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Figure 1. 
Frontispiece 

:WCATION HAP. 

The positions of Alert arrl Eureka are ind.icated on the 
inset map of Arctic North America by initials • 

Land-ice areas are stippled. 

Key to locations on the main ma.p: 

1. John's Island. 
2. Henrietta Nesmith Glacier. 
3. Gilma.n Glacier. 
4o Ruggles River. 
5· Discovery Harbour. 
6. Fort Conger. 
7• Floeberg Beach. 
8. Chandler Fiord. 
9. Thank God Harbour, Polaris Bay. 
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She told me that in the · "Arctic Regions", as they call 
sorne places a long ·way north, where the Great Bear lies a.ll 
across the heavens, and no sun is up, for whole months at a 
time, and yet where people will go exploring, out of pure 
contradiction; and for the sake of novelty, and love of 
bein.., frozen .;.. · that here they al ways had such winters as wa 
were having now. It never censed to freeze, she said; and 
it never cea.sed to snou;. except vmerl it was too cold; and 
then, all the air uas choked with glittering spikes; and a 
man's skin might come off him, before he could ask the 
reason. Nevertheless the people there (although the snow 
was fif'ty feet deep, and all their breath fell behind them 
frozen, like a log of wood dropped from their shoulders), 
yet they managed to get along, and make the time of the 
year to each other, by a little cleverness. 

R. D. Blackmore, Lorna Doone. 

i 
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PREFACE 

This is the first of two studies of the weather and climate of the Lake 

Hazen area. The basie for the work is the records of surface weather which 

were collected there between August 1957 and August 1958 as part or the 

Canadian International Geophysical Year Expedition to the area. The present 

account considera these observations and their implications. It is hoped to 

follow it with a study or the synoptic climatology or Northern Ellesmere 

during the sa.me period, and to complete the work wi th a local rorecast study 

of the Lake Hazen areas In this first part synoptic conditions are discussed 

only by implication; no synoptic ma.p appears in the report and none were bsed 

in its preparation. To this extent, therefore, eome of the conclusions drawn 

from the observations are liable to be modified later When synoptic conditions 

have been taken into consideration; this later study is the only justification 

for their present omission. Certain aspects of the climate, in particular 

the magnitude and importance of the diurnal fluctuation, receive little 

attention here but are being analysed by J. Me Powell as part or his study 

of the bioclimatology and plant ecology of the area. 

Unlike similar reports from many other expeditions, the actual observa­

tions are not reproduced here. Instead the various elements have been analysed 

separately to bring out what appeared to the writer to be the most significant 

features. In this respect frequent comparisons have been made with conditions 

at Alert and Eureka during the same period. Those requiring the actual record 
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lfi.ll !ind it on microfilm at the Canadian Meteorological Branch in Toronto. 

First among the acknowledgments must be mw thanks to the De!ence Research 

Board of Canada, sponsors of the expedition, for enabling me to take pllrt in 

tmch a happy and rewarding enterprise. I am gra teful to Dr. H. Applei!l4!l, 

Dr. G. Ha.ttersley-8mith and the McGraw-Hill Book Co. Inc. for permission to 

reproduce Figs. 24 13 , and 4 respecti valy. The Meteorological Branch 

have given much assis~ance, particularly by the provision of the synoptic data 

!rom Al.ert and Eureka. I acknowledge with tha.nks the advice of Mr. B. Sagar, 

wh ose study of _ glacial-meteorological conditions on the Gilman Glacier will 

appear shortly. Miss Mona Macfarlane and Miss Cynthia Wilson contributed 
. . 

advice on statistical technique. My thanks al3o go to Mrs. B. Knill and Miss 

Pamela Russell for their care in the final typing and the re-drawing of the 

illustrations respective~. Miss Nora Corley, Librarian of the Arctic 

Instituts of North America ~ave much assistance in tracing copies of sorne of 

the references in Chapter I. My debt to Dr. Svenn Orvig of McGill University 

at all stages of this uork has been very great. 

My g~a~es~ debt of th~1ks, however, is to my three colleagues, c. R. 

Harington, J. M. Powell and D. I. Smith who, with myself, were responsible 

!or collecting the observationa~ data at Lake Hazen. The care which they 

devoted to this work has made the task of analysis much easier; I can orùy 

trust that this report justifies their efforts. 

C • I. J. 



CHAPTER I 

PREVIOUS METEOROLOGICAL RECORDS FROM THE VICINITY 

OF NORTHERN ELLESMERE ISLAND 

Until the last decade or so, scientitic material concerning the Queen 

Elizabeth Islands has been derived almost entirely from the work of 

expeditions. Same of these, it is true, went to the area only in attempts 

to discover new lands, to traverse the mythical "open polar sea", or to 

reach the North Pole itself, but several expeditions aleo made careful 

and detailed scientitic observations. At leaet two sucb meteorological 

records are still of interest and value in the study ot the climate ot 

the northern part of Ellesmere Island. 

The credit for the discovery of Ellesmere Island in the modern era is 

usually given to William Baf.f'in and his ship the "Discovery" wbich, in 

1616g reached the southern end ot Smith Sound in latitude 770 22 1 N. and 

then went on to discover Lancaster and Jones Sounds further south. This 

ama.zing voyage, in a ship of only 55 tons; wae not repeated until 1818, 

when Cdr. John Ross followed a similar route with H.M. S. "Isabella" and 

"Alex.ander11 •
1 

1 
Much of the material in thi s chapter is based on Taylor1e memoir 

1 

on "GeograRhical Discovery ~Exploration!.!!~ gueen Elizabeth Islands." (52) 
which, ,as with his account of the physical geography of the area, contains 
an excellent bibliograph7. References to the meteorological literature 
are based on a study or the works ci tedo The si tes ot somè or the bases 
and winter quartera will be round on the Location Map, Fig.l. 
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Meanwhile Baffin'• claims to discovery had become generally discredited; 
- . 

Bar.ring\on's map (5), With its inscription "Baffin1s Bay, according to 
. . . . 

the relation of w. B~fin in 1616, but not now believed", actually appeared 

while Ross wae at sea. 

For the most of the nineteenth century, interest in wh.at was to 

became the Canadian Arctic focussed primarily on the search for the 
. . . . 

Nor~hwe•t Pa••age,_both directly and aleo indirect1y through the Franklin 

Search expedition!!!. Sustained interest in Ellesmere Island did not come 

until attemptm to reach the North Pole succeeded the quest for the Passage. 

Parry and Franklin both used Lancaster Sound a. their route into the 

islands. Of the many relief expeditions sent in search of Franklin, which 

cofol~ributed so much . to . geographical knowledge, only two ventured into Smith 

Sound. Commander E. A. Inglefield reached a latitude of 78° 21 1 N. in 

A~~s~ 1852, but then immediately returned south and passed into Lancaster 

Sound. Much more important was the expedition sent by the United State21 . . 

Navy under the command of Dr. E. K. Kane, 1853-55. Kane believed that 

Fr~klin hC:d_ turned northwards up Wellington Channel on the west sid.e of 

"Devon rsland, and had become trapped by ice in the polar seao Kane •a 

belief that the Smith Sound route would lead to this open polar sea was 
. . 

incorrect, but his small party of eighteen men not only opened up what 

Peary later termed "the American route to the Pole" but und.ertook a series 

of d.etailed scientific observations for a considerable period after the 

"Advance11 became frozen in the ice of Van Rensselaer Bay, Greerùand, at the 
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northern end of Smith Sound, 78° 37 1 N. 
0 

70 53 1 W. Al though Taylor quetes 

Kane as saying that "the re never was, and I trust never will be, a party 

worse armed for the encounter of a second -Arctic winter"
1 

they were wel1 

provided with scientific equipnent. The disc~sion of the record which was 

published later by the Smithsonian Institution (37) remarked that the party 

possessed thirty-six mercurial thermometers from the National Observatocy 
- -

~n Wa~hington, together With four maximum and four minimum thermometers and 

no fewer than two do zen ~piri t thermometers, including two standards wi th 

registers 36 inches long. Although these thermometers were not so accurate 

as those of to~, pa.rticularly at low temperatures, this was recognised 

at the time and considerable care was talœn to correct the errors. Even in 

~re_ recent times, the thermometers used in the Antarctic at Little America lli 

in 1940 were auch that temperatures could not be measured more accurately 

than to Wi thin 2° F. (23) 

The admiration which may be felt for the hourly record of temperature 

ao fa.i thf'ully ma.inta.ined from September 1853 until Janua.ry 1855 can be 

extended to the wind record also, although here no anemometer was available 

and wind speed was estimated according to a scale simi1ar to the Beaufort 

scale. Pressure was also measured, and notes made of precipitation type 

1 
He could not see into the futùre and contemplate the horrors of 

Graely's third Winter at Cape Sabine. 



and amount, together with incidental details ot auch teatures as optical 

phenomena and the strength of light during the winter. 

As the meteorological records of the expedition are fairly easy of 

access, in the Contributions to Knowledge of the Smithsonian Institution, 

only a short abetract is presented here. It should be noted that Taylor' s 

remark (52, p.58) that after August, 1854, "Ka~e's èXpedition lost all con­

nection with science and exploration and devoted ail its efforts to the 

struggle for survival11 is not true of the meteoro1ogical programme which 

continued untU January 1855.. It is also important to note that although 

Schott (who was responsib1e for the analysis of the resulta) discussed the 

records in the beliet that wind directions bad been reterred to Magnetic 

North, he later discovered that they were taken in the True directions. As 

True North is approximately East-Southeast Magnetic, this has a considerable 

affect on the records. 

Table I 

Mean Month1y Temperatures at Van Rensselaer Harbour 
78° 37 1 N., 700 53 1 W. (Of.) 

1S53 Sept. 
Oct. 
Nov. 
Dec. 

1854 Jan. 
Feb. 
!..far. 
Apr. 
May 
Jun. 

17.16 
L62 

- 22.39 
- 25.46 
- 29.21 
- 32.65 
- 36.79 
- 7 .. 69 

13.45 
30.12 

1854 J1y. 
Aug. 
Sep. 
Oct. 
Nov~ 
Dac. 

1855 Jan. 
Fe b. 
Mar.* 
Apr.* 

)8.19 
31.82 

9.74 
- S.7S 
- 21.52 
- ,6.79 
- 27.23 
- 20.22 
- .32.98 
- 1.3.01 

* taken at sea after leaving Van Rensse1aer Harbour 

4 



Schott summed up the wind records in the worda "The calma greatly 

~redominate, there being during the year more hours of calm (5063) than 

of wind from ~ direction {3697) - a circumstance quite characteristic 

of the locality." (37) 

The next expedition to the area was that led by Dr. Israel Hayes in 

1860-61. Its purposes were not, however, to join in the search for 

Franklin but, in the words of the foreword to the scientific results of 

the expedition {33) were 

to extend the exploration of Dr. Kane towards the north and to make 
auch observations or a scientific character as "might tend"to 
increasë the ëXisting knowledge of the Physical Geography, 
Meteor61ogy and Natural History of the region within the Arctic 
Circle~ incluàing the coasts and islands on either _sida of Smith's 
Straits". {p.viii) _ 

Behind this lay Hayes' intention to prove the existence of the 
- . 

o~n polar sea. Like Kane•s expedition, their ship "United States"' 

wintered on the west coast of Greenland at Port Foullœ in latitude 

78° 18' N., 73° od_w ., . "twenty miles south of the latitude of 

Rensselaer Harbour ••••• and distant from it by the coast line about 
- . . 

fifty-five statute miles." {33, P• viii) 

Like Ka ne also, Hayes: ensured that a de tai led programme of 

meteorological observations were carried out at Port Foulke9 and the 

resulta were again discussed by Co A. Schott in the Smithsonian 
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Contributions to Knowledgeo The principal feature whiah emerged from a 

comparison of the two records was the much greater mildness of Port 

Fm.ùkeo One might at first be tempted to attribute this merely to the 

vagaries of weather from year to year, but Schottvs explanation seems both 

reasonable and significantg 

Wwrhe locality may be said to be.l! climato1ogically, an anomalous one, 
as it is fully under the immediate influence of the upper north water 
and the smaller water areas of Smith Straito The sea, here, does not 
freeze over entirely during the winter, but presents large patches of 
open water Which ·exercise a powerful influence over the climate-of 
this regiono Dro Hayes remarked that during the winter of 1~1, 
the open sèà . céùld always be found a few miles to the westward of his 
anchorageoooooo~ This contrast in climate cannot be better 
illustrated than by stating the fact of · the · temperature 
slmultaneously recorded on March 18, 19, 20, 21 1861 at Port Foulke 
and.~~ '! ~. Renss~la~r ~bour, then revis:ttes by Dr.. Hayes, at the 
former place it was 924o7 and the latter ~50o7 as observed Q1 
himeo.., o o • o Jt (33 .Sl Po167) 

Schott was correct in terming this the upper north water, although 

the existence and exact location of this relatively ice-free area later 

became confusedo Dunbar (26.9 ppo5M) pointed out that the "north water" 

was sometimes referred to in the li terature as existing in the northern 

part of Baf~in Bay, and at other times as being in the southern part of 

Smith Sound. It was in the latter area that Hayes encountered it.l! as did 

the present author during the Lake Hazen expedition. Flying across Smith 

Sound towards Bache Peninsula in 1ate May 1958, the author observed that 

the sea was practically clear o~ ice over an area of many square miles, 

With only an occasional iceberg. This was a year which was bad for 

navigation along the Smith Sound route and, when the Lake Hazen party 

6 



returned south on board the u.s.s. "Atka" the following August, 

considerable difficulty was experienced in brealdng through drift ice in 

the same general area. 

The scientific equipment of the Hayes expedition was similar to tbat . . 

taken by Dr. Kane. The expedition carried about two dozen thermometers of 

diffe~~~~ _ld.nds and ace or ding to Schott: 

~ ~.; ~ Ïlear the (magne tic) observa tozj. a . sùi table shel ter was also 
erected for the .thérmorneters. These.~.~~ •• were mostly filled with 
spirits of wine..... (and) were observed~ Wi th the other ·instruments, 
each hour during the vmole twenty-four every seventh day, and three 
tiinës a day in the interval. In addition to the se observations the 
temperature wàs noted èvery second hour by a thermometer suspended 
from a pole on the ice."' (33) 

Table II 
Mean Temperature Port Foulke 78° 18' N., 73° 00 1 W. 1860-61 

(Of.) 

1860 Sep~ 
Oct~ 
Nov~ 
Dec~ 

1861Jan~ 
Feb~ 
Mar~ 
Apr. 
May 
Jun~ 
Jly~ 
Aug. 

I.oWest · temp9rature - L.5.4, January 251 highest temperature+ 61.0, 
JuJ,y 5. The ""United States" rëached .t'ort Foulke on September 3 
1860 ànd-broke free on July 14z Schott used the figures taken on 
board, duly corrected, to assist in estimating the means for 
July and August. 

7 



Spririg 
sùriJriler 
Autüniil 
Win ter 
Year 

Table m 
Seasonal Mean Temperatures 

Port ·Fo~lœ · 
78° 18' N._73 oo• w. 

- 3~19 
( + 36~82) 

- ll~Ol 
- 21~22 
+ 5.86 

v~ Renssëlaer Harbour 
78 31' N.~ 70° 53' W. 

- 10~59 
+33~38 
-- 4~03 
--28~59 
-2.46 

Sehott says that northeast winds were observed 47 per cent of the 

time, calms 27 _per cent, southw~st w:i.nds 17 per cent and winds fran other 

directions averaged lt per cent. 

The first expedition to winter in the appro:x:imate la ti tude of Lake 

Hazen was the expedition in the steamer "Polaris" 1871 - 3• This was . . . 

organised br c. F. Hall in an attempt to reach the North Pole. The 

expedition met with little but misfortune. Hall himself died of apoplexy 

8 

soon after arriving at the Winter quartera in ~hank God ~bour, Polaris 

Bay, _on the west coast of Greenland, 81° 36• N., 62:
0 

15' W., and the ship 

~as nipped by the ice and eventually had to be abandoned close to the si tes 

of the Kane and Hayes expeditions' winter qua.rters the following year. 

Like these other expeditions, however, the party at Polaris Bay made 

detailed scientific observations and a similar abstract of temperature is 

presented in Table IV. 



Table IV 
Temperatures at Polaris Bay, Gr•enland 81° 36' N., 62.0 1.5' w. 

1871 .:.. 2 
(e>r.) 

1860 Sep~ 
Oct~ 
Nov~ 

· Dec~ 
1861 Jan~ 

Feb~ 
lfar~ 
Apr. 
May. 
Jun~ 
Jly~ 
Aug. 

Max. 

31~0 
16~0 
1.5~1 
1.5~6 
4~4 
6~8 
4~6 
19~6 
32~6 
48~6 
.53~0 
.52.4 

Min. 

-23~2.5 
..; 1~37 

-- 8~6.5 
..; 1.5. 79 
..; 22~23 
... 23~28 
--23J+7 
- 7~77 
16~81 
36~ 
39~58 
3.5o91 

The wind record obtai.nad by a.nemometric measu.rements, instead of by 

estimation, showed an interesting prep~ncJ.rance of winds from the 

directions between north and northeast. 1 

The records cti.scussed in the accounts of these expeditions, while 

intsresting and also valuable to a .limited extent, are from areas to the 

south of northern Ellesmere Island, or fram the Greenland coast, or both. 

1 
The scientific nsults of this •xped:i. tion (6) are as interesting 

and rewarding of stuctr as those from the earlier expeditions. The Arctic 
Bibliography reference (53, entry 18,388), which lists a coP,y in the 
Hydrographie Office of the U.S. Navy, is apparently incorrect. With the 
help of the Librarian of the Arctic Institute of North America, however, 
a copy was eventually found in the library of Dartmouth College, Hanover, 
N.H. This, unlike the copy in the Library of Congress, is available for 
loan. 

9 
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However the two expeditions which followed them up the Smith Sound route, 

the British AdmiraJ. ty e:Jqe di tian under Nares and the American Polar Year 

expedition (also known as the Lacy Franldin Bay expedition) led by Greely, 

bath wintered on the Ellesmere coast north of 80° latitude, and the records 

from the "Discoverf and from Fort Conger are of considerable relevance to the 

consideration of the climate at Lake Hazen. 

The purpose of the Na~~ - ~~pedition was clearly set out ~~ _hi:-s sailing 

orders by the AdmiraJ.ty: "•• ••• the scope and primary abject ••• •• should . . . 

be .~o at~n the highest northern latitude, and, if possible, to re~~h 1?he 

North Pole, and from winter quartera to explore the adjacent coastaooo .. " 
.. . .. 

(46, p.xi) The quest for the Pole was aU-important, and i t is not 

therefore surprising that the greater part of Nares' account (46) was 

devoted to the exploration from H.M.S. "Alert", which wintered _at Floeberg 

Beach, not far from the present site of Alert weather station. Nares' 

second ship, the 11Discovery11 had.ll however, been left behind in Lady 

Franklin Bay (Dise avery Harbour), in case the "Alert11 was nipped by the 

ice in her adventurous journey northwarœ • This was a wise precaution, as 

even to~ icebreakers rarely attempt to reach Alert through Robeson 

Channel, b~t it did relegate the "Discover,y" to a minor role in the 
~ ··· · . ... .-. .. ~-'·' ·- '1~ . .-.... - .. ..... . -· .... 

expedition. This was keenly felt at the time by the crew, and compared to 

t}le ccm.siderable _literature concerning the 11Alert", the only comprehensive 

a?ccmnt of the e~ents in Discovery Harbour is contained in Captain 

Stephenson•s log, sent to Nares on the "Alert" as opportunity arase, and 
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la ter printed in the volume (LVI) of the Parliamentary pa pers of 1877 (30) devoted 
"1 

to the expedition. 

The montlüy means and extremes from Discovery Harbour are collected in 

N~s' account (46 pp. 354-5) and are reproduced here, with the data from the 

"Alert" Floeberg Beach as a comparison. 

Table V 

Temperature at Discovery Hargour 81° 45'
0

No:l. 65° W.o 
. and Floeberg Beach(§j 25' N., 61 3U' W • 

Aug~ 1875-6 
Sep~ 1875 
Oct~ 
Nov~ 
Dec~ 
Jan~ 1876 
Feb~ 
Mar~ 
Apr. 
May " 
Jun~ 
JJ.y. 

Diséovery Harbour 
Max.-· Min •. 
41~0 26~0 
4;-;o - 2~4 
21~5 ... 39~0 
"19;0 - 46~0 

.. 26~0 ~ 54.0 
- 13~0 - 6)~0 
+2~o .... 62;o 
-8~0 ... 70~8 
+13;0 • 42;5 
33;6 - 20~5 
41;o +16~5 
46o3 29e6 

. ) . 

Mean 
32.~72 

- 18~5 
~ 9~8 
~ 18~ 
.;.; 24~5 
.» 40~6 
cS 35~0 
;,:, 37 ~ 
-17~3 
+ 10~0 
32~5 
37·2. 

- F1oeberg ·Beach 
Max. . Min. · 
44~0 24~5 
36~5 - 0~2 
21~2: .:. 32~2. 
23;0 ~ 45~7 
35~0 g 46~3 
8~5 .,;; 59;2: 

- 2~0 .. 66~5 
~ 8~0 ... 73~8 

-t-15~0 ... 46~5 
3~5 ... ~9 
44~0 1" 18~2 
50.0 29.0 

Mean · 
31~9 
-15~6 

-- 5;0 
.;. 16~8 
•2~1 
_. 32o9 

·~8è0 
··., 39.8 
- 18.0 
+ll~ 

32;5 
38.4 

_14any s_~gnificant remarks 9 _however.!) were made by Stephenson in his log 

and are worth quoting verbatim. Nares noted in his account that "af'ter the 

2oth August the: tempera~ure of the air remained steadily below freezing point 

for the ~nter."' (46 PP• 115-6) The two ships reached Discovery Harbour on 

the 25th, and Stephenson continued in his 1ogg 

1 
A shorter note9 also by Stephenson, ap~ared in the Proceedings of 

the ~oyal Geograph:i.cal Society lll~ 1876o 



14. The thermometer stand has been landed and erected five reet from the 
ground. The meteorological records that are regularly taken and registered 
just before midnight by Dr. Belgrave Ninnis (the surgeon) will add much to 
the store of kno>rledge gained by this link of the expedition. (30 p.46.) 

18. The ·~veather during September has been decidedly warm and muggy on 
the 1rlh.ole, particularly to those who have had manual labour to perfo:rm, 
but singularly devoid of sunshine - so ~loamy that we have been unahle to 
obtain r.ny (solr.r) observations. (p.46.) 

October 1875 

39. The 1:1eather during October has been fine, but the temperature very 
v.".ril'..ble. ~;e have experienced no •dnds to speak of. The ad,ioining hills 
and opposite coast of Grinnell Land have been observed quite free of snow, 
which indicate they have been visited by the usual autumn gales. (p.47) 

!rovember 1875 

46. November has been decidedly a dark and gloomy month1 •••••• There 
has been no \'rind to speak of. ( p.42) 

54. The temperature has been very variable throughout the month, at times 
almost Narm enough to dispense i·ri th fires; the l-Jarmest day was the 9th, 

19° • " • .. {p. 48) 

December 1875 

60, December has been very dark, hazy and thick. The moon rose on the 
6th and set on the 20th, appearing like a great grease spot nearly the 
-v;hole of that duration. On tuo days only uere lunar distances obtained. 
The hazy state of the weather and the intense cold during the latter 
part preventing other observations. On the 4th we experienced a gale 
from the S. :.J. ( true) lasting from 1 a, m. to 6 a. m. Tempera ture 26°, 
and on the 7th it 1.1as very squr,lly from the easbrc~.rd, temperature -5°, 
accompanied on both occasions by a deal of snow drift. These are the 
stronges t breezes ·,Je have ;ret experienced, but they were by no means 
cold. (p. 4f~) 

69. 'l'he mercury 1-la.S frozen bet1.·reen the 19th and 28th inclusive (p.49) 

1 
Stephenson meant this as a meteorological rernark; it -vms not 

prompted solely by the absence of the sun. 

12 



January 1876 

73o The month of Janua.ry has been remarkably fine and clear, 
intensely cold but no windo o oo o At noon on the 28th we were able to · 
rëâd on the floe a few lines from the leading article of the "Times". 
(p.SO) 

Februa.ry 1876 

83• The month of February haà been rather gloo:myj owing to the 
increased daylight and no sun. (p.51) 

ac;.·· On the 4thjl d:uring the middle watchjj a gale sprung up from the 
N.Eo.!l with a falling bar6meter9 the wind veering all round the 
compass in hea:vy squalls. The atmosphere was so la den wi th snow ch'ift; 
that the observations of the declinometer were discontinued for Î time$ 
beirig unable to get out of the ship during the most of the ~~ 
It lasted with more or less violence till the night of the 5th, when it 
bleiR itsèlf out in fitrul gusts.9 leaving the ' atmos}ilere very thick.? 
over~as~ ari.d. ' t.né 'bills qui te barz:en of snow. This was ~ regul~ · 
arctic galea .. oooo The temperature varying between = 12 and+ 2?. 
Even the dogs looked miserable o The se ars the only two days during 
the winter we have been prevented by the weather from morning 
~~pee~<?~ - ~~_prayers outside the ship .. ~p.Sl) 

96. .. ......... The temperature was = 30°~ It is difficlilt to make 
the· men understand that though the sun is about to return i t is not 
warm enough to go outside in their shirt sleeves at presenta 

March 1876 

106. March was ushered in with a bright suns but severe coldo Between 
the lst and the 14th the mean temperature was - 49°.? and just bef ore 
midnight of the 3rd the minimum shawed ... 70o5° ~ I believe the 
coldest ever recordedo2 (po52) 

1 
Drifting and bloWing snow seem to occur at lower windapeeds than in 

morè · southerly' la ti tudes .\l because of the fine .\l powdery composition of the 
sn01f .• · Experience at Lake Hazen showed that dri.fting usually occurred 
whériever the wind rose to four or five milés ·an hour, and blowing snow· was 
usually recorded at wind speeds above 10 m.p.h. 

-
2 It was on March 3rd that Nares recorded ~ 73.75° F. at Floeberg Beach. 
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108. The officers have taken daily long walks in search of gameoooo•• 
In' samë"iristances 26 miles have been accomplished, with the temperature 
- 52° ••••• 

121. From our weil sheltered position I àm uriable to give an;r opinion 
of the prevailing winds during the winter. (po53o) 

May 1876 

30. From our arrival (at Polaris Bay, Greerù.and, on foot) on the 
12th to 'the 15th we experienced a hea,Y blow from the northwardo 
on the 16th the barometer fell from 30e30 to 29o76, accom.pailied by a 
whol:e· gale ·from the · same direction wi th a deal of snowdrift.9 confini.ng 
us all to our tents. 

June 1876 

7~ W"e have ej;perienced du.ririg the latter part of llay and the beginning 
or June Wc.'lrè. · muggy weather, l'li th a continued fall of snow which has 
~wed rapi<D.y. (p.~8) 

9o Oil the 8th insto a stream of water about nine feet broad was 
observed for the first time running down the ravine abreast of the 
ship. (p.58) 

July 1876. 

24. On the 5th and 7th instant we bad lieavy falls of rain, the 
first since our arrival in this harbour. 

In hie account to the Royal. Geographical. Society (51) Stephenson 

observed that •I consider the w:tnter by far the most agreeable part of the 

who~e period spent in the Arctic • . For 109 days out of the 135, we had the 

stars shining brightly at mid-day. The ship was very warm and comi'ortable.• 

Considering the record above and in Nares' account, and the 

temperature means and extremes in Table IV 9 t.he general pic ture o.f' the 

cllmate is one in which winter was very cold, judged merely' by temperature. 
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I~ effocts woro, however1 amoliorated by ths light winds which woro usual. 

Occasional gales wore always possible and wero always accompanied by a steop ri~• 

in tempsraturo. Summer~ the melt-soason, cama abruptly, but was not parti­

cularly warm, there being a considarable amount of cloud. Precipitation 

throughout tho year was light and li ttlo rain was recorda d. It is significant 

that this sumrn.ary may be applied in practically ovory detail to tho d&scription 

of weathor at Lake H&zon in 1957-:58. The only major cti.fference egrging from 

Stephenson's log is that the early part of the wintor was much moro clou~ and 

"muggy". than the clear and crisp con di. tions at Lake Hazon from m:id-October 

onwards. 

Fi ve years or so after the Naros expe di. ti on, tho Laey Franklin Bay 

Expedition led by Greely set up its First Polar Year station in Discovery . . 

H~rb?ur, naming its base Fort Congf!r. Tho story of the expedition, as told 

in Greely's account "Three Yoars of Arctic Service" (32) is one of tho most 
. . . - o.-;.a.-----

horoic storios of polar exploration and misfortune ever writteno 

Tho accompanying summar.y of moteorological observations is takon from 

Groely'• account. Tho complete metoorological records~ together With other 

resulta of a vor,r comprehensive scientific programme wore published 

soparatoly (31). In tho latter work tho hoights abovo soa-level of tho 

instruments are rocordad. Tho morcury baromotor usod for most of tho 

press~• observations was 24.2 foot above sea-lovol and a constant correction 

of 0.030 inchos was appliod to all roadings to givo tho soa-lovol pressure . .. '. . . 

The thermometors woro exposod in an in3trument Sholter 

and wero 34.4 ft. above mean sea-levol and 5 feet above tho ground. 
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Like Stephenson on the "Discovery", Greely made pertinent meteorologicaJ. 

remarks in his journal and in "Three Years of Arctic Service" and a 
. - . 

selection of these follaw, all taken from the latter accotmt. 

August, 1881 
September 
October 
November 
December 
January, 1882 
February 
Jlarch 
April 
1lay 
June 
July 
August 
September 
October 
November 
December 
January 1883 
February 
Mar ch 
April 
May 
Jtme 
July 

Table VI 

Temperatures at Fort Conger 1881-3 
(The location is practically identixal 
Wi th Discovery Harbour, Table V) ('1') 

Ma.Xo Mino 
45~9 - 15~6 
30~0 ~ 10~4 
- 9~0 .,;; 31~1 

-- 3~0 .. 43~0 
- -10~0 ~ 52~2 
-- 9~5 ~ 5~~2 
--10~0 - 62~1 
- 7~0 '· .a 46~8 
+13~9 - 42~1 
35~8 + '1~1 
53~0 12~7 
50~3 30~0 
47~8 22~8 
27~ - Oô7 

-14~0 A 23~5 
- 1~ - 46~0 
-+ 5~5 - 43~9 
- -18~0 ~ 50~6 
- 5~0 ~ 56~5 

;. 20~0 - 49~1 
6~6 ~ 37~3 

'32~3 - 13~0 
39;6 22~7 
52.4 28.8 

Meano 
33~3 
-10o9 

-... 9~2 
-. 24o5 
- 32~0 
- 38~3 
.... 46~5 
- -29~9 
- 8~6 

+ 17c4 
33~ 
36~8 
35~3 
•18~1 

-- 7~7 
- 28~0 
... 27~8 
... 35~8 
- 38~9 
- 17~9 
- 14~8 
~14~8 

32J+ 
37o2. 

The·observations as to the pressure of the atmosphere, temperature and 
clew-point of the air, direction and f orce of the wind, quantity, ld.nd 
and movement of the clouds, the aurora and the state of the weàther, 
were made .hourly after the vicinity of Fort Conger was reachedo 
(32, i, p.l24) 
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The temperature given in the narrative are corrected from tests "With 
frozen IDeJ:cùry; thàt

0
mètal. ·bèing assumed to solidify at a temperature 

of - 37•9~• (- 38e8 C.) ••••• Same of our alcohol thermometers were so 
unreliable that they were never used. 

Some excellèrit ·standard thermometers ••••••• were made for the 
expedition ••••• Their error at freezing mercury proved inconsiderable, 
less than a degree _Fahrenheit.~:~~-

Our thermometers were exposed in a large woocim shelter of Louvre 
patterri, four feet square and severi high, which was si tuated about 
forty-yards northwest of the house. · The instruments were fastened to a 
sheet-iron drUm, so made as to revol ve, which was shielded by an ether 
small shelter, made after the Louvre pattern, of galvanised iron. 

- -
The anénometers and wind-vane were placed·on the ridge-pole of the main 
bu~l~g ~ere the ~xposure was excellent. 

Thè iriiri:ioèr of ·observations made and recorded each day were as follo'WS: 
mëteorological 234J tidal 28J magnetical 264 - aggregating 526 ••••• 
(i.l32) 
-· 
On-Deceinoer 16th -our i.tean temperature for the day was for the î'irst 
time lower than - 40 , being - 40.9° (- 40.5°C.) corrected. (i. 169) . -

The 16th of · January was a day long remembered at Conger. My journal 
say's "We have had today the most violent storm I havé ever experienced, 
except a hurricane ·on thé summi t of Mouri.t ·washington•" The barometer 
coirùllenced falling .05 in. hourly at 7 a.m. with calm, cloucy weather. 
I watched the barometer liotirly, the fall increasing un til i t reached 
.l.O inch an hour at ll a .m. wi th a southwest wind- of eighteen miles. 
Observations were then made every fifteen minù.tes. An hour ·la ter the 
barometer bad f'allen another tenth of an inch, and the wind, which 
suckumli changed to the northeast, attained a velocity of over 50 
miles an hour. The air was so full of snow that I ordered the · 
temperature observations to be ·made by two strong men together, and 
tlie -tide- readliig by two others. It was with difficulty that they 
suèceèdëd in reaching the inat:ru:ments~ It took six of the best men 
wi th ropes to make the l p.m. reading, when the wind was blawing 
steadily'at 52 miles from the northeast, in 'Which quarter it remained. 
At 2 p.nl. the barometer still fell with ' the same rapid:i.ty, and the 
l'tind had attaiiled ·a velo city of 62. miles • It was qui te impossible to 
qui·t"the -house., and a thermometer was read just outside the soutbwest 
door ••••• (i. 181) 

The highest registered wind ·was at ·2.15 p.m.. northeast, sixty-five 
miles per hour., but about 2.40 p.m. the wind, which had been blowing 
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steadily, changed into Violent gusts, which probably reached eighty 
or ninety miles an hour. The anemometer spindle broke off, and the 
cupà blèw severa1 rn1les into the harbour before they caught and 
stopped. 'At 3 p;.m. the barômeter was 29.028, a fall of over haJ..t 
an inch- ( ~.504 inéhJ (i • 182). The general principle tha t storms 
do· not occur at very low temperatures is sound, and i t is equally 
obvioue · "that durina: storms the temperature rises rapi<fiy and that 
obserV-ers in the field overra~ the veloci ty of cold, cutting · 
winds. The wind bldwin~ "fifw..:.two miles an hour in this storm, at 
a temperature of - 13° (- 25°C.) is probably unparalleled. · 
Othër memorable wirids ·at low temperatures occurred January 23 1882, 
thirty~our miles at-- 25.2° E- 3le8°C.) ari.d March 6 1882, east, 
twenty-one miles at- 27.2° (- 32.9°0.) (i.l82) 

For the first time during our experiences, it would now be possible 
to eut blacks of snow and build a snow house.2 

At 10 p.m. February 16th (1882) the mercurial thermoJœters th.awed 
out, after ·having been frozen continuoualy for sixteen days and 
fi Ve hours • This is the lori.gest period on record during which 
mercury has remained frozen. The "Alert" in 1876 experienced a 
sinrl.lar spell of cold, · during which the mercury was solid for 
tWelve continuous days. The longest :Period of similar tem:peratures 
by xane•s record is but five days. (i.l92) 

1 
It is not however, a very exceptional feature at Alert. Exactly 

76 ;irears later, . at 1200 G.M.T • observation on. Janti.ary 16 1958 the wind was 
blovdng at ·55 m.p~h. in a tem:perature of - 13.1 Of. · At· the 2100 G.M.T. 
obsèriiation on the follérning day the wind was 85 m.p.h. and the 
temperature - ·s.ocr. Everi tt 'se conditions were modarate, however, when 
cèmiparëd. to th ose èxperience.d by the · Mawson expedition to Terre Adelle in 
the Ant.!retic ïri "19ll. · To q. ote Mawson•s account (43) "Temperatures as 
law · às · .:.. 28ET. ~ • .-~ ~ were expérienèed in hurricane win da, wliich blew at a 
vèlcicity occ a sionally exceeding one hundred miles an hour." Mean wind 
speeds or over ninety miles an hour were recorded over 24.:..}}our periods 
ana tné· me·ân wirid speedS during the three months of March, April and May wen 
49, 51.5 and 60.7 m.p.h. respectively. 

2 
This experience was identical to that at Lake Hazen. In the early 

pan of the winter the snow was so dry and powd.ery thAt snow bloclœ could 
not be eut from the snow lying on the ground and were difficult to make by 
compacting the snaw by hand. After the January gale the com.paction was · so 
great "that a spada was preferable to a snow knife in cutting the bloclœ. 
See P• 87-88. 
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The co1dweather just passed has been remarkable for its-duration 
as ·wall as its severity, the mean temperature for thirty-five dâ~, · 
Jâhuary 2oth to February 24th inclusive, has been - 47 ol 0 

(- 43o9'Uo) 
During this.tims"tba m.rcury has been solid frozen except for sixt,r­
seven hours. (1.194) 

It was Greely's expedition which first travelled up the Ruggles River 

and discovered Lake Hazen, and considerable interest attaches to Greely•s 

remarlœ on the journey he made in the sunnner of 1882 along the southern 

aide of the Lake: 
rf• 

The weather during thé. day (Jure 29 1882) was excessi vel.y hot, and 
we sul'feréd extremel.y~ The attached thermometer· of the aneroid 
barametër, which was carried iùwa.ys in the sha.de, stood at 74° 
(23o3°C.) and the exposad thermometer, though swung repeatedly for 
seven minutes in the air' could not be got to re ad lawer than 73 ° 
(22.8°0.) This temperature was certainly a very remarkable one to 
be encountered in auch a high latitude, but I am confident as to 
its reliability within one or two dsgrees (io385) · 

At 4 g.m. (on the aame·day) the temperature of the air was 67° 
{19 o4 C.) in the shaœ • In or der to · determine i t correctly, I 
plunged the thermo~ter in tlle river,1 and was surprised at the 
temperature being 45° (7.2°0.) The only inference tç be drawn is 
that the ·river -must nowa long distance from the sÙpply of snow 
which feeds it. Thé thermometer, after being taken from · the· river 
and carefully Wiped, rose siowly in the shad8 to 640 {17o80C.) which 
must be accepted as correct. The very high temperature of tlw air 
today explains the temperature of the ri ver and we cannot do otherwise 
than believe that the temperature of the interior of Grinnell Land 
must bé considerably higher in · ,ummer ·and corresponcttngly lower in 
winter, than the coast regions. 2 (io386) 

1 
The river :tn queetion is the Cobb river, a f!llrly short stre&m 

draining the Greely-Hazen plateau and flowing into Lake Hazen. 

2 
Greely meritions in a· footnote that the maximum on the sarne day at 

Fort Conger was 51.2° (10o70C.) Which was the higliest ever experienced 
there except for the 53° {11.700.) two days l ater. 
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Like Stephenson's record, the preceding account contains much of rele-

vance to the record from Lake Hazen for 1957-8. The long periods or 

extremely low temperatures were repeated, and in particular the stom of 

Januar.y 17-18, 1958, seventy-six years after the one recorded by Greely, 

had many of the same characteristics and was equally memorable. 

The return of the Greely expedition marked the end of meteorological 

interest in the area of Ellesmere Island for over half a century. Almost 

the only exceptions to this are the records from the two winters which the 

"Fram" spent in the area, at Fram Havn on the Ellesmere coast opposite 

Etah and at Harbour Fiord on the south coast, and aleo the records kept 

at the Royal Canadian Hounted Police posta at Craig Harbour and, for a 

short time, at Bache Peninsula. Exploration or the area continued, and 

Fort Conger was visited by many parties, including Peary on two occasions. 

Lake Ha zen was vi si ted in 1914 by Ekblaw and two Eskimos of Macmillan' s 

expedition and again in 1935 (the date is printed wrongly in Taylor' s 

account) by Stallworthy and 1·1'ooreo 1 Stallworthy' sta.yed at the lake for 

two weeks during late April and early 1..fay, while Moore re-diecovered and 

ascended the Gilman Glacier and climbed Mount Oxford in the United 

States Range., Stallworthy1 s attention wae however entirely occupied 

with fishing for dog-food and little of scientific value, in meteorology 

at least, re~ted. 

1 
·Taylor's account (52) contains the references for al1 these 

sources. 



So the position rernained until the end of the Second World War, 

when advances in te?hniques of meteorological analysis, the advent of 

long-range aircra.ft, and a new perspective in continental clefence 

caU:Sed the meteorological services of Canada and the United States to 

collaborate in the establishment of five new weather stations in th& 

Queen Elizabeth ~slands, two of which, AJ..ert and Eure~~ were on 

Ellesmere Islande Eureka on the west coast, 80° 009 No, 85° 56' Wo 9 

and e~ght feet above sea-level, was established in the summer of 1947o 

Alert, the last of the five "Joint Weather Stations" to be established 

(1950), is located o~ the north coast in latitude 82° 30' N. ~nd 

longtitude 62° 20• w. at a height of 218 feet above sea-level. The 

:r-ecords from thsse two stations Will be considered in lat~r chapters to 

provide direct comparisons Wi th con di ti ons at Lake Ha.zen. 
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CHAPl'ER II 

SITE AND INSTRUMENTATION 

Even after the Joint Wsather Statio~ at Alert, Eurek.a and elsewhere 

in the Queen Elizabeth Islanœ, had been established, considlrable gaps 

rem«ined in the msteorological network north of the Canadian mainl«ndo 

One instance of thi3 was the lack of a ~tation in the vicinity of 

Victoria Island, in the Western Arctic, a gap which was recently 

partially filled by the establiahment of a n.w station at Sach •s Harbour 

on Banks Islando 

The principal objection, however, to the present distribution of 

stations is that they are almost without exception all in coastal 

locations and thus only partially represent the climat• of the island 

on which they are situate~. The reasons for their location on tidlwater 

are simple and reasonable. Wi th the exception of Alert, Isachsen and 

Mould Bay 1 all the weather stations are norma.lly visi ted each year by 

supply ships or icebreakers, which ~ring in the heavy equipment end 

suppliee for the next twelve months. Even in the cases where 

eatablishnlent and maintenance has had to be un<:J.rt«ken entirely by air 

transport, proximity to the sea was important in the original location of 

the station because i t meant that an ice airstrip was available for the 
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&ircra.f'.., betore the land siirip at each station was buil\. Perhapa more 

~rtan\ i1 i;he faot that i t is the upper-air soundings wh~ch are the 

vital par\ or the raiiOn d'etre of the High Arc\:lc lt&tiona. The 
... "·~ . ~ ... 

~i~iC~Ce Of these IOUlldings for the meteorological an&J..y.il iD mid.­

la\i~U~I, ~d for milikry and civil air operationa in the Aro\io 

1 tselt, is great.r than that of the surface observation. taken in areu 

~•re, away. from the station i tselt, the co~tey is practical~ 

unin.h&bi 'Md. Tlw exac\ looa\:lon or an upper-air station il not important, 

and Vter.rore it was rea1onable tbat the DlQre recent •taUons should be 

~~~~~d ~~o•• \o ..,idaw&iier; for the earlier •tationa, e~tablisbld 

before !retie fl1!ng became routine, there was no ohoioe. 

.. _ Despite . these practical consi~rations, iihere are m&IV'. reas on~ wcy 

an inland record from one of 11he larger islands il of value. One recen.., 

report which discusses the "Temperatures of Norlhern N.or..,h America" {36) 
.... . , ~ .. ·- .. .. " --
~as Pl'~pared _in_ connec..,ion wi th problems encounte~d by the U .s. Signal -

Corpe i~ ~· s~orage and uae of dr.1 batteries. Hogue, ita author, 

remark1 on the reliabili ty of the data, "The leut degree of reliabili v 
1_•. in_ th~ interior~ of Greenland, Iceland and islandll of. the C~adi.an 

Arctio Archipelago, where station• are almost entirely lacking." {36 p.Z) 

From i;hi1 sm&ll. practical problem one may turn to point to the uaeful.nes• 

of auch an inland record in the consi~r&tion of i;he budget. and ~gimel 

of the inland ice m&llles which cover much of the interiora of ••veral 



These are a few of the factors behind the desire to obtain a 12~onth 

record of the surface weather at Lake Hazen. The immediate cause was the 

decision to mount an expedition "to make detailed glaciolog:i.cal, seismic, 

gravimtltric and other geophysical and . c~tological studies on the ice 

cap .. to the north of Lake. Hazeri' (10 . pelo) during the International 

Geo:rhysical Year 1957-58. This . expedition was part of the Canadia.n 

glaciologica~ progrmmne . (44, ppo 48-54) and thus the expedi tian is 

cl~sified under Section IX (Glaciology) of the IoG.Y. programme. It must 

be stressed, however, that the surface records at Lake Hazen were collected 

in as close a manner as possible to the methods used at a normal weather 

station and there was no bias towards the special problems of glacial 

meteorologyo 

r. sm 
Tha choice of the station site was not datermined by t~ 

requirem.nts of the meteorological programme. Tha station was dlsigned 

as a base camp for the ice-cap operations, and also as a centre for . . 

b~tanical, zoological, archaeological and other studies in the a.rea; the 

~uita~i~ty_ o~ the base for meteorologie~ observations was thus only one 

of several considerations in i ts l~cation. All aircraf't landings had to 

be made on the frozen lake surfaceJ it was therefore desirable that the 

station sho~d bt situated close to the lakeshore to receive suppliee as 

they arrived. COimnunication vd.th the ice-cap was al.most ae much by foot - . 
and dog-team as by aircra!'tJ the si te had therei'ore to be on the north 
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sida or the lake. It was originally intended (JO) to esta.blish the base 

close to the Henrietta Netsmith Glacier. When, however, it became apparent 

that access to the ice-ca.p by that route was j npractical, the location was 
. . . . . . . . 

moved about twelve miles or so along the shoze to the vicinity or John's 

Island. Final choice of' the si te was not made un til the arri val or the 

f'iret members of' the expedition in the f'irst aircraft. 

These considerations inevitably af'f'ected the record which was obtained~ 

just u local conditions in some measure influencs the record at every 

~eteorological station. The choies or the Lake Ha.zen trough, a long, low 

valley between the 3500-f'est high mountains or the Garfield Range and the 

highsr mountair:s an?- ice-cap behind the Range to the north, and the Greely-
, 

Hazen Plateau on the south, ~ant that t he station wae in the bottom of' 

a gigantic f'ro~t-hollow, 'Wi.th winter temperatures which, on the basis or the 

1957-58 record, are p~obably soma of the cold8st experienced in an ice-free 

area of North America. It also meant that winds, apart from kaabatic 

flow 1 f:rom ~he quadrant_ between west and north were likel.y to be un~r­

represented, as the mountains rose up only a f'ew miles f'rom the site. 

The presence of a large water bo~ in the area for a co~idlrable period 

af'ter the air temperaturs had fallen below freezing in the fall gave rise 

to _ cloud conditions which were peculiar to the vicinity of the lake; on 

several occasions the sun could be observed shining on distant hill• when 

a dense layer of etrato-cwnulus enveloped the lake and its immediate 

vicini'\;r. This effecl. was reversed in the aununer when the ice-covered 



surface or the cold water probably kept temperatures at the station 

several degrees lower than would have been experienced sorne di~tance away. 

The position of the station can be seen from Figso l and 2o Although 

necessarily chosen in a few minutes when the ground was still snow-covered, 

the station site is one of the finest anywhere close to the lake shores 

from the point of view of a living si te. A small circular ri se, 

approximately fift:, yards i_n diameter, i t i3 formed of fluvio-glacial 

deposit of sand! and gravel1 which permits rapid drainage of surface 

moisture, in contrast to the marshy areas immediately to the northeast. 

At about 12 feet above the level of the Lake {approximately 522 feet 

ab ove sea-level) and orü..y thirty yard.5 from i ts e dge, i t was in an 
• • .. . . • 1 . 

excellent position for receiving supplies and obtaining fresh watero 

It was also a satisfactor,y site for a weather station. If it is 

granted that the station had ta be established in the shadow of the 

1 Garfield Range and in the general vicinity of Lake Hazen, then the 

exposure of the si te was qui te acceptable. The buildings, two Attwell 

shel ters and other .smaller tents, etc., were low and the wind suffered 

little check fro.m a~ direction, particularly at the leval of the 4o-foot 

anemometer and also at thoae of the three totalising anemometers about 

l 
A phrase which here is llterally true, as in spring and fall the 

motintains prevented thè station from recording as rnuch sunshine as s~ 
conditions would allow. 
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Fig. 2. Hazen Base Camp. 
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fifty yards to the northeast. The very low windspeeds and the appearance 

of several preferred directions are almost certainly features charactsristic 

of the Lake Hazen trough and are not due to the poor location of the 

weather station. 

Having thus discussed the limitations of the station, soma mention 

of the limitations of the observera is necessary. All the observations 

were taken b.1 four research students from the Department of Geogra~ of 

McGill U~versit,r, With the author in nominal charge of the meteorological 

programme.. Two observers, including the author, had spent several weeks 

during the summer of 1957 at Knob Lake, the first-ordar weather station 

in Lêbrador-Ungava which is maintained b.1 McGill University. Neither of 

the other observera had had formal experiance at a weather station before 

arriving at Lake Hazen. The absence of any prolonged training among the 

four observera is perhaps most apparent in the minor details of the 

actual record; although every effort was made to correct errors as they 

arose, a check of the daily sheet, particularly during the first few 

months, shows many slips in c:Wtail. To give an example of their nature, 

pre?ipitation mi.ght be entered as "S" (i .. e .. moddlrate snow) when the 

prevailing visibili ty was better than 5/8 mile, thus defining i t as 

"H l!ht" or "very light". It also possibly affect4d the estimat i on of 

cloud heights and the correct description of their type., This source of 

error, however, is not considered to be greater than would be the case a.t 

regular weather stati ons where cloud heights etc. are es timal.ted, and in 



particular great care was taken when the ceiling was below about 3000 fto 

because of the importance for aircraft operation. 1 

Al though the correct methods of reading the various instruments were 

aoon learnt, one aspect of what Brooks andCarruthers _(7, p.7) call the 

"personal equation" of the observer must be mentioned. They point out 

that certain systematic errors tend to arise because, for instance, an 

observer when mentally di vi ding a thermometer scale into tenths of a degree 

~ften ~aa certain_"preferred value•"; he may practically never record 

.; or .7 or so gn. These and similar sources of error, if not avoided at 

Lake Hazen, were uaually i~ the minds of the observers, and this is the 

2 
beat that can be hoped for. Each observer did undoubtedly have certain 

predilections which are reflected in the record: one, for instance, 

lll:Î:g~t h.ave a .habi'\ of recognising more cloud layers in a confused sky" cover 

t~an anothel'"J a third might attempt to record cirriform cloud at what he 

eatimated to be the nearest thousand feet, whereas the fourth preferred to 

think in in~rvals of 5,000 feet at altitudes of 20,000 ft. or above. None of 

t~ese _things, it is believed, detract materially from the value of the record, 

and on the credit sida the au thor il! glad to be able to work Wi th material . 

1 
- A cop,y .of the AbriQged International Cloud Atlas (55) did not arrive 

until May 1958. However, an elementary introduction to cloud recogniti~n 
appears in the syllabus for most degrees in geography and, wi th the help of 
the fairly detailed descriptions given in MANOBS (15, pol2) there was little 
·diffièulty in interpreting the sky and no heart:Searching when the Atlas 
eventually ar.rived. 

2 
Châpter VI contains a stu~ of such tendencies by the observers at 

Lake Hazen. 



collected by observers who maintained a keen interest in the observations 

and a fairly stern discipline in their collection (e.g. in taking them 

exactly on the hour) throughout the twelve months. The exact period in 

question was from 0000 G.M.T. August 20-21 (7 p.m. August 20, E.S.T.) 
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1957 until 1200 G.M.T. (7 a.m. E.S.T.) August 11 1958. Only two observations 

were missed during that time, both of them in the first week of observations. 

It should be noted that the 11Climatological Day" referred to in subsequent 

discussion is that adopted by the Canadian Meteorological Branch, and ends 

with the 1200 G.M.T. observation. 

Mention of the times of observation leads to a discussion of the times 

used in the records. The approximate co-ordinates of the station are 

81°49 1N., 71°18 1W., in the Eastern Standard Time Zone. Local noon was thus 

sorne 15 minutes before noon on the Eastern Standard Meridian of 750W., and 

approximately 4h. 45m. after noon on the zero meridian at Greenwich. The 

three-hourly observations were taken at 0000, 0300, 0600, 0900, 1200, 1500, 

1800 and 2100 G.M.T. and "local standard time", as used in the record, is 

Eastern Standard Time. 

Although the times of observations were thus the normal ones in 

Canada, observations at 0000, 0600, 1200 and 1800 being termed "main 

synoptic" and the others 11 intermedia te synoptic", there is one important 

feature of the Lake Hazen records which must, within the last decade or so, 

be ver.y unus~al. The expedition, not equipped with any accurate chronameters, was 



dependent on obtainir:g. time-checks from the broadcast time-signals 

(WWV in Wa1hington D.C. and WWVH in Hawaii being the two mo•t coimlloiÙ.y 

received at Lake Hazen.) Unfortunately the generators which provided the 

law-tension power for the radio failed at the end of September 1957 and, 

for a variety of reasons, replacements for them did not arrive until late 
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in March 1958. Throughout the intervening six-mon th period i t wa:s possible 

only to get three reasonably accurate time checks. One of these was on 

November 13 1957, when all available batteries were used in ~eries in an 

attempt to gain the necessary 12 volts for the radio. In the six weeks fr9Ill 

the end of September "local time", that is, the time shown by the clock1 at 

Lake Hazen and on which the meteorological observation.~5 were based, had 

fallen 20 minutes behind Eastern Standard Time. This exper~nt Wi th the 

radio was not repeated, as it blew most of the spare fuses and also it was 

felt that suoh ~mall reserves of power as were available should be kept in 

case of a real emergency. The expedition was supplied wi th short-range 

V.H.F. transcei vers by parachute drop in December 1957, but not till 

Februar,r 25 1958 was it possible to use them to obtain a time check from a 

pasming aircraft. On that date local time wam 1 h. 48 m. behind Eastern 

Standard Time. Although there is no guarantee that the error in the clocks 

at Lake Hazen was always in the same direction (i.e. that they always lost 

and never gained), i t seems likely that this waa the case and so the error 

~n late February was probably the largest in the period. A further time 

check was obtained on March 14, With oru.y a small error of seven minutes 

(again a lag), and the new generators arrived on March ~. 



As far as the weather records are concerned, it must be remernbered that 

the sun was continuously below the horizon for the greater part of the period 

involved (at that latitude from October 16 until Februar;r 28),; diurnal nue-

tua ti ons are therefore practically ne~ligible. Much more important is the 

fa?t that ~e observations were taken, for all practical purposes, three 

ho~~ apart. Each of the accumulated errors was corrected in a single step 

(e .g. the 2100 G.M.T. observation on February 25 followed 1 h. 12 m. after 

the "1800 G.M.T. n observation.) There seems no reason to tr.r and correct 

the record for this time lag in the same way as has been necessa.ry, for 

instance, for the auroral obse~ations which were taken on behalf of the 

I.G.Y. Auroral Centre in Ottawa. 
1 

The final feature about the station itself which must be mentioned, 

apart from the instrumentation, is the building i tself. The basic uni ts 

of the Base Camp were two green Attwell shelters, consisting of two l~ers 

of canvas stretched over a wooden fr~work, Wi th a layer of insulating 

ma teri al. be~ween the layera of canvas. Doors, each Wi. th a large win dow, are 

at each end. For the greater part of the year, one of these was used as an 

unheated store and the observers lived and worked in the other. On one end 

of each was erected half a Jamesway shelter, thus making it impossible 

1 
Reference to the daily sheet for February 17 1958 will show that on 

that date an attempt was made to obtain an astronornical time check. It was 
not used as a new reference point at the time, but shoUld others have 
occasion to correct the times, it may be of assistance. 



to see out of the window at that end. On the other end of the living hut 

t~ere was erected a stor.m porch, c~nsisting of a large tarpaulin stretch~d 

ov~r a framework of aluminum spars. This porch was in position from mid­

September until early May and thus during that period the Attwell wa$ 

effectively windowless. This was obviously not an ideal condition for a 

weather station, but was made necessar,r by the intense cold of the winter. 

A three-hourly synoptic programme requires that a constant check be kept 

on the weather, particularly With regard to times of precipitation, and 

it was therefore laid down that the state of the sk,r should be checked at 
- - . 
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least once an hour. If this seems too long a period, i t must be remembered 

that the swift variations in conditions typical of mid-latitudes only rarely 

occur in the High Arctic and the hourly checks were found to be adequate, 

particularly as they were normally considerably augmented during "daylight" 

hours by the comings and goings of the other members of the part,y. 

II. INSTRUMENTATION 

!,!!:. Measurement E.f. Temperature. As with all auch measurements at 
' 

official weather stations in C~ada, the temperatures at Lake Hazen were 

recorded in degree• Fahrenheit. The latter scale is preferable for 

meteorological work as the scale interval means that the accuracy to one 

decilDal place . ie practically the same as tha t to two place a o.n tœ 

Celsius •cale. 

The quali ty of the thermometers wi th which the expedition was supplied 
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was excellent; their number was unfortuna.tely small. It had been intended 

to bring in a number o! apare thermometers in the projected October re-supply. 
. . . . 

H~e~r, al! alreaey m.entioned, th~ aircraft could not reach Lake Hazen and :so 

the only spare of satisfactory accuracy from late August (after one minimum 

was broken on the second day of observations) until April 30 was one maximum. 

The breakage of any of the thermometen, and particularly of the very fragile 

minimum, would have affected the value of the entire meteorological progrannne 

to a very serious ex:tent. The desirability of having at least three spare 

thermometers of each type cannot be :stressed too strongly. 

The thermometers used for the measurement of air temperature were 

mounted in a Stevenson Screen supplied ~ the Meteorological Branch of the 

Depar~e~t.of Transport. It is specified as follows: 

2.3.2. The M.S.Co mtandard screen ...... is a double louvred box 
Wi th interior dimensions 19!" x ll" x 2<*'. The roof is conatrlicted 
of l"" hard asbestos cement board and provick3d with an air 3pace. The 
eritire screen iB given a coat of aluminum paint and then covered With 
ëxterl.or white enamel. The door i:s arranged to open downwards. 

(J.4, Po5) 

The screen should be erected so that the thermometers are at a height 

between 4! and 6 f-t.. (1.25 - 2 m.) above the ground. This mean3 that the - . . 

base cf the Canadian screen is nonnally 3 ft. 9 in111 o above the groundo When 

the advance party arrive d at Lake Hazen in the spring of 1957 the ground wa:s of 

course frozen hard and the supports were not therefore buried to a~ depth. 

Th~s ~he base of the screen was approximately 5 ft. 3 ina. above ground 

level; the thermemeter bulbs were, however, still well within the limits 

mentioned ab ove. 
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The .ilcreen was erected at the southern end of the station site and so 

arranged that its door faced north. The position of the screen and its rela-

ti on to other buildings can be seen from Fig 3. The re was no motor 

Il 
p~y<hraœter 1.ttached and so the screen is deacribed as unventilated." 

Because of an unusual number of breakages at the ice-cap station during 

the summer of 1957, which had used up all available spares, the ~ual 

"ordinary" thermometers for the measurement of dry- and wet-bulb 

temperatures were not available when observations began. A sling psychro-. . 

meter was, however, available with accurate correction cards for both 

thermometers. The latter were removed from the sling and mounted in the 

screen in the same way as wi th ordinary thermometers. They were replaced 

by the usua~ type on May 8, and detaile d notes of such changes, breakages, 

etc. were entered in the daily sheetso 

The specification of the M.s.c. ordinary thermometers, which is 

essent~~~ valid for the s ling type also, is: 

3•3•1• The M.s.c. ordi.nary thermometers are sheathles3 mercury filled 
thermometers wi th a cylindrical bulb graduated in degrees Fahrenhe~t . 
and are useable from - 380 F. to 120° F. The overall length is 12 àn:l 
'ihe stem is provided with a butten on the top to facilitate mounting. 
The space above the mercury contains nitrogen and an expansion chamber 
at the ·top âl16w3 the temperature to be rai se d to 160° F. wi tho ut 
damage. (14, p.9) 

Temperatures fell on ma~ occasions during the winter below the freezing-

point of mercury. As was seen in Chapter I the early expeditions usually 

left their thermometers in the screen whe ther the mercury was liquid or 



frozen. _H~wever, - ~o quota MANOBS : 

7 .1.4. ••••• •• If left exposed, there ia a danger that, if the tem­
pera ture falJ.. below the freezing point of the liquid U8ed, ga15 may be 
entrapped in the columa due to ihrinkage of the column from the walla 
of the thermometer tube. (15, p.44) 

The shortage of thermometers at the base meant that no auch riska could 

be tak~n. ~d therefore every effort was made to comply wi th the requirement 

that "••• •• mercury ••••• thermometers shall be moved indoora when the 

temperature falls wi t.hi11 3° of their freezing-point" (15, PP• 43-44) al thou~ 

thia meant that hum:i.di ty mea3urements could not be made below about - 35° F. 

The specifications of the maximum and minimum thermometers used at Lake 

Hazen are as followa: 

3.5 .2. The M .s .c. maximum regis te ring thermorneters, Serie a 5, are 
tmiheat.hed mercury thermometera of 13 inchea in length arid provided with 
a cylindrical bulb and a button on -the stem for; mc)unting. The 
thermometers cover the range from~ 38° to 120 F. The space above the 
m~r~u:t;Y column ia evacuated. (14,poll) 

3 .6.2~ The M.S .c. minimum thermometer& Series 5 are unsheathed and filled 
with cleàr absolute ethyl alcohol and calibrated over the range - 90° 
to 110~. The overall length is 13 inches and it ie provided with a 
cylindrical bulb. The etchings on the stem are filled With black water­
proof filler. The index ia about f'· in length and ilil deaigned to be 
drawn back by the meniscus of the retreating alcohol columA (14, p.l5) 

Both these thermometers, when used in the screen, are mounted in aluminum 

sheaths by ~ans of rubber gronunets. The maximum, like the other mercury 

th~rmometere, _was removed from the screen when the temperature fell below 

about - 35° F. ln auch cases the Meteorological Branch recommend that 

"frequent readings of dry bulb temperature should be made and the highest 
- . . . . . 

observed temperature taken a15 the maximum during the interval under 
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Fig. 3. Law Cloud over Lake Hazen, September 1957. 



consideration. A thermograph record, if available, may also be used to 

determine the maximum temperature". (15, pp. 44-5) The dry-bulb 

temperature, in such cireumstances, ia of course the end of the spirit 

column of the minimum thermometero While, however, this practice may be 

satisfactory at most weather stations when the period of freezing mercury 

i• relatively ahort, "frequent readings" of temperature when the mercury 

was frozen •emetiiœe for days and week8 at a time was impractical and, 

lacking a thermegraph ealibrated to such temperatures, the maxima are 

missing from the Lake Hazen record during thel!le re rio<W. 

A8 far as the humidity measurements are concerned, the vapour 

pressure .of the atmosphere is ver,v amall at such low temperatures 

(•ee Fig. 4) and the dew-peint and relative humidi.ty are of le:Ja 
- . 

importance than at higher temperatures. However i t is desirable tha"i 

any further Winter measurements at Lake Hazen, if a permanent weather 

station were established there, should be taken by means of thermometers 

~r the mercury-thallium type (14, PP• . 9-10 & Fig. 3) which do not freeze 
-

a 
until the temperature falls to - 78 F. 

Al1 the thermometers supplied by the Mete~rological Branch had been 

calibrated according to its normal practice. They are placed in a large 

alcehel-filled chamber in which the temperature can be contrelled to 

l/100 of a degree Fahrenheit and the temperature is checked against a 

platinum resistance ~he~ometer. Correction car&! were supplied giving 

an accuracy wi thin 0.1 ~. 

38 
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Soil temperatures were measured by means of thermistors at three sites 

adjacent to the station which were excavated to a maximum depth of three 

feet, a few inches below the active layer of the permafrost. The resulte 

of this programme will be di.scussed separately by J. M. Powell. During 

the summer of 1958 a ther.mometer was alao exposed with its bulb covered 

by i inch or so of soil a short distance from the Stevenson screen (Fig.5). 

Thi3 thermometer was read at 6-hourly intervals and the figures entered 

on the sheets in the space normally used for grass minima. For part of the 

time the thermometer used was an ordi.nary M.S .c. mercury thermometer such 

as has been described earlier; much of the record, however, Wa! obtained 

from an uncorrected and rather unreliable alcohol thermometer calibrated in 

degree_s q~lsius o The latter temperatures are probably not more accurate 

than 1°C., b~t thi3 give8 an adequate meaaure of the diurnal range at the 

soil surface. 

A continuous record of temperature and humidity was obtained by means 

of a Short and Mason thermo-hygrograph with a speed of one revolution of 

the drum in seven days. It was not a very satisfactory instrument for 

arctic work, as it was designed only for limita 0°- 100~. and it cœuld 

be modi.fied only down to - 25'T o Continuous records of humidi. ty are al.so 

difficult te obtain at low temperatures. 

Precipitation. The aids for the measurement of precipitation con­

sisted of two items only: a wooden snow rule (M.S .c. Type 2) 36 inches in 
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Fig. 4• Rel.ation between vapour pressure and a:i.r 
temperature for standard values of relative humidit;y. 
The heav;y curve representa saturation wi th respect to 
water. The pecked curve indicates supersaturation 
coZTesponding to 0.5 g of liquid water per cubic metre. 
The line ACB has no significa.nce in the present context. 
(B;y permis sion from Weather ~is !!!! Forecasting. b;y 
s. Petterssen; Copyright, 195;MêGraw-Hill Book Co. Inc.) 

Fig. 5· SoU Surface Thermcmeter. 
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le_ngth.t and a cylindrical rain gauge wi th a collee-ting area of 10 square 

inche1.1 A glas• measuring graduate accompanied the gauge. Once again 

it is reconnnended that a spare glass grach.tate be supplied on future 

expedi ti on• to insure against breakage. The copper raingauge was erected 

a •atisfactory distance frem obstruction~ (Fig 23 ) and was moved once, 

a matter of sorne fifteen yard8. 

The Met.eorological Branch recorm:nend that: 

5.8.2. ••••••••• The amount of snowfall which has fallen in a given 
peried shall be detennined by mea5uring and averaging the depth of 
snow in aeveral places o Snow depth shall be measure d in tentha 
of inéhè• • ~ ~ ~ ~ - · 
5.8.2.1. ••oeoo The snowfall shall be divided by tente ebtain the 
water equivalent of the snow. (15, Po30) 

The snowfall which is recorded in column 25 of the dai.ly sheets and 

used in this stuey as the precipitation amcmnt was not measured in this 

way, one of the few major departures from Meteorological Branch practice. 

~~tead the raing~uge, With its collecting funnel removed, was left outside 

during the winter, and the water equivalent of the snow collected in it 

was multiplied by ten to obtain an estimate of the snowfall. 

The major objection to this practice is, of course , the liability 

to ~der-recording because of edQying round the rim of the precipitation 

can. Thi• undoubtedly oceura, but the other method also has disadvantages, 

particuJ.arly when the snow i3 drifting, and i t is generally agreed that 

there is as yet no completely satisfaetory method of recording 5nowfall 

amounts. The principal objection to the standard method is that at Lake 

1 
Thi• is described in the handbook ".!:!!! te Measure Rainfalln. (12) 



Bazen the amount of precipitation which fell in any 6-hour period was 

ueually very small, With r~re exceptions mainly when the temperature 

was close to freezing-point. It was extremely difficult t0 measure 

these very 1mall falla accurately With a snow rule. At Lake Hazen, 

however, the usual Windspeeds were ~o light ( two-thirds of all the 3-hourly 

observations in the montha of November and December 1957 and February a.1'td 

March 1958 were cal..mll) that the errors introduced by eddying were very much 

less than weuld normally be the case. The problem is diacussed at grea ter 

length in Chapter v. An important source of error, which has received 

little attention, ia the problem of under-recording due to a tee short 

time interval between observations o This also will be discussed la ter. 

Snow depth wa. measured With the rule at frequent intervals and 

entered in column 30 of the daily eheets; it thus serves as a useful 

check on the gauge measuremente. 

Windo - The instrument used for the measurement of w:i.n.d speed at Lake 
. . 

Bazen waa a three eup Caseella electrical recording anemometer. This wrus 
meuated on a steel mast ao that the cupz were approximately 41 feet above 

the groundo Thia 40-foot anemometer was innnediately adjacent to the 

weather station (Fig. 6) and about four times ash igh a:J the buildi:mgs; 10 

that exposure was excellent. The recording instrument inside the station 

censizted ~f a chart on a revolving drum on which a mark was made for 

avery twe:ntieth of a mile of wind run. From the interval between these 
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marks the windspeed could be measure d at any time. The record was fer meat 

of the year kept on a drum which made · oœ revolution every !!even days. When 

extra charts became necessary, however, it was found that the model had been 

dimcontinued and it wa.s therefore converted to take daily traces for the 

rest of the periodo 

Trouble waa experienced during the winter because the anemometer did 
. . 

:Rot record at very low temperature•• The reason for this ill not clear. 

It would eeem unlikely that the grease in the instrument froze, aa the cupa 

continued to turn, and the problem is probably that of increasing resistance 

in the leact. er connectiona affected by very lew temperatures (belew - 25~ o) 

Contact points may also have become frosted up, but thia is alB~ unlikely as 

the anemom~t~r functiened intermittently during periods of relatively milder 
- -

weather (e.go about - 15° te - 20~.) although the temperature never approached 

freezing..;.peillto ~ the lew temperatures at which the record ia missiltg were 

invariably associated With lo1• windspeeds, i~ Wa8 f01md quite satisfactory 

te~ estimate 1peecm when it Wal!l not operating. Wind direction was obtained 

fram flage OR the mast, one ef which waa of very light nylon, or b,y the 

Windchill effect on the observer's face at 3peed& bel~ about 3 m.p.h. 

In addition to the standard anemometers at 40 feet, three totalising 

anemometers were installed in December 1957 at a site adjacent to the station 

at heights above the ground of 1 ft., 3 ft., and 10 ft. (Fig. 6) These were 

read each day immediately prior to the 1200 G.M.T. observation and thus 



Fig. 6. Anemometers 

L. toR.: 3ft., 1ft., 10ft. and, on 
Camp rise, 40 ft. 
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G.M.T. 

Dec. 9 0600 

0900 

1200 

1500 

1800 

2100 

TABLE VII 

COMPARISON OF SEA.-LEVEL CORRECTION AND BAROGRAPH 

(during change-over to standard method) 

Barograph 3-hr. Change Sea-Leve1 Pressure 

994.0 mbs. 1018.1 mbs. 

994.0 0 1018.2 

993.7 -0.3 mbs. 1017.7 

992.6 -1.1 1016.3 

991.1 -1.5 1015.0 

990.4 -0.7 1014.2 

3-hr. ·Change 

0.1 mbs. 

-0.5 

-1.4 

-1.3 

-0.8 



give a record of the da.ily ruJl of wind at these 1eve1•• 

Pressure. The primar.y instrument used for the meaiurement of pre~sure 

was a Type C Pa.tterscn fixed cistern bar4ml.eter (number 319), giving a ~ading 

in millibar• and of the type used at regular weather Btation• in Canada. Its 

detailed specification is described in the manu.al "Preseure Measuremeat• ~ 

Mercury Barometers" (17). It was mounted on the insida of the norlh wall ef 

the Attwe11 shelter. The framewerk wa.s not !llO firm as is de3irable, but no 

ether lecation was possible. The barometer wam not exposed to extremes of 

temperature within the period of the record and no direct sunlight reached 

the instrument at any time after it was mounted i:m. position.o 

The height of the :~tation (522 ft. plus or min.us 12 feet) Wa3 not lmown 

Wltil a few days before regular observations began. The barcmeter was 

therefcre not equipped with correction carrus f~r station pressure or •ea­

level reduction, and these did not arrive until the parachute drop in mid­

December. In the intervening period sueh corrections were made by meall8 

ef the methods outlined in the Smithsonian Meteorological Table• 

(38, Table 48, pp 204-5). The arrival of the official car<W lihGwed that t'he 

l'Ilethed u•ed had been fairly accurate, and the monthly mean pres~mres are 

probably correct to 'Wi thin a millibar. Table V1I shows the comparison between 

the barograph trace and the :~ea-level presaure during the change-over te the 

official cards. It suggest~ a reasonable level of accuracy and it has not been 

thought necessar.r to recalculate the pre••ure• in the earlier period. 



A continuous recerd 0f pres~ure was kept by means cf a M.S.C.barograph. 

Thie instrument, in which the drum makes one revolution ever<J Lhree days, 

wa~ cne of the moet satisfying instruments l'!upplied to the expedition. Mal:ly 

otherz, includi.ng the barometer, functioned equally weil, but all 

continuou11ly recordi.ng inetrument~ are liable to faulU! and it is a 

pleasure to reccrd that the barograph operated excellently. If one has a 

critici1m, it is only that it could be improved by allowi.ng an. extra i inch 

or te of clearance between the top of the rotating drum and the perepex 

c~ver: eccaeionally the chart-retaining p~n. had a "OOndency te scrape the 

cover, etopping the revolution of the drum. 

Sunshine. It is unfortunate that the most sui table instrument fer 

the recording ef bright sunshine was not available at Lake Hazen. Tite 

Meteerological Branch have adapted the 5tandard Campbell-stokes recorder 

to enable a 24-hour record to be ~bta.ined at high-lati tude sta.ti•ns. The 

detailed description of the instrument, consisting eesentially of two 

ordi.nary recorders moun~ed back to back, will be feund in the manual 

Sunshine Recordera (18)o A recerder of this type was, however, not 

available for either the base camp at Lake Hazen cr the ice-cap station 

on the Gilman Glacier, where it would have been even more valuable. 

The instrument actually used at Lake Hazen from the returu of the 

aun in March 1958 until the end of observations in August was an adaptation 

of a single Campbell-stokes recorder U3ing the standard 4-inch sphere to 
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record for 24 hours. Tb.e photograph (Fig. 7) give• a better impression of 

the iastrume111.t than a"'f3" verbal descriptiollo Standard cards were not 

available u111.til May 8th, and had te be improvised befcre that date. 

It is inevi~ble that diseatisfacticn shcmld be felt concerning the 

su:uhine recoreùl. Al thamgh surushine is not one of the primary parameters 

measured at avery weather station, i\ im an element of great importance 

at high la ti tude•, beth in i tself for botanical and similar IJtudies, am.d 

i:a.directly becaume empirical metb.ods exiat which enable irusolatien te be 

estimated fairly accurately if the duratitm of sllll3bine is kn.own. The 

record is probably net uuatisfactory once the standard card11 became 

available, but it is particularly regrettable that they were net to be had 

at the time when they would have been mest useful. \'fuen the stm is high in 

the sky i t will burn on a clear day through arry rea:sonable card, but when it 

is low in the sky (or thinly veiled with cloud), thil!l is not the case. 

Insolation. Duriag the smnmer of 1958 both the ice-cap station and tbe 

base camp were equipped With the recently-deeigned Ca.s3ell.a a.ctinograph, giving a 

continuou. record en daily trace• by mea~ of a bimetallic strip (Fig. 8) 

The design of the illlltrument makes i t particularly sui table fer u11e i• 

difficult conditiens, a• it is small and the tran!parent 3phere is weil 

protec\ed against breakage during transport. It has, hcwever, at least two 

faul ts which could be rectified in la ter modela. The recording pen i• 
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wmecessarily complicated - the ink illl supplied through a tube of very amall 

bore which cannet be cleared when it eloge. The pem arm had te be replaced 

during the surnmer by a simple nib system take:o. from a !Spare hygrograph. Thi• 

gave a satiafactory trace and see~ much more preferable. 

The second faul t is the absence of a spare drying element. The element 

is acrewed into the side of the instrument and must be remeved at frequent 

intervalm for drying. Vihile this is being done the instrument is no longer 

air tight and moieture is liable to condense on the inside. 

Cleuda. Cloud height and type were normally observed by vis~ 

estimates, but the station wam equipped with two irustrumental aict.. 

Although upper winda were net measured by either sonde or pilot baJ..leon, 

because of the proximity of Alert, ceiling balloon equipment was available. 

The equipment is described in the ma.nual Ceiling Balleon Equipnent 

(19). It consist• of a supply of hydrogen (at Lake Hazen this was supplied 

in three cylinders each containing about 200 cu. ft), a fi~ing deviee, and 

a quantity of ~-inch red ~bber balloons which, when c~rrectly inflated, 

rise at 460 ft. per m:i.Jlute. The equipment was installed in a shelter 

construeted of dog-food boxes ~d, except for the hydrogen, was brought 

indoors during the win~er night. The equipnent operated satisfacterily 

throughout the peried. 
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Fig. 7. Sunshine Recorder. 

Fig. 8. Casella Actinogranh. 



Also available were a Type D Ceiling Prejecter and a Type A clinemeter. 

These item3 and their eperation are described in tw~ Meteerolegical Branch 

circulars (16 &: 20). They con3i1t es_sentially of an automobile spotlight which 

is mGunted on a po8t to throw a vertical bearn upwards, and a clinometer which 

measures the elevation of the reflection on the cleud base from a fixed 

di•tance away, the height of the cloud being given by a simple tan function. 

- ~e purpose of the Type D Projector, as described i~ Circular 2042, is 

"••. •• to provide an inexpmsive method of deterrnining ceiling heights 

•ignificant to aviation, at off-Airways stations and small airstrips." 

Withi.n that categery Lake Hazen is undoubtedly grouped. Unfortunately the 

equipment assumes a 110 v. A.C. power 30urce, from which the power i• 

stepped d9wn to 7.5 v. A.C. by a transfsrmer on the post just beltlW the lamp. 

The internal resistance of the leads meant that a 6 v. D.C. battery •uch a• 

was available at Lake Hazen was unable to light the lamp unless it was placed 

en th~ ground_immediately beneath the lamp, with only about 3ft. of connection. 

Thus not only was it impossible to site the lamp at the far end of the base 

line (500 or 1000 fto from the camp) as is normal practice, but it wa• 
-~ 

impossible even. to have the lamp just outside the hut and the battery 

inside (with the observer going to the f ar end of the base-line.) The 

battery had to be taken out for each observatioll and then. quickly returned 

indoor. before the electrolyte froze. Little regret was felt, therefere, 

when the equipment was rendered entirely useleas by the failure of power 

supplie•• 



Uadoubtedly the idea of a simple and portable prejector is of great value to 

the p~en~e~ fringe of aviation in the north and elsewhere, but in as~uming a 

110 v. A.C. power source exclusively, the design negates ita purpose. 

The clincmeter ill ala~o capable of imprevement. It was used regularly 

during the winter for measuring the elevation of aureral for.ms. Again the 
. ... . 

idea wa3 a good one, but one must a3k whether it i3 necessary that the 

clinometer should be so he avy. The re seems no reas cm why i t shGuld not be 

made from a light alloy instead of from steel: ccmsiœrable effort i~ 

required to keep the eyepiece close to the eye and the clinometer aligned 

in the correct position with one hand while the instrument is locked with 

the ether. It also seema unnecessary that the lock should be en a left-

handed thread: several times the lecldng key was nearly lest in the s:an 

bef•re the observera became accustomed to the reversed thread. 

The Weather Recerd. The weather observati«ns at Lake Hazeft were 
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entered on the sheetz of tb.e Metesrological Branch "S~eptic Weather Recerd", 

fo~ 2311, a. exam.p1e ef which, reduced ill size appears in Fig. 9. The 

"J,{~athly ~limatelog~cal Sunnnary", form 2301, was also comp1eted regular1y. 

Theae recor~ are available for consultation at the Head Off~ce of the 

Meteerological Branch in Toronto. In order that as much as possible of the 

meteerelogical information ~btained at Lake Hazen could be easily accessible 

in one.place, as many observations as possible were entered on thege daily 

sheets. Thus the "Notes" (colunm 71) contain, at appropriate seasons, detail• 



ef tke timea gf eccurreice ef aurera, duratien Bf ~UDShine, rum ef Wiad at 

varieus levels, daily variatiens in the level ef Lake Hazen and miscellaneoua 

ether ebeervatiena. 

Befere the failure of power suppliee f~r the radie, attempts were made te 

tra.mamit ~bservations regularly to Thule and Rea~cùute Bay. The reports were 

therefere C(!)ded inte 5-figure groupa Gn the daily sheets and this was continued 

fer the eake of completene~s throughout the period of eb~ervations. Th~ 

provide addi tional in:fl!lrmatiœn, pa.rticularly the "ww" and ''W'' (present awi 

pa.st weather) group~, and also the groups in which the cloud types are 

de~cribed in detail. 

During the sumrner, in addition te the 3-hsurly progrannne, many aviatio:a 

observatiena were taken fer the benefit of visiting er pas~ing aircraft. These 

were al~e entered en the daily l!ly1ulptic sheet, tegether With simuJ.talleeua 

ebservatione at aome •f the Joint Weather Statiene, particularly Alert and 

Eureka, which in theml!lelves provide many interesting comparisou. 
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CHAPI'ER III 

TEMIERATURE 

The method chosen of demonstrating the implicati0ns of the recerda of 

tem~rature, wind and ether parameters at Lake Haze:a il that of a fairly 

de\afled comparison with conditions at the ~rmanent weather stations of 

Aler~ and Eureka d.urin.g the same r.eriod. Detailed, that is, in the 

climatological 1ease, involving the weather of the year aa a Whole. 

Fluctuations of the order of a day or ~o will be coJ\sidered ia the sectioa 

Olil syaoptic climatology. 

The comparative method has several advantages. The data from AJ..ert 

ad Eureka were made readily available through. the courtesy of the 

Me'\eorologieal ~ranch, iR the form of microfilmed copies of the daily 

syaoptic sheet~. The stations themselves are 1ufficie~t~ clo1e to Lake . . . 

Haze• to share, OR moat occa~ions, the same sy.optic situations. Most 

important, compariaon with these two coastal locations enables a fair 

assessment to be made of the influemce of the Lake Haze:a station'• iDland 

po1ition OR the weather which it experiencee. 

Figure 10 showa the es$ential temperature means at Lake HazeR i• tàe 

usual form of annual curve•; the data from which i t is plotted appears 
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ill Appendix A. "Amlual", aere a1 elsewhere, muat be taken to mealt tile period 

from August 1957 ~o August 1958 al though in fact 1!11.0 mean data for Augus"i were 

available as observations were omly takea during the last ten days of Au~t 

1 
1957 and the first tea days of August 1958. It is probable ~hat August, bei~ 

a ••ow-free swmner month, has mean temperatures very 1imi~ar ~o those of JUAe. 

The highest ~emperature recorded in early Augu1~ 1958, 54.3~., helps to 

coJtfirm this. 

The graph ia al1o incomplete in that meall maximum temperature• are not 

available from the record from October througll April. Ia each of these 
. . 

1even months, temperatures below the freeziug-point of mercury meru1t that 

accurate maxima could not be obtaimed om a daily basis, although even ia 
. . . 

December, the coldest month, the temperature did rise above - 38or. 1a.g 

enough for the probable absolute maximum for the month to be determined. The 

meaB maximum values for the3e wiAter months have therefore bee• iaterpolated. 

The mea• temperature for the mo~th is defined, accordiag to Ca.adian _ prac~ice, 

a11 half the sum of the meal\ daily maximum and the mea11. daily mil'liillUm.. Duri~ 

the Winter months, however, the mean temperature wa~ taken as the meaa of the 

ciey'~bulb .temperatures at the four main synoptic observations, separately_ surnmed and 

averaged. This ch-y-bulb meu ia u.tualzy very clo!ïe ( Wi thiJL a few decimal. places) 

"io the orthodox monthly mean temperature and thus a reasonable estimate of tke 

mean monthly maximum cal'l be obtained by plo"itiag it the 1ame number of degree• 

above the monthly dr,r-bulb meaa as the maa• monthly mimimum im below it. 

~vea if the periods had overlapped elightly, it would of course be 
uarealistic to meaa together portions of the same mo11.th in differeR ii years. 
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The curvas of temperature in Fig. 10 ara very far from what . might be 

considered climatologically aormal. Stunmer, making a.J.lowanca for the absence 

of Auguaf~~ta, is probably fairly typical and the spri~w~g amd fall 
··,· : : .. ·. 

~o.oling P':ogress fairly steadily. In Wiater, howaver, the warmth of Ja~lUary 

1958 is in 3harp contra~t to the .very cold December which precaded it and 

to the t~o months which followed. Only the curve _of ab3oluta minimum temperatures 

reached i ts lowest point in January when - 68.5o.F. was recorded on January 4. 

Considerillg this annual curve in more detail, Fig. 11 ehow1 the ten-day 

ruw.ni.Jag mean• of meu daily temperature at Lake Hazen, Alert and Eureka 

throughout the observational period (with the exception that no data for . . 

E,ureka ill August 1957 are available.) The values of the mean temperature 

wera calculatad by maaning the dry-bulb temperatures at each of the eight main 

and intermediata synoptic observation•• These were grouped iAto tea-day 

running meaas with the value plottad o~ the fifth ~ ia the serie•• 

The choice of a ten-day period enablea each of the tl'frae prirtdipa.l 

iaflueace• o• the temperature curve to be recog~sed separately. In orde~ 

of decreasiftg importance these are& '· ... 
(1) The annual cycle of in~olatioll, responsible for the broad patterm 

of summer warmth and winter cold • 

. (2) The ma_j~r. aynoptio disturbanoes which give rise . to fluctuations 

on thil major ourve. At this latitude they are expres1ed for the greater 

part of the year ae warming trendl. 
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(3) TAe local position of each station which causeœ the temperature curve 

at o•e to be several degrees higher or lower thaR at another, the sign a~d 

amount varyimg with the season. 

Each of these imfluemces Will now be considered separately. 

THE ANNUAL CYCLE OF INSOLATION 

Although the su•'s apparent progression aorthwardl i• eummer aad s~utb-

warda in. w:i.nter is perfectly regular, at the latitude of northemElleamere 

!.~land the annual cycle of insolatioa is not that of a regular wave, with a 

defirli te maximum i.!!l. !lummer and minimum i.JL wi.l'lter. The swmner maximum il 

present, but the fact that the sum i~ below the horizoa at Lake Hazea 

approximately from October 16 until February 28 meaft~ that the imsolatiom 
. . 

cycle is of the form -f\._ , with receipts for a large part of the wiater 

being for all practical purpo~es 11il. Thus whereas il\ mid-latitudes t:he 

time when. the curve of wil\ter temperature !lhould be at ite lowest i8 ill 

Januar,y, just before i~solatioa begifts to exceed radiatioual loss, thia 

milrl.mum is postpo~ed, in normal circUIIJ..Ituces, UJLtil February or March. 

A~ Floeberg Beach, as was seem. i• Chapter I, the coldeet temperatures 

~~:rienc~ by Nares i• t~e wn~er of 1875-76 were _i• early March, Wi.tlt a 

maximum for the month of - 8° F., and a mi:aim.um of - 74° F • Aa the altitude 

of .the SU!!. i:m. ~wmner declines . rapi<Il.y after reachi:m.g it:s sol~tice, a similar 

delay. ill reachim.g ~he maximum, produced by the continuous daylight, il •ot 

o~. euch importéll'lce, and the apex of the temperature curve, Oll theoretical 

considerati ons involving insolation alone, is probably ~ middle or late July 
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iR ltor-Qherll Ellesmere Island. The expected a:anual cycle, on theae as3umptiou, 

would thua !lhOW a gradual cool.iJlg for eight or mi-.e months of the year, 

followed by a rapid rise to the swnmer peak. h so far as data i!l available, 

and omittùtg the other influeR.ces on the curve, this pattemcan be demo:a-

!ltrated in the three curves in Figure ll for 1957-58. 

Compar:iJtg the two ends of the curve wi th each other, i t would appear 

that the decline in daily mean temperatures duriag August ie fairly slow, 

as contrasted to the fall in subsequent month.s. This iii probably the usual 

situation, although it seems that the summer of 1957 was, if aaythiag, 

somewhat wanner than that of 1958 at Lake Haze:a and so the 9 °F differeace 

betwee• the tea-day rneaa oa August 6 1958 and that o• the 25th of the moatà 

ia the p:revious year might be somewhat greater in average condi tiou. 

With the begiRRing of September, however, the mea• temperature at Lake 

Hazea reached freeziag-poil'lt and thereafter the fall i• temperature conti•ued, 

Wi th millor iJtterruptions, Ulltil the first week ia December. By September 8 

the tea-day meu at Lake Hazea was slightly above 20<p. a:Ad Oll the 25th had 

0 reached 10 • At this point the meal'!. at Alert, which during the aunmer appearl!l 

to be co~tiRuously below that at Lake Raze•, reversed ite positioa. Soo• 

afterwards AJ..er"b became, in mean values, warmer also tban Eureka and t.b.ese 

relative positioas comtiaued for most of the rest of the winter. 

The ge•eral rate of cooli•g comtiaued until the ead of October qy whica 
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time the te•-day meaa a.t Lake Ha.ze• was - 31 Of. This was tel\ degrees col der 

thall at Eureka and over twe•ty degrees calder tha• at Alen. At this poi•t 

the cooliftg rate at Lake Hazem slackeaed, but the other two etations co~­

tillued to d.ecli.ae rapidly so that by' November 14, the ten day meau at 

both Eure ka and Lake Haze• were betwee• - 30° ud - 35~.; at Al.er"i tkey 

were slightly below- 20~. 

A warmiAg teademcy affecti•g all the statioas ia the latter part of 

November was followed i• early:December by rell.ewed ad rapid cooli~, which 
- -

1 0 
ceased at Lake Ha.ze:a by December 8 when the te11.-day meaa d:i.pped below - 50 F ~' 

a temperature recorded on oBly Olle day tarougaout tae whole willter at Alert. 

Eureka reached ita eold.est meam temperature of the first part of the wi•ter 
. . 

o:a December 17, whea the tem-day meam. was - 48.5~. Alert d:i.pped to - 37~. 

on December 24. 

Thereafter, al tho':lgh the absolu te w.inter maximum wa• recorded at La.ke 

Haze• i~ early January, the mean temperature ro3e slightly i• the fir•t few 
,. . .. . . , , ... . " . . . . . 

days of 1~58 and then iDcrea•ed very rapidly to a peak im the las'b third of 

the mOlllth. A fall to the more usual low value• was 11.ot completed matil the 

middle of February and it was agaÏll followed by ~amical warmiltg ill tke 

latter part of that month,. 10 that it is difficult to be certai11 whether 

temperatures ia mid-February d:i.d fall to their seaso•al low before warmi•g set 

ia. It seeiM likely, however, that they clid, a:n.d this eaables another 

reference point to be established o• the an11ual temperature curve as rela.ted 



\o illsolatioa B.ll.d radiatioa. It will be seen that the tea-day means dropped ia 

mid-February to values only slightly lower than (at Eureka not qui te ao low a.) 

those recorded ia early December. 'l'his implies that by early December the 

primcipal radiational loss from the groURd surface ha3 been effected. Heat 

lo~s will continue to take place as lomg as there is a thermal gradieat betweea 

air, aaow and pennafrost, but it takes place at a much slower rate. 'l'hua, 

althougà tàe col~est temperatures migRt, from a co~sideration of the aaaual 

~Rs<üatio• cycle, be expected _to occur ill late February or March, the slow rate 

of radiative cooli1g from mid...December oliWards usas that synoptic di~turbances 

Will u11ually be much more important il\ determiniag the exact date on Yt'hick the 

loweat temperatures are recorded. This date might be at ;my time from late 

December ODWards. 'l'hi• is probably especially true iJÙ.aad, w'bere the grouad 

is frozem. throughout the year at no great distance below the surface a.l'ld is thu. 

a poor source of radiative heat. ~ the coast the presence of relatively 

warm water below the surface ice provides a radiative source which would 

coati•ue to be of significance for a loager period, reaching a mi~um whea 

the ice thickness is at it3 greatest. 

At the e~d of February temperatures agai~ began to fall rapidly, but 

before they could reach their seazomal minima, the fall was iaterrupted by 

s~optic events. These were short-lived, aRd temperatures agaia began to 

drop in the latter part of March but their fall was this time limited by t:be 

growil'lg sigrùficance of the incoming solar radi.atio:m., 8.1\d thereafter all 

stations shared in a general and, on the whole, very regular warming fhase 

which lasted until and after the thaw in early June. 



It should perhaps be pointed out that cooling in the latter part of March 

is cooling towards the seasonal minima, i.e. that it is not a case of the 

seazonal warming begirming in the early part of the month and being interrupted 
' -

by ~optic events. The orù.y source of cold air which could cause a fall of 

10%. in a ten-day rurming mean at temperature~ as low aB those experienced in 

northern Elleamere Illand would be the Greerù.and ica-aheet and, on the evidence 

of the station records alone it seems that this source is relatively unimportant. 

The subject must be considered in more detail in ~he section on ~ynoptic 

~limatology, but it seems unlikely that an easterly flow around the northern 

par'i of a depression, which is the only way cold air from Greerù.and could reach 

the ~tations, could have such a pronounced effect over a period as long aa ten 

da.ys. Katabatic now, of course, may be discounted as it is impossible that 

such a surge of cold air, by nature very shallow and flowing under the influence 

of gravity, would have such a similar effect on all three weather station•• 

It is, on the ether hand, relatively easy to provide for advective warming 

influences to cause a ri~e in temperature; tltey evidently did so in January 

with much greater force and are all the more likely a~ temperatures rise in more 

southerly latitudes. 

Of particular relevance to the pre~eding hypotheses is Longley'• stuey 

(39) of the ten-year record at Resolut~.. Although the present stuqy waa 

practically completed before Longley's paper was con3idered, botl\ the 

technique of analyais and the conclusions reached are remarkabJy similar. 

Longley aleo shows the significance of qynarnic influences (which, considering 



a relatively long period, he terms 11non-cyclie") and concludea that at 

Re~olute "the time of minimum temperature may be any time between 

15 January and 8 M'arch." (3 9, p.461) At Resolu te the sun is only aba~ent 

between November 6 and February 5, so that at Lake Hazen the period waen tà.e 
t."--

minimum iz likely to occur in any year may reasonably be extended at least 

two weekz in each direction. 

Langley extended his study to consider the six-klour tem~rature changes 

during the winter, which represent diurnal fluctuations and bence tae direct 

effect of insolational heating. He found that 

the effect of the returning ~un im noticeable after 20 February although 
the heating effect may not be great enough to compen3ate for the 
radiation from tfi.e eartla before 1 March. Before the end of the first 
ten days of Ma.rcl:l Ui.e sun'i héat has definitely begun to cause tl:l.e mean 
temperature to rise.n (39, p.463) 

Tltua the lag at Re solute between the reappearance of tl:le aun and i te 

effect becomi~ apparent in daily mean temperatures appears to be about two 

or three weeks. If it is legitimate to expect a ~imilar lag at Lake Hazen, 

then the effect.may be expected to become noticeable sorne time after tae 

lllid?J-e of March, probably in the last ten days of the montll. From Fig. ll 

it can be seen that the effect apparently connnenced at tlae beginning of 

April according to the convention of the ten-day mean. Langley' s study taus 

seema to provide confirmation of the conclusio~ which had been drawn from 

a consideration of the three curves in Fig. 11 alone. 



Tàe mo&t 1triking feature in the rise of temperature whicll oecurred 

between April 1 and Jtme 10 i1 the regulari ty Wi. th which i t occurred and 

the clol!le similari ty of the temperature curves at all three station& • I' 

65 

i1 cl~ar fr~ thi! that the iniolational control on air temperature i! the 

most effective in thi.1 period. Synoptic event• can accelerate the ri•e in 

t~_mper~ture slightly; they can delay it to a lesa extento Local difference• 

are alao at a minimum, with the solid groWld atill being :mow-covered and the 

depth of the aea iée at a maximum. 

Al~ough the shape of the Lake Hazen curve &eems to sLggeat that tai~ 

warming trend continued uncltanged until ail lea.st the later part of JWle, 

the flattening of tàe curve at Alert pointa to the change which took place 

in the relative importance of the controls after the air temperature reacaed 

freezing-point. Wàen the snow ha11 gone from the land ~urface, contraste . 

between coastal and itùand 3ite111 tend to increase in relative importance. 

Eureka, although on tidewater, is relatively landlocked compared to Alert . 

and therefore shares part of the Lake Hazen regime.. Even at Lake Hazen, 

Roweyer,. the nearness of an extenaive ice and water bo~ haa importan' 

effect11. Thu. in eummer the importance of direct solar control on air 

temperature :ls consiœrably modi.fied at all three stations and i t il 

impossib~e to tell from the curve• when the theoretical maximum might be 

expected. It i1 evident, ltowever, tltat sucll a maximum would give a ten-day 

mean above 50~. and i t is aynoptic and local circumstance• which cause tke 

curve• to be lower tkan tbia value. It il probable that auch condition. 
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of more direct sola.r control on snumner temperature existed a.t Lake Hazen in 

1957, wà.en the early sumner wa.s reported to have been marked by mu.ck finer 

weather than that of 1958. Even in 1958 a more regular curve might ~ave been 

obtained at Lake Ha.zen if the screen had been situated severa.l miles from tM 

lake instead of about thirty yards from i ts !!hore. 

Tàe solar control on air tempera ture, tllen, il most clearly shown 

~r~g apr~g and ftll, when the sun's elevation is changing rapicD..y. At 

these times, althougk synop,ic diBturbances cau1e minor fluctuations in the 

curve at all three stations, the rise or fall of daily mean temperature il 

remarkably steae\1. Local differences are also weak in tlle spring and early 

fall, although they increase in importance a• mean temperatures decrea.e. 

At the ot&er 1easons of tae year, by contraat, aolar influences are liable 

~o considerable modification by the other two control•. In Winter, a.a was 

skown earlier, tl.te radiative lou from the ground i1 slow, and synoptic 

influence• are relatively muca more significant, wmïle local influences are 

~ marked, a~ the wide gap between mean temperatures at Alert and Lake Hazen 

clearly shows. In summer synoptie disturbances are always likely to invade 

~~~ ~rea, :While tloie differences in weather condi tiona between coast and 

~nt~ri?r a~ very g~at, peraaps more so than emerges from a consideration 

of temperature alone. 

DYNAMICAL INFLUENCES 

Tbe effects on air temperature brought about by tRe advection of warmer 
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or colder air from di1ta.nt areas is part of the broad •ynoptic climatology 

of the Arctic which will be considered later; R.ere only the magnitude of tile 

~ffect• of synoptic disturbances which are cl~arly recogniaable in tite 

curve• of mean temperature Will be condderedo 

Referring once more to Fig. ll, the firmt major advec'iive influence 

whic!l can be detec"ied in the observational period is the warming whicll took 

place i~ mid-October, at a time when, aa w~s concluded in the previou. 

~ection, solar control i& at it1 strongemt. Tlle effeet• were felt in 

varying degree• at all tkree stationa, being most marked at Lake Hazen, 

where. the mean temperature ltad fallen very rapicD.y in the preceding . two 

weekl. The ten-day mean ro•e from - 13~. on October 11 t.o - 3.5<>.F. on tu 

17tll; at Alert the rise was only about ltalf that amount, and at Eureka tlae 

effect of tae warm advection wa~ only to arrest the cooling trend for 

about a weeko 

A eimi.lar ~d rather longer warming period occurred during tlte 1econd 

half of Novembero Tlitie time the shape of the curves at all three 1tation. 

wél• limilar, althougkl the warming took ~ffect later and disappeared earlier 

a'\ .Aler'\ titan at the other two ata'\ions, waere mean temperature• were very 

auca colder. 

A brief and rather ill-defined warming trend at t'lle end of December 1957 

waa followed by the remarkable events of January 1958. In considering thil 
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great a.nomaly in regional temperature i t ia important to remember t.laa:~ aucll 

condition• are in faet unique witbin the period of observational recorda. 

The freezing rain recorded a.t Alerl on January 23-24, when th.e max:imUll 

temperature there reached 32.3~. il not only tne only time rain has been 

reeorded in January in tlae Queen Elizabeth Isléiilda but ia the only knawn 

in. tance north of tme Céiiladian mainland. Thus, whils i t is of very great 

aignificéiilce in indieating tae maximum amoun'i of dynamieal warming wllicla ia 

~osaible at these latitudes in mid-winter, it mu.t not be viewed aa aome­

tnng wb.ielt il likely to happen in any Wi.nter. 

As far as tae aetual magnitude of the changea ia concerned, tae ten-~ 

mean at. Lake Hazen on January 6 was - 46.7~.; on January 21, two weeka 

lat~r~ it waa - 8.0~., arise of 38•?~• or nearly 2.6~. ~ - day in ten-day 
0 

me ana. At Aler'i on January 5 the ten-day mean was - 33.7 F ~; on January 21 . . . . - . . · . . 

i'i was +6.1~., arise of 39.8~. or 2.5~. a day and at Eureka on January 6 
.. . - . - . . . . , . . - . . . 

th~ ten-day mean wae - 39.1~., ri1ing 36.4°F. 'io - 2-7~• on tae 2la'i. TAe 

~ter temperature of northern Ellesmere Island became for a brief period a 

cloae approximation to the seasonal normal& of Winnipeg or Saakatoon, 2500 

Tke swif'i rise in temperature cauaed by tRe invasion of warm air waa 

followed by an equally sWift fall as i ts influence d:ilninished and candi tio~ 

reverted to normal. Tae ten-day meana at Lake Hazen fell by forty degrees in 

the eleven day8 from January 26 to February 6. In tenns of actual temreraturee 
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the decrea~e was even more abrupt. On January 30 the max:i..mum for the day lf&lS 

- 1.0~. at Lake Hazen; from February 2 until February 17 only one dry-4:>ulb 

temperature above - 40"F. wa.s recorded. This serves to illustrate the very 

ephemeral affect which individual qyna.mical disturbances have on the winter 

climate of the High Arctic, however intense they may be. The ri3e in air 

temperature caue~d a rise in soil temperature ne~r the surface as Powell's 

studies indicate_, 1 but a :few daye of near 0~. temperatures are insigni.ticant 

when compared to the rapidity with which the heat is radiated again into the 

arctic night. Thus the ten-day means reached their coldest value of the Winter 

a\ Lake Hazen onFebruary 11 (- 51.7~.); the coldest temperature of the 

observational period at Alert was recorded two days later (- 50.9"F.} and 

Eurekat 1 3 coldest of - 61.7~. occurred on the 19th. 

By this time, however, another warming trend was beginning which rose 

0 
rapidly to a peak of about - 20 F. at all three stations in la te February and 

. . . . 

then .tell swi!tly again. On this occaBion temperatures did not .tall u 1ow as 

be t'ore, and Bynoptic events continue d to modera te win ter temperatures un til . the 

~pring rise in temperature began at the beginning of April. Therea.tter the 

purely <t'namical control decreased in relative and absolute imporla.nce. In 

~pring, as in the fall, its effects were on the whole only strong enough ~o 

modi.ty slightly the change in temperature. Thus a.t Lake Hazen from April 1 

till June 1 no ten-day mean temperature was more than 1 <? • below the previows 

high and although the s~e is not true of the other stations, Eureka in 

particular, the general pattern is the same. 

1 
Personal communication 



In tae summer ~e gituation is more complex. Synoptic eventa, aa was 

mentioned earlier, were influential in causing tem:r;eratures to be lower than 

would have been the caee if insolation had been the sole factor involved, but 

the synoptic effects are of a different type to tnose w~ich are important in 

Winter. It i• not •imply taat they are more important in causing falla in 

tera.parature instead of rises. More important is the way in wlrlc1a tkle 

control ia exerted. Tae taermal changea in winter were cauaed by tlae 

payaieal advection of large amounts of warm air. In aumœer alao warm air 

arrives from the aoutll, but i\ contains muca more moiature tlu.n in winter and 

110 tenda to give rise to a d!nae cloud cover. At all taree stations i t wae 

tàe presence ~f a cloud cover rest~cting insolation wnick was tae main cauae 

of the relatively cool temperatures. TAi• is ver,y well illustrated by com-

paring Fig. 11 with tàe sunshine totals in late July in Fig. 37· At Aler\ 
- . 

11ài• queation of atmospaeric humidi11y is particularly importan\; tae muea 

lower temperatures are due to a considerable extent to the prevalenee of 

fog•, ~rom which Lake Hazen especially was relatively free during tae 

summer. 

WCAL JNFLUENCES ON THE TEMffiRATURE CURVE 

The final control on air temperature, the local and regional situation 

of tlle stations, is muca more straightforward, altll.ough tlùil does not mean 

it il any lesa important to tais 5tuqyo 

To be able to asseia taese local influences it is of course essential 



to know the condition& at the •tation iite~. Their relative po~ition& are 

&hown in the Location Map (Fig. 1); Lake Hazen i• about 220 mile& from 
1 

Eureka and 100 from Alert. Alert weather &tation iii Iii tuated at 218 feet 

above iiea-level, about a mile inland from the head of Dumb Bell Bay, Wi th 
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the Arctic Ocean to the north, generally low land aronnd the ii~ation, and the 

monntains of Grant Land rü;ing behind a few mile• to the south. The &tation 
. .. / 

elevation at Eureka i• only eight feet above &ea-leve1 and it i~ •ituated on 

Slidre Fiord, an arm of Eureka S?und, it•elf a much greater fiord •Y•tem 

connecting with the Arctic Ocean. The three sites are thus very different 

from each other: Alert on an exposed coast, Eureka close to sea~level, 

but sheltered by land surrounding the fiord system, and Lake Hazen, 522 

feet above sea-level in the Lake Hazen trough and in the shadow of the 

Garfield Range. 

Whereas summer temperatures at Eure ka and Lake Hazen are, on the 

evidence of a single year, very much the same in terms of mean values, 

Alert is considerably colder and i t was not until la te September that the 

Alert and Lake Hazen curves intersectedo They did not meet again until 

the beginning of the folloWing summero In late September the separation 

between the curves at Eureka and Lake Hazen also became distinct and this 

too, with a few exceptions, co.,t:lnued nntil the following summero Of con­

siderable interest is the haJt in the fall of temperature wbich both 

Eureka and Lake Hazen experience in the latter two thirds of September, 

1 
Sorne references give 205 fto 



but in which Alert does not share. In the preliminar,y reports on the 

Lake Hazen data (See, e.g. (9)) the author attributed this delay at 

Lake Hazen to the presence of open water in the vicinity of the station 

after the air temperature had !allen below freezing. The relative 

wannth of the lake was, it was ass'U~Qed in the preliminary report, respon­

sible for causing the low and generally complete cloud cover in the 

vicinity of the lake (see Chapters VIII and X and Fig. 3) and for pre­

venting screen temperatures, measured only thirty yards from and 12 

feet above the lake, from falling below about 20°F. until the lake 

itself froze over. 

This still appears to be a reasonable hypothesis and it appears 

from Fig. 11 that the same happened at Eureka. also. Thus Slidre Fiord 

froze over campletely on September 14 (as noted in the daily sheet at 

Eureka) and the temperature began to fall rapidly a few days later. 

Lake Hazen did not freeze over completely until about September 24 (9) 

and hence the fall was delayed several days. At Alert the Arctic Ocean 

is rarely free of ice to any extent and the fall in temperature was 

more regular. 

In November and December, when s.rnoptic disturbances did not have 

an appreciable effect on temperature, the difference in mean temperatures 

between the stations increased to between 15° and 20°F. As each plot in 
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Fig. 11 represents the mean value of eighty observations over a ten-day 

period, the very great differences between coast and interior are apparent. 

One reason is the frost-hollow site of the Lake Hazen station: cool air 

drains down the mountains and tends to collect over the lake. In this -

respect, therefore, Lake ~zen is not perhaps representative of the more 

exposed situations irùand. However i t seems true also that the interior 

receives rouch less wind thQ.n the coast and calm conditions do rouch to help 

the development of an intense inversion. Eureka also has a frost-hollow 

site in the bottarn of the fior~, Which accounts for its temperatures being 

rouch lower than those at .Alert; it is, however, much windier than Lake 

Hazen and this helps to explain why mean temperatures do not fall quite so 

low as they do inland. 

At times of ~cal warming, the difference between the three mean 

temperatures becoœs . closer, al though the differences are grea ter than a 

cursory study of Fig. 11 would suggest. Thus throughout the fall in 

temperature inlate January and early Fe?ruary, when the Al.ert and Lake 

Hazen curves appear to ?e close together, the ten-~y mean at Lake Hazen 

was al ways at least 5°F o cold.er than that at Alerto 

The \.Ulusual fluctuations in temperature at the three stations during 

the spring warming are not immediately explicable in terms of local 

differences and i t is perhaps preferable to defer consideration of them 

until the synoptic climatology is taken into accotmt. The three stations 
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shared practically the same ten-day mean temperature on May 20 and from 

then until temperatures rose above freezing in the first half of June the 

three curves remained close together. After the thaw, however, they 

separated again, and on the whole Lake Hazen was a few degrees warmer than 

Eureka and about sevan degrees warmer than Alert. Alert •s summer weather is 

a mixture of fog, low cloud and occasional periods of fine weathero Eureka 

and Lake Hazen, less liable to these fluctuations, might be rather warmer 

were it not for the presence of relatively cold ice or water nearby. 

To express quantitatively the differences between the stations during· 

the observational period, Fig. ll was sampled to derive comparative 

temperatures at Alert and Eureka for different temperature groupa at Lake 

Hazen. The temperatures at each of the permanent stations were placed in 

groupa accordi.ng to five-degree intervals at Lake Hazen and each group was 

meanedo These means, and the difference of the mean from the mid-point of 
1 

the ~orresponding temperature group at Lake Ha.zen, are set out in Table 

vm . . The groups naturally vary considerably in size, Wi. th c:>n1Y four 
0 0 0 

observations at Lake Hazen falling in the ranges 3 5 to 40 F. and 30 to 
0 - 0 0 

35 F ., while there were as many as 36 observations in the group 40 to 45 , 

this being the usual ten-day mean temperature throughout the summer of 1958. 

The data are clearly too sparse for any valid regression linas to be derived 

from the differences. However, they do present more clearly sorne of the 

features which have been discussed qualitatively in the preceding pages. 

Thus the difference between Alert and Lake Hazen is always negative at 
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temperatures above 15~. and always positive be1ow 5°F., the difference 

generally increasing wi th l.Ower temperatures. Eure ka temperatu,res al ways 

tend to be wamer than thoœ at Lake Hazen, al though the differences are 
0 

fairly smal1 at temperatures of 15 F. and above. 

TABLE VIII 

COMPARISOO œ TEN-DAY RUNNIID MEANS AT LAKE 

HAZEN, ALERT AND EURE KA 
Differences from mid-point 

Temperature groups Mean of Temperatures at of Lake Hazen groups at 
Lake Hazen Eureka Alert Eure ka Alcrt 

45 to 50 42.8 40.4 t'Ü~3 .:. 2;1 
40 to 45 42.2 36·3 ;-o., .. 6~2 
35 to 40 38.0 31.8 +0~5 .. 5~7 
30 to 35 33·3 29~3 -t-0~8 - 3~2 
25 to 30 27.8 25c4 +0~3 - 2.1 
20 to 25 23~0 18~2 -+ 0~5 ;:t 4~3 
15 to 20 17~6 14~7 +0~1 - 2.8 
10 to 15 14.5 12~5 -t-2~0 o· 

5 to 10 14.2 9.6 -+ 7~1 ... 2~1 
- 0 to 5 11.1 9~1 .... 8.6 -+ 6~6 

- 5 'boO - 4.6 8~3 +7~1 + 10~8 
• 10 to .- 5 ,;; 1o2 4~3 +6~3 ... 11~8 
.a 15 to .- 10 -- 5.4 - 0.1 .... 7~1 + 12~6 
.- 20 to • 15 -14~0 -- 6.9 -+-3~5 + 10~6 
... 25 to - 20 ~ ~8~6 - ~3~~ ..... 3~9 .._. 9~4 
• 30 to .a 25 - 22~3 - ~8~6 +5~2 + 8~9 
.; ~5 to .: 30 ... 27~6 .;;. 18o2 ~4~9 + 14~3 
• 0 to ..-: 35 .... 33~3 .... 24~6 +4~2 +12~9 
• 45 to .- 40 - 34~7 - 27~9 + 7~8 + 14~6 
.: 50 to .: 45 .;. -4l~8 -. 33o2 +5.7 ·14~3 
-55 to -50 - 43.2 - 34.8 + 9.1 +1797 
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DAILY MAXIMA AND MIND& 

The main interest in the temperature extremes at Lake Hazen concerns the 

maxima in summer and the minima in winter and this is true both for absolute 

extremes and for daily Talues. 

The principal feature of the da.ily max:im.um temperatures at Lake Hazen 

is their very small variabili ty throughout the summer. Bet.ween June 1 1958 

and the end of observations on August 10 there were otù.y four occasions on 

which a da:ily maximum differed from the previous da.y 1s value by more than 

5~., compared to twenty-one such occasions at Eureka and thirteen at Ale~t, 

several of these last being changes of maximum temperature of 10° to 15~• 

from one day to the next. Nearly half the daily maxima at Lake Hazen during 

that period were between 50° and 55°. 

Daily minimum temperatures were usually very similar at all three 

stations du.ring the summer of 1958, tending to fall in the range 30° to 40°P. 

and usually above freezing-point. In winter, however, the .differences between the 

stations were almost always considerable, with Alert having the highest and Lake 

Hazen the lowest minima. Variation from day to day was qui te large, but from 

October 20 1957 until the end of that year the daily minimum at Alert was 

higher than that Lake Hazen on every occasion. 

Table lX shows these diff erences in winter minima very strikingly". On 

only" 35 da.ys out of the 355 in the observational period did the temperature 



at Al.ert not fal1 below freezing-point~ compared to 61 days at Lake Hazt:m.o 

The main f~ature, however, is the frequency of very 1ow temperatures recoxded 

at the irùand site by comparison With the permanent stations!) particulal'ly 

its nearer neighboure Thus on exact1y one-·third of the days in the yea:r 

temperatures be1ow the freezing-point of mercury were experienced at Lake 

a 
Hazen and temperatures be1ow - 50 F o were recorded on 73 da.ys or the 

equivalent of more than ten weekso 

TABlE lX. 

FREQUENCIES OF TEhliERATURES BELOW VARIOUS 
LIMITS 

(Alert and Lake Hazem August 21 1957 to August 10 1958~ 
Eurekag September l 1957 to August 10 1958) 

LIMITS LAKE HAZEN EURE KA AIERT 
Days in In and Days in In and Days in In ~d 
Range Be1ow Range Range Below Range Range Below Range 

-
0 

Be1ow 32e5 F o ~ 294 289 320 

- 0 to ..:o 20 38 225 33 204 62 206 
... 20 to .- 40 66 187 88 171 115 'l.l.t4 
-. 40 to ..; 50 48 121 57 83 28 29 
-50 ta - 60 63 73 24 26 1 1 
Be1ow - 60 10 10 2 2 0 0 

,t. Because of the method of rounding-off used in the Meteorologicàl Branchn 
0 -

freezing temperatures are considered as all temperatures below 32o5 Fo 

To obtain quantitative measurements of the day to day variation in 

extreme temperatures at Lake Hazen as compared to the coast, the variaœe of 

the dai1y change was computed for three periods of fifty days during the 



observa.tional peri.od. The period3 were selected to 3hol'f the condi tio!13 during 

thiœ periods of particuJ.a.r interest at Lake Hazen& the period after the 

first snow in the fall, when temperatures were continuously decreasing~ and 

the two periods in mid-win ter and mid-summer respecti vely. The results of 

the evaluation are set out in Table x. 

Considering the summer period first, the significant feature is the 

very low values of variance for bath maximum and minimum temperatures. If 

conditions during 1958 were representative of a longer period, then these low 

values of variance may be of considerable use as a forecasting aid. This 

question will be taken up in more detail in the third part of this study o 

For bath the maxima and minima the variance is less at the inland station 

than on the coast, although Alert 1s minimum temperature also appears to be 

highly conservative from one day to the next. 

TABlE X 

VARIANCE OF TIE DlFFERENCE BETWEEN SUCCESSIVE 

MAXIMUM AND MllUMUM TEMIERATURES 

Station Sep. 4 - Oct. 23 1957 Febo3 - ·Mar.24 1958 Jun.2o- Aug.8.1958 
Var. of MX Var. of Mn Var. of Yn Var. of Mx v~. of J4J. 

Lake Hazen 28.638 48JJ,88 57~142 12~158 5~634 
Eure ka 28.899 89~9&9 66~878 35~212 9o520 
Alert 41.822 52·090 35.428 32.110 6.053 
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Conditions in rnid-winter show one feature which is not ta be found in 

ei ther the fall or summer data., Daily fluctuation of temperature is con-

siderably less at Alert than it is at Lake Hazeno This is, of course, 

because of the warmer temperatures which were experienced there throughout 

the winter.. Vfhenever significant eynami.cal warming took place over northern 
/ 

Ellesmere Island the ampli tude of the fluctuation was rouch grea ter at Lake 

Hazen than at Alert. The variance is even greater at Eureka and the author 

would suggest that this is because the considerable fluctuations from &y to 

day at Eureka probably renect bath major and minor cynami.cal influences 

into the area.. At Lake Hazen, by contrast, the minor synoptic disturbances 

passed by with little or no affect on weather conditions.
1 

Thus before 

such values of variance, or the standard deviations which are derived from 

them, can be used as local forecast aids, it will be necessary to plot the 

distribution curves of the values of the day-ta-day changes from which the 

variance has been computed. At Lake Hazen in mid-winter such a distribution 

curve would probably show a cluster of very small differences and two other 

clusters sorne distance away caused by the rise and fall of extrema temperatures 

during major synoptic invasions. This, however, Will be deferred until a later 

section of this stuey. 

1 
This is not entirely speculation~ the discussion in Chapter VII 

concerning the lack of strong winds at Lake Hazen by comparison with the 
coast deals with a similar situation. 
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The interesting feature of the fall period is the relatively high 

variances at all stations, although Lake Razen is more conservative of bath 

maxima and minima than ei thar of the stations on the coasto A steaey change 

from day to day would not be anomalous, as the mean air temperature was 

falling steadily throughout the periodo However, the values are very much 

grea ter than would be produced by a simple radiational control and i t is 

significant that at Lake Hazen, where the mean temperature falls farthest, 

the variance is the smallesto This considerable fluctuation in extrema 

temperatures from day to day is entirely hidden in the ten-da.y means of 

Figo llo 

TEMIERATURES AT THE GROUND SURF .ACE 

DURING THE SUMMER OF 1958 

Although the sail temperatures measured throughout the observational 

period by means of thermistors at depths between one foot and three feet 

Will be discussed elsewhere by Jo Mo Powell, sorne mention may be made 

here of the measurements made at the soil surface With a thermameter from 

May 21 'lU'l.til regular observations encled on August lOo These temperatures 

may be of interest to botanists, engineers and others concernedwith 

temperatures close to the groundo 

The thermometer used for these measurements lay flat on the soil 

surface about five yards from the Stevenson screen (Figo 5) with its 

bulb lightly covered with soile As mentioned in Chapter II, most of the 



observations were taken wi th a thennometer correct only to wi thin 1° 
0 

or 2 c., but the nature of soil temperatures is such that errors of this 

amount are not so important as they are in the measurement of air 

temperatures. 

It must be remembered that these temperatures are not minima, but 

only the actual temperatures at the four main synoptic observations: 

1 pom., 7 p.m., 1 a.m., and 7 a.m. E.S.T. The 1 p.m. reading was almost 

invariably the warmest of the day and the 1 aomo was usualzy the coldest. 

Whilst these two times are fairly close to the theoretical optima for 

maxima and minima respectively, they are almost certainly seldom the 

actual daily extremes. 

The actual observations have been plotted in Fig. 12 on the same 

graph as the assumed controls of the surface soil temperature: the daily 

sunshine and the daily maximum and rnin:ilnum air temperature. 

It should be noted that the thermometer was installed before the air 

temperature rose above freezing-point. This was possible because the 

camp area, apart from the immediate vicinity of the Stevenson screen had 

80 

been bulldozed free of snow on .May 3. Despite the presence of permafrost 

only a few inches down and despite the low daily minimum air temperature, 

the surface soil temperature di d not apparently fall below about 31 <i'. 

thereafter. 
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The general relation of surface soil temperature to daily sunshine totals 

is clear enough, although a few anomalies appear to exist, probably caused 

by the state of the sky in the period immediate~ before the observation. 

The highs recorded at the begirming of the period were generally a little 

0 
ab ove .50 F.; they be gan to exceed 60 °F o at the beginning of June, reached 

70~ o bef ore the middle of the month and the lùghest temperature of the 

summer, slightly more than oo<J-. was recorded on June 28. Thereafter 

daily "maxima" were generally in the 70° to aoO,. range until the dull 

conditions of lata July caused a considerable fall. Maxima. in the early 

part of August were general ].y" in the high sixties o 

From May 21 until the middle of June, the soil temperature at 1 a.m. 

was generally five to eight degrees war.mer than the maximum air temperature 

for the same 24-hour periodo In the second half of June the highest air 

temperature and the lowest soil temperature were generally" close to each 

other, and thereafter the soil "minimum" lay usually wi thin the daily 

range of air temperature • Dependance on sunshine was, as might be expected, 

by no means so great as With maximum soil temperatures and thus the daily 

range at the soil surface tended to be much less on cloudy da.ys than on 

clear days when the ran~ between highest and lowest soil temperatures 

0 
obse:rTe d was usually of the order of 30 F • 
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C HAPI'ER J!l 

FRECIPITATION 

THE: FROBIEM Œ' SNCTH MEASlJREMENT 

The accurate measurement of solid precipitation is a problem which has 

still not been satisfactorily solved by the meteorological services of the 

world. Each service follows its own convention and this often gives rise tu 

anomalies. 

The essential problem is that of obtaining an adequate measurement of 

the water content of the solid precipitation, usually snow, which falls in 

a gi ven periodo The obvious way of sol ving the problem might seem to be 

the collection of the snow in a container similar to a rain gauge, and th~n 

the calculation of its water equivalent by melting and direct measuremento 

Several problems arise however. The density of solid precipitation is 

usually much less than that of rainfall. and hence i t is very much more 

likely ta be affected by eddies round the top of the collecting can. Also, 

if the can is close ta the ground, it often happens that drifting snow may 

be blown into it, giving a false total. Finally there is the problem of the 

separate measurement of snow and rain when they are falling together as 

sleet. This, however, is not of great concern to the present stuqy, as a 



significant fall of sleet was recorded onl1 once during the observational 

period, in July 1958o 

The alternative approach ta the problem is that currentlY used in 

Canadi.an practice. This is based on an assumption concerning the relation 

of the specifie gravity of snow ta that of rainfall (or, in other words, 

how many inches of snow are equivalent to one inch of rainfall.) The depth 

of newl;r-fallen snow is measured and this is multiplied by the specifie 

gravity factor to give an assumed equivalent water content. In Canada the 

working assumption is that ten inches of newly-fallen snow has a specifie 

gravit;r equal to one inch of rainfall. An observer thus measures the depth 

of snow with a rule, compares this with the d.epth at the previous observation, 

repeats this at several si tes to obtain an average value (in particular, to 

make allowances for any drifting or blawing which may have taken place) and 

then divides this figure by ten to obtain the water equiTalento The chief 

disadvantages of the method may be illustrated by quoting the instructions 

for measurements issued ta observers: 

5.8.2. Sno'Wfall. The amount of snow Which has fallen in a giTen 
period shali be determined by measuring and averaging the depth 
of snow in se -.aral places, Snow depth shall be measured in tenths 
of inches. In so far as possible, the depth of new snow shall be 
measùred in spots Where the snow has fallen undisturbed b;r the 
wind. When the snow has be en drifte d by the wind, the depth of new 
snow in the drifts and in exposed areas shall be measured, and the 
observer shall then estimate the depth of snow that would have 
accumulated if the fall had been undisturbed by the wind, making 
due allmvance for the relative size of the drifts and exposed areaso 
(15, 1'•30) 
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Measurement by this method is obviously highly' subjective. The 

number of measurements made to obtain the average depth is left to the 

individual observer, and probably varies greatly according to individual 

conscience and prevailing weather conditions o Even wi th the best Will in 

the world, howeverl' the observer cannot hope to get better than a fair 

approximation .when drifting has taken placeo To consiœr "the relative 

size of the drifts and exposed areas" is inadequate, as the degree of com-

paction in drifts varies tremendously and it is not humanly possible to 

estimate the degree of compaction in a drift and then visualise the depth 

which this would re present if the snow was evenly distributed over the 

landscape in its newly-fallen sta.tea 

Perhaps an even more serious error is contained in the specifie 

gravity assumptiono The hypothesis that ten inches of snow is equal to 

one inch of rainfal is one which is open to question, particularly where 

snowfalls at low temperatures are frequent. This has been demonstrated on 

several occasions by actual comparison, and the question was investigated 

by B. W. Currie in 1947~ 

"The average specifie gravi ty of newly-fallen snow is assumed 
generally to be Oolo As a result the rainfall equivalent of the 
snowfall in most regions is based on the product of this factor and 
the sum of the observed depths of snow in each falla Vllùle this 
procedure apparently gives satisfactor,y values for cool climates 
where much of the snow falls at temperatures a few degrees above 
32o.F' o and often in such large quanti ties that the upper layers 
help to compress the lower ones, occasional observations of the -
specifie gravity of snowfalls at low temperaturesoeoeo have indi­
cated tha t a somewhat lower value than Ool should be used in 
regions with cold climateso11 (22, pel50) 



Currie goes on to show, as a result of his own experimenta in 

Saskatoon, that a better water equivalent there is 0.081 (22, p.l51), 

indicating that about twelve inches of snow is equivalent to one inch 

of rain in such conditions. 

This liability to error is particularly significant in the Arctic, 

where snow most frequently falls at low temperatures, even though the 

falls nearer freezing-point are those which are most important for total 

amount. 'Ihe 10 : 1 relationship probably bas not even the value of 

being a statistical average. It should be mentioned, however, that a 

totally different view of the specifie gravity relationship has been 

taken by other '~rkers. Rae, for instance, (49, p. 16), on the basis 

of. measurements at Resolute, suggests that the ratio in the Arctic 

should be nearer five to one and implicit acceptance of this view is 

contained in Sim 1 s description of the elima. te of Eureka (50, p. 45). 

The ?.feteorological Branch are, of course, aware of the limitations 

to the method, and are currently experimenting with a new type of snow 

gauge, mounted about six feet above the ground so as to avoid the bulk 

of drifting snow, and with a broad flat lip designed to minimise the 

eddying pro blan. Even here, however, the 10 : 1 relationship enters, 

in that the depth of snow is computed by multiplying the measured water 

equivalent by this factor. As it is water equivalent which is the more 

significant value, however, this gauge representa a much smaller lia­

bility to error. 

86 
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The method adopted at Lake Hazen for measuring solid precipitation 

amounts was undoubtedly" a makeshift one, although it would appear that the 

re sul ts i t gave were at least as accurate as standard practice and 
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pro~ably much more accurate. The technique is described in Chapter II 

(:pp.41 -42) The errors due to drifting into the can and edd;ri.ng around it 

{probably fairly small considering that throughout the entire observational 

period only ten per cent of the winds recorded at 40 ft. were over 5 m.p.h.) 

are more than outweighed by the advantage of objectivity in measurements 

and in particular in the measurement of very light falls. At Lake Hazen, as 

elsewhere in the Arc tic, falls of snow were usually light and to estima te 

accurately to within one-tenth of an inch, equivalent to 0.01 inches of 

rainfall according to convention, is well-nigh impossible. 

In so far as objective snow depths are required for their own sake, 

these were recorded on the daily sheets by direct measurement, and the 

values on the last day of the mon th during the season Wi th a snow cove·r 

are set out .~n Table XI, with the data for the. two permanent stations as 

a comparison. The record at Lake Hazen is not, however, strictly con­

t~nuous, and the reason for ~his helps to illustrate the problem of 

compaction mentioned earlier. The snow which fell on and after September 

3 1957 blanketed the lands cape Wi th little drifting and, in the lack of 

large amo~ts to compress lower layers, without rouch cœnpaction. After the 

lake froze, t~e density of the newly-fallen snow on its surface was found 

to be about O.le4 grams per cubic centimetre, la ter · compacting slightly 
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1 to 0.220 _gms/cc. During the storm on mid-Janu.ary 1958, the snow coTer was 

completel;r removed by the lfind from much of the landscape (blOWi.ng sand 

was recorded simultaneously with blowing snow, and it left metal objects 

such as the rain gauge burnished bright) and it was compacted into a fe'W 

dense drifts on the land and as a compac ii layer on the lake surface. On 

t~e lake a n~ber of densitv measurements all yielded values close to 

0.468 g;nso/cc. From the beginni.ng of February, therefore, the depth of 

snow recorded in columns 30 and 86 of the da.ily sheets, and set out in 

Table XI, is that on the lake surface, the only surface from which a 
. .. . . . . 

reasonably representative measurement could be obtained in 1ate Winter. 

TABlE XI 

SNOW IEPrHS ON TIŒ LAST DAY lN EACH MONTH 

(to the nearest inch) 

Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Juno July 

Lake Hazen 0 3 8 9 9 10 10 10 12 13 0 0 
Eure ka ·o 6 7 7 7 9 9 9 9 8 0 0 
Alert 0.5 11 15 16 16 J4 J4 ll 10 8 trace 0 

Before ending this discussion of the significance of the precipitation 

totals, mention sh~uld be made of two profiles obtained by ~· Hattersley­

Smi th in early May. The se profiles, reproduced here as Fig. 13 were taken 

1 
The au thor is indebted to ·his co1league C. R. Harington for the use 

of these and the following values. 



Ice 

Ice 

Cms. 

Sfc. 

12.0 

16.0 

29.5 

Snow Type 

New 

Partly re­

crystallised 

(1/2-2 mm.) 

Wind pack 

Loose platy 

crystals up 

to 1 1/2 ems. 

Density 

(g/cm) 

.18 

.21 

.45 

.23 

88a 

Water Equiv. 

{ems.) 

1.78 

1.80 

3.11 

Tot al • 7 • 32 ems • 

a. 300 yards from shore of lake, south of base camp, . 12 May. 

Sfc. 

5.0 

9.7 

17.7 
20.2 

32.4 

New 

Partly ~ re­
crystallised 
(1-2 mm. ) 

Re c ryst alli sed 
{up to 7 nun.) 

Wind pack 

Loos e p1aty 

crysta ls up 

to 1 1/2 ems. 

.19 .95 

.21 .99 

.21 .74 

.46 2.65 

.21 2,82 

Total • 8.15 ems. 

b. 100 yards from shore of lake, south ot base camp, 3 May. 

Fig. 13. Profiles Through the Snow Cover on Lalœ Hazen, May 1958 

(from measurements by Dr. G, Hattersley-Smith.) 



on the surface of the lake. It must be pointed out that least two factors 

prevent their being acceptable a~ representing the total water equivalent 

of the snowfall up to that time. First, the lake did not freeze completel;r 

un til . sorne time afte:: the first major snowfalls of the win ter and secondly, 

as ·mentioned earlier, they contain a.considerable amount of snow blown 

off the land during the January gale. The time when this addition occurred 

is clearly at the layer of "wind pack", suggesting that eTerything below 

that layer was snowfall onto the lake surface after it fraze and before the 
. .. . ' . . 

gale. The mean of the two measurements of this latter amount is 2o97 ems. 
. -.. . 

water equivalent, or ~·17 inches. The measured precipitation in the.gauge 

up to that date was 0.57 inchas, a considerable margin of difference. 

The major reason for this difference appears to be the problem of 

unrecorded "traces" of precipitation. Between September 3 and Janu.ary 17 

one hundred and eight such traces (i.e. a water equiYalent less than . . 

.005 ins.) were recorded in six-hour periods, none of which contributed to 

t~~ t~tals of measurable precip~tation. If it is assumed that two traces 

equalled a measurable amount (0.01 ins.) then the total for the period would 

be 0.54 inches, practical~ eliminating the difference, although sorne of this 

fell before the lake fraze. The author feels that this is perhaps an 

exaggeration: a ratio of 2i or 3 traces to 0.01 inches might be more 

accurate, but the importance of the contribution of such light falls to 

the total precipitation is clear. During the period of sub-freezing 

temperatures one hundred and eighty-seven traces of precipitation were 



recorded, of Yihich orù.y fifty-eight were individual records not succeeded 

or followed by traces in adjoining six-hour periods. It would therefore 

seem that the Canadian practice, to l'lh.ich the Lake Hazen station adnered, 

of measuring pre ci pi tation avery six hours should be modified in the 

Arctic as it causes the non-recording of a significant proportion of the 

armual total. A twelve-hour or daily period would seem preferable, or 

perhaps even the separate recording of each snowfall, where this did not 

continue uninterrupted for too long a period. 

The desirabili ty of al te ring the practice in the Arc tic is made mor e 

apparent when the purpose of the precipitation measurements is considered. 

In mid-latitudes,~~ where frequent showers, etc. of va.rying intensities are 

common, frequent measurements provide indications of precipitation 

intensity. In the Arctic, however, where alaost all precipitation is 

light, at least by comparison with mid-latitudes, the times when precipita­

tion is falling (recorded in column 72 of the daily sheets) combined with 

the total amount during 12- or even · 24-hour periods would gi ve an 

adequate measure of the intensity. The absolute amount of specifie days1 

months and over the year as a whole is of considerable s:i.gnificance to 

Jt_rctic work in botany, glaciolog,y e-t:oc. and i t is difficul t to obtain this 

knowledge from the present practice. 
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THE FORMS OF ATMOSPHERIC PRECIPITATION 

Although the main division of precipitation type is between liquid 

and solid, ~ain and snow, each of the se generally includes more than 

one species. Liquid precipitation is classed into rain, drizzle, freezing . . 

rain and freezing drizzle. The distinction between rain and drizzle is 

defined by drop size, the one being greater and the other less than l/50 

inch in diameter; in practice they are distinguished by their behaTiotn' 

in fall and in contact with the gro1.md. Solid precipitation embraces 

snow, snow pellets, snow grains, ice pellets, hail and ice prisms. Of 

these types, hail and snow pellets were not recorded at Lake Hazen, nor was 

either form of freezing precipitation. 

Snow is defined as: 

5.4.3.1. Snow. Precipitation of -mainly hexagonal ice crystals, 
tn.Ost of "w"Fii'ëh are branched (star-shaped.) 
5.4.3.1.1. The branched crystals are sometimes mixèd with unbranched 
ëiystals. At temperatures higher than about 23 <11'.; ths c:rystals 
are general~ clustered to form snow flakes. (15, PP• 22-23) 

S~ow grains are defined thus: 

5.4.3.3. Snow Grains. Precipitation of very small white and opaque 
grains of-rc9. These grains are fairl.y flat or elori.gated; their 
diameter is general~ less than ~25 of an inch. (p.23) 

Thircil.J" are ice pellets : 

5.4.3.4o Ice Pellets. Precipitation of transparent or translucent 
pellets ofice, which are spherical or irregular, rarely conical, 
and which have a diameter of J/5 of an inch or less (p.23) 



MAN~ goes on to rernark that there are two main types of ice pellets; 

those recorded at Lake Hazen on two occasions in June 1958 would appear to be 

forrœd from "frozen raindrops, or snowflakes which have largely melted an~ 

then refrozen. The freezing usually takes place near the earth's surface.11 

Final~, ice prisms: 

5o4o3e6o ~ Prisms. A fall of unbranched ice cr;rsta.ls, in the fonn 
or needles, colurnns or plates, often so ti~ that they seem to be 
suspenœd in thé airo These crystals may fall from a cloud or from 
a clotidless s~. 
5o4o3o6olo The crystals are visible mainly lVhen they glitter in the 
sunshine ( diamond dust); they may then pro duce a luminous pillar or 
other halo phenomena. This }Vdrometeor, which is frequent in polar 
regions, occurs -only at very low temperatures, and in stable air 
masses. (pp. 23-24) 

The essential feature concerning these definitions is that they are 

baseÀ solely on physical characteristics; the difference, for example, 

between snow and snow grains is not one of the re la ti ve size of the 

particles, but their different origin and fermo The author believes that 

these definitions were constantly in the minds of the observera at Lake 

Hazen and that the entries of precipitation recorded in the synoptic 

sheets (especially in column 72) are very reliable. 

As might be expected, there is a general relationship between 

temperature and the form of solid pre ci pi tation. Table XII illustra tes 

this by showing the number of days in each month on which snow, snow 

grains, or ice prisms were recorœd. Snow, it Will be seen, is liable 

to fall m any month, but it is most frequent in Septernber, October and 



May, when temperatures were nearest to freezing-point, and also in 

January when, although air temperatures at Lake Hazen only just rose 

above OOF. at the surface, observations at Alert and Eureka indicate 

that the free atmosphere over northern Ellesmere Island was consider-

ably warmer. Snow grains, al though recorded on only about half' the 

number of days compared to snow, show a similar relationship, 'Whereas 

the distribution of ice prisms, as might be expected, is entirely 

different. They are uncommon in early faU, but were observed on half 

or more of the days in each month from November to March inclusive. 

As mentioned in the specification they frequently feil out of cloudless 

sky. The prisms were most easily seen by the light of a flashlight 

beam during the sunless period and it is possible that they may have 

been slightly under-recorded during late winter, Uarch and April, after 

the sun returned. This, as will be shown la ter, would not affect pre-

cipitation totals. 

TABLE XII 

DAYS EACH MONTH WITH VARIOUS FOID4S OF PRECIPITATION 

*Sep. Oct. Nov. Dec. Jan. Fe b. Mar. Apr. May Jm. Jly. 

Snow 14 21 8 9 22 4 13 10 15 4 2 
Snow Grains 25 11 2 2 9 5 5 0 4 0 0 
Ice Prisms 2 5 17 18 20 20 15 9 7 0 0 

* Includes also the latter part of August 1957 
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PRECIPITATION TOTALS 

The quantity of precipitation measured at Lake Hazen during the 

obserYational period is sUlTJIIlarised in Table XTIIJ the sam.e data for 

Alert and Eureka (omitting late August 1957 at the latter station)is 

shown for comparative purposes. 

It will be seen from column 2 of the table that precipitation at 

Alert was wall over twice that at Eureka, which in turn recorded twice 

as much as did Lake Hazeno Precipitation was recorded on practically 

the same nwnber of days at both the permanent stations, but at Eureka 

it amounted to more than a trace on only forty-nine days, compared to 
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nearly twice as many at Alert. At Lake Hazen both the nmnber of days with 
.. . . 

precipitation of a tra?e or more, and the days when it reached measurable 

proportions were fewer, although the relation of one to the other is 

practically the same as at Eureka. The difference between Eureka and 

Lake Hazen in precipitation arnounts is not, however, as great as the 

wide difference in snowfall arnounts (column 2 minus column 7) would 

implyo Eureka_had lo08 inches water equivalent more snow, according 

to this table, than did Lake Hazen. One reason for the difference is 

probably contained in the 10 : 1 relationship used at Eureka. If, 

follow:i.ng Currie (22), a 12 : 1 relationship were adopted, the difference 

between the two stations would be reduced to approximately 0.9 incheso 

More important, however, is the effect of a few heavy falls on these small 



Station Total 

(1) (2) 

Lake Hazen Oo9811 

Eure ka 2~07'1' 
Alert 4.52" 

TABrE XITI 

PRECIPITATION DURJNG 1957 - 58 

Total Days Total Days (4) aa % 
Tr or More More than Tr of (3) 

(3) (4) (5) 

134 39 29~1% 
169 49 29~0% 
171 95 55.6% 

TABlE XlV 

ME.ASURABIE PRECIPITATION BY MONTHS 

(inches) 
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No. o! 
Total (6) as Da ys 
Rain % of (2) of Rain 
(6) (7) (8) 

o.ot• 7~1% 3 
0~10" 4~8% 3 
0.84" 18.6% 10 

-1957 . 1958 
j.Aug. Sepo O~t. Nov. D~c o Jan. Feb. Mar. Apr. May Jun. Jly. Aug.j. 

Lake Hazen 
Eure ka 
A1ert 

f (part) 

o o~2o o~23 o~o3 o~o4 0~23 o~o1 o~o2 o~o5 ore o~o4 o.o5 o 
o;96 0~36 o~o5 0~10 0~31 o~o5 o~o4 o~o2 o~ o~o3 o.o7 o 

o.3o 1.oo o.94 0.10 o.oa 0.38 0.11 o.o4 o.2o oJ4o.o3 0.40 0.49 

total amounts o Comparing the precipitation during the colder months at 

the three stations in Table XIV i t will be sean that a very great part 

of the exces s at Eureka -.vas received in the month of September, and that 

in succeeding months the relationship between the two is much closer, Lake 

Hazen even recording fractionaJ.ly grea ter amounts in soma months. The 

bulk of the precipitation at Eure_ka in September 1957 fell on one day, 

t~e 2nd, when the assumed water equivalent of the daily snowfall was 

0.54 inches. Thus over one-quarter of the precipitation f rom September l 

1957 to August 10 1958 fell on a single day and su!!iciently accounts 



for the apparently large anomaly between the stations in the "annual 11 

figures. 

96 

At all stations, however, the pattern clearly emerges of the bulk of the 

precipitation falling in the first few snowfalls of winter when the 

temperature is still relatively high, and in the period immediately before 

the thaw in early June. The latter period is, on the basis of one year's 

observations' of less significance and this is what might be expecte d as 

most of the water bodies constituting the moisture sources are still frozen. 

The very small totals recorded at Lake Hazen underline the very 

insignificant part played by ica prisms in the measurable precipitation, 

despite the frequency with which they were recorded. Normally, even if 

the falluas continuous over a six-hour period, the precipitation canstill 

appeared empty and they are not recorded even as a trace. Falls 

greater than this have, however, been recorded elsewhere. Ras (49, p.l8) 

quotas a record. of o.~ inches at Resolute (i.e. presumably, a water 

equivalent of 0.01 ins.) and quetes Kans as measuring a fall of one­

quarter of an inch in six hours. While bath these observations seem to 

be fairly reliable (Kane observed displays of paraselenae while the 

prisms were falling which is confirmatory evidence), on the basis of 

experience at Lake Hazen, when ice prisms were recorded on nearly a 

third of the days in the observational period, they may be neglected 

as sources of precipitation for all practical purposeso 

• 
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The rainfall recorded at Lake Hazen and Eureka is probably somewhat 

below nonnal. {Rae (4 9 p.l7) suggests that nearly half the total for t~e 

year may occur as rainfall OTer most of the Canadian Arctic Archipelago. 

At Eureka the mean rainfall for the years 1948 to 1958 has been 1.04 
. . . 

inches, 42 per cent of the total precipitation. The swruner party at Lake 

Hazen in 1957 measured 1. 53 inches between June 12 and August 18 

compared to a fall of less than a tenth of an inch in the Summer of 1958. 

Hoar frost has frequentl;r been cited as a significant source of 

precipitation in the Arctic, I~ is ~sociated particularly with the 

"Glacial Anticyclone Theo:ry11 of W. H. Hobbs (35), in which hoar frost 

waa assumed to be the principal, if not the on~, alimentation source 

for tb.e Greenland and Antarctic ice-caps. It has been pointed out, 

notabl;r by Mat thes (42) 1 that the cold air which Hobbes postula tes as 

dominating the circulation over the caps, to the complete exclusion of 
. . 

maritime air masses, has a very low saturation Tapour pressure and would 

be total~ inadequate to eupply the moisture needed to maintain the ioe 

~heets, even if 1 t we%'8 n~t adiabatically warmed as i t eettles in the 

centre or the anticyclone. 

_T~e unaooeptability of hoar rroet for the H?bbe h1Pothee~e doee not, 

h?"f~ver_mean that it may be neglected eTerpmere. Rae (49, P•l7) q,uotea 

Sverdrup ae eetimating that rime and hoar :f.'roet may acoount for as muoh 

as 15 per cent of total annual precipitation in the Arctio. On the basie 



of observations at Lake Hazen, the author would agree with Rae that this 

esti.mate seems excessive. At the beginning of the winter, it is true, 

rime. and frost ~position was considerable as can been seen from 

Figs. 14 and 15. It had to be shaken from guys, masts etc. periodically 

to prevent it from becoming too heavy. Once temperatures fell to the 

l'linter nonnals, however, rime fonnation decreased considerably and did 
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not becorne appreciable again until temperatures rose in the springo Figs. 

16 and 17 show sorne of the interesting crystal forma which developed 

spontaneously on the cold, bare ground which had been cleared of snow by 

bulldozer in May. Similar features developed on the cold lake ice as the 

air temperature and humidity increased. Spectacular as these features are, 

nei ther they nor the very similar ones which developed in the fal1 can 

have been equivalent to any very significant amounts of water. 

Mention should be made of thunderstorms. Rae, wri ting in 1951, 

remarked that "none have been reported from the islands north of the 

Parry grou!?" (49, p.20) and a simila~ conclusion is implied by 

Fetterssen, Jacobs and Hay.nes (48, po69). 

The author has no doubt, however, that a thunderstor.m occurred in 

the environs of Lake Hazen on the evening of June 12 1958, and possibly 

on other occasions in the weeks previous~. June 12 was the date on 

whi~h ~e highest temperatures of the observational period was recorded 

(59.2C]- o); i t followed se-veral days wi th high sunshine total (Fig. 37) 



Figs. 14 & 15. Hoar Frost, Fall 1957· 
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F1gs. 16 & 17. Spring Frost Features, 1958. "Frozen ne..• 
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and thus provided the most sui table local conditions for strong convective 

actiTirty. Colum:n 71 of the daily sheet for that day has the following 

entry "1900 - 1915 (E.s.T.). Thunder heard to s.E. A total of four rolls." 

No lightning was observed, but the author satisfied himself that the sound 

was caused by thunder and not by the only other agency which seemed 

possible: a fall of rock from the cliffs of John's Island in approx:i.mately 

the same direction. No precipitation was recorded at the station on that 

0 
date but 30 of rainbow was noted in an easterly direction at 2140 E.S.T., 

indicating that shower.y precipitation, presumab~ of convect~ve origin, 

was still occurring late in the evening at no great distance. 

Figs. 18 and 19 are photographs which were taken on other occasions 

during the summer and show heavy cumulus over and along the Garfield 

Range, wi th most of the features of cumulonimbus clouds. It is not 

implied in the preceding discussion that thunderstorrns are an important 

source of precipitation in northern Ellesmere Island as a general rule. 

The case was mentioned only as it seems a fairly well documented example 

of a phenomenon which in these latitudes appears to be fairly rare. 

In view of the problems which have been raised in this chapter 

concerning the problem of precipitation measurement, soma brie! con­

clusion is perhaps necessary to clarify the discussion. The au thor 

believes that the total pr ecipitation during the observati onal period, 

including that which di.d not reach "measurable" quantities ·'3.5 it fell, 



l'iga. 18 & 19. Cumulus and Cumulonimbus, Lalœ Hazen, 

Summer 1958. 

The mountain peak in the bottom right ot the lower 

figure is approximately 3300 teet a.s.l. 

lOla 



was probably close to 1.5 inches, and almost certainly did not exceed 

2 inches. It would appear that the method of precipitation measurement 

used at Lake Hazen was preferable to the conventional method, although 

a specially designed snow gauge, of the type described on page B6 

would have been the most suitable deviee. 

102 
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CHAPI'ER V 

HUMIDITY 

I. THE ffiOBLEM OF HUMIDITY MEASUREMENT 

In Chapter II reference was made (p. 29 ) to the "persona.! equation" 

of an observer: his tendency to make systematic and repeated mi.stakes 

of the same type without being aware of it. Often the errer involved is 

unimportant, but in certain cases i t may be such as to nullify the value 

of the observation itself. Particularly is this so in the measurement 

of humidity by mea.ns of the wet- and dry-bulb psychrometer. At low 

temperatures the depression of the wet-bulb (in _many cases a "negative" 

depression) is very small, often only 0.1°· or 0.2~. Any systematic 

mistake in estimating the tenths of a degree on the thermometers is 

therefore liable to cause very great errors in deter.mining dew point, 

relative humidity or vapeur pressure. 

It had, for instance,been hoped to make use of the data from Alert 

at cold temperatures, but this was found to be impossible. In looking 

through the station records during the period i t was found that one 

obs~rver in particular had a tendency to round beth dry- and "'flet-bulb 

readings off to the nearest half or whole degree. A quantitative check 
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on the measurements by this observer showed that in the period from 

November 21 to December 31 1957, in which he took approximately half 

the surface observations at Alert, the uncorrected (i.e. actual~ 

observed) values of wet- and dry-bulb temperatures were grouped as 

follows: 

Final Decimal 
No. of cases 

.o 
187 (57.2%) 

·5 
48 (14.7%) 

Others 
92 (28.1%) 

Taking the latter part of November by itself over 70 per cent of 

the observer's readings were in full degrees. As the temperature at 

that time was in the vicinity of - 2oor., where a difference of 0.1~• 

in the depression changes the dewpoint by 1~. and the relative hurniclity by 

4 per cent, it can be seen that little reliance can be placed on the 

humidities so recorded which are, in fact, on1y the expression of the 

different correction factors applied to the two thermometers. 

Having made criticisms of Alert, it is only just that the tan-

dencies of the observers at Lake Hazen should be considered in the same 

way. The month se1ected was April 1958, in which temperatures were co1d 

but not, for most of the month, bel ow freezing mercur,r . The observations 

of the four observers were analysed separately and the results are as 

follows: 
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Observer Number of Cases 

.o ·5 Others 
(1) 20 4 79 
(2) 26 6 82 
(3) 21 4 98 
(4) 39 6 77 

106 (22.9%) 20 (4.3%) 336 (72.7%) 

The proportion of obserTations in the third column is clearly much 

nearer 80 per cent which would theoretically be expected.. The proportion 

of observations of .5 is, surprisingly, under-represented by all 

observers, while those of .o are again too manr. Only in the case of 

observer (4), however, is this error considerable and the author reluctantly 

admits that ha was the persan concerned. It does, however, seem possible to 

use the data to determine the humidi ty of the surface air at Lake Hazen. 

II. VAPOUR FRESSURE MEASUREMENTS DURING THREE MONTIB 

All studies of humidity encounter the problem of expressing the 

results in a form which has physical significance. The most usual 

expression is in terms of relative humidity, the amount of water 

vapour in the air as a percentage of that which it could hold at a given 

temperature. The possible water content of the air, however, varies ver,r 

greatly according to temperature and relative humidity, unrelated to 

temperature, has little meaning. This problem is most important where 

mean figures are employed. The most acceptable form of expressing 
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humidity content is probably as the vapour pressure: the amm.mt of 

(atmospheric) pressure which the water va pour exerts, which is directly 

related to its mass. 

Calcùlation of vapour pressure from the data provided by a simple 

psychrometer is a tedious, although straightforward, task, and it bas been 

thought sufficient to show values during the three months in the 

observational period vihich are of particular interest for bum:i.dity«-

September 1957 was the cloudiest mon th wi th open water in the lake for 

the greater part of the time and air temperatures almost continuously 

below freezing. April 1958 was the only "cold" month for which 

sufficient data was available, the others having long periods during 

which the mercury thermometers ha.d to be removed from the screen. Finally 

Jtùy 1958 represents a period in high sununer, with the lake ice steadily 

melting as the month progressed. 

It is important to note that i t was impossible to plot the data i n 
. . 

Figs. 20, 21 and 22 on identical graphs. The very great differences -in 

humidi~ require that although the April and July graphs have the same 

sc ale, they have a diffe rent origin. Similarly April and September share 

the same origin, but the scale is five times larger on the April graph. 

As well as plotting the vapour pressure at each of the eight daily 

observations during t he mont hs concerned, except on t he dates i n April when 
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temperatures below freezing mercury were experienced, the daily mean 

temperature has been sho~m, and also the saturation vapour pressure 

(relative humidi ty 100 per ~ent) wi th respect to water at the daily mean 

temp3rature. The significance of the curve wi th respect of ica shawn on 

the April graph will be discussed in the section on ice fog which follows. 

The final quantities plotted on the graph are the highest and lowest 

relative humidities recorded at any of the observations each day. 

The most interesting feature of the s~ptember graph is the generally 

small saturation œficit indicated by the closeness of the individual 

observations to the saturation point of the daily mean temperature. Only 

in the first few days of the month, and particularly in the day or tl'IO 

before the first major snowfall on September 3, is this not the case. In 

general the lower the temperatures fall, the closer the vapour concentration 

approaches saturation, although the amount itself declines in absolute terms. 

Much the same may be said of April 1958, bearing out at least part of 

the remark of Petterssen, Jacobs and Haynes that the Arctic 11is essentially 

a region of high relative humidities but, because of low temperatures, 

it is also a region which presents only small amounts of atmospheric 

moisture." (48, p.71). It is the very small moisture content which is of 

grea test significance in the April graph and i t is this which is usually 

offered as an excuse for the errors resulting from the difficulty of humidity 

measurements at low temperatures. Whether the relative humidity is 60 per cent 
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or 90 per cent, it is argued, is not especially important, as the amounts 

of moisture in the air at either value are insignificant and, by the same 

token, Tery similar. This is illustrated in Fig. 4. Recent studies have 

shown, however, that the relative humidity of the air is often critical 

for the formation of ice fog. The latter only occurs at verf low tempera­

tures, but i~ of great potential importance and is considered in more 

detail later. 

The significant feature of the July map is the relatively low 

v&pour pressure. Although it is, of course, very much greater than the 

pressure in either September or April it is nevertheless very much less 

than the saturation pressure,and relative humidities of 50 per cent and 

below were recorded on several occasions during the month. Petterssen, 

Jacobs and Haynes consider that "the only circumstances tbat allow low 

relative humidities to occur in the Arctic are offered by strong offshore 

or downslope winds such as occur at the foot of a glacier or mountain.n 

(48, po72) There seems no reason to doubt the Lake Hazen observations, 

particularly a.t these relatively high temperatures where errors of 

observation are least significant and it would seem that an inland 

station can experience low relative humidities Tlhen direct insolational 

heating is at a maximum and advective influences are relatively small. 

It is possible that a slight increase can be detected lata in the 

month, as the Lake ice progressively malts, but this doubtful. 
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Fig. 23. Ice ll'og, March 1958. 
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TII. THE FORMATION OF ICE FOG 

The problem of ice fog is discussed in Cha.pter JX in so far as it is 

likely to aff~ct airerait operationo In recent years a considerable amount 

of literature has accumulated on the subject of ice fog, much of it emanat-

ing from or sponsored by the United States Air Force, which ha.s found it 

to be a major problem in Arctic air operations, particularly in the 

interior of Alaskao The temperature, humidity and wind records from Lake 

Hazen suggest that it is likely to be of major importance for any possible 
- -

settlement there also, a~though little ice fog was actually recorded during 

the obse~ational period. 

Vo J. and M. B. Oliver, who examined conditions in Alaska, stated 

that~ 

The ice fog which forms in the Fairbanks area can be d:i.vided 
into two classes ~ one, a persistent type, which interferes 
seriously with air operations; the other, a mixture of ice and water 
fog which forms in winter, following rapid clearing of the s~, and 
saon dissipates by sublimation and settling onto the calder snow 
surface. 

The -persistent type of ice fog forms when the temperature falls to 
about - 40° and persists until the temperature agairi rises to above 
- 40°. If the temperature falls lower, the ice fog will become 
thicker and th~ visibility gradually decreases to zeroo (47, po24) 

It is this persistent ice fog which is likely to be encountered at 

Lake Hazen where, as was shawn in Table lX temperatures below - 40'1' o 

were recorded on one- third of the da.ys in the year. It is therefore of 



considerable significance to consider the conditions under which such ice 

fogs are established. 

The most useful stuqr for the present purpose is that of Appleman 

in 1953 (4). Ice fogs, it had been obserY~d, were most common in urban 

areas and in the vicinity of smoke sources. Appleman shows how, from 

earlier studies of condensation trail formation, 

the burning of hydrocarbon fuels, such as gasoline, kerosene, and 
fuel ail can either· raise or lower the relative hurnidity of the 
affected enrlroment, depending ori the iriitia.l pressure, temperature 
and relatiTe humidity of the air. (4, P•397) 

The effluent produced by the burning of such fuels produces abunda.nt 

nuclei Which act as condensation agents for the moisture in the atmos-

phere provided that it is supersatura.ted Wi.th respect to ice. As 

saturation with respect to ice occurs bef ore saturation wi th respect to 

water, the folloWing table, 'I'8produced from Appleman's paper, shows the 

critical temperatu!'8s required for saturation of the air a.t 1000 

millibars, as a function of the relative humidit.y With respect to water: 
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TABlE. x:l 

TEMFERA.TURES OF SATURATION WITH RESIECT TO ICE AT DIFFERENT 

RelatiTe Humidity (water) 
Saturation Temperature (ice) 

RELATIVE HUMIDITlES 

-lOo% 
-20.4 

Appleman gè8s on to say that: 

6CYfo• 
- 33o0 

For !og to form as the result of the combustion of ~drocarbon 
fuels, it .is necessar.r that the temperature lie below the 
?ri~i~al value for saturat~on to .occur as given in the table 
(Table XV) and also below - 22~. in orœr for freezing to take­
place~ With initially saturated air therefore, although combus­
tion· will ·le ad to supersa..turation at a.ll temperatures below 
.:.. 20.4o.F ., :tee fog would not be expected unless the temperature 
were below - 22Üf. If the air ha.s an ini. td.al relati Te humidi ty 
or 90 per cent droplets will form a.t any temperature below . 
- 27o20f. and should iiiii!18diately freeze and form an ice fog. If 
the initial relatiTe humidi.ty is 60 per cent fog will form. at any 
tempëratti.re below - 33Üf. and in completely dry air, below 
- 38~17. A graph of the temperature-relatiTe humidity relation­
ship, which Will gi.Ye rise to ice fog formation is shawn as a 
solid cu.rve in (Fig. 24.) In addition the - 22"c J.line has been 
draWn .to indi.ca.te the maximum. temperature at 'Which liquid wat.er 
droplets are likely to freeze. ' ·,.:· 

In th& first two cases listed above (lOO percent and 90 percent) 
the fog formed by combustion will be fairly" persistent, becà.use the 
unaffected air is highly supersaturated lVi th respect ·to ice. In the 
last two cases (60 and 0 percent) this is not true.oooo The 
temperature arid rélati Ye humidi ty relationship is shawn as a dashed 
lirie· in Figurel24\J i t représeri:ts the regions of persistent and 
non-persistent ice fogs. (4, P•398) 

1. 0 
Clearly a misprint for - 22 F. 
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Thua the only na.son wey ice :fog was recorded so seldom during the 

observatianal period was that, apart :from the visit of the C-1JO 

Hercules aircraft in March 1958, the effects of which are discussed in 

Chapter IX, practically the only source of qydrocarbon effluent was from 

~ll~ _ c~ey of the Attwell shelter, mu~h too small a source for the 

production of an ice fog of any extent. If a much larger base ha.d been 

established conditions -mtgbt have been very differonto 

The significance of Fig. 24 can be d.emonstrated from the graph of 

April Ta pour pressures in Fig. 21. It will be seen that the majori ty 

of the vapeur concentrations lie above the curve of saturation with 

respect to ice, indic a ting supersaturation. Thus the grea ter part of 
. . • 1 

the observations in the month of April indicated conditions likely to 

lead to the production of a persistent ice fog if a suitable source of 

hydrocarbon nuclei had been available. Under normal circumstances 

(ioeo allowing for the unusua.l conditions of January 1958) the manths 

f!'om November to March '!ould have similar liabilities, and t:œ sam.e is 

true of much of October. 

Wind speed must be taken into consideration in connection with 

ice fog~ in that turbulent mixing does much to prevent the fog from 

forming, and the w.tnd i tself controls the direction of spread. 

According to a report on conditions in Alaska "Ice fog does not for.m 

or maintain itself for more than a few hours at wind speeds greater 
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Fig. 24. Conditions Necessary for the Formation of 
lee Fog. 

I. Region ot persistent ice fogs - Atmosphere 
supersaturated with respect to ice. 

II. Region of non-persistent ice fogs - Atmosphere 
sub-saturated with respect to ice. 

III. Region of no ice fog - Combustion causes 
drying of atmosphere. 

IV. Region of no ice fog- Combustion causes drying 
of atmosphere. Droplets will not freeze. 

(after Applema.n) 
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than 3 m.p.ho11 (1.) This, unfortuna.tely, brings little relief to 

potential conditions at Lake Hazen where it will btt seen in Chapter VI that 

during the months of N ovember and December 1957 and February and M.arch 

1958 two-thirds of all observations recorded absolute calm at 40 rt. and 

most of the remainder wttre of wind speeds below 5 m.p.h. 

lee :tog is therefore a major meteorologica.l factor to be considered 

in ~ projects for human occupancy of the Lake Hazen area, both at the 

stage of general planning and also at the level of dltailed location of 

installations, where intelligent siting of ~drocarbon sources in 

relation to a.irstrips, buildings etc. can do much to reduce the nuisance. 
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CHAPI'ER VI 

wnm 

Th~ two features of th~ Lake Hazen climats which are most rsadily 

appreciated by Yiaitors to the area ar~ the ver,r low temperatures during 

the winter and the very low Wind speeds which ap~ar to be usua.l through-

out the year. In the present cha.pter the wind recordsd a.t Lake Ha.z~n 

Will be consider~d !'rom four aspects 1 (a) th~ preTailing directions 

and speeds measured a.t the 40-feet level; (b) a comparison Wi. th similar 

data at Al~rt; (c) 
, (tff~~ :.' 

th~. ; 'Vertical shear of wind clos~ to the ground ,, 

surface; (d) the effects of the Wind and temperature together in the 

familiar pnysiological index of windchill. 

I. W1ND SPEED AND DIRECTION AT LAKE HAZEN 

Sp~ed The very low wind sp~eds recorct.d a.t Lake Hazen are 

summaris~d in Table XVI Which shows the number of 3-hourl:r obsena.-
. .. . . 

tions _ w~ich fell into each of seTen groups, toge~her With th8 percant&ge 

this repres~nts of a.ll obserTa.tions in th~ month. The coldwinter 
. . . 

~~~ths, omitting Januar;r, are also _grouped together and compared to the 

record during the snow-free pariodo 
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The most striking !sature of the table is the almost complete 
' 

absence of high win~. . ~nl;r on four occasions, 1.11 duri.ng August 1957, 

wers winds oTer 25 m.p.h. recordad at a synoptic observation and on 

the OTsrwhelming number of occasions throughout the year the wind was no 

more than 10 m.p.h. The number of absolute calms during the lfintsr is 

quite outstanding and there can ba no question of observational error 

here as, sven when the anemometer ceased to record on the trace, the 

cups continued to rotate freely eTen during the slightest air movement 

which is also, at very law temperatures, rea.dily appar~mt to the 

obserTer because of its chilling effect. Two out of three observations in 

the deep l'linter months wsrs calms and winda of 5 mph .. or lesa a.ccounted 

for almost all the remaining observations. In the summer the proportion 

of calms was much sma.ller; there was a.lmost always soma air mOTsment a.t 

40 feet, but ~e~s . than a quarter of o!ll obserTations recorded Winc:S in 

excess of 5 m.p.h. 

The se law wi.nd speeda are in agreement l'fi th the Tiews of Petterssen, 

Jacobs and Ha;rnes concerning conditions in inland area.s of the Arc~ic, 

al though most of their sources were long-term recorda from Si beria. They 

ernphasiss, howeTer the importance of local conditions: 

No one can examine detailed Arctic wind data from coasta.l and iiÜand 
points Without being impressed by the fact that local surface wind 
speed and direction are largely datermined by exposure of the station 
(and Wind instruments) and by the location of the area with respect to 
land and water bodies and to the regiori.û · orography. As an exaJ.ll.ple 
of the influence of exposure, STerdrup ••••• cites one case where a 
series of obserTations made between 1900 and 1902 at a station on 
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TABlE XVI 

WIND SFEED BY MCNTH .AND SEASON AT LAKE: HAZEN 

(Nmnber and percenta.g~ of obs~rTations during 
aach month and season based on 8 obs~rTations 

per day) 
- - - -

Calm 1- 5 6 - 10 : ll- 15 16 - 20 
1 

5% (5) 45% (41) ~ (13) 10% (9) 12% (11) 

8 (20) 70 (168) 18 (44) 2 (5) 1 (3) 

33 (83) 60 (149) 6 (14) 1 (2) 

é2.. (149) 58 (91) 

70. (173) 29 (73) 1 (2) 

34 (85) 56 (138) 5 (12) 1 (2) 3 (8) 

62 (138) 36 (80) 3 (6) 

72 (178) 28 (69) 0 (1) 

4o (96) 54 (129) 5 (13) 0 (1) 0 (1) 

36 (90) 58 (1.44) 6 (14) 

13 
-· 

<3o) 71 (170) 15 (37) 1 (2) 0 (1) 

9 (23) 70 (174) 13 (33) 4 (10) 2 (6) 

5 (4) 69 (55) 25 (20 1 (1) 

66% 33% 1% 
(638) (313) (9) 

9%: 67% 16% 3% 2% 
(62) (440) (103) (22) (15) 
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-
1 

21- 25 OTer 25 
1 

9% (8) 4% (4) 

1 (3) 

0 (1) 

-~· ~ ... 

J$ 1% 
(9) (4) 
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Ellesmre Island showed an average wind spsed of U.2 m.p.ho whereas 
a series of observations made in the same a.rea during the .interval 
1899 to 1900 gave an averags wind speed of only 2.1 m.p.h. Thtt 
reason for this marked difference is that the winter lodgings were 
located in a more sheltered location during the first year of· 
observations than was the case during succeeding years (48, p.48) 

To a certain extent this is a valid cri ticism, if that be the 

appropria~ word, of the racords from Lake Hazen. It has been mentioned 

ea.rlier (p. 25) that the nearness of the Garfield Range would lead one to 

expect tha.t winds from the quadrant betwsen west and north would be 

mds~-recorda~ and this, as will bs shown la. ter, was in fact the ca.se. 

HoweTer this serves also to illustrate the excellent exposure to the 

w:inds from other directions proTid8d by the e~ensive flat surface of the 

Lake, which the low relief of Jolm1 s Island did little to impede. Talô.ng 

the value quoted by Geiger (29, P•393) that the affects of a wind~reak 

are noticeable on the lee side up to thirt,y-five times the vertical height 

of the obstruction, the Lake Ha.zen station was Within the sheltering 

influence of the 200-foot high cliffs at the southwestern end of the 

island, approxima.tely a mile from the stat~on, but the greater part of the 

island :ï.s much lower and much further away. The exposure of the instrument. 

itself, in relation to other buildings, was excellent (Fig. 6) and on the 

whole it seems unlikely that the Lake Hazen record, apart from the nearness 

of the mo~~ains, is unrepresentati ve of conditions i n the nei ghbourhood 

of the lake. 



Nov. - Dec. - Fe b. - Mar. 

May - June - July 

Fi~s. 25-27. :·Iind roses for lake Hazen, 
all observations. 



Year. 
10% of ali observations 

Figs. 28-30. 11ind roses for lake Razen, 
1-1inda over .5 m.p.h. 

% 
45----

May- June - July 1958 
14 % of ali observations 

•1 agust- September 1957 
19·26% of ali observations 
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Direction. Figs. 2.5, 26 and 27 show the f'requency of Wind direction 

as a percentage of observations over the whole year, and during four months 

in win ter and three in spring and summer. In all of them the axis of 

prevailing wind lies along the general line of the Lake Ha.zen trough, alt.hough 

during the.winter the high proportion of calma makes the question of slight 

importance. 

Most of the data used to construct these directional roses are, 

hawever, of very_ light winda1 , which are of little significance for most 

purposes. Figs. 28, 29 and 30 have therefore been dr~1f1?. using only the 

observations when Wind speeds were greater than .5 m.p.h. It would be 

unrealistic to show the Winter months in this fashion; instead the data 

!or late August and September have been shown: the only time, apart from 

th~ Janua.ry g~e, whe.n the wind was principally from the quadrant between 

south and west. The figures illustrate even more clearly the axis of the 

prevailing windso 

n. STROOG WIN:US AT ALERT 

The relatively quiescent conditions just described were not apparent 

on the coast o! Ellesmere Island, at either Alert or Eureka. At the former 

1 
According to J. M. Powell, who has made a .separate analysis of' the 

winèi data in connection with his biogeographical work, calms and Winds of 
1 m.p.h. account for 58 per cent of all observations throughout the period 
of records. 
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station in particular, strong Winds are very common, providing strild.ng 

contrasts l'fi th the interior and far outweighing, in their affects on 

human existence, the much colder temperatures in Winter at Lake Hazen. 

Over the observa.tional period, winds of 20 m.p.h. or more were 

recorded at Alert at 309 of the 3-hourly observations, or 11.2 per cent of 

the total. At Lake Hazen the number of occasions was only 29, 

representing 1.1 per cent of the total. Most of the latter occurred 

during the first few days of observations, in the latter part of 

August 1957• If this month is omitted from consiœration, then Winds 

of 20 m.p.h. or more were recorded on only 12 occasions, representing less 

than one-hal! of one per cent of all observations from September 1 1957 to 

August 10 1958. 

The immense difference between the stations, and the prob1em or 

strong Winds a.t Alert ~ ~ are features of very great significance 

and . ~~ey wil~ be taken up in more detail in the synoptic section of this 

stu~. Here, however, it is important to point out the almost total 

irrelevance of conditions at Alert and Lake Hazen in the matter of wind 

speeds. This is demonstrated in Table XVII lfhere conditions at Lake 

Hazen and Eureka are shown on occasions when the wind at Alert was 

20 m.p.h. or more. 
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TABLE XVII 

WINDS AT EUREKA AND LAKE HAZEN WHEN 

WINDS AT ALERT EXCEEDED 20 M.P.H. 

EUREKA LAKE HAZEN 

Wind (m.p.h.) No. of Observations % No. of Observations % 

Calm 9 4.2 37 16.4 

1 - ,. 24 11.3 J:48 65.5 

6 - 10 37 17.5 22 9.7 

11- 20 86 40.6 14 6.2 

Over 20 56 26.4 5 2.2 

212 100.0 226 100.0 

(Difference in tota1s is due to the 1ack of August 1957 
data at Eureka.) 
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Strong lfinds at Eureka are also common, although somewhat less so than 

at Alert: in the ~riod between Sept91J!-ber _1 1957 and August 10 1958 243 

synoptic observations of winds of 20 m.p.h. or greater were recorded, 

suggesting that regional pressure patterns are at least as important as 

local concti ti ons in producing strong winda. Most of the occasions when 

bigh winds did occur at Lake Ha.zen were associated With similar conditions 

at Al.ert and Eureka also, but much more typical were the conditions ch.l.ring 

the arrival of the sumner party on Aipril 30 1958. On that day the 1500 

G.M.T. (10 a.m. E.s.T.) observations at Alert and Lake Hazen were as 

follows (Alert first): 

visibilityi l/8 mile in blawing snow, 30 miles; sea-level pressure: 
1022~8 -mbs., 1018.9 mbs., Wind: ·-aouthwest at 70 m.p.h., southwest at 
10 m.p~h.; temperature +8.8o:F'., - 7•9~.; dew point -+2, - 12; 
relative humidity: 73 per cent, 82 per cent.l 

lli. WIND SHEAR CLOSE TO THE SURFACE 

Contained in the mid-winter parachute drop were three selt-totalising 

ane~ometers, recorcting miles and decimals of miles of Wind run by means of 

a cumulative counter sim:il.ar to the mileometer of an automobile. These, 

as described in Chapter II, were installed at one of the ground temperature 

stations, about one hundred yards northeast of the 40-.toot anemaneter, at 

1 
It is perhaps worth noting that the lowest cloud layer at both 

stations was estirnated to be at .8000 ft., of possible interest where accuracy 
of these estimates is concerned. 



heights of one, three and ten !eet above the ground sur! ace • The height 

above the snow surface naturally varied, but in the case of the one foot 

anemometer the si te was generally kept free of deep snow by people ta.king 

periodic thermistor measurements. 

There exists, therefore a record of the total run of wind at these 

levels for each 24-hour period (coincidi.ng Wi th the climatological day) 

after th.Sy were installed in mi.d-December. Table :X:.Vlli sets out the 

results in terms of the mean l'lind speed each month. 

It had been hoped that thermistors would also be available so thB.t 

detailed rneasurements of the heat flux between ten feet above the surface 

and about three feet below it could have been obtained. Thermistors were, 

however, available. only for the soil temperature measurements. The record 

of wind speed does, however, give quantitative expression to several 

interesting features, and in particular it has enabled measurements to 

be made of the katabatic flow of air close to the ground and of the 

vertical shear of wind speed in the surface layer. Three periods will 

be considered here: the months of July and March 1958 which, as will be 

seen from Table XVIII, represent the extremes in wi.nd speeds over months 

as a whole, and also a period of 35 hours during the gale of January 1958 

during most of which period an hourly check was made of the anemometerso 



TABIE XVIII 

MEAN l'UND SFEED AT THREE LEVELS 

(Miles per hour) 

Jan. Feb. Mar. Apr. May Jun. Jly. 

10 ft~ 2~86 1~20 0~85 1.55 1.87 2.91 3·67 
3 ft~ 2~76 1~0 0~96 1~57 1~74 2~70 3~50 
1ft. 2.25 o.84 0.66 1.28 1.25 2.28 3·17 

The principal difference between· March and July, apart from the 

much greater air movement in high summer, is the katabatic affect which 

caused the Wind at three feet in March to be greater thru1 that at ten 

feet. The July profile is much more "normal"; although a katabatic 

· componen~ ~ust be present it is of less importance than the regional 

wind field. 

In addition to the three self-totalising anenometers, the anemometer 

at forty !eet also providad complete data in JlÜ.y and i t is therefore 
- . 

possible to compare the run of wind at all four levels. For each day in 

the_ month, the wind at the three 1ow levels were calculated as a percen­

tage of that at forty feet and the mean percentages were: 

3 "ft. 
83.6% 

In other words the total run of win d at one foot during July was 

approxi.mately three-quarters of that at forty feet on the average. 



The standard Deviations of thes~ means are 13.37 per cent, 13.62 per cent 

and 12.02 per cent res~ctive1y. 1 These conditions, however, include five 

daya in the m?nt~ ~hen the air movement at three feet was greater than that 

at forty :feet, i.e. when katabatic conditions were dominant. If these !ive 

~s are omitted the values become 

1ft. 
70.5% 

3ft. 
78o6% 

10 ·ft. 
~~.9% 

and the stanc:Vtrd deviations are reduced to 8.08 per cent, 7 • 70 per cent a.rd 

8.49 per cent respectively. The critical value for the katabatic affect 

in July was a run of Wi.nd of sixty-five miles in 24 hours at the forty 
. . . 

!oot leve1 (i.e. a mean lfind speed over 24 hours of 2.7 m.p.h.) Where the 

total run was be1ow this value, the air movement at three feet was always 

greater than that at forty feet. 

It would have been interesting to calculate similar relationships in 

M.arch when the balance of air fiow was exactly the reverse : on only fi ve 

days duririg the month was the air movement at tan feet greater than that 

at three :feet. This is not possible, however, as data from the forty-!oot 

1evel are not avai1able for the whole month. Nor was it possible to find 

a useful expression for the flow at three feet in terms of that at ten 

feet since, even considering only the days when katabatic influences were 

dominant, the relation between the wind at three feet and that at tan 

!eet varied between 101 per cent and 204 per cent, with a fairly broad 

scat ter of daily values in between the se extremes. This is not really 

1 It should be noted, however, that the distribution of deviations 
from the mean in this and the f ollowing shears are not normally distributed. 
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surprising, in view of the very much smaller total air movement involved: 

on only two of the twenty-six 11katabatic11 days was the air movement at 

three feet equivalent to a mean wind speed of 1 m.p.h. or more and so, 

although the regional wind may be very light by absolute standards i t 

prevents any simple relationship between the levels from being 
. ' 

established. From Table XVIII, however, it is clear that the katabatic 

wind reaches its maximum somewhere between one foot and ten feet above 

the surface, being reduced close to the ground by friction and at a 

higher leval by shearing stress due to the decrease in densi ty of the 

moving air as the temperature gradient decreased away from the surface. 

Ana.lysis of the daily values during March also showed how extreme the 

calm conditions at Lake Hazen are in winter: on four occasions the air 

movement at ten feet over a 24-hour period was equivalent to a mean Wind 

speed of one-fitth of a mile per hour or less. 

Remaining to be considered is the vertical shear of wind across a 

snolf surf'ace at relatively high speeds. During the storm of January 
. . . . 

17 - 18 1958, the anemometers were raad to the nearest mile avery hour 

for twenty-three hourly periods, _with two intervening breaks represented 
- -

by 8-hour and 4-hour rean speeds. This break occurred when the storm wa.s 

at its height and the short journey to the anemometers in the complete 

darkness and whirling snow and sand was difficult and inadvisable.
1 

1 
It is perhaps necessary to mention that a1though high Winds were not 

actually recorded at any of the synoptic observat i ons, the 'Wind frequently 
rose to 40 to 50 m.p.h. in the in tervening periods. 



·On one occasion the reading or the œe foot aœmometer was abnormally high 
. . 

by comparlson lfi'th the otilers1 and 1his was !oll.owed by an abno~ 

low value a'\ the œxt hour, ind:lca\ing an error ot observatio~ A 2-hour 
\' 

mean '\hus giws a mora reliable figure for the periode Using these twent,_. 

.four observations when the -~d was usually over 20 m.~,. gradnallyo 

__ <B:reasing to abou'\ 10 m.Pehe a.t 'the penultimate and .5 mepeh. at the final 

observat~ons or '\he ~ri-~ the relationsbip or the air movement at l f~ 
.· l 

and 3 tt. to that at 10 tt.. :f.s as followsa . . . 

The standard deviations are 7.49 par cent and 3e66 per cent respecti velye 

.':J:he lfind speed at three reet, i t will be sean, is ver:r close to t.hat 

~~ t.en tee'\a _much ot _th~ .ra~ct-f:on can be explained in terms _or the 

grea~r mass of blcnr.ing _snow carried along at. the lower leval. There is 

a1:1 appreciable reduction closer to the ground. This is again partly due 

~o t~e still greater énêrgy'';.expéndeiilin:œrr.r.tnli4n~-~O.wing'<Miow~-ànd:.: . is 

also, in later observations, probably an indication of increasing fric-

~ona:t- drags the snow cover was completel.y removed trom much or \he 

ground. by' the llind a.nd blolling sand was ca.rried across the surface which, 

1 
The ~oot a.nemometer was blown .trom its stand in the micklle ot 

the gale and was not replaced until calmer condl.tions returnecJ. 



although generally flat, also contains areas of wind eroded hUJJIJlocks 

( "niggerheads 11 ) some distance upstream of the anemometers which might 

be expected to cause turbulence in the lowest layers. 

IV. WINDCHILL 

The windchill index, devised by Siple and later amended and inter­

preted by himself and others is a convenient way of collecting together 

the material presented in this chapter and in Chapter III. As has been 

pointed out by Burton and Edholm (8, p.lll), the physiological implica­

tions of the windcbill index are less than might at first appear. 

Windchill, to the man in the Arctic, is normally only tully experienced 

on exposed portions of the hands and race. Relative rates of windchill, 

however, have implications for housing, rate of fuel consumption in 

heating, etc., as we11 as in helping to decide what clothing is neces­

sary and it remains the most wi.dely used index of "real cold". 

Fig. 31 shows windchill data for five months at Lake Hazen. The 

values were completed from the standard tables (see, for example, 

Falkowsld and Hastings (27)) by taking the combination of wind and 

temperature at any of the eight synoptic observations which gave the 

highest index. September 1957 representa conditions in the fall, 

when wi.nds were strong by Lake Hazen standards and when the tempera­

ture was already below freezing. The great fluctuations in December 

show the effect of even a light wind as compared to absolute calm 

1.3.3 



conditions. January was included because or the high winds during 

the January gale, April to show how long win ter lenls of windchill 

continued. Finally, July representa conditions in high summer. Plot­

ting five months on the same graph gives an impression ot similarity 

which is very significant: most or the observations in each of the 

three winter months lie between 1200 and 1400 uni ts and i t is inte:r­

esting to note that the worst windchill at any of the eight observa­

tions on January 4, when the absolute minimum of -6B. 5°F. was 

recorded, was exceeded the following July: the conditions were, 

respectively, a calm at -66°F., and a wind ot 22 m.p.h. at 36°F. 

To relate these v.alues to conditions elsewhere, Fig. 32 shows 

similar values for 'Ihule and Montreal. January and July data are 

plotted for Thule in the year 1949, a year chosen at randam from 

the published data for that station. (54). The data from Dorval 

Airport in Montreal are for December 195B, a colder December than 

usual in the city, but one which was not especially windy. '!he 'Ihule 

graph shows much higher values in winter than were general at Lake 

Hazen in the winter of 1957-5B, showing that the colder temperatures 

at Lake Hazen are of much less significance than the higher winds 

common at 'Ihule. or greater interest, however, is the comparison 

between Lake Hazen and Montreal: the majority of the values at 

Dorval Airport fall within the same limits as the majority of those 

134 
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during the winter at Lake Hazen. \Vhether this may be tru<en as an indica­

tion of the excellence of conditions at Lake Hazen or of the intolerable 

climate of Montreal is for others to decide. The graphs do indicate, 

however, that no special physiological problems, of the type that can 

be measured by windchill, should be encountered were a permanent settle­

ment created at Lake Hazen. The experience of the author and his 

colleagues was that it is necessary to avoid breathing through the mouth 

as much as possible, to avoid the iniensely cold air in winter from 

striking the lungs direct. This, of course, is equivalent to stressing the 

need to avojdundue physical exertion which would involve breathing through 

the mouth. 



C HAPI'ER VII 

CLOUD AND VISIBILITY 

138 

The material presented in this chapter is complem.entary to that in 

Chapter lX, where the incidence of cloud and visibili ty combina ti ons is 

presented in a way which has most significance for airerait operations. 

In Chapter IX it is the height of the ceiling and the frequency of poor 

visibility which are important. The ceiling is defined as a cloud caver 

which causes six-~enths or more of the s~ to be completely obscured and 

it is with ceiling below 2500 ft. that Chapter lX is concerned. In the 

present discussion the incidence of higher ceilings and of cloud and 

visibility conditions in general is considered not only at Lake Hazen but 

at Alert and Eureka also, so that the influence of t he inland site of 

Lake Hazen may be assessed. 

I. CLOUD 

Figs. 33 and 34 show the percentages of observations in each month 

in which cloud amount and opacity totalled each of four different groupso 

In the case of the two Augusts, 1957 and 1958, the percentages are of a 

total of eig~t.y-eig~t and eighty observations on eleven and ten days 

respectively. Figs • 35 and 36 show similar graphs of amount only at 

Alert and Eureka during similar peri.ods. It was intended to pro duce 

graphs of opaci ty for these stations also, but for Alert especially 
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the graphs of opacity and amount would have been practically identical. 

Throughout the period from August 21 1957 to August 10 1958, involving over 

2800 3-hourly observations ,the Alert record shows that on only one occasion 

. ._·; was an observer there able to detect any difference betwecn the amount 

of the cloud in the sky and its opacity. The record at Eureka indicates a 

much higher standard of observations, but even here the differences between 

amount and opacity were small when averaged over a period of a month or so 

and do not merit plotting separate graphs. The relative proportions are also 

set out in tabular form in Table XIX. 

The main conclusion to be dralfn from a compa.rison of conditions at the 

three stations is, rather surp~isingly, the general similarity in cloud 

amount at Alert and Lake Hazen. If the first tv;o groups in Table XIX are 

added together, the totals were usual~ fairly similar at the two stations, 

the tvi'O. main exceptions being the months of September 1957, when the open 

lake gave high cloud amounts in the vicinity of Lake Hazen by comparison with 

Alert 'Where open water is not so common so late in the year, and January 

1958, 1'1hen ~oth Alert and Eureka had considerably higher totals than the 

irùand si te. Otherwise the major contrast is between Eure ka and the other 

two stations. Except in May the sky was less than 4/10 covered on a much 

larger number of occasions at Eureka, and in s~veral months the proportion 

of such observations rose to 45 or 50 per cent. 
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If the total amounts of cloud at Al.ert and Lake Hazen were fairly 

sinrilar during the observational period, the same is not true as far as the 

height and denseness of the cloud was concerned. Table XX shows the 

frequency of ceilings at different heights during four months. It Will be 

seen that much of the cloud at Alert occurred at much lower levels than at 

Lake Haze~ which, it must be remembered~is several hundred feet higher above 

sea-level. September 1957 again proves the exception but otherwise Lake 

Hazen usually either recorded no ceilings or experienced them at much greater 

heights than nas usual at Alert. In July particularly nearly one-quarter 

of the observations at Alert showed ceilings at or below 2500 ft. compared 

ta less than 1 par cent at Lake Hazen. The data perhaps indicates that 

while a cloud layer at heights of the order of 5,000 to 10,000 ft. ~ 

occur extensively over northern Ellesmere Island it may frequently be 

accompanied by a layer of much lower cloud along the coasts which is absent 

from the interior. Thus the summer of 1958. was a dull one, but neither a 

wet nor a foggy one, wheraas law cloud, rain, fog, sleet and snow wera 

common at Alert on the coast. Eureka in summer seems to resemble Lake 
1 

Hazen whilst in winter it shares much of Alert•s bad weather. 

1 
During the relief of the smnmer party in 1957, J. P. Croal, on board 

the U.S.C.G.S. 11Eastwind11 in Chandler Fiord noted that 11During the three days 
we ·lay at anchor in Chandler Fiord there was usually fog and low clouds in the 
fiord whereas at Lake Hazen 15 miles northwest and 522' above sea leval the 
weather was generallY good." (21, PP• 13 - 15) 



TABlE XDC 

RELATIVE CLOUD AMOUNT3 AT ALERT, EURE KA AND LAKE HAZEN 
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TABlE XX 

CEILING FREQUEOCY AT ALERT, EURE KA AND LAKE HAZEN 

(Perce~tage of observations) 

Over No 
Station Below 500 1 500 1-1000' 1100 1-2500' 2600-5000 1 5000' Ceiling. 

September 1957 
Lake Hazen 8~3 6~3 22~9 20~8 17~5 24~2 
Eure ka 2~5 22~9 4~6 10~0 28~8 31;3 
Alert 17.9 24.6 4 .. 6 2.1 :1.4.2 36.7 

December 1957 
Lake Hazen o· 0 o· 1.2 12 .. 1 86~7 
Eure ka 1~6 6~9 4.4 0~4 :1.4~9 73~8 
Alert 3.2 1.2 1.6 6.5 10.9 76.5 

April 1958 
lOJ~ Lake Hazen o.4 o· 2~5 2~1 84~6 

Eure ka o · 3;3 1~3 7;5 21~7 66~~ 
Alert 7ol 7.1 1.7 o.4 21.3 62.5 

JUly 1958 
Lake Hazen o.4 0~4 o · 21;0 26;2 52~0 
Eure ka 0 0~8 3~6 23.4 29~8 42~3 
Alert 8.1 12.1 4.4 10.5 29.4 35ol 

Turning from cloud amount to cloud type, Table XXI shows the frequency of 

observations of cloud types in three significant months, considering only the 

occasions when a particular type filled four-tenths or more of the sky at any 

observation,._. September was chosen be cause of i ts peculiar cloud conditions; 

March represents a Winter month, immediately after the sun's return when the 

accuracy of cloud observations was likely to be higher than during the polar 

night, and July re presents midsummer concü ti ons. 



TABlE XXI 

OCCURRENCES OF CLOUD TYPES AT LAKE HAZEN COVERlliG FOUR-TENTIB OR 

MORE :rn THE Slcr m A SINGlE 

LAYER 

Septamber 1957 

Cu St Sc As Ac Cs Ns Fog Snow Total 
4 42 91 30 14 1 10 10 2 204 

March 1958 
Cu St Sc As Ac Cs Ci Snow Total 

0 4 0 43 4 7 8 2. 68 
July 1958 

Cu St Sc As Ac Cs Ci Fog Total 
8 2 no 14 29 6 17 1 187 

In September a high proportion of the dominant cloud types was composed 

of stratus and stratocumulus. Nearly three-quarters of the total of 204 

occurrences are comP?sed of low stratifor.m t~se In March the situation, 

as might be expected, is completely differentG Only on 68 occasions did 

single cloud layers caver f our-tenths or more of the sky and only 4 of these 

occasions were caused by low clouds: the vast majori ty of occurrences were 

layers of altostratus e Finally in July, stratocumulus was again the 

dominant cloud type but conditions were very different ta the previous 

September: stratus cloud was almost completely absent and the sky was 

often sufficiently clear for cirriform clouds ta form a significant part 

of the total. 



II. VISIBTI..ITY 

Table XXII sets out the relative incidences of good and bad visibili ties 

at the three stations. In each case the figures shown represent the number of 

days in each month on which the lowest visibility at any of the eight synoptic 

observations was in each of six groups. The first four groups are those used 

in the ceiling-visibility summaries prepared at the Joint Weather Stations. 

The fifth group increases the limits to twelve miles, bayond which differences 

in visibility became of little sigrrificance for most purposes. Tha most 

distant marker at Lake Hazen (being equivalent to unlimited visibili ty) was 

40 miles from the station; at Alert and Euralœ. similar markers would 

ap~ar from the records to be at 15 and 20 miles respectively. 

The principal feature which is illustrated by Table XXII is the 

generally poor visibili ty at Alert compared to Eureka or Lake Hazen. Wi th 

the exception of October this is true throughout the year, but is 

especially marked ~n sUIIliTler, when Lake Hazen in particular experiences almost 

perfect visibility. Alert is liabla to vary poor visibility throughout the 

year. Thus Alert and Lake Hazen aach recorded visibilities of three­

quarters of a mile or less on 14 days in September and October 1957 but 

over the whole observational period the f i gures are 58 days at Alert and 

29 at Lake Hazan. At Eureka, for a slightly shorter period, the value 

is 33 days. 
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VISIBILITY AT AIERT, EURE KA AND LAKE HAZEN 

(Poorest visibili~ each day at a synoptic observation) 
Miles 

Station 0- 3/8 i-~ 1 - 2i 3 - 6 7 - 12 Over 12 

August 1957 (part) 
Lake Hazen l) (J e l 2 8 
Eure ka -
Alert 1 2. 2 3 1 2 

September 
Lake Hazen l 5 2 9 7 6 
Eure ka :n. 3 1 7 8 10 
Alert 6 2 5 6 3 8 

October 
Lake Hazen 6 2. 8 7 6 2 
Eure ka 6 2 8 7 6 2 
Alert 1 5 5 12 4 4 

November 
Lake Hazen 2 1 3 6 14 4 
Eure ka 3 3 5 9 5 6 
Alert 2 2 2 ll 4 9 

December 1957 
Lake Hazen 0 1 3 5 14 8 
Eure ka 1 0 1 8 5 16 
Alert 0 1 4 8 1 17 

January 1958 
Lake Hazen 2 6 2 9 11 1 
Eure ka 5 4 1 10 1 4 
Alert 7 3 9 10 0 2. 

Febr~y 
Lake Hazen 0 1 2 5 15 5 
Eure ka 0 2 2. ll 2. 11 
Alert 0 2 0 8 4 14 

March 
Lake Hazan 0 0 1 5 5 20 
Eureka 0 1 1 6 11 12 
Al art 3 2 0 7 1 18 



TABLE XXII (Cont 1 d) 

Station 0- 3/8 i 3 - 4 1- 2i 3 - 6 7 - 12 Over 12 

AprU 1958 
Lake Hazen 1 0 0 4 4 21 
Eure ka 1 1 2. 2 12 12 
Alert 3 6 0 ll 2 8 

May 
Lake Hazen 0 1 0 6 4 20 
Eure ka 0 0 5 5 7 14 
Alert 3 0 7 2. 7 12: 

June 
Lake Hazen 0 0 0 2 1 2:7 
Eureka 0 0 1 2: 4 23 
Alert 1 2. 2 2 10 13 

July 
Lake Hazen 0 0 0 1 2. 28 
Etire ka 0 0 a 1 5 25 
Alert 3 5 0 2 4 17 

Lake Hazen 0 0 
August 1958 (part) 

0 0 0 10 
Eure ka 0 0 0 0 0 10 
Alert 0 1 2 1 2: 4 

·- ··------ - ---------------



III. VIHITE-Ours 

.... 

The problem of Arctic white-outs is one which is of considerable 

importance.for transport in general and for aircraft operations in 

particular. It has recently been studied by Frit~ (28) in theoretical terms 

and earlier by Hedine (34) and Court (24). Here is presented only the data 

on white-out occurrence at Lake Hazen, in the form of notes made on the 

synoptic sheets by the observers, together with the cloud and visibility 

conditions at observations close to the time at which the note was made. 

It is hoped to return to the question in the subsequent section on local 

forecasting. Observers were asked to record such conditions whenever 

possible, so this probably represents the majority of occurrences. One 

occasion, however, was certainly missed, on October 3 1957 when the author 

and a colleague traversed the frozen lake to tha Ruggles River and back. 

During the morning, when a total sky cover of snow and altocumulus was 

l:)eing recorded at the station, white-out conditions in the middle of the 

lake were very bad for a time and almost caused the crossing to ba abandoned. 

The occurrences of other white-outs follo"W: it should be noted that they 

could occur dtiring 1957 - 58 in the immediate vicinity of Lake Hazeh in the 

fall only ~~er the lake ~ frozen and before the sun fell far below the 

horizon (i.e. lata September to lata October) and in spring a~ time 

between the return of the sun close to the horizon in mid-February until th& 

thaw in early June. 
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Feb. 27 

April 2 

April 5 

l49 

TABlE XXIII 

CCCURRENCES OF VffiiTE-Our CONDITIOOS AT LAKE HAZEN 

(All times are approximately E.S.T.) 

"llOO E.s.T. Light snow grains. Visibility stm soma 
tvfelve miles but ·wm. te-out conditions. Cloud base lowering 
to about 3000i"i." 

1000 obs • 10/10 altostratus at 7000 !'-&., vary light snow 
grairi.s, visibili ty 12 miles. 

1300 obs .• 10/10 altostratus at 5000 ft., light snow grains, 
visibility 6 miles. 

"2400, White-out conditions except where northelb horizon 
brighter because of sun. Thick mist." 

11 0100. White-out èonditions in sorne but not a11 directions. 
Sun dimly visible." · 

2200 obs. l/10 altostratus at 70CIJ ft~, q/10 transparent 
altostratus at 12000 ft., l/10 fog, visibi1i~ 12 miles. 

0100 obs. 7/10 stratus at 4500 ft. Visibility 6 miles in 
ice fog and light snow. 

0700 obs. 10/10 altostratus at 6000 ft. Visibility 4 miles in 
i~e fog and light snow. 

"1245• ·;" Partial white-out candi tion prevailing to east and 
south-east." 

1000 obs. 3/10 altostratus at 12000 rt., '4/10 transparent 
cirrus at 23000 ft. Visibility 20 miles. 

1300 obs. _10/10 altostratus at 12000 ft. _visibili ty 8 miles. 

112000-2200. White-out con di tians to east." 

1900 obs. 4/10 sami-transparent altrostratus at 8000 ft., 
l/10 transparent cirrus at 19000 ft., g/10 transparent 
cirrüs at 22000 ft. Visibill ty 8 miles in very 1ight 
snow. 

2200 obs. 3/10 altostratus at 8000 ft. Visibility 8 miles 
in vary light snow. 
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TABIE XXIII (Cont'd) 

"1000. Sun dimly visible. Tending to white-out conditions." 

1000 obs. 10/10 altostratus at 6000 .f't. Visibility 13 miles 

"J.400. White-out conditions during most of previous fiv& hours. 
. . 

0700 obs. 4/10 altostratus at 7000 ft., 4/10 transparent 
cirrostratus at 20000 ft. Visibility 20 miles. 

1000 obs. 10/10 stratus at 2000 ft. Visibi1ity 4i miles in 
light anow. 

1300 obs. 10/10 senti-transparent stratus at 2000 .rt., 2/10 
tr&'lsparent !.1.\ocumulus at 8000 .f't. Visibili ty 4 miles in 
light snow. 

"0315. ~endancy towarda white-out condi tions. 11 

0400 obs. 10/iO stratus at 2800 ft.. Visibili ty 5 miles in 
1ight s now. 

11 0310. White-out conditions prevailing to. east and southeast.n' . ,.._ 
0100 obs. 10/10 stratocumulus at 5000 ft. Visibility 15 miles 

irt light snow. 

0400 'obs • 10/10 stratocumulus at 3000 ft. Visibili ty 13 miles 
in light snow. 
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C HAPl'ER VITI 

SUNSHINE AND DlSOLATION 

As was indicated in an earlier chapter (pp. 46-48) the records of sun-

shine and insolation at the base can1p are far from being completGly satisfactoryo 

One reason for this, particularly in the case of sunshine totals, arises from 

the instrumentation; the same is also true to a certain extent for insola-

tion, but the author must taka a part of the blame in the latter case for not 

operating the instrument correctly. Despite these imperfections, the records 

are not entiraly valueless and are presented here in ways which it is hoped 

will be useful to other workers without exaggerating the accuracy of th9 

records. 

I. SUNSHINE 

Fig. 37 presents the data for bath sunshine and insolation. The 

number of hours of bright sunshine instrurnentally records d each day has 

been shawn in the conventional npillar' diagrrun. When the sun was con­

tinuously above the horizon the trace was changed, with occasional exceptions, 

&xactly at midnight, so that the amount shawn for each day is for the 24 

hours ending 2359 E.s.T. 
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As was mentioned in Clw.ptor II the correct cards for the su.nshine 

recorder only became available when the summer party arrived at the end of 

April 1958, and so the records are most accurate for the period from May 8 

onwards. One reason why only small totals were recorded in :March and 

April was the great difficul ty experienced in keeping the sphere cl&~ar of 

0 frost at temperatures wall belon 0 F. 

At the latitude of Lake Hazen the sun is continuously above the horizon 

from April 10 onwards (until Septembar 6.) This value, however, is calcu-

lated on the basis of a flat horizon at sea-level and is naturally 

considerably different at an inland location, particularly one close to 

mountains as was Lake Hazen. Only for a period of nbout five weeks before 

and five weeks after the sunuaer solstice was the sun high enough in the s~ 

to prevent the nearest peaks of the Garfield Range from casting any shadow. 

Thus the 20 hours on April 26 and the 23 hours recorded on May 8 and May 9 are 

probably the maximum possible on those dates, and the same is true of the 

high totals in early August. 

On the evidence of 1958, May is the month with the highest totals of 

bri~ht sunshine, With 453.4 hours, campared to 280.6 hours in April, 

421.9 hours in June and 339.2 in July. It is unlikely that a normal 

August would be dissimilar to conditions in Jul.y. Part of the explanation 

for the lowar figures in high sununer rnliy be found in the steadily 

increasing areas of open water in the lake and more particularly in 
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neighbouring saas. The regime in 1958 was similar to that in the previous 

year. According to R. E. Deane "M.ay and most of June were marked by almost 

perpetual sunshine at Lake Hazen. J:>uring parts of June, July and the firs~ 

half of August intermittent cloudiness marred an othervfi.se perfect climatg." 

(25, p.20). On several occasions in 1958 over 100 hours of continuous 

bright sunshine was recorded; in other periods, particularly in late July, 

daily sunshine totals were small and on several days no bright sunshine was 

recorded at all. 

II. INSOLATION 

The disadvanta~es of the Cassel1a actinograph have been considered in 

Chapter II; they are chiefly of the type to be expected wi th a new: 

instrument and may easily be eliminated. Of greater importance to the 

present discussion was the lack of sufficient care on t he part of the 

author in installing the instrument. In an endeavour to have the instru­

ment operating for as long a period as possible during the summer, it was 

put into service withou t sufficient care being taken to obtain a satis­

factory zero radiation line from the pen arm. This was done when the pen 

arro was raplaced on July 9, but even then. tl1e zero line a ppeared to hava 

changed somewhat \then the instrument was wi thdrawn from service on 

August 10. It would appear that frequent checks (of the arder of avery 

week or so) are necassary with this instrument to ensure that an accurate 

zero value is obtai~d. This, of coursa, is a simple matter in mid­

latitudes, where a daily- zero is obtaine d each nicht, but it is more 
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difficult wh&n a continuous record of insolation is required during high 

la ti tude surrnners. The trace was changed d.aily at about 2120 E .s .'r. and 

the figures of insolation are thus for the 24-hour periods ending 2120 each, 

day. Occasional days are rnissing from the records, due to trouble with the 

pen arm. 

The radiation each day was calculawd throughout the period initially 

by assuming that the zero line was at zero on the chart until July 8 and at 

sixtaen from July 10 until August 10. The figu.rils obtained for the first 

period ware not only always considerably higher than the values racorded by 

a similar instrument at the Gilman Glacier camp, but were often higher than 

the th9oretical maximum for the latitude and season. The values from July 10 

se~m&d acc&ptable as they wera recordid. 

To re duce the values for the earlier period to more representa ti vil 
. . 

totals, tha records from the Gilman Glacier camp were used. Regular 

measurements of insolation did not commence on the Glacier until June 10 

and thus the period available for direct comparison is 1imited to th& 

period June 10 to July 8. 

~Yhilst there was a general similarity between the records at the two 

stations in day to day changes, different cloud condi tians on several days 

gave a wide range of ratios between the two sets of values and the resulting 

standard deviations of these ratios would have been too high for a reduction 
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of daily :values to have much siE;rù.ficance. The technique of tan-day running 

maans was adopted to overcome this, and the ratio of measured radiation on the 

Gilman Glacier to that at Lake Hazen was calculated for each of th.G fifteen 

ten-day periods available in the tirne of overlap. The mean ratio was 74.8 

per cent (i.a. the Gilrnan Glacier record was only 74.8 par cent of that at 

Lake Hazen.) Statistical tests indicated that this value was very significant, 

although a number of objections may be raised ta the t0chnique. In partictùar, 

the use of tan-day running means requires that the bulk of daily observations 

are contained in ten of these i~eans, but th ose at the beginning and end of the 

period are represented in a few number and the sample is thus biassed in favour 

of observations away from the two ends of the period. 

The daily values for the period May lJ.. to Jtùy 8 were then grouped into 

ten-day running rneans, each of w~ich was rntùtiplied by .748 and these reduc&~d 

running rneans are plotted in Fig. 37 on the fifth day of aach tan-day series. 

The rnethod dascribed above contains the implicit assumption that if bath 

actinographs ware recording accurately, they would maasure equal araounts of 

insolation, given identical sky conditions, or, in other words, that 

atmospheric scattering in the 2900 ft. of altitud& which separates the 

stations is negligible and also that multiple reflections from the glacis~, 

mountains, the lake surface, clouds etc. are of equal magnitude at both 

stations. Although this assumption i.s not justified on theoretical grounds, 

the atmosphare in polar regions is almost certainly fairly free of scattoring 
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nuclei by comparison with mid-latitudes, even at an inland site in the 

snow-free season. The added insolation measured by the Gilman Glacier by 

mul ti pla reflections betvsaan glacier and mountains and the clouds abov~ 

them is probably not dissimilar to that from similar reflections between th~ 

lake, the Garfield Range and the clouds abova them. 

In ~~o recent papers Mateer has provided estimatas of the average 

~nsolation in Canada on clotidlass days and on the , basis of milan cloud con­

ditions (40, 41.). The maps in his papèrs ara not drawn to include the whole 

of the Queen Elizabeth Islands, but by extrapolating from the suggested 

values at Resolute and occasionally at Eureka also, it would appear that the 

~xpected cloudless day insolation at Lake Hazen would be about 850 langleys par 

day in mid-June and about 750 langleys por day in rnid-July. The average daily 

insolation for thesa months, t aking account of supposed mean cl~ud conditions, 

is over 700 langleys and over 550 lnngleys per day respectively. These val~es, 

it can be s een from Fig. 37, agNe closely with obsarved conditions in 1958. 

Although it is regrettable that a better record was not obtained, it 

would appear that the tan-day means shown in Fig . 37 are a r easonable 

approximation of actual conditions. As such they may be of use to other 

workers. Botanists in particular may find th3 ten-day mean a convenient 

f orm of expression: by shifting t he dates on the abscissa f ive places to 

the left the mean daily insolation in the tan days prece ding the date plottad 

is represented, which shonld be useful in ecological and phenological studi.~s. 
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C HAPI'ER lX. 

OfERATIONAL VŒATHER FOR AVIATION 

The problems of aircraft operation from and in the vicinity of Lake 

&zen are twofold. There are the usual meteorological restrictions connectad 

with the fraquency of low ceilings, poor visibility, freezing precipitation 

etc., which are conmon to all aircraft operations evarywhare, and tœre are 

also the additional problams due to the Arctic location of the area. Post­

war axper~ence, particularly after the establishment of Thule Air Force Basa, 

Greenlan~,. has shawn that the Are tic i tself places no absolute limi ts on 

aviation, although it does add considerably to the difficulties and hence ta 

the expanse of operations. In considaring the specifically Arctic aspects of th& 

present problem, comparisons with Thule have been drawn frequently. It must ba 

emphasised that this is not done because the author feels that the meteorologi­

cal condi tians at the two stations are similar: they are indeed very clissimilaro 

Thule is used solely because, as a presontly oparating airfield of considerable 

size and importance, it provides a suitable reference point. Thus the fact that 

at Lake Hazen the sky was ovarcast below 10,000 ft. on 20 per cent of the 

observations in July 1958 may not seom very illuminating in itself; it becomes 

much more significant when i t is realised that the six-year average for Thule in 

the s&!l9 mon th is 39 pe:r cent • 
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At a large number of airfields in Canada, where thers are first-ordQr 

weathsr stations taldng hourly aviation observations in addition to main 

synoptics~ there is complated a 11Monthly Summary of Operational Weather11
, 

Fonn 2369, which shows diagrammatically and quantitatively the periods of 

tima during aach month when ceilings and visibilities are below certain limits. 

The limits chosen vary slightly from station to station. To provide a quick 
·-

and graphie way of shoWing si.milar conditions at Lake Hazen in 1957-58, this 

summ.ary bas been. completed for the >'fhole period of observations from the 

synoptic records. Two points much be emphasised concerning thes li swnmaries 

which, reduced in size, ara raproduced as Figs. 38 to 50. Firstly, thgy are 

completed from the synoptic sheets which specifically record ceiling and 

visibili ty onl.y at 3-hour intervals. The symbols at the Nmaining obsarvatioœ 

were int&rpolated from a stuqy of the synoptic racord, taking account (~) of the 

gemiral weather conditions over tha period considered, (b) the times during which 

precipitation fell (recorded in column 72 of the synoptic sheets) and (c) cammants 

by the observsrs in the Notes (column 71), bearing in mind that an effort was 

made to check the prevailing weather conditions at least once an hour. 

Undoubtedly some accuracies must be_present, but they may be expect to cancel 

each other over a period of a month, and the usefulness of such a method of 

presentation was felt to ou~veigh a~y miner errors. The second feature of 

importance is that common to most of the present stuqr: the record is for 

one year only and is not nacessarily indicative of mean conditions. 
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The limits chosen are those in use at Churchill, Manitoba. They were 

selected because Churchill is a sub-Arctic airfield which is used by ma~ 

who may ba interested in the operational aspects of the Lake Hazen weather. 

Resolute would have been a more suitable choice, but aviation observatio~ 

are not takGin on a regular basis tb.era and so Form 2369 is not completed. 

A3 will be secn from Figs. 38 to 50 the weather at Lake Hazen was 

groupe d into six combina ti ons of ceiling and visibili ty, as f ollows: 

Cei~ing (rt.) Vsby. (mls.) Vsby. (mJ.s.) Ceiling (ft.) . -
{1) Q-100 lfith 0 or more or o--,/8 with 0 or more 
{2) 200 with ! or more or !-~ with 200 or more 
{3) 3oo-400 with 1 or more or 1 . wi th .300-400 
(4) 500-900 with 1 or more or 1- 2! wi. th 500 or more 
(5) 1000-2400 with 3 or more or .3 or more with 1ooo-2400 
(6) 2500 or more with 3 or more or 3 or more lfith 2500 or more 

Using the Churchill standards bad one important weakn&ss. The mountaiM 

of the Garfield Rangs clost to Lake Hazen were approximately 2800 ft. above 

the lewl of the lake; it -..vould therefore hava been preferable to raise the 

upper l eval in group (5) to at laast 3000 ft. It is assQmed, however, 

that a~ pos3ible airstrip d&signed to handle a regular flow of traffic would 

b<i sitad at a considerable distance from th&~ mountains, aither at the north-

west end of the lake, or better still on t he south sida of it whsre, although 

terrai~ conditions are difficult, high mountains are absent and tid8wat111r is 

closer, a factor of som& importance for tha supply of such an installation. 
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: ~ CEILING AND VISIBILITY COMBINAT IONS PERCENT AGE OF T 1 ME 

CIGS. V SB YS . VSBYS. CIGS. IN and BELOW 
(ft.) with (mi.) [or (mi .) with (ft.) IN RANGE RANGE 

0- 100 with 0 or lllOre [or 0 - 3/8 with 0 or more 

200 with i or more lor t ·- 3/ù with 200 or more 

300 - 400 with 1 or more lor 1 with 300 - 400 

A lX 500 - 900 with 1 or more lor 1 - 21 with 500 or more 

5 v 1000 - 2L.OO with 3 or more [or 3 or more with 1000 - 24oo 

6 2500 or more with 3 or more [or 3 cr more with 2500 or more 100.0 

GMT DA T E 
1 2 3 A 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

00 f\. v 
01 r\. -; 
02 ~ / / 
03 ' " / 11\. j 

OA \ v v 
05 " v 
06 \. v x 
07 \. / x 
08 ~ / v x 
09 ' v [7 1/ 1 
10 \ v [7 1/ 
11 '\ v 1/ 
12 v r\ v 
13 / "' v 
lA J ~ 
15 v '\ 

) 

16 v \ 
17 v '\ 
18 1/ ~ 
19 / i\ 
20 1 1\ 
21 v ~ 

) 11\. 
22 v ~ 
23 v 1'\ 
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: i CEILING AND VISI81LITY COMBINATIONS PERCENT AGE OF T 1 ME 

~ CIGS. 
with 

V SB YS. lor VSBYS. 
with 

CIGS. 
IN RANGE IN and 8ELOW 

~ (ft.) (mi.) (mi) (ft.) RANGE 

1 0 - 100 with 0 or more or 0 - 3/8 with 0 or more 1 .5 1.5 
2 200 with :1 

2 or more or ! - 3/4 with 200 or more 5.7 7.2 -
3 300 - 400 with 1 or more or 1 with 300 - 400 2.8 10.0 

4 [X 500 - 900 wi th 1 or more or 1 - 2! with 500 or more 4.2 14.2 

5 v 1000 - 2400 with 3 or more or 3 or more with 1000 - 2400 18.6 32.8 
6 2500 or morewith 3 or more or 3 or more with 2500 or more 67,2 100.0 

GMT DA E 
1 2 3 A 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 122 23 24 126 127 28 129 30 31 

00 x v v / '/ ~ v 
01 / / v v v ~ v v 
02 / v v / ~ v v 
03 / / 1/ ~ v v 
04 v / v / ~ v v ... 
os v / v / / v / v .41 
06 v / v x / v / v ~ ~ 07 v / v v x / / v ~ 
08 v / v v x '/ v .. v 
09 v / 1/ v ~ ~/ v ~ v 
10 v / / v rx ~/ / v '/__ 
11 v v v ~ r ~ v v 
12 v / v 1- v / v v 
13 v / v ~ ~ v 
lA v v lL' ..... / ~ v x 
15 i/ ~ D< _.ollllll / 1- v x 
16 v / ~ ~ 1 ~ /_ 1- /~ v x 1-

17 ~ v v ~ v !/ D< v~ 
18 ~ v v v x ~ L ~ V.t 
19 ~ v v l/ v x v /_ rx /~ D< 
20 ~ / v ~ 1- v / ..... :t+ 1-

21 ... v v [X l..o1ll1l v v ..4 ~ 22 x v v v x l.4 v v 1 23 x v lL v x ~ v v 
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~ ...A 
CEILING AND VISIBILITY COMBINATIONS PERCENT AGE OF T 1 ME 0 

"' 110 
z ~ CIGS. 

with 
V SB YS . 

1or 
VSBYS. 

with 
CIGS. 

IN RANGE 
IN andBELOW 

~ ,... (ft.) (mi .) (mi.) (ft .) RANGE 

~ 0 - 100 with 0 or more lor 0- ]/8 with 0 or more 1.5 1..5 
200 with i or more or t - 3/4 with 200 or more 3.9 5.4 

3 # 300 - 400 with 1 or more lor 1 with 300 _ 400 1.6 7.0 

.. x 500 - 900 with 1 or more 1 or 1 - 2t with 500 or more 12.5 19.5 
5 / 1000 - 2400 with 3 or more lor 3 or more with 1000 - 2400 1 .1 20.6 

6 2500 or !T'ore with 3 or more 1 or 3 or more wi th 2500 or more 79.4 100.0 

GMT 
1 3 2 .4 5 

D AT E 

oo ~KX 
6 7 a 9 10 11 12 13 14 x 16 17 18= 21 rX 23 24 25 x~ 28 29 30 31 

t ax lX x~ 01 xx~ 
02 x ~ X XX D<X XlX 
03 

o .. 
05 x 
06 x X ..4Xl.4X XIX 
07 x ~ ~ 
08 x ~ 
09 x 
10 x 
11 x ~ 
12 ~ ~ 
13 v 1-
1 .. v ~ 

! 15 v 
16 v 
17 v ':t+ 
18 v x 
19 v v 
20 ~ x x 
21 lX ..11111 

22 ~ ~ 
23 ~ ~ ±:ti 
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0 or more 
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D AT E 
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~ rx 
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IX 
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IN RANGE IN and BELOW 
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o. 
o.a 1.4 

0.4 1.8 

o.o 4.3 
9S.7 100.0 
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lX 
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~ ~ CEILING AND VIS 1 BILITY COMBINAT IONS PERCENTAGE OF TIME 
~ 

V SB YS . VSBYS. CIGS. IN and BELOW z ~ CIGS. 
with or with IN RANGE 

tfJj (ft.) (mi .) (mi .) (ft .) RANGE 

0 - 100 with 0 cr more or 0 - 3/l with 0 or r.'ore c.o o.o 
2 ~ 200 with f: or rnore or !: - 3/4 with 200 or MOre o.4 0.4 

3 ~ )OC: - 400 with , cr r:ore lor 1 with 300 - 400 1 .1 1 .5 .. ~ 500 - 900 with 1 or more or , - 2:: with 500 or J•:ore 2.7 4.2 

5 v 1000 - 2400 with 3 or more lor 3 cr :more with 1000 - 2400 O.G 11.2 

6 2500 or more with 3 or more 1 or 3_ or :.ore with 2500 or rrore 95.!:J 100.0 

GMT D AT E 
1 2 3 .. 5 6 7 8 9 10 11 12 13 lA 1 5 16 17 1 8 19 20 21 22 23 24 25 26 27 28 29 30 31 

00 lX IX 
01 D< !X 
02 IX D< 
03 ~ D< 
OA ~ D< 
05 C>< IX 
06 15< 
07 ~ 
08 

09 x 
10 x 
11 ii 
12 ..4111 

13 ... 
lA .... 
15 

16 

17 ~ 

18 lX 
19 x [X 
20 ~ 
21 

22 

23 ~ 
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~ ~ CEILING AND VISIBILITY COMBINAT IONS PERCENTAGE OF liME 

z ~ CIGS. 
with 

V SB YS. VSB.YS. 
with 

CIGS. 
IN RANGE IN and BELOW 

1 
(ft.) (mi.) or (mi.) (ft.) RANGE 

0 - 100 with 0 or _l!"Qre or Q - 3/8 with o çr !"'.ore o.4 o.h 
200 with i or more tor t- 3/h with 200 or more h.2 4.6 

300 - 400 with 1 or more or 1 with 300 - 400 3.1 7.7 

.4 [X ~QQ_- 900 with 1 or more lor 1 - 2t wi th 500 or rr.ore 5.1 12.8 

5 v 1000 - 2400 with 3 or more lor 3 or more with 1000 - 2400 o.o 12.8 

6 2500 or r.ore with 3 or more or 3 or more with 2500 or more 87.2 100.0 

GMT D AT E 

1 2 3 4 5 6 7 8 9 10 11 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

00 ~ 11111 

01 D< t-
02 - IX ~ -
03 ~ ~ 

[X 
04 x .... lX ~ 
05 ~ [X [X 
06 ii lX 
07 ~ 
08 ~ 
09 ..o1llll ~ 
10 t ~ 
11 ~~ 
12 x ~ 
13 x 
14 ~ lX x 
15 ~ ~·...4 ~ tt [X 
16 ~ ~ x ~ x ~ 
17 l.4 ..41 [X x ~ 
18 ~ ..41 ~ 
19 

~ ~ ~ lX 
20 ~~ ~ 
21 l.lllllll 2Ç lX 
22 1...4 x ~ 
23 l.4 ..ollllll~ x ~ 
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~ ~ CEILING AND VISIBILITY COMBINAT IONS PERCENT AGE OF TIME 

z ~ CIGS. 
with 

V SB YS. 
lor 

VSBYS. 
with 

CIGS. 
IN RANGE 

IN and BELOW 

1 
(ft.) (mi.) (mi.) (ft.) RANGE 

0 - 100 with 0 or more lor 0 - 3/8 with 0 or more o.o o.o 
200 with ~·· or more lor -~ - 3/4 with 200 or r::ore 0.2 0.2 

3 ~ 300 - 400 with 1 or more lor 1 with 300 - 400 0.2 0,4 

.. [X )00 - 900 with 1 or more or 1 - 2~- with 500 or r•!ore 1 ,2 1.6 

5 v 1000 - 2400 with 3 or more lor 3 or more w i th 1 000 - 2L.OO o.o 1.6 

6 2500 or more with 3 or more 1 or 3 or more with 2500 or 1'10r·3 93.4 100.0 

GMT D AT E 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 ·22 23 24 25 26 27 28 29 30 31 
00 
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06 x x 
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22 

,23 
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~ 0 CEILING AND VISIBILITY COMBINAT IONS PERCENTAGE OF TIME 

~ 
CIGS. 

with 
VSBYS. 

lor 
VSBYS. 

with 
CIGS. 

IN RAN'GE IN and BELOW 
(ft.) (mi.) (mi.) (ft 0) RANGE 

0 - 100 with 0 or r:ore 1 or 0 - 3/8 wi th 0 or more o.o o.o 
200 with .f or more lor ! - 3/4 wi th 200 or J'l!ore o.o o.o 

3 ~ 300 - uOO with 1 or more lor 1 with 300 - 400 0.1 o. 1 

4 ~ )00 - 900 with 1 or more or 1 - 2r with 500 or more 0.5 o.6 
5 y 1000 - 2400with 3 or more or 3 or more with 1000 - 2u00 o.o 0.6 

6 2500 or more with 3 or mor e ,r 3 or :oore with 2.500 or J'l!ore 99.4 100.0 

GMT D AT E 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
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:f! -J 

CEILING AND VISIBILITY COMBINAT IONS PERCENTAGE OF TIME 0 
C) cO 

VSBYS. VSBYS. CIGS. IN and BELOW z ~ CIGS. 
with 1or with IN RANGE ~ > (ft.) (mi .) (mi .) (ft .) RANGE 

fil 0 - 100 with 0 or more •r 0 - 3/b with 0 or rrJOre o.o o.o 
2 ~ 200 with ! or more or ~ - 3/4 with 200 or r.;ore 0.3 0.3 
3 ~ 300 - 1 .•. 00 with , or more lor 1 with 300 - 400 2.0 2.3 
4 [X . . 

- 2t with 500 or MOX"~ 4.5 500 - ?00 weth 1 or rr.ore or 1 2.2 

v 1000 - 2h00with 3 or :more or 3 or rr;cre with 1000 - 2400 3.6 0.3 
6 2500 or l'!Crewith 3 or more lor 3 or !l'lore wi th 2500 or "l'Ore 91.7 100.0 

GMT D AT E 
1 2 3 4 5 6 7 8 9 10 11 12 13 1.4 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

00 [)( v 
01 lX v 
02 v v x 
03 v / ~ 
0.4 1/ / x 
05 v lX 
06 1/ x 
07 v IX [X 
08 v 
09 1/ 
JO v 
Il v v 
12 v v 
13 v x .... 

/ 
14 v x 
15 v x 
16 ~ 1-
17 lX /1-
18 IX / 
19 D< v 
20 ~ v 
21 ~ v 
22 

l..ollllll v 
23 ft: v 
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CEILING AND VISIBILITY COMBINAT IONS PERCENT AGE OF TIME 

VSBYS. 
with 

CIGS. IN RANGE 
IN and BELOW 

{mi.) (ft.) RANGE 
CIGS. VSBYS. 

(ft.) with {mi.) 

0 - 100 with 0 or more 0 - J/8 with 0 or more o.o o.o 
~ or T"cre ,l_ - .3/h 

?. 
with 200 or more o.o o.o 

or r.oore with 0 0 o.o 
or T"ore with o.o o.o 

or more with 1000 - 2400 o.B o.B 
or nore wilh or more 2 100.0 

GMT D AT E 
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~ -' CEILING AND VISIBILITY COMBIN.A.TIONS PERCENTAGE OF TIME 0 
C> ICIC 

V SB YS. VSBYS. CIGS. IN ond BELOW z ~ CIGS. 
with lor with IN RANGE 

1 
(ft.) (mi .) (mi.) (Ft .) RANGE 

0 - 100 with 0 or more or 0 - J/8 with 0 or more o.o o.o 
200 with J or more or ! - J/4 with 200 or more o., 0.1 

300 - 400 with 1 or more or 1 with 300 - 400 o.o 0.1 

4 x 500 - 900 wi th 1 or more lor 1 - 2i with 500 or more 0.3 0.4 
5 v 1000 - 24oowith 3 or rr.ore or 3 or more with 1000 - 2400 0.3 0.7 
6 2500 or more with l or more 1 or 3 or more wi 1 h 2500 or r.ore 99.3 100.0 

GMT D AT E 
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~ § CEILING AND VISIBILITY COMBINAT IONS PERCENTAGE OF TIME 
~ z ~ CIGS. 

with 
V SB YS. 

lor 
VSBYS. 

with 
CIGS. 

IN RANGE IN and BELOW 

1 
(ft.) (mi .) (mi.) (ft .) RANGE 

o. - 100 with 0 or more 1 or 0 - 3/8 with 0 or more 

200 with ! or more lor ~ - 3/4 with 200 or more 

300 - 400 with 1 or more lor 1 with 300 - 400 
.. lX 500 - 900 with 1 or more ior 1 - 2i with .500 or more 

5 v 1000 - 2400 with 3 or more :or 3 or more with 1000 - 2400 

6 2500 or morewith 3 or more 'or 3 or more with 2.500 or MOre 100.0 

GMT D AT E 
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Little of importance can be seen in the record during the latter part 

of August 1957. Weather conditions were generally good and low cloud was 

present at only a few of the observations. Conditions in the following 

month, however, were the worst of the en tire observa tional period. The 

reason for this has been touched upon several times elsewhere in this study: 

the presence of a relatively wa.rm body of open water, in this particular 

year (1957) 1 after the air temperature feil below freezing point produced 

cloud conditions peculiar to Lake Hazen (although frequent at coastal 

localities) and these persisted until late in September. Thus at lo% ot 

the hourly checks the weather was in groups 1, 2 or .3, and occasions when 

conditions were 112500 or better with .3 miles or more" existed for only 

about two-thirds ot the m.onth. It may weil be that su ch conditions would 

be acceptable by comparison with more southerly latitudes. The author, 

during 12 months at Lake Hazen, came to regard 11bad weather" as any visi­

bility under 15 miles or cloud base below 5,000 ft. or wind above 10 m.p.h., 

but September was certainly the worst month for operational weather 

throughout the period or observations. It was, rurthermore, fairly cer­

tainly typical of normal conditions at that time or the year. Complete 

thawing of the lake ice apparently does not occur every year (i t almost 

certaiply did not occur in 1958) but at least a modified form of the lake 1 s 

influence on cloud cover may be expected as a regular reature of the rall 

climate. 

The most striking teature ot the figure tor October is the much greater 

frequency ot observations in group (4) (12.5 percent or the total) and the 
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much small•r proportion in group (5) by comparison 'With Saptemb•ro This 

is b~cause Dather conditions in the foi"'I19r group usually occur With poor 

visibili ty (l - ~ miles) and not lOï'f cfiiling (500 - 900 ft.) as the dater-

mining feature. Group (5), by contrast, assUlll8s good visibility and is 

solely dstermined by cloud height. Thus the September observations renect th9 

low cloud av9r thli lake; those in October. in large meMure express the poor 

visibili~y lixperienced duri~ snowfall which was, relative to the rest of 

the year, quiw consid&rableo 

In October the proportion of observations in Group (6) was practically 

80 per cent; in November it reached 90 per cent and, &XC$pt for January 

1958 remained above that figure throughout the remaining months of 

observations. Li.ttl& can really be said about th& months of November and 

Dec~mber: they show, on a modified scale, the same pattern as October, 

neither of them having ceilings between 1000 and 2,400 ft. without viai­

bility criteria (almost always when snow was falling) requiring that a 
. . 

lower category than group (5) be usœd. As precipitation, :in lll9asurable 

amounts at least, was very rare, i t follows that the restrictioœ on 

operational weather were also small. 

Janu.ary 1958 was, of coursa, far !rom typic~ of the weather oond:i. tioœ 

to be expected in a nonnal January at Lake Hazen. It is, however, of con-

~iderable significance in sholfing the effect of completely atypical synoptic 

conditions d:uring the lfinter: such conditions would yield practically the 
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sam• resul t in any mon th from November to March. The principal conclusion 

to be drawn is perhaps how sm.all the total effect was. When operational 

weather was ~ted, conditions were usually veiy bad, with visibilities of 

a mile or le~s, but group (6) orùy just frlled to contain 90 pQr cent of all 

observations. 

The exceptionai conditions continued to b• experienced at Lake Hazen until 

the end of the month. On February 1, however, they endltd abrupt.ly and con- _ 

<litions reverted to the pattarn of NovambQr and December for the rsst of the 

winter. Little again need be said of the thne months, Fsbruary, Marchand 

April, in all of which 97 per csnt of all observations were in Group (6). 

Similar conditions extendad into May and continued ind8ed for most of 

that month. As temperatures rose steadily they came, in late May, close to 

freezing point again and so ths psriod of poor operational weather at the 

end of the month occurred during the last significant snowfall of the year. 

June and July were both practically perfect months, each having over 
- - .. . - r . -

99 per cent of observations in group (6). The summer was apparently dull 

compared to that of 1957, but ceilings were seldon lower than 5,000 ft. No 

limitations to operations were experienced in the first ten days of 

August 1958. 
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The annu.al proportions (of a total of 8,532 hours) Within the different 

groups are ~s f o11aws: 

(1): o.;5%; (2): 1.;6%; (3): o.90%; (4): 2.75.%; (5): 2Ji>%; (6) 92.09% 

Another way of presenting the rJ.ying weather is presented in Figs. 51 an1 

52. The first of these, prepared by Anstey on the basis of a six-year record at 

Thule 18 _ d.esign~d to show the total scy caver. The lowest categor;r, overcas\ 

be1ow 10,000 t,., is of less significance for aircrart operation than the 

monthly sum:nary of operational weather already discussed. Provid&d an airstrip 

is tiquipped With a minimum of navigational aids, such as a radio beacon, 

overcast a~ 10,000 !eet is of little significance, at least for landing and 

taking-off. 

The comparison between Lake Hazen and Thule in this way is not, however, 

Without interest~ ·On the one hand it is evict.nt that some cloud was obseryed 

at a much larger number of observations than is usual at Thule. The complete 

absence of cloud at such a large proportion of the monthly observations 

over a six-yaar pe:r·~.od seems surprising for, a1though Thule is close to the 

Greenland ica sheet, it is a1so in a coastal situation. It is, however, of 

1ass account than the second feature: the much sma1ler proportion of time 

when conditions were "broken or high overcast" or "low overcast" at Lake 

Hazen as compared to ThulQ. Only in the months of January and September 

was the record at all similar. 
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Turning .from cloudiness and visibility to wind, Figs. 2S, 29 and 30 

already considered in Chapter VI provide most o.f the necessary information. 

Although the proximity of the Lake Hazen station to the Garfield Range 

must be taken into consideration it is probable that the roses are .fairly 

representative o.f wind direction in the Lake Hazen trough and it seems 

unlikely that a station situated, for instance, on the Greely-Hazen 

plateau, would show appreciable differences. 

Another comparison with 'I'hule is provided in Figs. 53 and 54. 

Thule is notorious .for its occasional strong winds and it must be re­

iterated that the only justification for a comparison of the two stations 

is that Thule is already an operational airport of considerable impor­

tance. 

It will be noticed that the wind speeds are not grouped identically 

in the two d.iagrams. The lowest classification of wind, as opposed to 

calms, includes winds up to 5 m.p.h. at Lake Hazen, but only up to 3 

m. p. h. at 'I'hule. In ail other groups, however, eadh di. vision represente 

a much higher wind speed at 'I'hule than at Lake Hazen. 'l'hus the .fourth 

group representa wind speeds o.f 25 to 31 m.p.h. at Thule but only of 16 

to 20 m.p.h. at Lake Hazen. Even despite this bias, a comparison of the 

two diagrams clearly demonstrates the very much lower wind speeds at 

Lake Hazen. 

Low temperatures, of course, affect aircraft opera ti ons in many 



9'o 
100 

90 

80 

70 

10 

J F M A M J 

Ocalm 

mrriT]1 3 -

~4-12 

J A s 0 f\J 0 

~ 13-24 

1125-31 

• > 31 

o.· 
lo 

100 

90 

80 

70 

60 

50 

40 

10 

J F M A M J 

Ocalm 

~1 5 -. . 
~ 6-10 

Fi~s. 53 & 5L.. Uind at Thule (left) and Lake Ha.zen (right). 
Data for Thule is from Anstey (2) and is the nean of a six­
year record. J,ake Hazen da ta is for 1957-58 and combines the 
observations dl:iring parts of two Augusts. 

J A s 0 N 0 

~11-15 
• 16-20 

• > 21 



ways, such as maintenance, refuelling operations, etc. The subject is 

therefore worth considering~ 

At Lake Hazen in 1957-58 temperatures of -60°F. and below were 

recorded on ten days, and temperatures below -500F. on seventy-three 

days. In view of the very abnormal conditions during January 1958 it 

would seem that temperat\ll"es below -600F. might be experienced for a 

much longer period, perhaps up to thirty days, in extreme years and the 

probable absolute minimum must be close to the Canadian record ot -81°F. 

Thus, for winter operations, a cloud point pour point specification even 

lower than -60°F. would be desirable and perhaps essentialo It may here 

be mentioned in passing that the fuel used at Lake Hazen in 1957-58 -

diesel oil, naptha and M.T. gas seemed completely satisfactory. If it 

is impossible to obtain oUs with such very low temperature specitica­

tions, it may be remembered that storage in large 15,000 gallon tanks, 

such as are used at Resolute, would cause the temperature of the oil to 

fall much more slowly than in 55-gallon drums, and also that a possible 

storage si te exista in the lake itself' where, below the relativel.y 

thin surface cover of ice, the temperature is always slightly above 

freezing-point. 'lhese, however, are problems wi th which this s tudy 

is not directl7 concerned. 

Another problem of indirect meteorological significance is that 

of biting insects during the short summer. This, apparently, is not 
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a problem which is encountered at 'Ihule. To quote Anste;y: 

There is no local problEm from mosquitoes, biting 
:tlies or ïiddges, as is common in south Greenland. l'fuile 
several species or insects ha.Te been reported in the 'Ihule 
area during the summer season - June through August - the;y 
do not necessitate the use or repellents or protectiTe 
nets. (2, P• 13) 

This happy state or a:t:tairs is by no means true ot the Lake Hazen 

area, where the much greater ext:.ent of plant cover, and possibly greater 

soil moisture, nourished considerable numbers ot mosquitoes in the sum-

mers or 1957 and 195S. In 1957, aceording to the summer party, they 

were a nuisance :tor only about three weeks. In 195S, however, they 

arri ved in :torce in la te June and only decreased in numbers in earl.y 

August. 'Ihey were a considerable nuisance to both men and dogs, partic­

ularly the latter, and repellenta were used extensiTel.y. 

It is not proposed to add to the discussion o:t white-outs pre-

sented in Chapter VII, but sane extra consideration is necessary or 

ice fog which, 1il the autbor' s opinion, is a f"actor which might prove 

critical if a permanent airstrip were contemplated, particularly i:t 

it were to handle regular traf'f'ic. The problem was considered. from 

the meteorological aspect in Chapter V and here only the implications 

:tor aircra:tt operation are discussed. 

Mitchell recently showed that the wa.rm-up and take-of'f' ot air-
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craft can be of tremendous importance in moisture production which is 

critical for ice fog formation. Thus, at air temperatures near -40°F., 

and with an initial relative humidit~ with respect to water of SO per 

cent, the moisture produced by four F-S6F aircraft tald.ng off at the 

same time would create suffici~nt fog to close the field. Similar con­

ditions would be produced by one B-50 and "a B-47 or B-36 aircraft can 

temporarily maintain a dense runway fog despite the presence of ambient 

wind drifts or 1 ·"'f 2 ft./sec." (45, p. 207, footnote). 

Similar conditions were actually experienced at Lake Hazen on 

the occasion of the visit of the first supply aircraft on March 29, 

195S. On that da~ the inversion was established in practicall~ type 

conditions: temperatures varied between -40° and -50<7., the total 

run of wind in 24 hours at forty feet wa.s only 3.6 miles (a mean wind 

speed of 0.15 m.p.h.), and on several occasions during the da~ superior 

mirages or the Fata Morgan& were recorded._ 

To quote the Notes in the daily sheet for that da~: 

"•••••• snow blown up b~ airerait at 1500 and again 1645 bad 
completely dispersed by 2100, although at 1900 visibility was 
still restricted to 1 - 2 miles in s.E." 

It should be mentioned that the airstrip was approx:imately half a 

mile from the weather station and the general visibility at 1900 E.S.T. 

was 22 miles • 

1S3 



At that time the observer, as also the author, believed that the 

reduction in visibili ty was due to soft snow being thrown up by the pro­

peU ers, as undoubtedly did occur to sane extent, particularly when the 

airerait landed and reversed propellers: i t was lost to sight in a 

whirling cloud of snow for at least a minute. 'Ihe latter, however, 

cleared ra.pidly and it seem.s obvious fran Mitchell' s account, and from 

Appleman's analysis of the meteorological factors involved (4) that the 

turbo-prop engines of the C-130 had produced an ice fog of very con­

siderable intensity~ 

The tremendous depth of the winter inversion eovering Lake Hazen 

under normal conditions, and the almost total absence of àir movement 

in the surface layera cannot be stressed too strongly. Mitchell' s 

observations are therefore partieularly pertinent: 

Wi th regard to the planning or new installations, 
the following points can be •••••• made: 

(1) Selection of new air base sites should be 
such that topographie depressions are aTOided where 
Arctic air can stagnate, and such that drainage winds 
do not place them down wind of other centres or pop­
ulation. 

(2) Bases themselves should be laid out such 
that the runways are upwind or, and as far removed 
as pra.ctical from, the other base facUities. 'Ihe 
runwa.ys should also be at a higher elevation than 
the other facilities whenever terrain permits. 
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(3) The buildings ••••••••••••• and other 
facilities of the base should be designed to emit 
a minimum of wa.ter vapour except at high elevations 
above runway level or down wind or the runway area, 
(45, pp. 207-9) 

It is possible that such conditions would be fulfilled if a base 

were established close to the lake and the airstrip were constructed on 

the higher ground behind. It is suggested, however, that a series of 

practical tests, preferably in the early spring, could be made with 

aircraft to test the probable effects. 

A further potential problem is suggested by a recent paper or 

Appleman (3) who examined a case of fog formation at Goose Bay, 

Labrador, apparently formed by the landing of a number of F-86 jet 

aircraft. This, he showed, was not due to the formation of ice 

fog, since the surface and 950 mb. temperatures were about lOOF. 

and o.°F. respectively. This fog, he showed, was caused by the pro-

duction of smoke and nuclei by the engines of the jet aircraft. 

Nonnally, these nuclei would be rapidly dispersed, even by a light 

wind, but at Goose Bay on the day in question the wind feU from 

three knots to a ~. The responsible conditions which Appleman 

concluded were necessary for such fogs: stability in the lower 

atmosphere, calm or very light winds and high relative humidities, 
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are again likely to be encountered at Lake Hazen in the spring and in 

the !ail. 
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APPENDIX A 

STATIB!'ICAL SUMMARY 

l.,. Temperature o:r. 

Month Max. Min. Mean Mean Max. Mean Min. 

Aug 1957 (42.6) (30.6) 
sij ' p 35.6 -12.0 17.9 20.9 14.9 
·-:-.,'\•. 
Oët 17.7 -45.1 -11.8 (- 3.8) -19.8 

Iov - 3.4 -57.4 -35.1 (-27.4) -42.8 

Dec -20.2 -62.9 -47.7 (-40.6) -54.8 

1an 1958 + 5.5 -68.5 -23.9 (-15.0) -32.8 

Feb - 4.6 -66.8 -41.0 (-33.5) -48.5 

Mar -13.9 -56.5 -38.7 (-32.4) -45.0 

Apr + 7.4 -57.8 -~6.2 (-15.0) -37.4 

May 30.5 -18.1 +10.8 +17.8 + 3.8 

J'un 54.4 +15.4 36.0 41.5 30.4 

J1y 59.2 32.3 43.8 50.1 37.5 

Aug (54.3) (35.0) 

The August data re fers t o the period or regu1ar observations, i.e. Aug. 21 

to .Aug. 31. 1957 and Aug. 1 to Ang. 10 1958. Mean :maxima for 'tlle winter 
months have been interpolated b;y a method deseribed in the text. 'l'he 

suggested mean temperature for the year August 1957 - August 1958 is 

- s. oo:r. 

2. Wind 
Jlean Wind Speed at 3 Levels (m.p.h.) 

Jan Feb Mar Apr llç 1un 117 
10 rt. 2.86 1.20 0.85 1.,$5 1.87 2.91 3.67 

3 tt. 2.76 1.20 0.96 1.57 1.74 2.70 3.50 
.· . 

l tt. 2.25 0.84 0.66 1.28 1.25 2.28 3.1'1 
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3. Precipitation (ins.) 

1957 1958 

Ang Sep Oct Nov Dec Jan P'eb Mar 

Ra1n (0) 0 0 0 0 0 0 0 

Snow (Tr) 0.20 0.23 0.03 0.04 0.23 0.01 o.o2 

Total (Tr} 0.20 0.23 0.03 0.04 0.23 o.o1 0.02 

. .Apr :May Jun J1y Aug 

Bain 0 0 0.04 0.03 (0) 

Snow 0.05 o.oa 0 0.02 (0) 

Total 0.05 o.oa 0.04 0.05 (0) 

Total tor 11 montha + 21 daye • 0.98 1nches. 

4. Pressure (aea-1eve1 mbs.) 

1957 1958 

Sep Oct Nov Dec Jan Feb Mar 

llax 1027.6 1027 .o 1034.5 1040.7 1042.0 1046.3 1057.3 

Min 1002.7 990.5 100!".0 984.2 996.5 997.2 1009 .. 7 

Mean 1014.4 1006.5 1017.4 1017.5 1015.8 1022.9 1031..2 

Apr May J'un J'1y 

Max 1044.0 1037.7 1036.1 1024.7 

Min 988.1 1007.6 1006.2 997.1 

Jlean 1021.0 1021.5 1019.5 1016.2 
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5. Comparison 2!_ Temp!!ratures at Alert, Eureka and Lake Bazen 

Lake Hazen Al.ert :lure ka 

Mean Mean 57-58 Meu 50-58 Mean 57-58 Mean &'l-58 

.Ang. 57 34,2 33.6 37.2 '37 .9 

Sep 17.9 14.1 15.2 21.1 19.7 

Oct -11.8 - 0.1 - 3.4 - 2.7 - 6.8 

NOT -35.1 -18.0 -15.6 •29.3 -22.8 

Dec -47.7 -32,1 -22.9 -41.7 -32.g 

1an. 58 -23.9 -13.0 -26.1 -1g·.o -M.a 
li"eb -41.0 -30.8 -27.9 -34.S -36.-l 

:u:ar -38.7 -22.6 -26.5 -33.3 -33.~ 

Apr -26.2 -17.3 -10.7 -20,5 -16.7 

MEcy' +10,8 +14.9 +11.5 +15.8 +14.3 

1un 36.0 51.6 31.7 35.4 37.0 

117 45.8 39.-l 39.5 43.5 42.2 

Aug 34.3 33.6 40.1 37.g 
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PREFACE TO PART II 

This discussion of the influence of synoptic events on 

surface weather in northern Ellesmere Island in 1957-58 depends 

even more on illustra~ive ma.terial than did the study of the 

surface observations contained in Part I. Sorne restrictions 

have been necessar,y, however, in the nurnber of figures, and it 

ii 

is for this reason that no synopti.è maps are reproduced. Their 

absence must not be taken as an indication of their unimportance. 

It is felt tha.t synoptic maps are availa.bl.e fairly widel..y, whereas 

the sotmdings and hodographs for Alert, which are of equal impor­

tance to the discussion, are not available ·in published form and 

have therefore been reproduced here in preference to the synoptic 

maps. 

Several map series are available for reference. Probably 

the best is the U.S. Weather Bureau1s Synoptic Weather Maps, 

Da.ily Series, Part. !, Northern Hemisphere Sea Level and 500 

Millibar Charts. The se are prepared from êhecked data several 

months in arrears and were not available for the I.G.Y. period at 

the time this study was prepared. The Deutsche Wetterdienst publishes 

a daily series of weather maps based on tmchecked data, including 

analyses at the surface and 500 mbs. on a polar projection for 0000 

G.M.T. The se were used in combination with the twice daily surface 

and 500 mb. chart s prepared by the Arctic Forecast Team of the 



Canadian Meteorological Service at Edmonton, Alta,, (\:he 

"Edmonton Series"), and reference was also made to the operational 

analyses (surface, 750 and 500mb. and frontal contour) prapared 

by the Central Analysis Office at Dorval Airport, Montreal. 

Because much of the present report concerne upper-air data, 

use has been made of the Celsius and Absolute (Kelvin) temperature 

scales in addition to the Fahrenheit. An at tempt h9. s be en made 

to lessen p0:3sible confusion by including Celsius equivalents of 

iii 

ail Fahrenheit temperatures used in this section. The conventional 

a.bbreviation 11 Z11 is used to indicate Greenwich Mean Time. 

The numbering of pages, chapters, tables and figures is 

continuous with Part I, and frequent reference is made to material 

in that section. The references hc:Mever, are numbered se:t=arately 

in each section. 

I a.m grateful to my colleagues Mr. B. W. Beville, Captain 

C. W. Cook, U.S.A.F·. and Dr. s. Orvig for their help a.nd advice. 

C.I.J. 



--
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CHAPTER X 

SYNOPTIC ~LUmCES ON SURFACE WEATHER 

I. INTRODUCTION 

The discussion of the station records at Lake Hazen, Alert and 

Eureka contained j_l) Part I did not include a discussion of the weather 

of norther.n Èllesme~ Island from the synoptic aspect. Certain features 

were attributed, in the absence of any other likely explanation, to 

synoptic event~, usually involving the advection of wa~er air into the 

region. While, however, it may have been possible to recognise those 

synoptic events which did have an affect on the weather at Lake Hazen 

and the other stations, there undoubtedlyalso existed a number of 

interesting synoptic situations which l!a.d little or no affect on surface 

weather and passed unnoticed in the analysis of the observations. 

In the presmt section, therefore, the primary purpose is to 

$investigate the synoptic conditi<ns of differmt periods to disc;:over how 

far and in what ways events in the lower troposphere - below 500 mbs. 

- affected surface weather. Particular attention must natu,;rally be 

given to periods which were shown in Part I to be of importance in this 

respect, but other periods, when the synoptic contribution to weather 

appeared less sigpificant at the surface, mu~ also be studied to arrive 

at tentative conclusions about the critical conditions for a subetantial 

modification of surface conditions. 
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It will be remembered that the most unusual feature of the m.id­

winter weather - of the entire observational period, in fact - was the 

unusually wann temperatures recorded at all three stations. during 

January 1957. It has been shown by Thomas and Titus (15) that the 

extremes recorded that month were all-time records at many stations 

in the Canadian Arctic, and some discussion of synopt.ic activity during 

that period would be essential in any analysis of the weather of 

northern Ellesmere Island. The fact that these conditions were so 

abnormal is, however, of considerable importance from the climatic as 

weil as the meteorological aspect: the conditions of January 1958 are 

valuable indications of the degree of influence which can be exerted en 

the midwinter clima.te of the High Arctic by wann air advection. 

Of considerable interest also is a synoptic study of a winter 

month in which few such warming trends were in evidence at the surface. 

At Lake Hazen, as can be seen from Fig. ll (Part I), December 1957 is 

the most sui table choice: a month in which the mean temperature at 

Lake Hazen was -47.70 F., compared to -23.90 F. in Janœ17 1958. 

Much of the subsequent discussion is concerned with the 

specification of the required conditions for an appreciable rise in 

surface ta:nperature. The treatment of the data therefore is primarily 

by means of the three-dimensional ta:nperature field rather than with the 

pressure or wind field. Surface winds, i t will be shown, are of critical 

importance, but at Lake Hazen in particular their relation to regional 

wind fields in the free air is not a simple one. 



It is necessary to pause at this po:ï,nt to show that the 

philosophy of analysis, while similar to that of mid-latitude 
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climatology, is camparatively novel in the Arctic. The purpose, as 

has been made clear already, is to explain surface weather. This 

is ultimately the purpose of rouch of mid-latitude meteorology and 

climatology: the interpretation and explanation of observed surface 

conditions, leading to their prognosis. In the Arctic, however, 

where most of the l~d area is uninhabited, there bas been, apa.rt from 

a~tional aspects, very little economie demand for a forecast of 

surface conditions, and bence little need to write a climatology of 

surface weather. Sorne accounts do exist (e.g. Rae (il) and Sim (14)) 

but most have been based on station statistics with little or no attempt 

at a consideration of dynamic climatology, 

While, therefore, the re is a growing litera ture on the dynamic 

climatology of the Arctic it is of a special kind, concerned with the 

average behaviour of the systems themselves, rather than with a con­

sideration of their effects on surface weather. This is, of course, a 

ccmment rather than a. criticism; as far as present scientific and 

economie needs are concerned, auch a treatment is the most desirable, 

but there is cert&inly a place for studies of the present type also. 

One of the best examples of this type of approach is .!!!!. 'Arctic 

Circulation by Hare and Orvig (6). This, as stated in the p~face, 

"is a review of the climatology of the northern atmospheric circulation 

from sea-level up to 30 lon." In showing the need for such a stuey 

the authors argue that 



198 

••••• the view that the arctic circulation can be 
permanently neglected by the meteorologist is 
untenable ••••• The operational significance of 
arctic weather for trans-polar flights is un­
arguable. Even without this, however, we must 
ra:nind oursel ves that the arctic is still the 
necessary hemispheric energy sink, about whose 
radiative behaviour we know very little. The 
arctic climates, moreover, have been those most 
affected by secul.a.r clima.tic variation in the 
recent geological past, and by the more recent 
fluctuations of the past half-century ••••••• 
Research into the general circulation should 
obviously comprehend these changes, and thus 
cannot possibly exclude the arctic regions. 
Presumably the same is true of ~pe antarctic. 
(6, PP• 2-3.) 

It is significant that there is no mention of the ï'act that a 

knowledge of dynamic clima.tology will assist in the interpretation of 

surface weather and climate. Although the student of ·such conditions 

can, of course, derive a considerable amount of assistance from lb! 

Arctic Circulation and similar works, they are not pr~rily ooncerned 

with the solution of his problems. 

The point of view which is here being pressed has been mentioned 

also by Keegan (7). In discussing 11 The Wintertime Circulation in the 

Arctic T.roposphere11 he was, like Hare and Orvig, primarily concerned with 

the climatology of the systems themselves. Hawever he concluded his 

study with the ranarks 

Over the Pole itself the circulation is as complicated 
as at mid-latitudes. Ail varieties of circulation 
are present from deep lows to blocking highs. There 
are periods of persistance as weil as those of great 
synoptic variability. One big problem is whether tb.ere 
is a systematic relatianship between circulation and 
surface weather. The IGY net)iork may help to solve 
this problem~ (7, p. 31.) 
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The purpose of the present study could not be better expressed. 

In e.xplaining why the present method of analysis ditfers from 

that of recent authors, it is finally necessary to mention the work of 

Belmont on lower tropospheric inversions, which he studied fran a large 

numbeF ·of soundings at T-3 fran Jtme 1952 to April 1954 (1) o About 

1100 ascents were used in the study; the treatment wa.s statistical and 

the purpose was to type the inversioo:s according to their physical 

appearance on a graph of height against tenperature, and then to show 

the frequency and significance of the various types. 

Inversions are, of course, as common a feature of the upper-air 

soundings at Alert and Eureka as they are of T-3, and it was hoped that 

Belmont 1 s technique might prove applicable in the present study o 

However it seems to have several drawbacks for such a purposeo '!he 

principal one is that although steepness of lapse rp.te was oonsidered 

to some extent in the typing of the inversions, neither the surface 

tanperature nor the 1naximum tsperature in t,he sounding were considered 

in absolute tennso Thus the temperature at the wam.est point of the 

inversion .) might be -25°C. or -5°C. but the typing of the inversicn, 

based solely on the change of temperature with height, remains the same. 

In the present study this is tmsatisfactory, as the implications for 

surfaee weather are very different and, in a broader context, it may be 

queried whether auch a simple differentiation between soundings has 

much physical significanceo This may perhaps bes~ be 'illustrated 

from Fig. 55. _ The regular curve representa the mean conditicns for 
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the mon th of January, based on three year s 1 data at Alert ( 5). The 

two soundings represent individual ascents in Janœ.ry 1958. That 

for Janua.ry 23 shows much warmer conditions than normal throughout 

the lowest 5 km. It represents, in fact, the period of warm air 

advection over northem Ellesmere Island which produced, a day or two 

la ter, the unique temperatures discussed by Thomas and Titus (15). 

Yet it would be cl.assi.fied al the Belmont system as type 031, which is 

the most common sounding, especially in winter. Similarly the ascent 

· for January 6 would be typed as 231· which is, according to Belmont, a 

relati vely rare fonn (less than 1 per cent of all cases over T-J.) 

This may be true of Alert, although the present study has suggested 

that it is not infrequent, but its abnonnality is as noth:ing canpared 

to the sounding of Janua.ry 23 which, lacking any absolute temperature 

criteria, would have gone unnoticed in a statistical analysis based 

on the ABC typing method alone. 

With these preliminaries, the weather of northem Ellesmere 

Island during December 1957 and Janua.ry 1958 may now be considered. 

In general the upper air ascents at Alert have been used in preference 

to those at Eureka. The differencesbetween Lake Ha.zen and Alert, which 

-w~re shown to be so marked at the surface, are unlikely to extend far 

into the free atmosphere, p:t.rticularly in winter. On some occasicns 

t)le relative nearness of Alert (lOO miles) to Lake Hazen as compared 

to Eureka (220~) miles) is of significance in the sounding. In general 

the discussion progresses from the general to the particular, beginning 

with a considerat i on of tœ variat i on of potential temperature during 
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each month. The form of the daily soundings are then considered in 

relation to surface and synoptic conditions, and finally hodographs 

are used to show the levels at which advection is significant at 

different times.l 

IIo MIDWINTER S YNOPTIC ACTIVITY 

!· December 12.21 According to the Meteorological Branch: 

Hazen. 

December mean temperatures were well below nonnal 
throughout the Northwest Territories. The greatest 
cteficiency was thirteen degrees at Holma.n Island, and 
Coppermine was next with twelve degrees. stations 
on the shores of Great Slave Lake had peficiencies of 
about one degree but the remain~ statioo.s in the 
Territories reported deficiencies ranging from four 
to ten degrees. 

Precipitation was irregularly distributed in the Northï 
west Territories in Decanber ••••••• On the Arctic 
Archipelago there was no patte:r;n evident and the range 
was from a trace of precipitation at Isachsen to two 
and a half times the nonnal fall at Frobisher Bay. 
(3, p.2.) 

The low temperatures referred to above were very evidmt at Lake 

On only 5 out of a possible 124 occasions was the temperature 

sufficiently far above the freezing point of mercury to ri.sk placing the 

mercury thermometers in the screen at a main synoptic observation. 

Temperatures of - 50°F. (- 45.6°C.) or below were recorded on all but 

three days in the month. Conditions, one might have said, were almost 

constantly, those associated with little synoptic activity and the 

intense development of the Arctic inversion. The month was, in fact, 

1 
Those unfamiliar with hpdograpn analysis will find a clear dis­

cussion of its implications by Petterssen (10, Vol. 1, pp. 101-103.) 
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characterised by high index conditions, with strong westerlies lying 

rather north of their usual position over North America, but having 

little effect on the High Arctic. The only major exception to this 

pattern of constant and intense cold occurred in a period beginning 

on the 15th, when the temperature rose to - 20.20F. (- 29.ooc.) and 

then feil rapidly to a minimum of - 56.80F. (- 49.3oc.) followed by a 

similar rise on the 17th, this tilœ to - 27.3oF. (- 32.9oc.), both 

cases being associated with measureable snowfall. These periods, 

!Sce~r 15-16 and 18-19, were the only occasions on which the mercury 

thermometers were in use during the month. 

These occasions on which the extremely cold temperatures were 

somewhat ~eliorated beg interesting questions in themselves. Thus on 

the broad scale the month of December 1957 must be investi~ted to 

answer the question 11 What are the conditions which lead to the 

establishment and maintenance of intensely cold temperatures at the 

surface ?", that of Janua.ry 1958 to solve the problem of the required 

conditions for their complete absence. The fluctuations of mid-

December may therefore be of some interest as indicating conditions 

which initiated warmer temperatures but were either insufficient or 

not continued long enough to have anything but a brief influence on 

surface weather. 

A general picture of the thennal variation throughout the lower 

troposphere can be derived from a study of Fig. 56 which shows the 

variation of potential . temperature at the standard pressure levels up 
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to 500 mbs. and also the actual surface temperatures at Alert and 

Lake Hazen. The upper-air data is for Alert and is taken from the 

"Radiosonde and Rawinsonde Checked Data" section of the U .s. Weather 

Bureau 9 s Northern Hemisphere Data Tabulations (17). The only 

advantage in using potential rather than actual temperatures at the 

standard levels for the present purpose is that it enables the curves 

at the different levels to be clearly distinguished from each other: 

actual curves continually intersect and it is difficult to appreciate 

the change at all levels simultaneously. The values of potential 

temperatures are therefore significant only in the fluctuation of 

the curves about the mean values for the different levels. This 

mean value is based on about 245 ascents at Alert in the years 

1950-53 and is the average of the separate means for ascents at 0300 Z 

and 1500 z, published in the Climatological Summary for Alert (5).1 

Each of the twice daily (now at 0000 Z and 1200 Z) ascents are plotted 

in the diagram. 

The chief feature of the pattern is the contrast at 850, 700 

and 500 mbs. between the first third of the month and the remaining 

period. Potential tempe ratures were considerably above normal for 

at least a week at all levels. This was a clearly defined and on the 

whole regular variation, whereas during the rest of the month temperatures 

fluctuated fairly frequently about the three-year mean, with perhaps 

1 The differences between the two means is, during the sunles·s 
months of December and January, rarely more than 0.2oc. at any of these 
lower levels. 
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a tendency to be rather colder than normal at 700 mbs. What is 

of more significance, however, is that surface conditions appear 

to be almost totally unrelated to the temperature fluctuations in 

the free atmosphere, with the exception of the abrupt rise at the 

very end of the month. This, it was suggested in Part I, was 

rather to be expected at Lake Hazen; it is more surprising to find 

the surface temperature at Alert, so very consistently warmer than 

at Lake Hazen, apparently equally independant of the tropospheric 

fluctuations. 

Besides raising several interesting questions concerning the 

relationship of conditions in the troposphere to those at the surface, 

Fig. 56 also contains much of significance as regards the relationehip 

between Alert and Lake Hazen. Each of them, it is apparent from 

the actual temperatures, are at the base of fairly deep inversions 

(the actual mean temperatures 1950-53 over Alert. at 850 and 700 mbs. 

were- 23.7°C. and- 25.9°C. respectively). Yet, as PartI showed, 

there is a considerable and persistent temperature difference between 

the coaatal. and inland sites. The first half of December illustrates 

this clearly, the temperatures at Lake Hazen being consistently five 

or ten degree~ centigrade or more below Alert. In the latter part 

of the month, however, the temperature at Lake Hazen fluctuated 

considerably. On several occasions it approached that at Alert; 

only twice, however, did it exceed the latter and in each case it 

appears that a rise at Alert was only del8fed by comparison with Lake 



205 

Hazen. Particularly interesting are the occasions when coast and 

interior recorded almost identical surface temperatures. 

A study of Fig. 56 thus suggests several hypotheses which 

should be examined in more detail: 

(1) Despite the considerable wanning of the troposphere, at 

least wit hin the limits 500 to 850 mbs., there was no 

perceptible effect at the surface. 

(2) Conditions at Alert were favourable for the maintenance 

of remarkably constant temperature conditions at the 

surface, which were colder than the 1950-53 average. 

(3) At Lake Hazen there was similarly no disturbance of the 

thenna.l conditions during the first ha.lf of the month, 

but thereafter occasional fluctuations occurred, their 

maxim'LUll affect being the elimination of differences in 

temperature between Lake Hazen and Alert. 

Considering the events of the month in more detail, the sounding 

at Alert at 0000 Z on December 2 1957 is shown in Fig.57· 'l'his, as can 

be sean from Fig.56, was the time immediately before the atmosphere 

began to be affected by wanning and when negative potential temperature 

anomalies varied from about 8°C. at 700 mbs. to 2.5°C. at 850 mbs. 

The sounding, it will be seen, passep. through a generally isothermal 

atmosphere. A small inversion bulge was present, with its apex at 

- 27 .5°C. at 850 m. ( 911 mbs.) This bulge, though snall, was lower 

than the mean position at about 1500 m. The main feature of the 
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sounding, however, is the srnall variation in temperature along tœ 

vertical and also the absence of strong winds. Values of wind 

speed are plotted in metres per second along the ascent. As might 

be expected the hodograph shows nothing of significance. Winds are 

plotted, here and in succeeding hodographs, in metres per second at 

500 m. intervals from the surface to 3000 m. (700 mbs.) and at 1000 m. 

intervals from there up to 5000 m. Winds at all levels, as the 

sounding has already indicated, were sluggish and no significant 

advection is evident or to be expected. 

Such a pattern accords well with the synoptic map. At the 

surface, the Canadian - Alaskan sector of the polar area had 

pra.ctically uniform pressure with an extensive but weak high pressure 

system extending from eastern Siberia to central Greenland. 

By the 4th the increase in temperature was evident throughout 

the lower troposphere. The temperature at the apex of the bulge 

had risen by about 5.5°C. in two days and a considerable part of the 

sounding below three kilometres was now wanner than - 30°C. The 

shape of the sounding is more what is implied by the term "inversion". 

There was a rapid increase in temperature from a minimum at tœ 

surface up to about 300 m. and then a slow increase up to about 1000 m. 

This, however, had not taken on its form by radiational cooling of the 

lower part of the atmosphere with a normal lapse rate above: the 

Alert surface temperature remained almost constant during the two days 

(and, as Fig 56 shows, for a long time thereafter) and it is the 
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atmosphere itself which was wanned, This wa.nning, it is clear, in 

the absence of radiational heating at the surface, must have been 

caused either by advection in the horizontal plane or by adiabatic 

wanning of subsiding air. From the wind speeds plot ted on the 

sounding and on t .he hodograph it is apparent that there had been no 

wa.nn air advection on a sufficient scala and the rise in temperature 

must therefore be due to subsidence. Extension of the hodograph 

above 5 km. shows tha.t there is a markedi increase in wind speeds up 

to the tropopause and that it is, in fact, colder air. Which is being 

brought in at these levels. This wanning due to subsidence is in 

accordance with the vi.ews of Schumacher concern:ing the maintenance 

of the inversion over Maudheim in the Antarctic: 

During the polar winter we usually find the highest 
temperatures of the atmosphere at the top of the surface 
inversion. It is evident that this layer suffers a 
net loss of heat energy from radiation and, possibly 
also from heat transfer, meaning that the inversiop 
layer serves as a source of heat for a greater p!.rl. of 
the atmosphere. Wexler (1936), considering radiation 
only, came to the conclusion that the layer is gradually 
cooled, attaining the structure of an isothermal layer 
of increasing thickness. By successive som1dings from 
a maritime polar air mass moving into continental regions 
he showed that cooling from the surface created a temP:­
erature distribution in accordance with his theorettê~l 
considerations. However, we have seen above 'tha.t over 
polar regioos the mean temperature of the lower tropoe­
phere shows small month to month variation dur.ing winter. 
This applies especially to the two antarctic stations, 
Maudheim and Little America, but also in the Arctic the 
cooling appears to be of another order of magnitude than 
that which should be expected from radiative loss of heat. 
Thus, Wexler foun:i that an initial temperature of some 
- 25oc. at the top of the inversion layer might be J,.owered 
by some 10 degrees centigrade in about a fort.night, 
assuming calm, cloudless conditions. To some extent, 
advection of wanner air may compensa te the loss,,of heat, 



but at least in polar anticyclones this effect must 
be of minor importance. The only possibility left 
is adiabatic heating due t o subsidence, which 
accordingly seems to play an important role in deter­
mining the temperature distribution during winter in 
the lower part of the polar atmosphere. (13, pp.35-36.) 
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In this case it has done more than maintain lower tropospheric 

tanperatures; it has raised them considerably above seasonal normals. 

The problem of why the surface was not affected by this 

tropospheric wanning immediately becomes much clearer. Stability 

requiranents will prevent the wanner air aloft from reachmg the 

ground without the aid of mechanical. turbulence and this turbulence 

is absent in the calm conditicns of a polar anticyclone. Nor is the 

descending and wanning air likely to cause clouds to develop which are 

the alternative method enabling warmth to reach the surface from the 

atmosphere, by long wave radiation from the relatively warm cloud layer. 

These conditions reached their beat development on December 6. 

The sounding indicates considerable wannth at about 850 mbs. with 

temperatures not far 'below freezing. Humidities, however, in this 

subsiding air, were very low also, and were only Al5 per cent at 850 

mbs., A16 per cent at 700 mbs. and A20 per cent at 500 mbs.1 

1 
These humidities, expressed with respect to water saturation, 

are preceded by the letter 1A1 in the data sheets to indicate that the 
humidity element in the sonde was "motorbœting" at these levels, as it 
was not designed to record auch low humidities; the values have 
therefore been interpolated. 
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Throughout this period, therefore, the surface temperature 

at Alert and, at a lower value at Lake Hazen also, remained virtually 

constant . Despite the ideal conditions for radiation, temperatures 

did not fall appreciably and this has been explained in Part I: by 

December the p~ncipa.l heat loss from the ground has bem effected 

and thereafter the seasonal temperature fall is only very anall. 

Conditions in the free atmosphere were unusually wann, but the nature 

of this wa.nning, adiabatic heating of subsiding air, was such as to 

prevent its effects from reaching the ground surface. Finally, it is 

evident that the fonn of the inversion cannet be considered without 

account being taken of actual temperatures and past history. 

This period was interesting as an example of wannth but little 

wind. The next, fran about the lOth to the 15th, is an example of 

appreciable surface winds but a generally cold lower troposphere. 

The sounding for 0000 Z on December 11 shows a rather irr~gular 

forn, with the bulge .gradually decreasing in temperature after its 

maximum a few days earlier. The temperature at the surface was about 

- 35°C . as it had been throughout the preceding ten days. The 

hodograph shows little of significance below 500 mbs.; if anything, 

colder air was blowing fran the southeast. The synoptic map was also 

unexciting. Ellesmere Island was betwe:en a high (1028 mbs.) over 

the Pole and a low (1012 mbs.) east of Devon Island. Weak gradients 

were found at 500 mbs. 
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Little change is evident in the sounding for December 13: 

the lower troposphere was once again approaching the almost isother.mal 

conditions of December 1. By 0000 Z on the 14th, in fact, the 

sounding was e~sentially isothennal between 300 m. and 2500 m. 

The wind hodograph for the 13th is again unrevealing: the apparent 

wann air advection was of little significance as the sounding shows. · 

More significant were the developnents in the synoptic pattern with 

the usually bread dispersal of ~sobars contracting as a depression 

moved northwards along the west Greenland coast. As it happened this 

filled rapidly, but another moved northeastwards behind it into central 

Greenland, creating a deep cyclonic vortex there and str6ng pressure 

gradients over northern Ellesmere Island. The resulting surface winds 

were sufficient to overcome the 11 nival11 inversion at the ground both 

at Alert and Lake Hazen. The winds, however, were not blowing in a 

warm lower troposphere and hence the form of the sounding on the 15th. 

The hodograph does suggest that soiœ warm air advection was taking 

place, but it is clear that the principal effect of the wind was to 

raise the temperature of the surface layer by mechanical mixing. 

It l«>uld seem that similar causes were responsible for the rise 

in tempe rature at Lake Ha zen also, although the re were certain 

differences of scale. In }Rrticular, the winds recorded at the 

surface were very much lighter than tho se at Alert. At the latter 

station the effect of the winds was abrupt: at 2100 Z on the 14th 

the winds were calm and the temperature - 35.5oF. (- 37.5oc.); 
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three hours later, at the time of the sounding, the winds were north­

northwest at 45 m.p.hô and the temperature was - 22.3°F. (- 30.2°C.) 

At Lake Hazen the highest recorded wind at an observation was only 

10 m.p.h. (southwest) but, as Fig.56 indicates, this was sufficient 

to overcome the surface inversion and eliminate the differences 

between coast and interior at 1200 Z on the 15th. 

It would seem, therefore, that only a ver,y light wind is 

necessar,y to remove the inversion when, as in the period preceding 

December 15, the temperature gradient just ab ove the surface at Lake 

Ha zen is · vecy steep. It will be seen that the much greater 

fluctuations at Lake Hazen as ccmpared to Alert are only a function 

of the former' s initially much colder temperatures. It is clear also 

that mechanical turbulence, even on a relatively small scale, can 

11 roll up11 a surface inversion very effecti vely, but th at the actual 

rise in surface temperature is dependent on the temperature of the 

free air. 

As the low moved across Greenland, gradients slackened and, with 

surface winds dropping again, the inversion was rapidly re-established. 

During the course of the next fe:w days the coldness of the surface 

gradually affected a deeper layer of the atmosphere so that by the 

lSth there was a fairly constant increase of temperature with height 

from - 36°C. at the surface to - 25°C. at 1200 m. 

At this time there occurred another period of warming at the 



surface, once again much more marked at Lake Hazen than Alert. 

This time the winds at the inland station were extremely light, 

one or two miles per hour, and a layer of medium cloud persisted 

giving fairly continuous light snow. It appears that in this 

case it was the cloud and precipitation which were of more signifi-

cance in raising the temperature. Light winds were also recorded 

on the 20th, but they did not prevent the temperature falling again 

as the sky cleared and the snow was replaced by ice prisms. 

The next significant event was the advection of warmer air 
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aloft, as demonstrated in the sounding for December 20. This never 

reached the surface, but it is nevertheless interesting for its own 

sake, as the source area of the warm air appears to have been the 

Norwegian Sea: the 500 mb. map shows a small high pressure system 

cent red over Nord and a low south of Thule with wa.nn temperatures at 

Nord and Alert but not, interestingly, at Eurekao Thus at Alert 

at 0000 Z on the 2lst the 700mb. temperature was - 19.8°C.; at 

Eure ka it was - 32. 8°C o A day 1 at er the 'ta lues were - 25. 9°C o and 

- 33°C.: the warm air aloft never reached Eureka. This feature will 

be discussed in another example later; it seems, however, to be a 

factor of considerable importance and may indicate a major contrast 

in regime between northern Ellesmere Island and the southern part, 

which is to a much greater extent under the influence of systems in 

the Baffin Bay-Davis Strait areao 

These events, meanwhile, went unnoticed at the surface, except 
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tha.t a certain amount of cloud was recorded duri.ng this period o Much 

more cloud, however, was recorded in the next synoptic development. 

This was caused by the extension northwards of a warm tongue of air 

over Baffin Bay and Greenland, not quite reaching northern Ellesmere 

Island àt its strongest o The significance of the air was mainly 

in its humidity, which was considerably higher than the usual low values 

aloft and it is the associated cloud which appLrently caused the rise 

in temperature at Lake Hazen. There seems almost to be a direct and 

immediate relationship between temperature and cloud amount m the 

24th and 25th: - 34oF. (- 37oc.) with a snow-obscured sky at 1500 Z, 

- 390F. (- 390Co) with six-ten~hs cloud at 2100 z, - 400 with two­

tenths at 0300 z, - 34°F. (- 37°C.) with ten-tenths at 0900 z. 

The final feature of interest is of course the rise in 

temperature at ail levels in the last two d~s of the month. The 

sounding for 0000 Z on the 30th shows tha.t the atmosphere below 500 

mbso was very cold throughrut. The maximum temperature, at about 

500 m. was ·only - 32oc-. and the surface t--emperature at Alert was 

unusually cold. Twelve hours later, the form of the sounding ha.d 

be en t ra.nsformedo The steaey ri se of tsperature up to about 500 m. 

ha.d been replaced by a shallow nival inversion and between this and 

about 4 km. temperatures had risen considerablyo The change is 

explained by a comparison of the hodograph and the frontal contour 

chart. 'lbe hodograph shows no advection of any kind below about 

1000_ m., but from this level up to about 4000 m. t here is evidence of 

consi derabl e wann air advection from t he west. This was associated 
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with a law pressure centre with a well-developed wann front Which 

had passed Isachsen at the surface by 1200 Z on the 30tho 

By 0000 Z on the 31st the effects of the warming ha.d reached 

the surface at Alert, aided by overcast skies, but more particularly 

by strong winds which canpletely destroyed the inversion. At Lake 

Hazen there were no appreciable winds; the warming at the surface 

took place much more slowly and was of much less significance than 

at Alerto It would therefore appear to be almost entirely due to 

long-wave radiation from the clouds associated with this warm invasion 

and is thus in contrast to the other fluctuations of late December 

which, as shown earlier, produced much greater t~perature changes 

at the inland stationo 

The weather of December· 1957 provides illustrations of à 

considerable number of different synoptic factors, which bad ver,y 

different effects on surface weather. A summar,y of their implications 

will, however, be deferred Wltil conditions in the following month 

have been analysed in a similar way. 

~· Januaty ~ The Meteorological Branch sumnarised the weather 

of Januar,y 195S in the High Arctic as follCMs: 

The most outstanding weather event in January in 
the Northwest Territories occurred from the 2oth to 
the 24th when an invasion of wann air covered Ellesmere 
Island. As a result ·new record high temperatures 
were established at almost ali the stations on the 
eastern part of the Arctic Archipelago o The most 
interesting of these records was the maximum of 32 
degrees reported at Alert on the 24th. This was not 
only a new record for January, but was higher than 



the record high temperatures for all months from 
November to April, inclusive. The high of 30 degrees; 
at Ehreka and of 40 degrees at Arctic Bay were also new 
records for the pericd November to April; the latter 
record going back 21 yearso Janua.ry mean temperatures 
were close to normal at Akla.vik a.nd Clyde but a.ll other 
stations in the Northwest Territories reported excesses 
ranging to sixteen degrees in the Arctic Archipelago 
a.nd to 17 degrees in the a. rea. a. round Great Sla. ve La.ke. 

As usual the distribution of precipitation over the 
Northwest Territories was qui te irregular o. o. o. o On 
the Arctic Archipelago a. few statims ha.d precipitation 
deficienciee, but most ha.d excesses. Of these the 
greatest wa.s a.t Moul.d Ba.y which ha.d about six times the 
normal fall while Holman Island a.nd Frobisher both 
reported snowfall over four times the normal (4, p.2o) 

The weather over northem Ellesmere Island was indeed unique 
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wi thin the period of records: the Meteorological Bran ch ha.d t o go ba.ck 

to 1919 to find a. Ja.nuary in which Cana.dia.n stations reported auch 

a.bnorma.J..ities ~; of temperature, a.lmost thirty years before, the Joint 

Wea.ther stations were esta.blished. 

·The contrast to the previous month is a.dmira.bly demonstrated 

by Fig. 5S.In December the magnitude of the potential. temperature 

fluctuation a.t the sta.nda.rd le vela wa.s fa.irly snal.l except for the 

warming trend in the ea.rly }:Sort of the month. In the a.tmosphere a.s 

a.t the surface it was the general pa.ttem rather tha.n the da.y to day 

variations which was striking. In Fig.5S however, it is the changes 

which a.re of most importance; there is in fa.ct little evidence of any 

general pattern. Not much can be sa.id about conditions over the 

month a.s a. whole, except tha.t one f'ea.ture is t.rue of a.1l level.s. 

For a.pproximately the first week of the mont~ the surface and sta.nda.rd 
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pressure levels were colder, generally much colder, than the 1951-53 

mean. Thereafter they became much wanner and, a)..though temperatures 

bega.n to drop in the middle .of the month, new developments raised 

them to even higher values l.atero The climax of this trend was 

reached about the 24th and the free air had practically reached its 

mean condition by the end of the montho 

At Alert sorne of the wannth which had been brought in during 

the last daye of December was apparent in the early part of the new 

yearo Fairly strong winds aloft, however, had by 0000 Z on the lst 

established "normal" lapee rates down to about 1500 mo above the 

surface, with an isothennal layer belowo This isothennal condition 

was apparently caused by mechanical turbul~nce in fairly strong winds 

and by the 2nd the sounding was begLnning to cool through an extensive 

depth while still preserving a mix:l.ng layer down to the surfaceo 

·At the ground there was a marked but easily explicable corrlirast 

between Alert and ~ke Hazeno ' At the former, it was pointed out, the 

wannth of late December was brought to the surface principally by 

the winds of up t o gale forceo As, however, the free air cooled, 

so the temperatures at the surface feil alsoo At Lake Hazen, with 

little or no wind in this period, the wa:rmth was due to radiation 

from a wann cloud layero Overcast skies cootinued until about 0000 Z 

on the 3rd, and thus the lesa marlœd increase of temperature at the 

inland station continued up to that timeo 
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Once the sld.es cleared, however, surface temperatures feil 

very rapidly, so tha.t the coldest tenperature of the winter, - 68.50Fo 

(- 55.soc.), was recorded at Lake Hazen late on the 4th. A little 

earlier, at 0000 Z on the 4th, the sounding at Alert showed that the 

cooling had extended througbout the lbwer troposphere, resulting in 

a practically isothermal srunding with no point wanner than about 

- 38°C. - unusually cold conditions and probably an indication of 

the state to which the lower troposphere tends in winter at this 

latitude when radiational cooling is the dominant controL The 

inversion was practically eliminated at Alert. 

The sounding at 0000 Z on the 5th was very similar althrugh 

there had been a slight rise of temperature at about 2500 m. 

Synoptic developnents were of more significance. A low over Goose 

Bay had extended its influence northwards into Baffin Bay and a separate 

centre (central pressure 984 mbs.) had developed over Thule. Fairly 

strong gradients existed between there and Alert where the preelsure 

was 101.2 mbs. 'lhe light northeast winds which this pattern brought 

to Alert were associated with continuous snow and low cloud. At Lake 

Hazen, by contrast, skies were gEilerally clearJI winds were practically 

calm, and the temperature remained bel~?W- 600F. (- 5l.loc • .) 

A day later the rise in temperature at 2500 m. had beoome quite 

marked. Winds were quite strong throughout the sounding but the lowest 

layera still remained cold. The hodograph demonstrates the cause of 

this rise in temperature admirably; wann air was being advected from 
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the northeast, particularly at about 1500 to 2000 m. . The surface 

synoptic map shows a complex cycloniç circulation round a major 

centre over Greenland and Iceland (952 mbs.) and minor centres over 

Ungava (976 mbs.) and Pemœ.rk (984 mbs.) This warm advection was 

similar to that which reached northern El.leanere Island about December 

20th. On this occasion, as before, the wa.rming affects were 

associated with precipitation and overcast skies. 

On the 7th the sounding was still of the same general pittem, 

although the slowness with which the wa.rm advection reached the lowest 

layera is interesting. This ma.y wall be an orographie effect: the 

fairly high land in the extrema north of Greenland acts as a barrier to 

the warm air from the Norwegian Sea which can thus only arrive at 

Alert at altitudes above about 1500 m. By the 8th, when the whole of 

the lower troposphere had been warmed, the winds at the surface were 

light and so the .warm advection had little effect on surface weather 

except so far as snow:fal.l is concerned: light snow was recorded 

<!ontinuously at Alert from 0445 Z on the 4th until 1400 Z on the 7th. 

The re were signa on the 9th that this circula tien was .breaking 

down: that the lower troposphere was once again cooling towards 

isother.mal conditions. Generally straight isobare crossed northern 

Ellesmere Island at the ·surface from Scandinavia to the Bering Strait 

between high pressure north of Novaya Zemlya and a low over southeast 

Greenland. At 500 mbs. there was an extensive circulation a round a 

low in Baffin Bay, but no connection with the Norwegian. Sea. 
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The hodograph shows nothing of significance. If anything, the 

warmer air had been replaced by colder air at a slightly higher level 

blowing from the Greenland ice-cap in the sou th east. 

The sounding for January 10, however, shows that a radical 

change had taken place. The temperature at the surface had 

remained constant during the previous day, and for about another 

twenty-four hours afterwards. But in the free air the temperature 

rose quickly and appreciably, with the bulge about - 12oc. at 1500 m. 

The upper circulation had reverted to flow from the Norwegian Sea 

across northern Greenland and Ellesmere Island. The hodograph 

confirma the presence of the wann air and suggests that it was being 

advected in a fairly narrow layer about 1500 to 2000 m. 

The principal change on the llth was that the lowest layera of 

the troposphere had become as wann as thosa:.abav:e. Winds at both 

Alert and Lake Hazen were light, however, and surface tanperatures 

rose only slowly. Later, however, the sky became overcast at Alert, 

snow began to fall and moderate winds were recorded. The temperature 

rose rapidly, reaching - 14oc. by 0000 Z on the 12th, by which time 

the supply of wann air from the Norwegian Sea had been eut off and the 

troposphere was al.ready begi.nning to cool again. At Lake Hazen the 

winds continued light as usual, but. they did exist and, with snow and 

fairly low cloud, helped to cause a similar rise in temperature, although 

much lesa than at Alert. 
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The gale of mid-January must now be considered. This was 

responsible for the only winds over 20 m.p.h. recorded between 

August 1957 and July 195B at Lake Ha.zen. Its effect at that 

station were much more extreme than the actual wind speeds suggest. 

Snow had lain practically undisturbed since the winter began; it 

was now removed completely from much of the landscape and piled into 

compact drifts, and the soil beneath the snow was also blown. Mu ch 

of the station equipm.ent was buried beneath these drifts, a radio 

mast was blown down and, although other structural damage waa 

negligible, the effecta of the gale were auch that the possibility of 

its recurrence once or twice a winter is a factor of some importance 

for any installation in the area. 

The-principal feature of the surface aynoptic map is a ver.y 

str6ng anticyclonic cell (central pressure 104$ mbs. at 1200 Z Januar.y 

17) over Baffin Island, Baffin Bay and west Greenland. Its influence, 

as indieated by anticyclonically curved isobare, extended from the 

Pole to the Great Lakes. Coincident with this there was a slowly 

moving low }rassure system of Alaskan origin which by 1200 Z on the 

17th was centred (992 mbs.) about SJoN., l6oow., north of Alaska and 

west of the Queen Elizabeth Islands. Hence there were strang gradients 

over the Islands - the re was a difference of over 30 mbs. between the 

sea-level pressures at Isachsen and Thule - and the 50 to BO m.p.h. 

winds recorded at Alert at this time were hardly surprising. 

What is surprising is the long delay before the high winds made 
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their appearance at the surface at Lake Hazm. Winds with a west 

or southwest origin were blowing at Alert by 0600 Z on the 16th and 

from then onwards they remained strong. Visibility was seldan as 

good as half a mile, blowing S'low was continuous and usually fonned 

the ceiling, and the lowest wind at the surface between then and 

1500 Z on the 18th at an observation was 40 m.p.h. At Lake Hazen, 

however, the daily weather record for the twenty-four hours between 

1200 Z on the 16th and ~200 Z on the 17th showed no sign of these 

events. A considerable amount of medium cloud was present and 

temperatures were relatively high (- 24oF. to - 16°F. or - 31°C. to 

- 27°C.) Winds, however, were very light, the 24-hour run at 40 

feet being equivalent to a mean wind speed of only 2.06 m.p.h. They 

were also consistently opposite to the regional gradient, being north 

or north-northeast. 

A canpari.son of the 1200 Z observations on the 17th sums up 

the contraste: 

Alert: Visibi1ity 1/Sth mile in b1owing snow: wind 

S.W. 50 m.p.h.; temperature - 3.7°F.; clear 

skies. 

Lake Haz:en: Visibi1ity 8 miles; wind calm; temperature 

- 16.0°F; 10/ù.O:·overcast at 10,000 ft. 

Eureka: Visibility zero in blowing snow; wind S.S.E. at 

40 m.p.h.; temperature - 8.0°F.; sky obscured by 

blowing snow. 
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Not for another four and a half hours did the gale reach the 

surface at Lake Hazen, when the temperature suddenly jumped to ooF. 

(- 18°C.) and winds of 10 to 15 m.p.h. from the southwest established 

themselves. The wind speed at Alert had by now reached 80 to 90 

m.p.h. Marlmum winds at Lake Hazen came about twelve hours later, 

with speeds of 37 to 40 m.p.h. timed over three~ute periode. At 

about this ti.me the anemometer was blown from the 40 foot mast and 

could not be replaced until after the gale. Winds were esti.nated 

and the 10 ft. anemometer, raad hourly during this period, indicated 

that the estima.tes were fairly accurate. 

The soundings for Alert during the height of the gale a re 

missing, which is understandable and their lack is not so important 

as at ether times. It is clear that the . surface inversion disappeared, 

although the Eureka sounding for 0000 Z on the 18th suggests that it 

was replaced by a more or laas isothennal :Layer rather than by a 

11 norma.l11 lapee rate. The air, blowing from far to the south, was 

warm, althrugh perhaps not so wann as that of Norwegian Sea origin. 

What emerges from this discussicn, ccnceming the possibility 

of severe gales at Lake Hazen? On the synoptic scale it is clear 

that the surface p~.ttem was unusual: the anticyclone was centred 

in an area which is a particularly favoured area for cyclonic centres, 

and Hare and Orvig (6, 115-19) have drawn attention to the very low 

frequency of anticyclonic centres over the Canadian Archipelago and 

the Labrador Sea. The system was not only unusually located, it was 
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exceptionally intense, and the steep gradients along its ma.rgins 

were enhanced by the law pressure system north of Alaska. The 

strong winds over Ellesmere Island are thus no problem; it wruld 

have been unusual if they had not been reported. Much more difficult 

to explain is why the arrival of the gale should have been delayed so 

long at Lake Hazen and why the velocities were so much less than on 

the coasts. Local relief may partly explain the latter, although 

the trend of the physiography helps to funnel southwest winds along 

the Lake Hazen trough. lhe author is naturally hesitant to suggest 

that winds must reach 90 m.p.h. at Alert before they become moderate 

in strength at Lake Hazen. There do es, however, se~· to be s ome 

evidence from other occasions during the winter that these very strong 

winds of 70 to 90 m.p.h. at Alert seldom blow stronger than 10 to 15 

m.p.h. at the inland station. otherwise the phenomenon can only be 

properly investigated by a longer record at Lake Hazen, ineluding at 

least pilot balloon and preferably rawinsonde ascents. A reconnais­

ance party in the early sununer ot 1959 reported that profiles through 

the snc:M on the lake and the Gilman Glacier suggeated that there had 

been a similar gale early in the 195B-59 wi.nter. 

no evidence of strong winds. 

Otherwise there was 

The gale of mid-January and the resulting wann temperatures were, 

however, only a preliminary to the abno:rmally high temperatures in the 

period from January 2.3 to 25, particularly on the coast. This is 

another period in which the warmth of northern El.le~ere Island can 



be interpreted in terms of the broader synoptic pattern. 

'!he unusual synoptic conditions have been described by 

0 1 Connor (9). The major influence affecting the Arctic Islands 

at this time was: 

••••• the block in Davis Strait when monthly mean 
700mb. heights averaged 520 feet above normal ••••• 
This block predominated during the second half of 
the month, when it developed to near-record pro­
portions. 

• • • 
On a 5-day basis the Davis strait block reached its 
ma:ximum intensity at 700 mbs. of about 1,500 feet 
above normal in the January 18-22 period.. On a 
hemispheric basis this was probably second in 
intensity only to the record anoma.ly of + 1,600 feet 
in the same a rea during the 5-day period February 
19-23 1947. (9, pp.ll and 13.) 
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The affect of this blocking pattern on the lower troposphere 

at Alert is clearly demonstrated by the graph of .potential temperature, 

Fig.5S •. . The 850mb. potential temperature at 0000 Z on January 24 was 

250A. above normal and smaller anomalies were recorded at higher levels. 

The sotmdings for 0000 Z on the 22nd, 23rd and 24th show the advance of 

wann air. The temperature at 500 mbs. rose by 9oc. and the height of 

the surface by 530 feet between the 22nd and the 23rd. The temperature 

below about 2 km. was about - 20°C. on the 22nd, - 10°0. on the 23rd and 

at 937 mbs. on the 24th it was 3. 7oc. ab ove freezing. 

Surface temperatures at Alert rose by almost the same extent, 

although a lack of wind at the grotmd in the period preceding the sotmding 

for the 23rd accotmts for the maintenance of the temrerature of the 
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previous day. At Lake Ha zen, however, temperatures did not equal 

the 5.5oF. (- 14.7oc.) of the previous week, the maximum of 3.3oF. 

(- 15.9oc.) occuring twice on the 25th. The rise, from about - 30oF. 

(- 34°0.) appears once again to have been at least as much a function 

of radiation fran cloud and falling snow as of mechanical mixing by 

surface winds. Winds of up to 6 m.p.h. were recorded during this 

period but the 24-hour run at 40 feet from 1200 Z on the 2 4th to the 

25th was only marginally above a mean wind of 2 m.p.h. Meanwhile 

winds of 20 to 40 m.p.h. were being continuously recorded at Alert. 

Temperatures remained high until the end of the month and 

snowfall was considerable. Of pa.rtic:ul.a.r interest was the relatively 

high sn<:Mfall at the end of the month at Lake Hazen. This, as the 

hodograph for 0000 Z on the 3oth indicates, appears to have been 

associated once again with the advection of warm air from the ·east 

or northeast - from the Norwegian Sea. 0.13 inahes water equivalent · 
1 

were recorded in about 4S hours, or over 13 per cent of the measureable 

precipitation recorded during the period of observatims at Lake Hazen. 

The Alert total in this period was much lesa, but a probable explanation 

of this is that strong winds were once again present on the coast and 

much of the new snow may have gone unnoticed during the blowing snow 

which was reported throughout tœ period. 

f· Conclusions Fran the preceding discussion several tentative 

conclusions may be drawn concerning the effect of the events in the 

lower troposphere on surface weather conditions in midwinter. Most of 
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these conclusions are not new; they have been suggested or proved 

for other locaJ.ities in the Arctic or Antarctic. One or two, 

however, are more unexpected and all have relevance to the problem 

of local forecasting in northern Ellesmere Islando 

L As an answer to a question posed earlier, it appears that 

the required conditions for the developnent and maintenance of very 

cold temperatures at the surface during the sunless period are clear 

skies and calms or light surface winds. The temperature of the 

free air, even a short distance above the ground, appears to be of 

very much less significance. 

2. Conversely, the conditions required for a significant rise 

in surface temperature in midwinter are either overcast skies, 

especially associated with snowfal.l, or moderate or strong winds at 

the surface. In the fonner case the rise in temperature is affected 

by long-wave radiation from wann clouds or falling snow and takes 

place relatively slowly. Surface winds cause mechanical turbulence 

and thus mix the lCMest layers with the wanner air aloft. This 

latter process is rapid and effective, but the magnitude of the 

temperature change is dependent on the temperature of the free air; 

when the sounding is cold over a fairly deep layer the wind can have 

little effect. 

3. Once the skies clear or the wind drops, temperatures fall 

very rapidly at the surface. 



227 

4. The causes of a rise in temperature in the free air -

horizontal or vertical motion - are very important as far as the 

effect on surface weather is concerned. Warming of subsiding air, 

as exemplified by conditions in early December 1957, is associ.ated 

with clear, calm, anticyclonic conditions, light surface winds 

and, in subsiding and drying air, little cloud formation. Lacking 

either cloud or appreciable surface wind it is thus relatively 

difficult for the wannth of the subsiding air to reach the ground. 

Wann air advect.ed horizontally, however, is frequently associated 

with strong surface pressure gradients and is generally cooling and 

therefore more likely to produce clouds and precipitation. 

5. A significant source area for wann air arriving over 

northern Ellesner~ Island in midwinter appears to be the Norwegian 

Sea. Three main features are characteristic of this air: 

a. The advection appears to t~e place above 1500 m. 

and especüüly betweèn 1500 ·m. à.nd 2000 m'o Sùgges:ting ·tha:t .. north 

Greenland forms an orographie barrier to the intrusion of wann air 

at lower levels. 

b. Partly because of this feature,the war.mth from such 

air appears to be transnitted to the ground more often by long-wave 

radiation from clouds or snowfall than by surface winds. 

c. The snowfall associated with this warm air possibly 

accounts for the major part of midwinter precipitation. 
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It should not be necessary to stress the tentative nature of 

these conclusions, based as they are on a subjective analysis of 

only two manths' data. They do seem to account, however, for most 

of the problems raised by the surface weather records in these 

months. The major problem which remains unsolved is why the wind 

speeds inland should be so much lighter than those recorded at 

Alert and Eureka. The delay of almost thirty-six hours before the 

arrival of the January gale at Lake Hazen is pa.rticula.rly surprising 

in view of the very steep pressure gradients. 

Concerning the Arctic inversion as revealed by the sound.ing at 

Alert and, by extension, at Lake Hazen also, two commenta will 

suffice. In the first place there seems to be evidence suggesting 

that in suitable conditions the lower troposphere tends towards 

Wexlers s "ideal" sounding which, in the words of Belmont, 11 consisted 

of a surface inversion of infinitesimal thickness below an isothermal 

layer which extended up the resumption of the original lapse rate 

curve." Secondly it seems physically and practicall.y dangerous to 

neglect eit her the actual temperatures or the inuœdiate history of 

any sounding when its significance is assessed. 

III. THE RBMAINING PERIOD IN REVIEW 

Having dealt with these two winter months in detail, the rest 

of the observational period may be passed over more quickly to 

describe the major fluctuations in the temperature curve at Lake Hazen 
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(Fig. 11, Part I) which were of synoptic origin. 

The rise in temperature in late Feb:ruary was the result of a 

breakdown of the zonal westerlies similar to that which had occurred 

in the latter part of the previous month. Blocking over Davis 

Strait was particularly strong in the second week of Februa.ry but 

during this time northern Ellesmere Island was under the influence 

of a fairly stationary cold low. About the 19th, however, this 

low be gan to retreat westwards fran its earlier position ove r the 

Arctic Archipelago. The main westerly flow of mid-latitudes, diverted 

northwards round a high south of Iceland, was thus able to extend its 

influence still further north. At 0000 Z on February 19 no part of 

the Alert sounding was warmer than - 30oc. By the 22nd, however, a 

meridional pattern was well developed over eastern North America and 

the Atlantic. A cold trough extended southwards across the Canadian 

Arctic (the 500mb. temperature at Fort Chimo at 0000 Z was - 44.3°C.) 

whilst a wann ridge covered Greenland and Elleanere Island (500 mb. 

temperature at Alert: - 34.2oc.) The sounding at Alert shows an 

amazing surface inversion with a rise in temperature of almost 300C. 

from - 36.3°C. at the surface (66 m. above sea-level) to - 6.7°C. at 

330 m., with ~ maximum of - 5.ooc. at 690 rn. The hodograph shOW's 

that the wann air was .flowing in between 1000 rn. and 3000 m. 

Once again the effect on the surface tanperature was delayed by 

the lack of a suitable agent to bring it to the ground. Such clouds 

as accompa.nied the warm air were at first unable to raise the 
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temperature much above - 20°F. (- 29°C.) at Alert. Not until late 

on the 25th did the temperature rise significantly but the pattern 

of the fluctuations on the 25th and 26th is illuminating. Moderate 

winds of up to 15 m.p.h. were recorded at each observation from 

1500 Z on the 25th until o600 Z on the 26th and were associated 

with very low cloud and sna.-r. The temperature rose from about 

Following this the sky 

cleared, the wind dropped and the surface temperature be gan to fall, 

The wind then came ba.ck with renewed force and the temperature rose 

fran- 1?.10F. (- 27.3oc.) in a calm at 1200 Z to -?.30F. (- 1J.?OC.) 

with a wind of 23 m.p.h. at 1500 Z and - 8.3oF. (- 13.2°C.) at 35 

m.p.h. at 1800 z. The wind then dropped again and three hours 1ater 

the temperature was- 20.2oF. (- 29.ooc.) , a ranarkable fluctuation 

and one which demonatrates very well the affect of surface wind in 

11 rolling up" an inversion. 

At Lake Hazen the pattern was similar. The minimum for the 

six hours ending 0600 Z on February 20 was - 61.9°F. (- 52.2°C.); 

twenty-four hours la ter the temperature was above f't"eezing mercury 

and remained so for the rest of the month. The rise to about - 20°F. 

(- 29°C.) appears to have been due to long-wave radiation from the 

clouds associated with the wann air. The maximum temperature of 

- 4.6°F. (- 20.3°C.) occurred briefly at about 0400 Z on the 26th 

during a 10 m.p.h. wind an:l between successive 3-hourly readings of 

- 23.60F. (- 30.9oc.) in a calm of 0300 Z and -. 19 .60F. (- 28. 7oc.) with 

a 4 m.p.h. wind at 0600 Z. 
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The fluctuations during March were rather different in type. 

Fig. 11 in Part I sho'l<ts that contrasts between the three stations 

were at a maximum for much of the month and also that minor fluctua­

tions at Eureka were not recorded at either Alert or Lake Hazen. 

Much of the month of March was characterised by a flow of air 

aloft from the Alaskan area towards Ellesmere Island, frequently 

between high pressure over the Barran Grounds and a low over the 

Arctic Ocean. This Alaskan air was fairly war.m but the rapid 

fluctuations in temperature recorded during the month were more 

directly associated with surface wind speeds than w:i.th the strength 

of the wann advection. 

At Eureka the re was a rise in temperature from - 39. 7°F. 

(- 39.aoc.) at 0600 Z on the 12th to- 16.40F. (- 26.9°C.) eighteen 

hours later. The wind rose to 20 m.p.h. during this period, but it 

appears that, as at Lake Hazen, only relatively light winds are 

required to raise the temperature considerably from very low values 

particularly when, as in the present instance, the wind is associated 

with an extensive and fairly low layer of cloud. 

The other two stations responded differently at this time, 

during which a sma.ll centre of relatively low pressure (1025 mbs. in 

the centre) was situated to the west of Ellesmere Island. Pressure 

was very high throughout the North American Arctic at this time. Lake 

Hazen was practically cloud-free and surface wind was negligible, 
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temperatures remained steadily below - 400. Ale rt, although 
1 

similarly cloud-free, experienced relatively strong winds and the 

tempera ture rose t 0 + 10. BOF. (- 11. aoc. ) 

The rise in temperature later in the month was due to similar 

causes. Fran the 20th to the 23rd winds. of up to 56 m.p.h. blew 

fairly steadily at Alert, keeping the surface temperature between 

- 5oF. and ·+ 11°F. (- 21oc. and- 12°C.) By now the high over 

the Barren ·Grotmds ha.d moved to the vicinity of Thule; the flow 

over northern Ellesmere Island was hence genera.lly from the west 

round this high. Ehreka had wann air aloft on the 2lst, with a 

rise from - 3400. at 500 m. to - 2JOC. at 750 m. but the rise in 

surface temperature took place more slowly with light winds, cloud 
; ·, 

and precipitation. ~ much am&ller rise at Lake Hazen was 

entirely du~ to long-wave radiation from clouds. 

In Part I it was- suggested that the fall in temperature shawn 

in Fig. ll represented cooling towards a seasonal minimum and was 

not due to the advection of calder air. This has been amply proved 

here; the rise in temperature was not due to the return of the sun 

to these high latitudes, but to the arrival of synoptic disturbances 

from out aide the region. 1fuen the affect of these diminished, the 

war.mth was quickly radiated again. 

Turning now from the effect of synoptic disturbances on surface 

temperature to their relation to precipitation totals, the amount of 



precipitation mea.sured a.t La.ke Ha.1.en fran August 20 1957 to August 

10 l95S wa.s 0.9a inches. Of this, 0.59 inches, or 60 per cent, 

fell in six periode: September 3 (0.12 ins.); Beptember 22 

(0.07 ins.); October 2-3 (0.09 ins.); October l~-19 (0.10 ins.); 

Ja.nuary 29-31 (0.13 ins.) and Ma.y 27 (o.oa ins.) The synop~ic 

conditions during the snowfa.ll of la.te Ja.nuary have a.lrea.dy been 

discussed and the source a.rea. has been shawn as the Norwegia.n Sea. 

The. snc:Mfa.ll of ea.rly September, the first of the winter a.t 

Lake Ha.zen, came from moist air moving from the west, a.ssociated 

with the oold front of a leM pressure system crossing the Pole. 

Snow was pa.rticula.rly hea.vy on the west coast, beca.use of the 
.. 

orographie barrier provided by the centra.l mountains, and Ehreka. 

recorded one-quarter of its total precipitation for the 1957-5S 

period in twenty:-four hours. 
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The snowfall of 0.07 ins.(water equi.) recorded at Lake Ha.zen on 

September 22 was of a different orig:ln. A surface depression 

moved slowly northwards fran Hudson Bay and ca.us.ed frontal 

precipitation over Bllesmere Island. As in the earlier case, 

temperature and height data fran the soundings at Alert and Eureka 

are a.vailable in the ~ Tabulations (17) only for the standard 

pressure levels, so that it is impossible to follow the sequence 

of events in detail. The srurce areas of . the se si@'lificant 

snowfalls can, however, be adequately determined from successive 

synoptic maps. 
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Air moving towards Ellesmere Island from the west was 

again responsible for the snowfall of early October. The 

circumpolar westerlies imnediately prior to the fall were con-

tinuous and strong over a very broad latitudinal area round a 

low over the Pole itself o By the 2nd this pattern was brea.king 

dow.n, with a large eut-off low forming over Hudson Bay, but by 

that time air of Alaskan or Pacifie origin had reached Ellesmere 

Island. 

This appears to have been the last significant inva-sion of 

moist air from the west ~ 1957 o The snowfall of mid-October was 

derived from the Norwegian Sea, as a deep low developed in the 

upper air over Thule. EUreka received a slightly smaller faJ.l 

than Lake Hazen and the hodograph indicates that the moist air 

only just reached Eureka, whereas substantiaJ. wann air advection 

is indicated by the Alert hodograph for October 19 (Fig. 60). 

The fall at Alert totalled Ool5 ins. water equivalent, although 

most of it feil a day or two l~ter than at Lake Hazeno 

At the end of May 1958, as air temperatures approached 
,• 

freezing-point, there occurred the last major snowfall of the 

winter. '!his was associated with a northward moving frontJ the 

upper air pattern again being markedly meridional, with a cold 

trough over eastern Canada and a wann ridge over Greenland. 

It appears from the preceding discussion that in 1957-58 
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the principal source_s of precipitation in early and late winter 

were frontal disturbances approaching Ellesmere Island from either 

-the west or south, from Alaska or from Baffin Bay. In midwinter, 

however, these source areas appeared much less important _ and it 

has been shown that on several occasions wann and humid air from 

the east, not associated with frontal disturbances, was responsible 

for eustained and sometimes appreciable snowfall in the northem 

part of Elles:nere Island. This seems to be particularly important 

on the eastern side of the central mwntains. Eure ka, which in 

1957-58 derived little precipitation from this source, was in a 

favoured location for snowfall from air masses approaching from 

the west. 

These hypotheses have not so far been checked against the 

longer records at the -permanent stations. Such a study would 

seem to be of value, and might be extended to consider the importance 

of Baffin Bay lowe for the weather of the northern part of the island. 

Their affects, so marked in the latitude of Thule, appear to 

diminish rapidly further north. Finall.y i t would be desirable 
r 

to investigate the most frequent source areas for summer râinfall, 

which was negligible at Lake Hazen in 1958. 

The final feature to be discussed in the present section is 

the very great contrast in summer precipitation totals between the 

Lake Hazen station and the camp on the Gilman Glacier, about 

twenty-five miles to the north and 3400 feet above sea-level. The 
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glacial~eteorological records collected there during the summer of 

1958 have been discussed by Sagarl (12) and he swmna.rised the 

difference between the two stations as follows: 

Total precipitation on the Gilman Glacier was 
far greater tha.n that recorded at Base Camp, com­
parable figures being 1.3211 and 0.1711 respectively. 
Snow accounted for 1.1111 of the precipitation on 
the glacier and for 0.1011 at Base Camp. Periods 
during which precipitation was recorded were the 
same at both observing stations indicating the 
influence of similar synoptic conditions. However, 
days on which precipitation was recorded as 
measureable or as a trace amount number fifty on 
the glacier compared to twenty-one at the base 
camp. (12, p.74.) 

This contrast, in the period from May 18 to August 10 1958, 

is considerable. Precipitation on the glacier was nearly eight 

times that measured at the base camp and was 134 per cent of the 

total measured at the latter station in 1957-58. The significance 

of this summer precipitation for the glacier budget is outside the 

scope of the present investigation. It does, however, seem 

necessary to investigate the synoptic conditions giv:ing rise to 

this precipitation and to attanpt to explain why the lake station 

received so much less. 

The greater part of the precipitation on the Gilman Glacier 

came in six distinct periods: May 11-13 (0.10 ins.); May 29 -

June 5 (0.44 ins.); June 23-25 (0.24 ins.); June 30- July 1 

(0.29 ins.); July 3-4 (0.10 ins.} and July 12-16 (0.16 ins.) 

1 See also a similar discussion of the 1957 records by Lotz (8). 
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Two falls, May 29 - June 5 and July 12-16,. were from frontal dis-

turban ces moving north from Baffin Bay. Two more, May 11-13 

and July 3-4, were from similar disturbances approaching from 

the west. On June 23-24 there was a closed law aloft approaching 

Ellesnere Island from the west, but no sign of a disturbance in 

the surface pressure field, apart from a trough on the 24th 

stretching northwards across the Pole from the vicinity of Thule. 

Synoptic conditions at the end of June and the beginning of July 

showed a general westerly flow in the lower troposphere, but no sign 

of a surface disturbance or fronts. 

Measurements at the other stations during the se periods are 

shown quantitatively in Table XXIV. Measureable falls at the 

former stations were so rare, however, that Sagar1s comment on the 

similarity in the dates of precipitation is valid. Alert recorded 

a considerable fall during the mid-May invasion of westerly air, 

but otherwise there appears to have been little relationship to 

conditions on the glacier. The fall at the end of May and the 

beginning of June was associated with very low stratiform clouds 

which were not recorded at Lake Hazen and the snow may well have 

been unrelated to the Baffin Bay low. Eureka measured appreciable 

falls during two of the westerly invas ions, btJ.t·;, the disturbances 

of Baffin Bay origin apparently had a negligible effect. 

It thus appears that the icecap and mruntains of northern 
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El..lesmere Island receive a considerable amount of 11 sumrner" 

precipitation which is of orographie origin in the simplest sense. 

The moist air which rises as it reaches the mruntains may be 

associated with frontal disturba.nces but these, as the stations 

in the surrounding lowlands show, would otherwise yield little 

precipitation. This orographie effect was very apparent at the 

Lake Hazen station, not only by the presence of such features as 

lenticular or heavy cumulus clouds over the mountains, but by the 

frequent observations of snowfall on the Garfield Range when none 

was recorded on the lower ground. 

The discussion of synoptic conditicns will be concluded at 

this point, although it is clear that a number of problems remain. 

This analysis of the relation of conditions in the free atmpsphere 

to surface weather may, in fact, have raised more questions than 

it has solved. Those that remain, however, are problems which can 

only be attacked by a detailed study of the entire record at Alert 

and Eureka or by a continuing record from Lake Hazen, involving 

upper...:air soundings. 

The principal feature of interest has been the surface wind 

at Lake Hazen. It is apparent from the earlier discussion that the 

strength, and occasicnally even the existence, of wind at the grotmd 

at . Lake Hazen is of critical importance for the temperature in 

winter. Yet the main problem, why the surface wind should be so 

much lesa than that at Alert or Eureka, remains basica.lly unsolved. 



The problem might be simplified conside~bly if it was lmown to 

what heightr above the ground these relatively calm conditions 
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continue. In this context, it is important to stress that there 

was little evidence of strong winds on the neighbouring mcuntains 

of the Ga~field Range, which rise about 28ÇO feet above the level 

of Lake Hazen (about 3300 feet above sea-level.} The contrast 

b"tween the snow-covered hills most of the winter and the stark, 

black slopes after the mid-January gale was very marked! (2, p.l6), 

suggesting that no strong winds, such as were frequent on the 

coasts, had effected these slopes earlier, and reinforcing the 

author' s belief that the exposure of the station anemomet.er was 

satisfactory. It is interesting, and a trine ironical, that 

Wilson and Maricham have recently shown C96) that the ratio of 

surface to gradient wind at Alert is low, pa.rticularly in win ter, 

and that Alert bas a larger proportion of calma than any of the 

other Joint Weather Stations. The relative strength of the wind 

at Alert has frequently been used both here and in Part: I as a 

contre.st to conditions at Lake Hazen and a comparism with tœ other 

stations on the coasts of the Queen Elizabeth Island serves to 

underline the remarlœ.ble conditions at the inl.and station. 



TABLE XXIV 

PRECIPITATIOO ON THE GILMAN GLACllR OOMPARED TO OTHER 

ELLEsmiE ISLAND STATIONS, SUMMER 1958 

Date Precipitation (inches) 

Gil.ma.n Glacier Lake Ha11en Alert Fm-eka . 
May 11-13 0.10 Tr 0.12 o.06 

May 29-June 5 044 Tr 0.05 Tr 

June 23-25 0.24 0.01 0 Tr 

June 30-July 1 0.29 o.~ ~ 0.30 

July 3-4 oao 0.01 0 0.05 

July 12-16 0.16 Tr 0 Tr 

Totals 1.33 0.05 0.17 0.41 
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Figure 56 

Temperatures below 500 mbs. 
December 1957 at Alert. 

a, b, c Represent potential temperatures 
(twice daily soundings) at 500, 
700, and 860 mb. surfaces. 

d Representa actual surface 
temperature at Alert. 

a1 - d1 Are mean values 1950 - 1953. 

e Is the surface temperature at 
Lake Hazen. 
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Figure 57 

Temperatures ànd winds below 500 mbs. at 0000 G.M.T., 
each day, for December 1957 at Alert. 

Willds are plotted along the sounding in 
metres per second. 

On hodographs, concentric circles 
~present wind speeds at intervals of 
5 metres per second. The thennal wind 
vector is dra'WTl at 500 metre intervals 
to 3 kilometres and 1000 metre intervals 
to 5 kilometres. Warm and cold sectors 
are indicated. · 
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Figure 58 

Temperatures below 500 mbs. 
January 1958 at Alert. 

a, b, c Represent potential temperatures 
(twice daily soundings) at 500, 
700, and 850 mb. surfaces. 

d Representa actual surface 
temperature at Alert. 

a1 - d1 Are mean values 1951 - 1953. 

e Is the surface temperature at 
Lake Hazen. 
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Figure 59 

Temperatures and winds below 500 mbs. at 0000 G.M.T., 
each day, for Januarr 1958 at Alert. 

Winds are plotted along the sounding in 
metres per second. 

On hodographs, concentric circles 
represent wind speeds at intervals of 
5 metres per second. The thermal wind 
vector is drawn at 500 metre intervals 
to 3 kilometres and 1000 metre intervals 
to 5 kilometres. Warm and cold se ct ors 
are indicated. 
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Figure 60 

Soundings and hodographs for 
Alert 1957-58 9 
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CHAPTER XI 

A GUIDE TO LOCAL FORECASTING IN THE LAKE HAZEN AREA 

Io INTRODUCTION 

Forecasts prepared for specifie localitites are usually of two 

typeso Those of the first type are derived by teclmiques known as 

11 objective" forecasting, in that the preparation of the forecast 

requires no exercise of judgœent by the forecaster, but merely the 

application of empirical rules to meteorological datao Discussion 

of such models have been made by Petterssen (12) and Gringorten (9)o 

An example of this techni~ue, cited by Petterssen (12, vol ii, ppo 

230-32) concerna the forecasting of occurrence or non-occurrence of 

ceilings below 600 fto and/or visibility less than one mile at 

Andrews Air Force Base, Maryland o The required data for the 

forecast are the dew-point depression at 850 mbso and the wind 

direction at 600 fto three hours earlier, with other data being 

added nearer to the time i'br which the i'orecast is requiredo Such 

techniques have seldom been developed for Arctic areas, except for 

a few cases in Alaska, but there is sorne indication that they may be 

of considerable use for the Joint Weather stationso The nature of 

weather changes at the High Arctic stations is such that ypere is 

probably already available sufficient data for the development of 

objective teclmiques giving a good degree of accuracyo 
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The second method of preparing local forecasts is by a com­

bination of statistical and synoptic techniques. Hère the average 

results of various synoptic developments: air mass movements, 

Grosswetterlage, etc. are analysed in the hope that the forecaster 

can subsequently recognüse the appearance of analogous situations 

and forecast accordingly. A group of such studies was prepared 

for various Alaskan and mainland Canadian stations by the former 

Arctic Weather Central of the U.S. Air Force (15). 
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The present preli.minary local forecast study for Lake Hazen fits 

readily into neither of these groups. Objective techniques may 

eventually prove helpful, particularly in connection with the problem 

of the surface wind, but the statistical basis for such techniques 

requires several years of continuous records. One objective method, 

however, has already been shown to be of great significance: without 

Appleman' s investigation of the causes and forecasting of ice fogs (1) 

a very misleading impression of operational weather at Lake Hazen 

might have been formed from the 1957-58 record. 

Nor is the present study at ail dependent on the recognition of 

weather types or the use of synoptic techniques in general. The main 

reason why such a study is felt to be necessary is t hat it is believed 

that the a;pplication of standard synoptic techniques may cause major 

errors in forecasts at Lake Hazen, although the same methode may work 

quite satisfactorily for Alert and Eureka. The present study attempts 

to extract from the 1957-58 record those features which are likely to 

be true of most years, and to arrange them in a fonn which may be of 



use to the forecaster. Such a forecaster will, of course, derive 

more benefit from a single hourly report from the area than from 

these rules: the latter are prepared on the assumption that 

regular observations from Lake Hazen are not available. 

Fortunately for the present purpose, the site of Lake Hazen 

245 

affords considerable assistance to auch a stuqy. This is elaborated 

in the discussion which follows, but two examples may be mentioned. 

On the hemispheric scala, the latitude of northern $llesmere Island 

is such that there is a long sunless period and hence a one-way 

exchange of heat between ground, a tmosphere and space under ideal 

conditions. This produces cooling of the surface and it is possible 

to suggest dates when specifie minima may be expected. This pattern 

is likely to be interrupted by synoptic disturbances, but the 

modification of the heat balance by auch developments can only take 

place in certain ways, as were anal.ysed in Part II. On a more local 

scale, it is difficult to envisage how an open lake of such siz~and 

air temperature of 2QOF ., could have effects on the local climate 

different from those of September 1957. 

Because the present stu~ is of this type it is inevitable, and 

perhaps desirable, that the reader who has assimilated the preceding 

sections will fe el that much of this section i s repetitive. In sorœ 

ways this is a summary of the preceding sections; nothing can be 

suggested as a fofecasting aid, in fact, which is not contained in the 

earlier sections, for they contain virtually all that is known about 

the weather and clime.te in the lowlands around Lake Hazen at the presmt 

time. 



246 

The major omission from this study is that of surface wind. 

In the discussion of this feature at Lake Hazen in the preceding 

sections the apparent irrelevance of either the regional pressure 

gradient or conditions at Alert or Eureka was emphasi~ed 

sufficiently for it to be impossible to give any suggestions 

here except that the probability of a flat calm in winter appears 

to be ver,y great and that winds over ten miles an hour at any 

season are extremely rare. Perhaps the most useful suggestion 

that can be made is a warning against forecasting surface wind 

speeds at Lake Hazen on the basis of conditions elsewhere. 



II TEMPERA TURE 

Winter Minima. The long duration of very cold temperatures 

in winter at Lake Hazen has received adequate treatment in earlier 

chapters. In a winter rema.rkable for the January wannth, a total 

of 121 days with temperature records below - 40°F. speaks for itself. 

It is, however, desirable to give some estimates of the approximate 

dates on which temperatures below various limita can be expected. 

As with the other quantities discussed in this section, the 

problem of forecasting minimum temperatures on the basis of one 

year1 s record may appear not only impossible, but also inadvisable. 

It would be better, it mlght be argued, to present the evidence for 

1957-58 without attempting to make generalisations which could con­

ceivably do more hann than good - "A little learning is a dangerous 

thing. 11 The justification in the present instance is that it ha.s 

been fairly conclusively shown in preceding chapters that the winter 

cold of the Lake Hazen area is of local origin; apart from air 

drainage from the mountains into the Lake Hazen trough the cold is 

not brought into the area from outside. Thus if, for example, the 

temperature reaches - 29.2oF. by October 8, as it did in 1957, this 

is an expression of the radiational cooling of the snow surface and 

it is fairly safe to assume that synoptic influences are negligible. 

It is also safe to assume that when such influences are absent 

thereafter, t}).e air temperature will drop to crt lea:st -that level. 

As it happened, there followed in October 1957 a period of wanning 
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which lasted well over a fortnight and caused the daily minimum 

on the 19th1 to be only - J.loF. However when this period ended 

it is significant that the temperature dropped very rapidly to a 

minimum of - 41.80F. on the 25th. By making aliowance for these 

phases of synoptic activity, therefore, it is possible to suggest 

from the 1957-58 data when various temperatures are to be e.xpected • 
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.!• : O<?F. The date of the first occurrence of this temperature 

in winter is dependent on the date of freezing of the lake, discussed 

earlier. A minimum of+ l2.ooF. was recorded on ~ptember 11 1957, 

only a week after the first snow-cover, but the temperature did not 

fall as low as this again until the 24th, the day the lake froze 

over completely. On the 26th the minimum was still as high a~ 

~ 12.10F; by the 28th it was - 10.50F. and temperatures remained 

below zero for the r 'est of the month. Bearing in mind that the 

date of freezing of the lake was probably later than average, it 

seems fairly safe to $ay that temperatures below 0°F. will occur 

before the end of September, usually in the last week of the month. 

The last date on which sub-zero temperatures occurred in 1958 

was May 1S. It was shown in Part I (and see later in the present 

section) that once the influence of direct solar radiation becomes 

1 These dates are the climatological days of the Daily 
Weather Record: the minimum is for the 24 hours COIIllllenc:i.ng 0000 Z 
on that date, the maximum for the 24 hours commencing 1200 Z. 



appreciable the rise in temperature takes place very steadily 

(Fig. 11.) The temperature did not fall below t 10°F. after the 

2lst and it therefore seems likely that temperatures below 0°F. 
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are unlikely to occur after May 20, although they are to be expected 

at least as late as May 10. 

~. - 20°F. The first record of a minimum of - 20°F. in 

1957 occurred on October 7. This was immediately after the brief 

relatively warm spell at the beginning of the month, the nrlnimum 

on the )rd being + 8.1°F. and on the 4th t l.0°F. Thus in ether 

years, particularly if the lake ice has appeared early, a temperature 

of - 20°F. may occur pe rhaps a week or so aar lier, at the beginning 

of October. In years when October is characterised by persistent 

overcast the date may be delayed to about the lOth. 

The last temperature below- 2QOF. in 1958 was recorded on 

April 29. This seems to have been rather an early date, as the 

beginning of May was warmer than periods later in the month, and in 

individual years it is probable that temperatures of - 20°F. may 

occur during the first week of May. 

l• - 40°F. This temperature, of; particul.ar :interest where 

ice fogs are concerned, was first recorded in 1957 on October 25 and 

this is probably an average date, although mid-October was marked by 

cloud and precipitation so that - 400F. may occasionally be recorded 

a few days earlier when the month i s cha.racterised by clear skies. 

It is interesting to note that the rapid fall in temperature, which 

continued steadily after the lake froze a month earlier, slowed at 



this point and the temperature did not fall to - 500F. until the 

second half of November. 

As far as ice fogs are concerned, they may occur at tem­

peratures a bove - 40°F. and are possible earlier in October, but 

after the 20th conditions may normally be expected to faveur their 

formation. This condition can be expected to continue until the 

April of the following year. A temperature of - 4l.0°F. was 

recorded on April 21 1958. This, however, is again the period of 

a rapid increase in temperature and the really acute period for 

ice fog formation probably ends about April 10. 
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!:J:.. The absolute winter minimum. The minimum of - 68.5°F. 

recorded at Lake Hazen on Januar,r 4 1958 was the coldest temperature 

recorded in Canada during the 1957-58 winter. Apparently Eureka 

was the only other station tc- record - 600F. or below. This 

naturally raises questions concerning the probable absolute minimum 

which might be recorded over a longer period. This has practical 

implications for such things as fuel oil which, as mentioned in 

Part I (Chapter IX) tends to separate out at very cold tanperatures, 

even the arctic-type fuel oil used at the Joint Weather Stations being 

graded cloud point pour point - 6ooF. 

It was argued in Part I that the principal heat loss from the 

ground and snow surface has been effected by early December and that 

thereafter the seasonal fall in temperature takes place slowly and 

is liable to considerable modification by synoptic events. Thus the 

coldest temperature in any pa.rticular winter may occur any time 



between mid-December and mid-March, when the rise in altitude of 

the sun above the horizon begins to affect the surface temperature. 

A temperature of - 60o20Fo was recorded on December 14 and one of 

- 57 o8°F. as la te as April 1 o 

The author is not prepared to suggest a probable absolute 

minimum for the area with any degree of certainty. It is con-

ceivable that the presence of relatively warm water below the 

fairly thin ice cover of the lake may ultima.tely place a limit on 

the air temperature nearby which may be somewhat higher than ether 

inland areas. But the duration of the sunless period, the long 

time, six weeks or so, when the ground is snow-covered before the 

sun sets in the fall, and the position of the lake at the foot of 
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a mountain range and an icefield are all favourable for intense cold. 

It seems certain that the temperature would have fallen below - 70°F. 

but for the s.ynoptic developments which began soon after the - 68o5°Fo 

minimum was recorded. There appear to be few places more favourably 

located to record a temperature below the North American record of 

- 81.4°F. measured at Snag Airport in the Yukon in February 1947. 

Winter Temperatures .2.f - 20°F • .!ru! Above. Throughout the 

winter there were occasional periods when the temperature rose from 

- 40°F. or lesa to - 20°F. or even higher. Sometimes these periods 

lasted a few days; occasionally they were over in a matter of hours. 

In the very unusual month of January 1958 temperatures above - 20°F. 

were recorded t hroughout the second half of the month o A large 
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proportion of Part II was in !act a stuqy of what causes these 

fluctuations and the arguments will not be repeated here. It seems 

important to rnake clear in this section on, forecasting, however, that 

in midwinter ( i.e. when tetn}:eratures below - 40°F. are the usual 

minima) the only agents which can cause a rise in temperature at Lake 

Hazen are moderate surface winds (6-7 m.p.h. or more) or a cloud cover, 

particularly when it is relatively low or associated with precipitation. 

This may seem logical, and even somewhat obvious, but the corollaries 

are perhaps less apparent. Temperatures of - 200F. or above should 

not be forecast in midwinter at Lake Hazen, particularly if data for 

the station are not available, unles.s it is fairly certain from current 

synoptic conditions that either moderate surface winds or a cloud cover 

exists at that station. As the author believes that at present there 

is no valid method of forecasting surface wind at Lake Hazen, only a 

fairly general cloud cover over northern Ellesmere Island can be taken 

as indicating that relatively wann temperatures at Lake Hazen are 

probable. It has been shown in earlier sections, and can easily be 

verified from the records, that winds of gale force at Alert and Eureka, 

even when associated with strong regional pressure gradients, should not 

be taken as evidence of moderate or strong winds at Lake Hazen. 

If a cloud cover exists, then the temperature at Lake Hazen may 

be expected to riae slowly and steadily, the ultimate nBximum temperature 

in these conditions probably being about QOF. but more usually in the 

range - l50to - 250F. Once the sky clears temperatures will fall to 

low values a gain very ra.pidly. Temperature rises caused by turbulent 
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mixing by surface wind will often be qua.si-instantaneous if the 

temperature of the free air is high, but cold conditions will also 

be resto red in a matter of hours when the wind drops. 

Summer Temperatures. The maximum daily air temperature at 

Lake Hazen during the mow-free period appears to be a very con­

servative quantity and therefore, at least on the evidence of one 

year 1 s data, relatively easy to forecast in general t~nns. Nearly 

half the daily maxima between June 20 and August 8, a period of 

fifty days, were between 500F. and 550F.1 Within this period the 

variance (i.e. the square of the standard deviation) of the daily 

maximum from one day to the next was only 12.158. If this figure 

is representative of nonnal conditions then the task of forecasting 

daily maxima is made very much easier. If observations are available 

at Lake Hazen, then during the period of high sunmel" the small standard 

deviation indicates that about two out of three daily maxima will be 

within three of four degrees Fahrenheit of the value for the previous 

day and almost all values will be withih six or eight degrees. If 

observations are not available at Lake Hazen, then a forecast that the 

maximum will be within the range 50 to 55 degrees will have about an 

even chance of being correct. 

Tha.t values for 1958 are fairly representative of nonnal. years 

is suggested by a comparison with Eureka. It was shown in Part I 

1 Not between June 1 and August 10, as stated in Part 1. 
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that on only four occasions from June 1 to August 10 1958 was the 

daily maximum on a particular day more than 5°F. higher or lower than 

that of the previàus day, compared to twenty-one such occasions at 

Eureka. Examination of the same period in ether years at Eureka (4) 

suggests that this total of 21 days in unusually high: that the 

summer of 1958 was characterised by larger temperature fluctuations 

than nonnal.. The values for 1948 to 1955 inclusive are respectively 

18, 15, 17, 10, 15, 2 and 10. 

The task of forecasting summer minima is even easier. In the 

same fifty-day period, forty-one of the daily ~ima were between 350 

and 40°F. The variance was on1y 5.634 (Part I, Table X.)1 

Equal in importance to the actua1 daily minimum is the frequency 

of sub-freezing temperatures in summer. Here we are concerned only 

with temperatures as recorded in the Stevenson screen; the 1engtl) of 

the frost-free season at ground-1evel is being discussed by Powell (13). 

In 1958 the minimum temperature rose above freezing-point for the first 

time on June 13; it did not fall be1ow freezing again before records 

ended on August 10, a1though the temperature fell to 32.3°F. on the 

morning of July 7 during a short snowfall. The same was true of 1957 

according to the advance party: the minimum temperature rose above 

freezing on June 12 and freezing temperatures were not recorded again 

un til the lat ter part of August ( 5). 

1 It should be noted that, although we are not here concerned with 
local forecasting at Alert and fureka, the values of variance in these 
periods at these stations were similarly low, particularly at Alert where, 
however, daily minima were usually closer to freezing-point. 
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~ Spring Warming. The author' s attention has recently been 

dra:wn (by To A. Harwood) to a note by Douglas, who as long ago as 

1936 argued that on a horizontal snow surface in fine weather the 

incaming and outgoing radiation totale balance when the angle of 

incidence of the sun's rays is 25° (7, pp. 535-36.) This is of 

interest in the present context, as the theory was used by the Defence 

Research Bœrd to decide the dates on which the summer parties shoul.d 

arrive at Lake Ha.zen in 1957 and 1958, in both cases with remarkable 

success. 

The sun reaches an altitude of 25° at noon at latitude 80°N. 

about May 1 (ll, Table 170, page 505). In 1958 the last temperature 

below - 40 F. was recorded on April 21, below - 30°F. on the 2âth, below -20°F • 

a day later and below- 10°F. on May 1. 

experienced in 1957. 

Similar conditions were 

If this rise in temperature is associated with a critical 

altitude of 25° of the sun, then this rapid spring wanning may be 

expected to occur avery year at about this time. Expressed another 

way, May 1 is the earliest date on which Lake Hazen is likely to be 

free of persistent very low temperatures _: the first few nights in 

the month may be cold, but gEneral.ly conditions should be very 

different to those of a week or two earlier. 

It is always possible, of course, that synoptic clisturbances may 

be a.à'ecting the area at this time, and overcast skies would mOdify 

this wa.nning trend. While, however, they may prevent direct isolation 

from reaching the grolU'ld, they also 11 blanket" radiation from the snow 
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., 

surface and are themselves sources of long wave radiation. Very 

cold temperatures are therefore unlikely after May 1, whatever 

the state of the sky. 



III CETI.INŒ AND VISIBTI.ITIES 

Freguency of Low Ceilings in the Fall. The greatest 

drawback to aircraft operation in the Lake Hazen area during 

the fall is the frequency of low cloud ceilings, particularly 

associa.ted with tœ presence of an extensive area of open 

water in the lake itself. Conditions were summarised by the 

present author in a brief account of the weather from late 

August to the end of October, written at the station: 

(4). The most notable feature of the climate was the 
influence of the lake it self. It remained free of ice 
until late in September and up to that time had 2 
important affects -

(a) The relatively war.m water (after the land 
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· had been snow-covered) maintained fairly war.m temperatures 
in the surrounding air - the daily maximum temperature 
did not fall below 20°F. until Septernber 24. Once the 
lake had frozen however there was a rapid change - the 
daily temperature falling 25° in 5 days, after which it 
recovered somewhat. 

(b) Until the freeze over, the lake and its 
surrounding.area was enveloped by a localized area of low 
cloud - usually stratus or strate-cumulus. This has 
been the most significant and local climatic feature 
(3, p.S.) 

To this general description the author would only wish to 

add a few quantitative details. The localised nature of the 

phenomenon appears to be certain: Fig. 2 in Part I was reproduced 

from a colour photograph of very low stratus ~loud which appeared 

to end at the lake shore. This was, of course, exceptional; 
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the cloud generally extended over the l'bele of the Lake Hazen 

trough as far as could be s·een from ~he station, but on several 

occasions the sun was observed shining on ground on the horizon 

in various directions, indicating that the overcast was con­

trolled by and limited to the vicinity of Lake Hazen. 

Forecasting cloud conditions at Lake Hazen in this period is 

thus the reverse of what is normal: for most of the year it is 

usually the case that low ceilings on the coasts are absent at the 

inland site. Fig. 61 shows the variation of daily cloud amount, 

baseQ on the mean of eight observations each day, at Alert, Eureka 

and Lake Hazen. Totals, it will be seen, are generally high at all 

three stations, and the reason is qualitatively the same for allo 

On the coast the influence of the warm lake water is replaced by that 

of the sea which is either open or covered by a thin ice cover at 

this time. It will be noticed, however, that both Alert and Eureka 

had o~casional periods of fine weather during late August and September 

which did not occur at Lake Hazen. Cloud amounts at the inland station 

averaged over five-tenths every day for more than a month. 

The fiuctuations at Eureka are interesting because the station 

site has several similarities to the IoG.Y. base at Lake Hazen. Both 

are very close to extensive water bodies and it might be expected that 

Eu reka would show a similar regime to the inland site. It was shown 

in Part I that this is in fact the case as far as temperature is 

concerned: the fall in ten-day running mean temperatures (Fig. 11) 
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was delayed at both Eureka and Lake Hazen until Slidre Fiord froze 

over on September 14 and Lake Hazen about September 24 1957. The 

reason for the occasional clear days at Eureka appears to be that 

the low stratus was blown away by the moderate or strong winds which 

were common throughout the month - the clear day on the 8th appears 

to have been related to moderate west winds whilst the low stratus 

of the day or two preceding and succeeding was associated wi th winds 

having an easterly or northerly component. 

These winds cannot, of course, disperse overcast above a certain 

height above the ground, but it is with this relatively low cloud 

which is a direct result of the presence of open water that we are 

concerned and it seems fairly certain that its persistance at Lake 

Hazen is due to the absence of all but light winds. The records of 

ceilings at various heights from the coiDilencement of records on August 

21 until the end of September are sumnarised in Table .XXV • 

The data in Table IrV are the same as those used in the pre­

paration of the 11Monthly Summaries of Operational Weather' (Part I, 

Figs 38 to 50.) Here it can be seen that ceilings up to 3500 feet 

above the r;~tation a~count !or almost ha.lf' (45 .4 per cent) of all 

observations in this period. As the Garfield Range risee to about 

3000 ft. above the lake, and the United States Range further west is 

considerably higher, the signi!icance of this low cloud can readily be 

appreciated. Approach:i.ng the Lake Hazen area by air at this time is 

therefore likely to be difficult: the a pproach from the east (Cape 

Baird}' is probably the most satisfactor,f. 
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TABLE X:X.V 

~UENCY OF CEILINGS DURING LATE AUGUST AND SEPTEMB:ffi 1957 

(defined as six-tenths or more of sky obscured) 

Height of Ceiling Number of 3-hourly Observations Per Cent 

Below 1000 ft. 34 10.5 

1000-2000 ft. 43 13.3 

2100-3500 ft. 70 21.6 

3600-5000 ft. 40 12.3 

Above 5000 ft. 65 20.1 

No Ceiling 72 22.2 

A few suggestions concerning the dates of occurrence and of 

greatest importance of this local cloud are possible: 

L Cloud amounts greater than are usual in the rest of the year 

can be expected in Northern Ellesmere Island after the middle of August. 

This is a general feature, related to the fall of the air temperature 

towards the freezing-point and the consequent decrease of saturation 

va pour pressures. 

2. The peculiarly local cloud at Lake Hazen, which is generally 

very much lower tha.n the regional cloud in (1) is probably limited to 

the period between the first snowfall which gives a continuous cover and 

the time when the lake ha.s a continuous cover of thin ice. 



a. The date of the first continuous snowfall seems likely 

to occur in the first week of September. The date in 1957 was 

September 3 and it is significant that the maximum temperature did 

not tise above free~ing after this date. This was one day later than 

at Eureka, but at Alert there was snow lying throughout the last week 

of August. If, as seems likely, this similarity in dates between 

Eureka and Lake Hazen is valid in most years, Table XXVI gives snow 

cover data for the former station from 1948 until 1955 (the period 

available at the time of writing in the Monthly Record of observations 

(4)) 

1948· 

1949o 

1950. 

1951. 

1952. 

1953. 

1954. 

1955. 

TABLE XXVI 

SNOW COVER DA.TA FOR '!HE FALL, EUREKA 1948-55 

Trace of snow in August. None measureable until September 12. 

0.13 ins. (water-equivalent) on August 26-27. 

No snow in August; first measureable amount on September 2. 

0.1 inches in August and more on September 2-3. 

0.23 inches on August 28. 

Measureable snow apparently as early as August 23 and ,possibly 

before. 

Trace in August. No measureable amount until September 18. 

Trace in August; 0.1 ins. on September 1, then none until 

September 9. 
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It is apparent that there is a fairly wide range of dates, 

significant falls of precipitation being relatively infrequent, but 

it appears also that a continuous snow-cover will usually have been 

established by the end of the first week in September. 

b. Once the water becomes a relatively wann body, its 

influence on the cloud cover becomes significant and appears to increase 

as the air temperature decreases. This continues until the lake is 

continuously covered by ice. The latter date probably depends on 

conditions during the previous summer, in determiningwhether the 1ake 

becomes completely ice-free or not. In 1957 the lake was clear of 

ice by early August (5); in 1958 it seems certain that the lake ice 

did not completely melt out. According t o Deane ( 6) the rea son for 

this is the absence of stn!mg winds such as had occurred in the swnmer 

of 1957: air and water temperatures are apparently not important. 

1957 was thus a year in which the low cloud was especially persistent 

and it is likely that September 24 is a fairly late date for the 

development of a continuous cover of ice. 

Once this cover was established, the low overcast dissipated ver,y 

rapidly in 1957 and this is to be expected: cloudy conditions may 

continue, as the fïrst few days of October 1957 were as overcast as the 

previous month, but the cloud was not related to the lake water and was 

therefore usually much higher and much less of a hindrance to aviation. 

Aircraft operations are thus unlikely to be hindered by the presence of 

this low local cloud before the beginning of September in normal years 

and it is fairly certainly absent after the beginning of October. 
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Ceilings ~ Visibilities - General. For a discussion of 

the ceiling and visibility combinations e:Jq)Elrienced in 1957 - 58 

the reader is referred to Chapter IX of Part I, and especially to Figs. 

38 to 50. There it will be seen that in only three months out of the 

eleven for which complete records are available was the ceiling and 

visibility not better than11 2500 feet or more with 3 miles or more" 

for ninety per cent of the time. Of these three months, January 

was exceptional, although a similar, if not so intense, wanning trend 

in any winter month may be expected to have s:imilar affects. In 

September 1957 flying weather was the worst qf the whole observational 

period and it has, been shown earlier that this is to be expected as 

an annual feature. Similarly the relatively frequent light snowfalls 

in October may be e:xpected each year and will .thus norrn.ally reduce 

visibility. Although full synoptic observations are not available, it 

is probable that relatively low ceilings are fairly frequent in late 

August. Low ceilings and poor visibilities are also to be expected . 

for a short period at the end of May and early June as the temperature 

approaches freezing point at the surface. 

These dates are largely independant of events elsewhere although, 

for instance, the date and intensity of the poor weather in spring will 

usually depend on the synoptic situation. There seems, however, to 

be little justification for the forecasting of low ceilings and poor 

visibilities at Lake Hazen on the ground that these conditions are 

existlilg or expected on the coast. It wa.s shown in Part· !. for 
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exa.mple, that although the monthly cloud amounts at Alert and Eureka 

are fairly similar, a comparison of ceiling heights indicates that on 

many occasions, but particularly in summer, a layer of low clouds may 

exist along the coast but be absent from the interior. 

In particular poor visibilities must not be extrapolated 

freely from the coast to the interior. In October, and on other 

occasions when continuous light snow is fall:i,ng over the northern 

part of the island, this may be perm.issible, but many of the very 

poor visibilities on the coasts in winter are caused by blowing snow 

in high· winds. As the se w:inds are likely to be absent at Lake Hazen, 

there should be no such restriction on visibility. 

White-Out. A recent bibliographica+ article on white-out by 

Harker has discussed its causes and significance in the Arctic (10). 

In :rarticular, quoting from Gerdel and Diamond (8) he lists five 

different fonns of the phenomenon: 

(1) 
(2) 

(3) 

(4) 

(5) 

Overcast whiteout, caused by a continuous cloud cover. 
Water fog whiteout, produced by supercooled water 
droplets in the air. 
Ice fog whiteout, produced by ice cr,ystals suspended 
in the air. 
Blowing-snow whiteout produced by wind-driven, wind­
eroded snow. 
Precipitation whiteout, produced by falling snow 
(10, p.225.) 

Each of these forms is liable to occur at Lake Hazen, although 

the author considers that it is inadvisable to use the tenn 11 white-out11 

for so many different restrictions to visibility. Considering the 



list in reverse order, it bas aJ.ready been shown that even 

relati vely light snowfaJ.l is a considerable impedi.ment to 

visibility. Blowing snow is, however, e.xtremely rare and, 

although not to be neglected, the usual wind speeds at Lake 

Hazen are such that blowing snow is a very infrequent hazard. 

Completely the reverse is true of ice fog, however, and 

26'5 

it is for this reason that an e.xtended discussion of this feature 

appeared in Part I. For an occasional aircraft, which produced 

its own ice fog and is therefore usually moving ahead of it, 

there is little problem. The amount of hydrocal'bon nuclei 

emitted on landing is far le ss than when the angines are straining 

for take-off, so that an aircraft may land and take-off shortly 

afterwards without being unduly impeded. Similarly a small 

number of ski-equipped aircraft have considerable freedom of 

movement on the lake and can avoid each others' fog. The main 

problem is when more than one aircraft has to take off from the 

same airstrip within a short time; the time required for one 

aircraft•s fog to clear naturally may be severa! hours in the calm 

conditions at Lake Ha zen. 

White-out caused by water droplets is, in the immediate 

vicinity of Lake Hazen, very restricted in the time of its 

occurrence. All these forms of white-out only occur when there 

is snow on the ground: from early September to mid-June. They 

will not occur during the dark portion of the sunless period: 



266. 

from the end of November until mid-February. Further they will 

not occur during that part of September when the lake is open, 

for the presence of the dark water surface prevents the occurrence 

of white-out. Of the remaining period, temperatures for much of 

the time are too low for supercooled water droplets, at least of 

a size which would severely restrict visibility. Such water-fogs, 

therefore, are to be expected principally in the months of October 

and May. 

White-outs caused by a continuous cloud cover, which is the 

usually accepted sense of the term, have been listed for 1957-58 

at Lake Hazen in Part I (Table XXIII). Several of the se were 

severe, with an apparently complëte reduction of visibility to a 

few yards, but the total number of occurrences is not large and it 

is probably not a major problem. Forecasting of white-out at Lake 

Hazen should not be attempted on the basis of low stratus at Alert 

or Eureka, for the reasons discussed earlier (p.244); where the 

observations on the coast are of continuous layers of medium clouds, 

tendi ng to produce white-outs at the surface, extrapolation to the 

interior is more justifiable. 
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IV IGE STRENGTH AND 'lliiCKNESS FOR AIRCRAFT OPERATION1 

The thickness of ice on Lake Hazen is of considerable 

importance as the lake provides a superb surface for ski landings, 

and, when cleared of snow, an almost equally good surface for 

wheeled aircraft. Six different types of aircraft made use of 

the lake during "Operation Hazen". A C-130A "Hercules" landed 

on skis on March 29 1958 and a ski-wheeled DC-3 made frequent 

flights to and fran the lake in May. Both of these used un-

prepared snow strips. C-119' s made a number of flights to and 

fran the cleared 5000 ft. strip during the spring, and a 11 North 

Star" used it in early June. Finally a float-equipped Piper 

Super-Cub and a Canso landed on the open water in the sununer and 

fall. It is thus desirable to give sorne guides to forecasting 

suitable conditions for these landings, particularly on ice. 

The problem consists of two main aspects: the thickness of 

ice required to support aircraft of varying weights and the speed 

with which these thicknesses are achieved. Such problems have 

been discussed by several authors, but notably by Sharp (L4) and 

Assur (2). According to Assur (Supplement No.2), for regular, 

as opposed to emergency, operation a ski-equipped Dakota requires 

1 The record of ice depths on Lake Hazen during 1957-58 was 
obtained by C. R. Harington, who has discussed them in a separate 
report to the Defence Research Bœrd. This report has not been 
consulted by the present author. 
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a minimum of 14 inches of fresh-water ice if the air temperature 

is below 14°F., a wheeled Dakota 16~ inches and a wheeled C-119 

23 inches. 

According to Assur, the thickness of ice can be related to 

the accumulated degree-days below freezing by the formula: 

hi_ rx x 1.o6rs 

where hi = ice thickness in inches 

D< = a coefficient, considering snow cover, stream 
flow and other local conditions - 0.65 to 0.75 
is suggested for medium-sized lakes with a 
moderate snow cover 

S : Accumulated degree-days since freeze-up (°F. 
below freezing.) 

Applying this formula to conditions at Lake Hazen in 1958, 

the equation worked fairly well during the first few days of freeze-

up, until the end of September. Freeze-up began about September 24 

and degree-days until the end of the month were approximately 157, 

suggesting an ice thickness of 9.3 inches (if the coefficient()( is 

taken as 0.70.) Once fonned the lake ice grew rapidly to eight 

inches by the end of the month. In the following month, however, 

the equation suggests that the ice should have increased to about 32 

inches by the end of the month, whereas Harington measured 10.8 

inches minimum and 15 inches maximum on the 29th (3, p.9.)1 The 

1 Sharp 1 s equation gives a similar error. 
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reason for this was apparently the snow which fell on the lake ice 

during October. Measurable precipitation for the month was 0.23 

inches and the actual depth at the station increased from 3.4 to 8 

inches. Both Sharp and Assur emphasize that snow cover affects 

the rate of ice formation and the constant in Assur1 s equation is 

intended to take this into consideration. However the very small 

compaction which the snow at Lake Hazen undergoes in the very calm 

conditions of the site appears to make it a better insulàtor than is 

usual and thus retards ice accretion despite the very cold air 

temperatures .1 

From Assur' s arguments it would thus seem that if the snow 

can be cleared from an airstrip on the ice as soon as it falls, then 

the ice will normally be thlck enough for a DC-3 landing by mid­

October and for a C-119 by the end of the month (actual dates may 

vary somewhat but if personnel are available to clear the strip they 

will presumably be able also to obtain and transmit data on actual 

thicknesses.) If, however, a landing is to be made on the lake with 

no preparation in the f or.m of previous snow removal, then DC-3 

landings should not be attempted until well into November: the 

thickness of the ice at the end of the month was still only 20 inches. 

B,y mid- November, it will be remembered, the sun has been absent for 

about one month. 

1 Assur notes that 11 Methods are available for calculating the 
effect of snow cover' (2, p.3) but does not elaborate or cite references. 
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These ice thicknesses obtained by Harington (the depth was 

30 inches by the end of December) probably represent a slow rate of 

development for the lake. It seems unlikely that a heavier fall 

would slow formation down much further, whereas a smaller fall 

during October would cause less insulation. 1957, it has been 

shown, was also probably a year when the lake froze over later than 

usual. 

As far as the final date for aircraft operations on the ice 

is concerned, the limiting factor is likely to be the air temperature. 

According to Deane the ice thiclmess at maximum was 54 to 7S inches, 

compared to 59 to 61! inches the previous year - the difference 

being attributed to the greater irregularities in snow cover in 1958 

(6, p.61). In Deane 1 s opinion, although sixto ten inches of ice 

had melted by June 22 11 the remainder was still compact and could 

have supported a DC-3 aircraft. 11 (6, p.62.) In the table of 

thicknesses for landing selected Canadian aircraft, however, Assur 

( 2, Supplement No 2, p. 2) adds the note 11 In any ca se, suspend 

operations if maximum air temperature exceeds 40°F •11 This is 

because of the deterioration of the surface by slush or candling. 

At Lake Hazen a maximum of 41.80F. was recorded on June 11 and the 

temperature reached 40°F. on every day thereafter except the 2lst. 

June JJ, it may be noted, was the departure date of the last aircraft 

to use the lake ice, a North Star. 
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If this 400F. limit is adopted, as seems desirable 

particularly if the landing is to be made without detailed 

knowledge of actual conditions, then landings should not be 

attempted after June 10-12. The date may be extended a little 

if allowance is made for the fact that according to Deane, the 

snow did not melt campletely from the lake surface until about 

June 20 (6, p. 62.)1 but as a simple guide, if the low ground 

round the lake is clear of snow except in a few isolated patches, 

then landings on the lake should be attempted on an emergency 

basis only. 

1 The date in the Daily Weather Record is June 16. 
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Figure 61 

Cloud amounts at Lake Hazen, Eureka, and Alert, 
August to September 1957. 

The means of eight daily observations 
were plotted. 
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Figure 62 . 

Climatological aids to forecasting 
at Lake Hazen. 
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CHAPTER XII 

AN ANNOTATED BIBLIOGRAPHY ON THE METEOROLOGY OF ELIEst.fERE ISLAND 

In Chapter I (Part I) the work of the various scientific 

expeditions of the nineteenth and twentieth centuries was revievred 

to show hou rnuch, or how little, was known about the meteorology of 

Ellesmere Island and its vicinity before the present network of 

joint Canadian and United States weather stations were established. 

This present section is intended for the assistance of future workers 

in the same field, t o summarise the principal sources of meteorolo­

gical literature and data concerning Ellesmere Island which are 

available up to the middle of 1959. It is selective, in that, to 

a large extent, principal or the most useful sources have been cited 

and others neglected. Thus, for instance, ,the 11 popular11 accounts 

of their respective expeditions written by Nares and Greely - Narrative 

of ! Voyage to the Polar Sea and Three Years of Arctic Service - have 

been omitted and instead the official reports of these expeditions 

cited, as it is these which contain the complete meteorological data 

and their analysis. Similarly there are dozens of articles 

available on the establishment and operation of the Joint Weather 

Stations, but most of them are of little interest to the meteorologist. 



As an aid to the location of these references, a 

location has been given and a reference to a major biblio­

graphie entry has been cited, in each case with a few 

exceptions. The location has been given with preference 
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to Montreal, and a large number of the references ~nll be found 

there in the library of the Arctic Institute of North America. 

Similarly, the majority of the bibliographie references are to 

citations in the Arctic Bibliography, and workers in the United 

States are recommended to refer to that •·mrk for nearer locations 

of the various references. 

Key to abbreviations of locations: 

A.B. 

M.A.B. -

CaMAI 

Ca.MM 

DLC 

rn-rn 

DN-HO 

Arctic Bibliography. 

Meteorological Abstracts and Bibliography. 

Arctic Institute of North America, Montreal. 

Redpath Library of McGill University, Montreal. 

the Library of Congress, Washington, D.C. 

Library of the U.S. Weather Bureau, Washington, D.C. 

U.S. Navy, Hydrographie Office, Suitland, Md. 
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I. BIBLIOGRAPHmS 

The student of Arctic meteorology is fortunate in 

having available two bibliographie sources of the highest 

standard. They are: 

(1) Tremaine, Marie, editor, Arctic Bibliography, Washington, 
D.C. Government Printing Office, 1953 and l ater, in 
progress. (CaMAI). 

(2) Rigby, Malcolm, editor, Meteorological Abstracts and 
Bibliography, Boston, the American Meteorological Society, 
1950 and la ter, in progress. ( CaMM) • . 

Each of these is such a valuable source that one cannot 

be preferred above the other. The Arctic Bibliography, at present 

in seven volumes and over 40,000 entries is the more comprehensive 

and therefore may occasionally cite references on the fringes of 

meteorology which are of use. Its indexing and cross-referencing 

are excellent. The other bibliography appears as a monthly, the 

December issue of each year being a full index of material in 

the other eleven issues, which are themselves individually indexed. 

Because of its more frequent appearance it is usually more up-

to-date than the Arctic Bibliography. Each month from Janua ry 



to November, in addition to current listings, there is a 

special bibliography on a particulnr aspect of meteorology 

and two of these are of particular interest in the present 

context. 

Another short annotated bibliography which may be of 

use is: 

(3) Bonnlander, B. H. and A. D. Belmont, Bibliography 2!:!. 
Polar Atmospheric Circulation, Montreal, Arctic 
Meteorology Research Group, McGill University, 1955. 
A.B. 38924 (CaMAI). 

II. SOURCES OF CURREN T DATA 

At present the only permanent weather stations taking 
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regular observations are the joint Canadian-United States stations 

at Alert and Eureka. Copies of the surface weather records are 

kept on microfilm at the hèadquarters of the Canadian Heteoro­

logical Service (Department of Transport, Heteorological Branch) 

in Toronto and of the United states 1'1eather Bureau (Department 

of Commerce) in \'lashington. For many purposes, however, the 

information contained in the following will be sufficient: 



278 

(4) United States, Department of Commerce, Weather Bureau, 
Synoptic Weather Maps, Daily Series, Part II, Northem 
Hemisphere Data Tabulations, Daily Bulletin; Asheville, 
N.C., in progress. 

These daily bulletins, published several months in arrears, 

contain, for Alert and Eureka, the surface synoptic observations at 

1200 G.M.T. and the details of the twice daily upper-air soundings: 

temperatures and heights of the standard and significant pressure 

levels, and humidities at the standard levels. They are published 

in conjunction with, but separately from: 

(5) United States, Department of Commerce, 1'leather Bureau, 
Synoptic Weather Maps, Daily Series, Part 1, Northern 
Hemisphere ~ Level ~ $00 millibar charts, Asheville, 
N.C., in progress. 

These synoptic maps are probably the best available on a daily 

basis. The series covering the period of the International Geophysical 

Year are being delayed to ensure that only checked data are used in 

their compilation. Other current synoptic map series were discussed 

in the preface to Part II of the present study. 

( 6) Canada, Department of Transport, Meteorological Branch, Monthly 
Weather Map, Canada, Toronto, in progress (Ca~l). 

(7) Canada, Department of Transport, Meteorological Branch, Monthly 
Record, :f.1eteorological Observations in Canada, Toronto, in 
progress . (CaMAI). 
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These two publications are complementary to each other. 

(6) is the earliest general summary to be published, soon after 

the month to which it refers. Each issue contains comments on 

temperature and precipitation by province and territory; maps, 

covering all Canada, of (a) difference from normal mean temperatures 

and (b) precipitation, and summaries of temperature, precipitation 

and sunshine records for the principal stations, including all the 

Joint Weather Stations. 

The Monthly Record, published about three years in arrears, 

gives very complete summaries of the records at the various stations, 

on a daily basis in contrast to the monthly figures of the Honthly 

Weather Map. The issue for January in each year gives details of 

each station: position, altitude, types of observation made, and the 

authority maintaining the station. 

III. GENERAL WORKS ON ARCTIC METEOROLOGY 

(8) Kimble, George H. T. and Dorothy Good, editors, Geography .2f 
the Northlands, American Geographical Society Special 
Publication No. 32, New York, American Geographical Society 
and John 1-J'iley and Sons, 1955. (CaMAI) 

See in particular: 

Hare, F. K., "Weatherand Climate", pp. 55-83. 
Naturally very generalised, but a good introduction. 

Baird, Patrick D., "Canadian Arctic Archipelago", pp. 353-71. 
Includes (pp. 362-63) a short section on meteorology, particularly 
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interesting because of its suggestion that the regime of 
Eureka is typical of the interior of the larger low-lying 
islands. 

(9) Rae, R.W., 11 Canadian Meteorology'' in Encyclopaedia Arctica 
vol. 7, Meteorology and Oceanography, unpublished ms. July 
1951 MAB 5, 3-28, (photostat - DWB). 

"An excellent treatise on the history of the Canadian 
weather service (and previous meteorological observations 
and reports from the earliest days), the Arctic weather 
stations in Canaàiand the principal voyages in which Canada 
or Canadians participated. A detailed list of Arctic 
weather stations in Canada gives coordinates, elevation, 
length of record and names of observers. The two polar 
years (1882-3 and 1932-3) and the joint U.S. and Canadian 
Arctic network are given special attention. A description 
with illustrative data of the climate of various parts of 
the Canadian Arctic is of particular value as it contains 
data summarized through 1945 or 1950. Biographies of the 
directors from 1S41 to date, a good bibliography and numerous 
charts add t o tœ value of the report •11 M.A. B. abstract. 

(10) Rae, R.W., "Climate Qf. the Canadian Arctic Archipelago, Canada, 
Department of Transport, Meteorological Division, Toronto, 
1951. A.B. 25333. (CaMAI). 

The most useful general reference, although very much on 
traditional lines. 

(11) Thomas, Mor~ey K., Climatological Atlas of Canada, Canada: 
Department of Transport, Meteorological Division and National 
Research Council, Division of Building Research, NRC-3151, 
DB~41, Ottawa 1953, 255 pp. A.B. 37761. (CaMAI). 

A very well-produced and useful atlas which, however, naturally 
suffers from the lack of data on the Arctic Islands, particularly 
their interiors. 

(12) United States Navy, Technical Assistant to the Chief of Naval 
Operations for Polar Projects, editor, The Dynamic North, 
(Op-03A3) n.p., 1956, mimeographed. 

See in particular: 



Ha.re, F.K., "Clima.te of the American Northlands", same 
item as A.B. 35197, (CaMAI). 
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Petterssen, Sverre, W.C. Jacobs and B. c. Haynes, 11Meteorology 
of the Arctic11 indexed in above but bound separately, (CaMAI). 

Both of the se monographs are rather unusual, and the refore 
well worth consulting. Petterssen et al. discuss several 
topics (esp. optical phenomena) only rarely mentioned in other 
general works. 

IV EXPEDITIONS UP TO 1940 

(arranged chronologically) 

(13) Great Britain, Parliament, Joumals and Proceedings of the 
Arctic Expedition, 1S75-6 under the Command of Capt. Sir 
George _§. Nares, R.N., K.C.B., Sessional Papers, ~C.l6'3bl877 Vol. 
LVI, 484 PP• ' (CaMAI). 

Contains a very detai1ed account of the day-to day work of the 
expedition, on the Alert, the Discovery, and during the 
sledging trips. Is particularly valuable for the details of 
the winter in Discovery Harbour, which are difficult to obtain 
in other sources. 

(14) Greely, Adolphus W., Report~ the Proceedings of~ · 
Expedition i2 ~ Franklin Bay, Grinnel Land, Washington, 
18881 2 vols. 

Although the sa.me author' s Three Years of Arctic Service is 
a. more familia.r source for this amazing~xpedition, the Report 
conta.ins much more of scientific interest and cannet be 
neglected in favour of the other. The sa.me is true of Nares' 
book Narrative of ~ Voyage to ~ Polar §!! which, though 
containing, like Three Yea.rs 2! Arctic Service, climatologica.l 
summaries etc., has none of the detail contained in the 
Parliamentarr Papers. 

(15) Simmons, He:nnann G., 11 Sununary of the Meteoro1ogica.l 
Observations", Appendix IV, pp. 484-94 in Sverdrup, Otto, 
New Land, ~ Years in the Arctic Regions, New York and 
London, Longmans Green & Co., 2 vols., 1904. (CaMAI). 



(16) 

(1?) 

Contains brief account of observations taken 1898-1902 
at the different winter quarters of the 11 Fram11 • The 
first, Fram Havn 1898-99, was very close to Greely's 
winter quarters on Cape Sabine. The second, on the 
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south coast, was near the present R.C.M.P. post at .Grise 
Fiord. The latter two were further west on the south 
coast. Tables of temperature, precipitation, wind and 
clouds. Sverdrup 1 s narrative contains the usual 
incidental references to the weather. The meteorological 
results of the expedition were studied in detail by 
Mohn, q.v. · 

Mohn, H., 11 Meteorology" Vol I, part 4, in Norske 
videnskaps-akademi i Oslo, Report 2f the Second Norwegian 
Arctic Expedition in~ Fram 1898-1)02, Kristiania, 4 
vols, 1907-19. A.B. 12543. (CaMAI • 

Cook, Dr. Frederick A., 11z Attainment of the Pole, New York, 
Polar Publishing Co., 1911, 604 pp. A.B. 3389. (CaMAI). 

pp. 158-192 contain account of his crossing of Ellesmere 
Island from Bache Peninsula and Cape Sabine to Eureka Sound. 
Claims air temperatures as low as - 83°F. were recorded in 
late February. 

(18) Peary, RobertE., Nearest _!J:!! Pole, a narrative of the 
polar expedition of the Peary Arctic Club in the S.S. 
~evelt 1905-1906, New York, Doubleday, Page & Co., 1907, 

. 411 pp. A • B. 13226. ( CaMAI) • 

Contains meteorological means at Cape Sheridan 1905-1906, 
p.291. 

(19) Macmillan, D.B., Four Years in~ White North, New York 
and London, Harper Bros., 1918, 426 pp. A.B. 10673/4• 
(CaMAI). 

Account of the Crocker Land Expedition 1913-17. Also 
contains (Appendix II, PP• 333-370) W.E. Ekblaw1 s account 
of his visit to Lake Hazen in May 1915. Little but 
passing references to temperatures etc. although Macmillan 
claims (p.322) tha.t the expedition accomplished "Extensive 
work11 in meteorology. 



(20) Shackleton, Edward A. A., Arctic Journeys, the story of 
the Oxford University Ellesmere Land Expedition 1934-5, 
London, Hodder & Stoughton, 1937-ra:lso New York, Farrar 
& Rinehart 193S). A.B.l5799. (CaMAI). 

An appendix (6) on "Climate" is similar to that in the 
article by Humphreys et al. in the Geographical Journal. 
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This is mairùy concemed with the winter at Etah. There 
is, however, a quotation in the narrative from Sergeant 
Stallworthy1 s account of the visit to Lake Hazen in early 
May 1935: "The weather during our stay at Lake Hazen had 
been on the whole good, but decidedly cold about midnight 
when the sun was shining in the north. It may be 
interesting here to note the variations in temperatures, 
which ranged from - 2S0 to + 30° Fahrenheit, between 
midnight and midday." (p.258). 

(21) Shackleton, E., "Climate1 in Humphreys, Noel, E. Shackleton 
and A. W. Moore, "Oxford University Ellesmere Land 
Expedition", Geographical Journal, 87, 5, 1936, pp. 385-443. 
A.B. 15SOO. (CaMAI). 

Only one or two references to conditions on Ellesmere Island, 
most of the discussion concerning the winter quarters at 
Etah, Greenland. Even he re they are scanty, as the British 
Air Ministry had advised them "not to attempt meteorologica1 
observations, on the ground that these would be va1ueless", 
remarkable advice to give to a wintering party in what is 
still a little-known area from a scientific standpoint. 

(22) Haig-Thomas, David, "Expedition to Ellesmere Island, 1937-3S", 
Geographical Journal, 95, 1940, pp. 265-77. A.B. 6478. (CaMAI). 

Few references to weather, except that minimum crossing 
Ellesmere Island between Bache Peninsula and Eureka Sound 
in late May- early April (?) 1938 was - 520F. A similar 
reference is in the same author' s 11 Tracks in ~ ~~, 
London, Hodder & Stoughton, 1939, 292 pp. A.B. 6480. 
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V EXPEDITIONS SINGE 1940 

(not including "Operation Hazen11 ) 

(23) Johnson, J . Peter, Jr. , Information collected about the 
Dumbbell Bay ~ North Ellesmere Island regions of the 
Canadian Arctic Archipelago, report prepared for Geography 
102, Dartmouth College, I-Ianover, N.H., 1952, 100 pp. 
A.B. 35485. (CaOGB- microfilm). 

11 Based on study of the litera ture and on the writer' s 
observations in the Dumbbell Bay region (82°301 N. 
62°05' W._) on northern Ellesmere, while participating in 
the establishment of the United States - Canadian weather 
station, Alert in spring and summer 1950. Background 
for establishment of such Joint Weather Stations is outlined, 
and a brief history given of exploration of the Ellesmere 
region. Geology and physiography are briefly described 
with emphasis on polygonal soil forms :seen. Notes on 
climate, birds, plant life and insects etc., and mammals 
are given. A. list of maps and of photographs (many taken 
by the author) follows the general, geological arid 
biogeographical bibliographies." A.B. abstract. 

(24) Bruggeman, P .F. & J .A. Calder, 11 Botanical Investigations in 
Northeast Ellesmere Island, 195111 , Canadian Field-Naturalist, 
67, 4, 1953, PP• 157-174. A.B. 28341. (CaMAI). 

Section on 11 Climate11 , pp. 160-61. Note on general weather 
conditions; summar,y table of Nares 1875-76, Peary 1905-06 
and 1908-09 and Alert 1950-51 records. Mention of thawing 
and freezing dates of lake s and ponds in area during summer 
1951. 

(25) Christie, Robert L., Geological Reconnaisance of the North 
Coast 2[ Ellesmere Island, District of Franklin, Northwest 
Territories, Canada, Dept. of Mines and Technical Surveys, 
Geol. Survey of Canada, Paper 56-9, Ottawa 1957, 40 pp. 
+ map. (C~I). 

Climate pp. 5-6. Makes reference to means at Alert and 
Eureka and suggests that summer precipitation along north 
coast of Ellesmere Island would be considerably greater than 



(26) 
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station records. 11 0ver 7 inches of rain fell during the 
melt season of 1954, and soft snow 20 to 30 inches deep 
in the fiords indicates a snowfall unusually great for the 
Arctic.11 Also discusses temperatures, wind direction and 
speed, and visibility in the area of Ward Hunt Island. 

Crary, A. P., "Geophysical and Oceanographie Studies11 in 
Hattersley-Smith, G. and ether members of the expedition, 
"Northern Ellesnere Island, 1953 and 1954, Arctic, 8, 1, 
1955, pp. 3-36. A.B. 40304. (CaMAI). 

Account of expedition to Ward Hunt Island. See also 
Christie, 1957. In Crary: p.30 11Meteorological data": 
11Weather observations were made twice daily near local noon 
and local midnight, during our en tire stay. Except during 
short periods at the e dge of the ice shelf, all observations 
were taken at the base camp. The following were recorded: 
air temperature, surface pressure, sky condition, visibility, 
cloud cover, and the direction and strength of the wind. 
During the period April 24 to September 26.1954 minimum tempera­
tures of - 10°F. and - 30f. were recorded in early Hay and 
late September respectively, and a maximum of 42°F. occurred 
in late July. The winds were remarkably constant in 
direction, mainly east or west, with all the heavy storms 
coming from the west." 

(27) Barther, A. J., Report of Hydrographie Office Representative 
.2!1 Cooperative Investigations at Lake Hazen, Ellesmere Island, 
N.W.T. ~ 27 April l22.2., 6 pp ~ map, typescript, n.d., n.p. 

Report on ice thickness south of John's Island on date 
specified. Air temperature ( 11 at 1427 R11 ) was 2°F. 

(28) Horton, Franklin, w., Report gf investigations of ~ cover 
and ice thickness & Lake Hazen ~ survey of bays ~ inlets 
2a ~ east coast of Ellesmere Island, Northwest Territories, 
Canada, United States Air Force, Northeast Air Command, New 
York, 1955, 6 pp., mimeographed. A.B. 40429. (DN-HO). 

"Notes on first investigation in program to identify and 
catalog areas in Canadian Arctic Islands and northern 
Greenland for use as emergency airfields. Personnel of the 
U.S. Air Force, Army, Navy and Canadian Defence Research Board 
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carried out aerial survey of southeast Ellesmere 
(Makinson Inlet to Cadogan Inlet); and landed on Lake 
Hazen in the northeast (82°N. 700W.) in a ski-wheel C-47, 
April 26-27, 1955. At Lake Hazen, ice thickness and 
snow cover were investigated and water sam.ples taken. 
Lake will support heaviest types aircraft and no take-off 
run need be cleared. Probably Makinson Inlet will also 
support heavy aircraft. 11 A.B. abstract. 

VI OPERATION HAZEN 

A microfilm copy of the daily weather records (surface 

observations) maintained at the base camp at Lake Hazen from August 

1957 until August 1958 has·been deposited at the headquarters of 

the Canadian Meteorological Service in Toronto. The records from 

the ice-cap station during the summers of 1957 and 1958 are con-

tained in the references which follow. 

The principal discussion of the base camp records is the 

monograph The Meteorolo'gy .2f. Lake Hazen, N.W.T. of which the present 

bibliography fonns the fourth and final part. The first part is 

being published separately from the other three. Other works by 

the present author include: 

(29) Jackson, C.I., Meteorological Observations in Ellesmere 
Island during the International Geophysical Year 1957-58, 
a paper presented to a joint meeting of the American 
Meteorological Society and the American Geophysical Union, 
Washington, D.C., May 4-7, 1959, Montreal, mineographed, 
1959, 5 PP• (CaMAI). 



(30) Jackson, C.I., 11 Coastal and Inland lveather Contrasts in 
the Canadian Arctic11 , to be published in the October 
1959 issue of the Journal of Geophysical Research.* 
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Neither of the above contain material which is not to be 

found in sirp.ilar fonn in ~ Meteorology of Lake Ha zen, ~. 

The other sources of meteorological data or discussion 

from "Operation Hazen11 which have appeared up to mid 1959 are as 

follows: 

(31) Canada, Defence Research Board, Operation Hazen, Operational 
Plan for the Expedition to the Lake Hazen ~' Ellesmere 
Island, N.W.T. durin~ the International Geophysical Year 
1957-58, Ottawa, 195 .--reaMAI). 

A short account of the general aims and logistic problems 
of the expedition, together with several appendices con­
ceming natural conditions, as then known, in the Lake 
Hazen area, navigability of adjacent waters etc. 

(32) Canada, bepartment of National Defence, Defence Research 
Board, Operation Hazen, Narrative and Preliminary Reports 
.f2.!: the 1957 Season, Ottawa, 1958.--reaMAI). 

Short accounts of all aspects of the expedition's work. 
See especially: 

Lotz, James R., "Meteorology11 , pp. 32-37. 

Summar,r of observations on the Gilman Glacier during the 
summer. 

Lotz, James R., 11 Meteorological Equipment11 , pp. 45-52. 

Notes on equipment supplied, its suitability, and 
recommandations for the future. 

* Vol. 64, 'No. 10. 



Deane, Roger, E., "Pleistocene Geology and Limnology11 , 

PP• 19-23. 

Notes on weather at base camp during the summer (p.20). 

(33) Hattersley-Smith, G., Narrative and Preliminary Reports 
1957-58, Hazen 4, Canada, Department of National Defence 
Research Board, Ottawa, 1959. 

Similar to (32) but dealing with Phases II and III of 
the expedition. 

Short summaries by Lotz and the present author of the 
meteorological records from the Gilman Glacier and the 
Base Camp respectively. 

288 

(34) Lotz, James Robert, Glacial-Meteorological Observations 
in Northern Ellesmere Island during Phase .! 2f "Operation 
Hazen" 112.7., a report prepared for the Defence Research 
Board, Department of National Defence, Ottawa, Ontario, 
Nov. 1957, mimeographed. (CaMAI). 

(35) Lotz, James Robert, Meteorological ~ Climatological 
Figures, Phase 1. "Operation Hazen11 , Northern Ellesmere 
Island, N.W.T._, May-August, !2.21., mimeographed Oct. 1957. 
Supp. No.l, mimeographed, Nov. 1957. (CaMAI). 

The above references are complementar,y to each other and 
are bound together in the Arctic Institute Library. 

(36) Lotz, James R., Preli.minary Report .2!!. the Meteorological 
Eguipment ~ during Phase III of "Operation Hazen", 
May-August 1958, 8 pages, mimeographed, Oct. 1958. (caMAI). 

(37) Lotz, James R., Meteorological and Climatological Figures, 
Phase III "Operation Hazen", Northern Ellesmere Island, 
N.W.T., May-August 1958, 81 pages, mimeographed, October 
1958. (CaMAI). 
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(.38) Lotz, James R., "Operation Hazen11 , Phase III, May-August 
1958, Preliminary Report .2!l the Meteorolop;r and Micro­
meteorology, Gilman Glacier Camp, 9 pp. Nov. 1958. (CaMAI). 

All the above are complementary and are bound together 
at (CaMAI). See also Sagar. 

(.39) Sagar, Richard B., Glacial-Meteorological Studies in 
North Ellesmere Island 1958, a thesis submitted in partial 
fulfilment of the requirements for the degree Master of 
Science, McGill University, 1959, typewritten, 181 pages. 
( CaMM).. 

This is a more complete analysis than the preliminary 
reports by Lotz on the observations during the surnmer of 
1958 on the Gilman Glacier. 

Also in preparation at the present time is a thesis by John 

M. Powell entitled The Climatic _Factors Affecting Vegetation in 

the Lake Hazen Area, Ellesnere Island, N.W.T.* This will be sub-

mitted to the Faculty of Graduate Studies and Research at McGill 

University (M.Sc. degree) and, if accepted, will be deposited in 

the Redpath Library of that university. 

VII OTHER IMPORTANT REFERENCES 

(40) Canada, Department of Transport, Meteorological Division, 
Climatological Summary, Alert, N.W.T., Canada, June 1950-
December 1222, Toronto, n.d. 

The most useful short summary of the Alert records! See 
also the similar book for Eureka (5.3). 

* This thesis was completed in October, 1959. 
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(41) Canada, Department of Transport, Meteorological Division, 
Joint Arctic Weather Stations, Five Year Report 1946-51, 
Toronto, n.d. 

A most valuable account of all aspects of planning and 
operation of the stations: by far the most useful of all 
that has been >·.rritten on the subject. It is regrettable 
that further reports do not seem to have been published 
for later periods. 

(42) Caswell, John Edwards, Arctic Frontiers: United States 
explorations in the Far North, Norman, Okla., Uni v. of 
Oklahoma Press, 1956, 232 pp. M.A.B. 9.6-22. (CaMAI). 

11 Among the Arctic expeditions described in the 13 
chapters of this popular book on U.S. explorations are 
those of the first International Polar Year to Laqy 
Franklin Bay (Ch. VI) and to Point Barrow (Ch. VII), 
headed by General Greely and Lt. Patrick Henry Ray 
respectively. The infonnation on these expeditions is 
unusually detailed and well documented from the point of 
view of the history of the organization of the Polar Year 
and the financing and carrying out of the expeditions and 
a perspective of the scientific results in various fields." 
- M.A.B. abstract. 

(43) Caswell, John E., The Utilization of the Scientific Reports 
~ the United States Arctic Expeditions 1850-1909, Stanford 
University, Technical Report No. 2, 1951, 304 pp. A.B. 21139. 
(DLC, Technical Information Div.) 

11 The developments from the work of arctic expeditions are 
presented by subject field in a series of essays • • • • • 
The scientific accomplishments of specifie expeditions are 
recounted in detail ••••• 11 SIPRE quoted by A. B. 

(44) Corbel, Jean, 11 La Neige dans les regions hautement polaire 
(Canada, Groenland) au-dela du 80° latitude nord11 , Revue de 
Geograyhie Alpine, 46, 2, 1958, pp. 343-66. M.A.B. 9.11-43. 
(CaMAI • 

11 The only land areas north of 80° N. are Peary Land of N. 
Greenland and extreme north of Ellesmere Island and north 



Axel Heiberg Island. The islands are very mountainous 
and rugged, and rise to 10,000 ft., whereas Peary Land is 
much flatter rising only to 6000 ft. Data on climate and 
snow caver at Eureka, Alert and Isachsen are presented 

291 

and discussed in comparison with N. Greenland and Siberia. 
Snow occurs occasionally in winter at - 20° to - 35°C. when 
inversions due to advection of warmer, moister air occur. 
Such inversions at Alert are shawn on adiabatic-type 
diagrams or cross sections. In · summer, precipitation is 
more abundant and is fairly uniform, but snow caver is not 
uniform owing to strong winds. Eureka is driest Arctic 
station. Snow structure, density, wind glaciers and dunes, 
effect of turbulence and morphology are discussed and 
illustrated schematically." - M.A.B. abstract. 

Anticipates sorne of the present author1 s conclusions on 
snowfall at low temperatures in the area. Perhaps a 
tendency to regard Alert as typical of the island, 
particular erroneous where summer snowfall is concerned: 
snow is rare inland during the summer except on the 
mountains, where it is of a different origin to that at 
Alert on the coast (see Part II of the present stud~) 

(45) Corbel, Jean, "L'Hiver dans H Arctique Nord-Americain 
(de l'Alaska au Groenland)", H.evue Canadienne ~ Geographie, 
x, 2-3, 1956, PP• 87-96. (CaMAI). 

"The designation 11 Arctic11 is applied to regions having 
more than 300 days of frost a year; in North America this 
includes a great part of Alaska and Canada and almost the 
whole of Greenland. 11 Sub-Arctic11 designates regions 
having 270 to 300 days of frost yearly. The three peles 
of cold are situated on the Yukon-Alaska border, to the 
northwest of Ellesmere Island and in the centre of the 
Greenland ice-ca~. The thermal disparity of t he Davis 
Strait and Baffin Bay watersheds is very marked; we even 
speak of the Greenland Riviera. There are two zones of 
high humidity, one along the Pacifie coast and the ether 
along the Atlantic coast, while a dry zone extends chiefly 
over the Canadian Arctic archipelago. The most windy 
regimes are those of central Greenland and coastal Alaska. 
Finally, we show that it is possible for man to colonise 
any part of the Arctic •11 - Author' s abstract. 



The present author would prefer sorne ether designation of 
the climatic 11 /.rctic" than that of Corbel: from Table 
IX (Part I) of the present study it can be seen that ·it 
is possible that Lake Hazen, on the basis of 1957-58 data, 
would not be considered n Arctic" and, making allowance for 
the lack of August data, Eureka might also be marginal. 

(46) Eggleston, Wilfrid, "Canada' s Northernmost Island", 
Canadian Geographical Journal, vol. x, no. 6, 1935, PP• 
289-297. A.B. 4371. (CaMAI). 
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Popular and, as far as meteorology is concerned, inaccurate 
account Of Ellesmere Island. Main interest is photographs 
of R.C.M.P. posts at Bache peninsula, Kane Basin and Craig 
Harbour. 

(47) Greenaway, K~R., "Experiences with Arctic flying weather'1 , 

Royal Meteorological Society, Canadian Branch, ·'Publication 
No. 9, Dec. 1950, 12 pp. mimeographed. 

11 A general account of the meteorological aspects of flying 
in the North American Arctic. Following a survey of 
weather conditions in each se&f?on, the important 
meteorological elements - wind speed, clouds, fog, blowing 
snow, temperature, turbulence and visibility- are described. 
Finally, the salient features to be forecast and the 
difficulties experienced in forecasting flying weather are 
discussed. 11 - M.A.B. 

, n~ 

(48) Lotz, James Robert, Ellesmere Island ~ Shelf Pro.i~~f) 
!22,2, An Outline of Meteorological !ru! Mic·romete&rolo~ical 
Work, Montreal, Feb. 1959, mimeographed, 6 pp. (CaMAI . 

Plans for work in the vicinity of Ward Hunt Island during 
the summer of 1959. 

(49) Middleton, W.E.K., 11 Climate and Weather" !!! Bethune, w.c., 
. Canada' s Eastern Arctic; its history, resources, pobulation 

and administration, ottawa, King 1 s Printer, 1934, 16 PP• 
i:B. 1507. (CaMAI). . 

Discusses records of weather at various northern stations • 
including the RCJ.fl' posts at Craig Harbeur and Bache Peninsula. 



(50) Rae, R.W., "Joint Arctic Weather Project11 , Arctic, 4, 
1951, pp. 18-26, A.B. 25334. (CaMAI). 
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An easily accessible and useful reference for the purpose, 
planning and establishment of the Joint Weather Stations, 
but the "Five-Year Report" is to be preferred if available. 

(51) Simm, Victor, W., 11 Geographical Aspects of Weather and 
Climate at Eureka, Northwest Territories11 , Geographical 
Bulletin, 10, 1957, PP• 37-53· (CaMAI). 

A fairly generalised account of conditions at Eureka: 
the Climatological SummaEY will probably be of more interest 
to the meteorologist or climatologist. 

(52) Taylor, Andrew, Geograph.ical DiscoveEY and E:x;ploration .!u, 
the Queen Elizabeth Islands, Canada, Department of Mines 
and Technical Surveys, Geographical Branch, Memoir 3, 
Ottawa, 1955. (CaMAI). ' 

A most valuable guide to the early history of the High 
Arctic Islands. A very readable account of the various 
voyages, wi th maps, the ir purpose, and achievement s. A 
guide to the sources on the scientific results of the 
eXpeditions, together with a very full bibliography, makes 
this a most useful preliminary reference for any work on 
the history of scientific discovery in the area. 

(53) United States, Department of Commerce, Weather Bureau, 
Climatological Summa~, Eureka, N.W.T., New Orleans, La., 
1951, 72 PP• A.B. 32 36, (CaMAI). 

This, together with the similar book for Alert published 
by the Canadian service, form. the best sumrnaries of the 
data from the permanent stations: they caver, however, 
only a relatively few years in each case. 

(54) United States Air Force, Military Air Transport Service, 
Air Weather Service, Notes .2!! Forecasting ill Re-Supply 
Operations to Canadian Arctic Stations, ll51, Technical 
Report 105-83, 1951, 17 PP• M.A.B. 9.8-3 • (rnY.B). 
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"TYPical weather situations and usual weather develop­
ments at the Canadian Arctic locations Resolute Bay, Mould 
Bay, Isachsen, Eureka Sound and Alert Bay and at Thule 
on the west coast of Greenland are discussed. 
Particular attention is paid to special situations 
affecting fli~ht operations, such as haze, cloud cover, 
twiligi1t, convective and blocking effects. The study is 
offered as backgrcund information to forecasters assigned 
to the area. 11 M.A.B. abstract. 

(55) Wilson, H.P. and W.E. Markham, ! Stuqy of Arctic Surface 
Winds, Canada, Dept. of Transport, Meteorological Branch, 
CIR-2923, TEC-251, 13 May 1957, mimeographed, 14 pp. 
(CaMAI). 

11 Statistics are presented on surface winds at Resolute, 
Mould Bay, Isachsen, Alert and Eureka, N.W.T. The 
relationship between winds at the surface and at 750 
metres is studied for Re solute, Eureka and Alert •11 -

Author 1 s abstract. 

Finally, mention must be made of the records of weather 

collected by the posts of the Royal Canadian Mounted Police on 

Ellesmere Island. The present author is indebted to Mr. C. C. 

Boughner of the Canadian Meteorological Service for the following 

information on data available in the library of the Service in 

Toronto: 

We have observations by the R.C.M.P. at Bache Peninsula 
January 1931 - July 1932, October 1932 - March 1933, and 
at Craig Harbour September 1933 - July 1940. These were 
First-class Stations, listing, twice daily, pressure, 
temperature, humidity, wind, precipitation, and general 
weather conditions. The Bache Peninsula record is short 
and irregular; the Craig Harbour record is fairly complete 
for the period given. We can find no record of any reports 
from Kane Basin. 
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It is difficult to assess the reliability of the data, 
since the re are no data to serve as a check. The 
stations had barographs, thermographs, and hygrographs. 
Temperature extremes were taken from m.a.ximum and minimum 
thermometers. Wind measurement s were probably estimates. 
The Craig Harbour records give an impression of being 
fairlywell done, and they were published in official 
publications. 

Two R.C.M.P. posts at Bache Peninsula and Craig Harbour 
moved to Alexandria Fiord and Grise Fiord respectively. 
Since the moves, no reports have been received and we 
possess no records from Alexandria Fiord or Grise Fiord 

The position of Craig Harbour given in our Monthly Record 
of Meteorological Observations at the time appears rather 
unlikely. Topographie maps of the area would indicate 
that the position was actually 76012• N. 81°00' '!tl. 




