/ accurate ablation

/

¢
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B o J 86
measurements very difficult. This problem is also somewhat alleviated

by dedling with longer time periods. .

The major difficulty in comparing measured and calculated values

/
of melt on Meighen Ice Cap arises from the fact that 61gn1f1cant accum-

.ulation can oceur during and between melt peri . Snow falling during

the summer season 1s usually accompanied by strong winds in which-«

. -

case the precipitat'ion measured in the rain gauge is almost certainly
an underestimate of the real amount. Under these conditions the pre-

cipitation can be estimated from the surface lowering measurements

but there is no way to measure the ablation which may occur along with
or between the precipitation periods. Drifting or blowing snow may

also result in a,gain or loss in the measuring area which is nQL\re\pre-

. )
sentative of the general conditions or ,which masks concurrent ablation.
, . %% .

The effects of underestimating precipitation and ablation due to
j

high winds and drifting do not balance out over the séason and are the

.

most serious problems faced in comparing measured and calculated

melt at Main Ice on Meighen Ice Cap over short or long periods. !

4

@

6:5 Modeling Run Off.

Figure 6:5 shows the initial snow and ice profile for 1970. The
winter snow pa::k wa}; considered to be part of the ''ground'" in terms
of EBBA. This snow pack was aésumed to have a density of ‘.32 gm/
cc. On-l June it was assu/med that this snow pack was topped by.2
jcm of snow having a density of .3 gm/cc. This initial layer and sub-
sequént snow accumulation were treated as snow.in‘terms of EBBA.

If heat was available at the surface for melt the temperature of

the first 10 cm of " ground' was brought to 0 deg C and then the snow
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Bl

was allowed to mélt, followed by the snow pack and finally the glacier

ice. Melt from the snow was allowed to percoléte into the snow p/ack

Y

and was held there available for refreezing L;ntil the ‘end of the glacio-
logical day (0630 MST) at which time it becan:1e runoff. Slmiiarly‘ melt
ffom the snow pack or glacier ice was available for refreezing until L
the end of the glaciological day. At the end o:f each day hdlf the m;alt |

b

wdter still available was allowed to run off. The remaining ha}f was
' stored in the snow pack or on the glacier and could be refrozen the
following day. Half of this stored melt was allowed to run off each
following day, unless refreezing took place. When the Stored runoff
became less than 1 cm it was all allowed to run off. If the depth of
the snow and snow pack was gréater than 10 cm or the temperature

was below -1°C any rain which fell was also held in the " ground' avail-

able for freezing. /

If there was runoff from the snow pack or glacier ice the ''ground"

—

levels were adjusted so that the first level was still 10 cm, below the

3

surface. If snow pack was still present the conductivity and specific

©

heat profiles were adjusted to account for the relative upward move-,
ment of the snow-ice interface. The temperature in the interface layer
was adjusted to compensate for the change in heat content due to the

change in specific heat.

B ) t - ,/
6:6 Comparison of Measured and Calculated Melt -

Daily values of measured and calculated melt for the six years are

shown in Figure 6:6. The measured values of ablation were not
R : ‘

adjusted for precjpitation as the accuracy of the precipitation measure-
ments was too variable. Instead, days on.which precipitation or accum-
> ;’J

/

a 7 ' |
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" melt regime of the various years. /

'lowered more than 20 cm. During July and early Augu

88

'

ulation was recorded have k/)een indicated below thg plot. During pel"iods

"of precipitation the calculated lévgl of the ﬁjrface i S giver; for snow of o

AN
density .3 gm/cc and for snow of density .1 gm/cc.

Y
As discussed in 6:4 measured values of ablation tend to show much
sharper variations than thé heat available.for melt would indicate, e

to percolation refreezing and di;iﬁ'e'ntial melting. On many octasiofs

‘when net accumulation was observed the calculatgd values Suggelst there

was also significant ablation. All the important differences bhetween the

r

measured and calculated values of)\fnelt can be explained in terms|of

the problems involved in measuring total daily melt. <

The plots of surface hlé‘ight emphasize ﬂt‘he charatteristics‘gf the
o . . ‘.
6: 6.1 1970
1% 1970 accumulation in form of hard packed snow dominated in June,
The most significant melt took place t->efore the end of July, and by mid- -
Aug;zst accumulation in the~ form of light new.snow had taken over. Th;,,
measured and calculated plots' of surface level show good agreement all

P
£

geason. !

6: 622 1969 : : : S
ABlation began early in 1969 and by the end of Juné the surface ‘had

ation contin-

o

geason accumulation period due to the difficulties in obtaining representa- v
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.r tive daily values of 4Gtal abldtion, and to the p.‘é'oblems of, percolation . . \

and refreezing of melt water in the slush and of t&le“ formation of large

N 13

puddles and slush streams in the sampling area. Once ablation takes

b :
over in August there is good agreement between measured and 'calculated
i . . \

melt. . . .. R

« 9 q n
IS R . ) .

6: 6.3 1968 . C - y

* il

,..> A period of measured accumulation in late June did not show up in
A ' /

t}ie'precipitation measurements.’ Ther‘e“v“vas little \cﬂange in the measured
surface level until early July though the calculations indicatée‘melt had-
begun, During the first 15 days of July the surface lowered sharply as

a result of melt which-had begun in late June. This was followed by -

2 / ¢ T e »

i
20 days when both ablation and accumulation were almost .zero. In late

4 3

August melt began again, but accumyulation of new snow more than com-
. - o '
pensated for the loss. Precipitation was considerably underestimated ,

in 1968, but the general characteristics -of the measured and calculated’ .
curves coincide. ' _ ‘ " !
/ : : . \ . ‘

v

. 6: 6.4 1962 : ) - o

Melt began early in 1962 and continued througﬁout the seasLna Glacier

<

; ‘ - ice was reached in early July. The measured and calculated curves’
agree well during the melt season. In late August significant’accumu-

( T
lations were measu}'éd, but these did not show up in the precipitation _-

measurements. During this period,the calculated values of ablation
may be too high as the measur;d precipitation was not sufficient ‘to cover

the ice surface interms of the model, and thus the calculated albedo

—

. was quite possibly too low. : \ ‘ v ’
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6:'6.5 1961 . , )

r 4 a

During the middle -of the season, when ablation dominates, the mea-

Ad .

sured and calcgulated surface levels agree well. Glacier ice was reached

~

» R ’ . ‘
in late July. -Considerdble amounts f accumulation were recorded at the
beginning and end of the. season in 1961, but these were accompanied by .

’ o A Lo g

unusually strong winds (see. Figure 2:4a) and do not show up in the pre- -

“ 4

cipitation measurements. As in 1962, the calculated ablation values late
\ S
in the season may be too high dué to an underestimate of surface albedo.
. - N

\ .
. ~

- - °

.-
. 4 . /

6: 6.6 1960 . . .

In 1960 melt began early and continued until the end of August. Glacier
r . . ) e - w, ‘?;-Jl

e

hey

ice was reached 'in rnid-July.° The weekly measurements of surface A
P - EEN ‘:!‘x/
: ' , - &
lowering show the same slope ascthe calculatéd ablation curve. There - Ny
4 o - = L. - ’
appears to have beén little accumulation during the summer season-of
- r
~ - ot v .
1%60 - ' _ ® 12 ! /’» “
L /z} . i - -
, - ) . S .

=}
. / . .

" The calculated values of melt appear to be coﬁsisten§ with the mea-

! . - w“l . ° ’ N
sured ablation for periods when ablation dominates, and in most cases - .

° \ e

. . : 0
the calculated values are a betfer estimate of total daily mflt than cans |
' v - o . ~ fex s
be obtained from surface lowering and pregipitatioﬁ measurement, ‘5 .
6: 7 Calculated Surface Temperature -~ ) "

“+

Figure 6: 7 of mean daily surface and screen temperature shows

hd — ¥

that until the screen temperature rises above freezing it is conéiétentlgr

o < A}
lower than the surface temperature (i.e., there is an inversion in the

&

first, meters). The estimates of net long wave radiation made’ using.

»

- screen température (Chapter 4) will thus always be too positive. In- -

o - ° .
2 \\ - -
- ' " " o
'

. e,
.

ol




- fact, positive net long wave balances are not very co
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APPENDIX I

. . . |
Clear sky short and long wave incoming radiation were calculated -

for the time of the spot measurements of these terms. The calculated /
; .. .
clear sky values. are compared here with the spot rmeasurements for the
/ . .
few cases of almost clear skjes experienced at Main Ice. N

<

S

Table A: 1 .

7

i

—————— i - - P PO - P N T m————
a -

-
t
[

‘Clear Sky Short an’d/Lohg Wave Incoming Radiation

e A i et s a4 % - hd - ——

Solar Absorbed - Long Wave Incoming
Date: Hr Calculated Measured - Calculated Measured
10/8: 14 .570 .577 ' .365 " a35
10/8: 08" . 471 . 474" 366 .315
10/8: 05 . 284 . 253 " 367 .317"
9/8: 20 - . 200 . 205 .359 . 376
9/8;: 05 . .273 275 -« 359 ;364
20/7: 20 - .332 - .353 T .360 . 420
, . ST T
N N —~ - ) {
- . ’

N - ’ A - ' -
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g " APPENDIX II

X

The formulation for the calculatign of cloud top albedo was amended

on the basis of Main Ice insolation mefasurements. For fog the albedo

was calculated as a function of screen|temperature and solar angle, and
/ .

for ¢loud as a function of screen temp rature, splar angle, cloud thick-

~ -

ness and cloud top temperature. The tloud top albedo was not allowed

v
e e

to become greater than 80% or less than 5%.

.Calc ulated. and measured

o / .
values_of insolation for overcast skies withfog only and cloud only are

compared- in the figures.

Y

",

0ER
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APPENDIX III

The number of " ground" layers was increased from 12 to 20 but

this extended calculations only to 400 c1:n. " It canbe seen from the ten-
day plots of temperature in the i;:e tl;at the penetratior; of the annual
cycle is at lea'st 800 cm. To compensate for the halving of the pene-
tration depth, the conductiviiy was also divided ‘by two. The plot of
measured and calculated temperature from 1970 shows that the match
is f'xot very s;atis}‘fact?iory but results in only 12? .cal underestimate of \
the flux into the ground ovéX the whole season. This amounts to 1.4

—

cal/day and is not very significant in comparison to the other terms.
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