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I History of the Ice Thicknesses Project. 

The Ice Thickness Research was commenced at the American Geo
graphical Society upon July 21st, 1952, and the bulk of the approximate
ly 400 titles listed in Sections I and II of the Bibliography of this 
Final Report was examined at the library of the Society during the 
ensuing ten months. Not a few references unavailable there were studied 
at the· New ·York Public Library, notably the United States Weather · 
Bureau weekly Snow and Ice Bulletins and Weekly lrJeather and Crop Re
ports, which contain lake and river ice thickness data for numerous 
American stations, spanning a period of more than fifty years, com
mencing with 1898. Another most valuable source of information is the 
annual Report of the Meteorological Service of Canada, 1910-1914; un
fortunately ice thicknesses and snow de~ths were no longer recorded 
after the latter year. Among the periodicals most frequently consult
ed were the Monthly \leather ReView, Geographical Journal (Royal Geo
graphical Society), Geographical Review-{Americ~ Geographical Society), 
American Journal of Science, Journal of Geology, Transactions of the 
American Geophysical Union, and Canadian Geographical Journal. 

In its early months, the project benefitted from the valued 
counsel of Mr. iiJilliam 0. Field, Jr., Chief of the Society's Division 
of Exploration and Field Research, and in August the writer conferred 
one afternoon with l'o1r •. Henry vJ. Stevens of the Frost Effects Laboratory, 
New England Division, Corps of Engineers, from Boston, on the scope of 
ice thicknesses research, methods of proceeding, references in the 
literature, and suitable individuals to interview. In November the 
writer talked briefly, in New York, with Mr. Angus Sherwood,· of Imperi
al Oil Limited, concerning ice conditions on the Hackenzie River at 
Norman ·Hells, North \rJest Territories. 

During.the same month, the Frost Effects Laboratory in Boston 
was visited, for a perusal of various references not readily available 
elsewhere, a.nd for talks with Messrs. Kenneth Linell, its Director, 
and Mr. Henry \~. Stevens, who arranged transportation for a visit to 
Blue Hill Observatory, in Milton, Massachusetts. Dr. Charles F. Brooks, 
the Director, was not present, but the Librarian, Miss Sarah ~ollaston, 
checked the library for ice thickness references and loaned me two 
titles. There were almost no sources of information there as yet un
examined or not previously known to be available in New York. On the 
following two days Cambridge was visited, and Messrs. Palmer and Haynes, 
Librarian and Assist~nt Librarian respectively of the Harvard College 
Library were consulted •. The Institute of Geographical Exploration and 
Research at Harvard was found to be closed for an indefinite term. 
Dr. Irving Schell, an expert on marine ice, located at the Museum of 
Comparative Zoology, was interviewed. In all, four days were spent in 
Boston and vicinity • 
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In December the writer journeyed to Washington, D. C. for calls 
at the Arctic Institute's Bibliograohy of Arctic Research Project at 
the Library of Con·.~ress, directed by Miss Marie Tremaine, and at the 
United StAtes We~ther Bureau Library. Few actual volumes were· ex
amined but a number of titles were added to our ever - expanding bib
liograohy. The Air vJeather Service was not visited owing- to the lack 
of. a clearance to use classified material, applied for in mid-August 
hut which did not become available until late in Hay • 

On ~1arch 16th, 1953 the writer departed on a three-weeks jour
ney, ·primarily to Canada, although three days of the first week were 
spent at Hanover, New R~pshire, where the resources of the Stefansson 
Library were ascertained with the personal assistance of Dr. Vilhjalmur 
Stefansson, who offered various suggestions and recollections from his 
vast store of knowledge of the Arctic and sub-Arctic, and brought to 
my attention several useful references. Other features of the Dart
mouth visit were discussions with Professor Trevor Lloyd, Chairman of 
the Geography Department (and first Director of the Geographical 
Branch, Department of Nines and Technical Surveys, at Ottawa), and 
Dr. Edward E. Goodale, Assistant Chief, Arctic Project, United States 
Weather Bureau, who expressed interest in the ice thicknesses 
research project. Great interest in Arctic studies generally was 
manifested at Dartmouth and the atmosphere prevailing there is 
stimulating for such investigations as that under consideration. 
Commander David Nutt, the Dartmouth College ~1useum 1 s Arctic Special
ist, was at that time in the field, on one of the annual "Blue Dolphin" 
expeditions to the Hamilton Inlet - Lake Melville area of Labrador. 

Professor F. Kenneth Hare, Chairman of the Geography Department 
at McGill University, was in vifashington during the wri~er' s stay in 
Hontreal, but calls were· made upon Messrs. John B. Bird and W. F. Summers 
'of that Department. The latter gave access to his file of several 
hundred Canadian Ice .Distribution Survey Cards, and to his address file, 
for he has over a considerable interval been collecting, mainly by 
correspondence, data on break-up and freeze-up dates of Canadian 
fresh water ice. Colonel Patrick D. Baird, Director of the Arctic 
Institute, was then consulted, and kindly loaned Professor Hare's un
published thesis, Climate of the E~stern Canadian Arctic and Sub-Arctic, 
3 vols. (1950), whrch proved instructive. 

In Ottawa calls were made upon Dr. Norman L. Nicholson and 
Mr. Keith Frazer, both of the Geographical Branch, Department of Mi~es 
and Technical Surveys, from whom the American Geographical Society 
later received a complete file of 1070 Canadian Ice Distrubution 
Survey cards; Mr. J. N. Betournay of the Department of Transport, who 
later forwarded data on ice thicknesses in Canadian canals; and Mr. 
Garnet Dunn, Chief of Administration, Defence Research Board, and the 
following members of the Board - ~1r • .Nerrill, Mr. Trevor Harwood, Miss 

·Moira Dunbar, Miss Margaret r1ontgomery, Hiss Doreen Irwin, and Mr. 
Alec LaR~que. Following the return from Canada copies were received, 
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under signature of l'1r. Ivor Bowen, Director, Joint Intelligence Bureau 
of the Defence Research Board, of various items ·of information avail
able in some of these offices, mostly excerpts from unpublished theses 
on the climate of the Canadian North. · 

Major Andre~ Taylor of . Ottal-Ja, formerly of the Corps of En
gineers, Canadian Army, an authority upon the Canadian Arctic Archi
pelago, most kindly devoted a day to assisting the writer in several 
ways, notably by driving him out to the new buildings of the National 
Research council, some eight miles from Ottawa, where we sought the ad
vice of Mr. ·John Pihlainen, whose specialty is permafrost, and of Mr. 
L. vJ. Gold, a researcher in snow and ice, and met, albeit very briefly, 
Dr. Robert·Legget, Chief of the Building Hesearch Division. Little 
information on ice thicknesses. was forthcoming there. A visit was 
next made 1 to Hr. James G. l/right of the North tJest Territories Admin
istration, who although he possessed no ice data offered abundant 
sug5estions on oersons to contact. ~1a.jor Taylor ascertained that the 
Dominion Hydrographer's Jffice relays all ice thickness information re
ceived to the GeograPhical Branch or to the Defence Research Board. 
He had r:rreviously "'.examined the Royal Can3dian Hounted Police archives 
(reoorts of oa.trols, exnlor~tions~ etc.) ~nd rel')orts that a search 
therein for geographical informAtion is exceedingly laborious and 
time-consuming, and did not seem well-advised for one whose time was 
limited • 

.A.rrived in 'liJinnipeg," there followed discussions with Mr. J • :C. 
Johnson, the Provincial Librarian of 11anitoba; Nr. Barney Stephanson, 
Inspector of Commercial Fisheries of the Province of Hanitoba; and 
Mr. B. B. Hogarth, Lirector of the 1Nater Resources Branch, Department 
of ~iines and Natural Resources of i~'lanitoba. As the result of a second 
call upon Mr. Hogarth, he very kindly arranged for Mr. Mudry, a 
hydraulic engineer of his staff, to drive the writer to Lac du Bonnet, 
a· town on the lake of that name, some 65-70 miles northeast of Viinnipeg, 
the headquarters· of the Province. of Manitoba Government Air' 'Service, 
for a talk with its Director, Mr. Edward Uhlman, and to Great Falls 
on the lninnipeg River a few miles north of Lac du Bonnet, there to con
sult Mr. Ferguson, Superintendent of the oowerful hydroelectric station 
located there, as well as of two others in the vicinity. After Mr. 
Bradford of the stAff had conducted us through the plant, Mr. Ferguson 
d~scanted at considerable length upon the problems that ice presents 
to the effective oneration and maintenance of hydroelectric installa
tions, and upon the assistance rendered by ice to winter land transport 
in Canada. His remarks were most instructive and will be detailed 
more fully in a subsequent section of this Renort. This seems an 
anpropriate place to express anew the heartiest appreciation for the 
extraordinary efforts exerted 'by Nr. rJogarth as well as for the zeal 
of fJfr. Mudry in the car:>aci ty of guide-escort. Later in April valuable 
ice thickness data :was received from both the Hater Resources Branch 
and the Provincial Govt. Air Service, as a direct result of these 
contacts personally established in Nanitobao 

. I 



• 

• 

4 

On the last day (of four) spent in a.nd near lJinnipeg, calls were 
made upon ~1r. ·clifford P. \Jilson, Libr:)rian of the Hudson's .Hay Company 
and-Editor of its quarterly house organ, The Beaver; r-1r. E. 1:·eber, 
Assistant Secret~ry of the Hudson Bay Mining and Smelting Co. Ltd. 
(with copper mines at The Pas, Manitoba, and hydroelectric plant at 
Island Falls, Saskatchewan, about 60 miles farther north); and ~1r • 
Alexander Barbour, Manager of Booth Fl.sheries Ltd·., who called attention 
to the interrelationship of lake ice with commercial fishing in Canada 
generally and Manitoba in particular, and suggested correspondents 
one of whom has since contributed to our accumulation of ice thickness 
data. 

En route to New York Via fvlinneapolis and Chicago, a visit was 
made to vJilmette, Illinois, where I1r. Viilliam Harshall, whose acquaint
ance had been made some months previously in New York, conducted the 
writer through the Snow, Ice, and Permafrost Research Establishment, 
and introduced him to !vir. James Gillis, Acting Director, and successor 
to Dr. P. • Lincoln ·It~' ashburn, who had recently resigned·. 

Obviously it is not practicable to rec ·)unt with great minute
ness the exact subjects under discussion, or the knowledge retailed 
and opinions expressed in all of these many interviews with Canadians 
and Americans, but .it seems desirable to indicate in what fields of 
academic and economic endeavor exnert advice ~nd data was solicited. 
Over 33 persons were consulted in the course of the visits to Dart
mouth College, Montreal, Ottawa, ~Jinnineg, and \tl1i_lmette, and there is 
no doubt that these conversations were productive of incre~sed under
s.tanding of freshwater ice conditions in Canada, although not pro
ductive of any very formidable accessions of data. There is abundant 

·reason to believe, that such data simply do not. exist except in rather 
modest amounts, a belief thoroughly confirmed by these Canadian quests 
and inquiries. }1aterial uncovered in the course of these travels 
continued to arrive sporadically by mail for several weeks following 
the ~eturn to New York on April ·5, 1953, and a correspondence conducted 
somewhat erratically ·ever since October was now intensified with 
generally rather sa.tisfactory results. During the whole term of the. 
Ice Thicknesses ·:;.esearch corresnondence w~s conducted with some 35 
persons of whom the vast ma.jori ty responded. Correspondents are listed 
elsewhere in this report (see pp. 13~15). 

The Canad1;.an Lee Listribution Survey cards are the most massive 
reference item perused in the course of the ice thickness investiga
tions. Unfortunately the hundreds of quotations from the published 
literature borne on these cards rel~te for the most part to marine 
ice. bf the latter, perhaps only one-third mentioned thicknesses, the 
remainder being concerned with break-up and freeze-uo dates or with 
rather general observations. Yet thoroughness requi~ed that the entire 
file be examined, card by card. At this writing, word has been 
received that over 700 more of these cards are en route from Ottawa. 

j 
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Periodically the SIPi:tE bibliography cards, received by the Ameri
can Geographical Society in batches of 100 or more at a time, were 
examined to the total number of over 5700 titles, of which proba~y 
not over 5 per cent concerned ice thicknesses or ice seasons, and as 
a result the bibliography of titles examined and of Eurasian titles 
were materially expanded. By June 15th, 1953, actiVities leading to 
the acquisition.of data were practically suspended in favor of those 
necessary for the production of this Final Report - editing the Bib
liography, drawing of the 80-odd pages of ice thickness graphs and of 
a key map, preparation of va.rious lists and tables, and writing. the 
text of the Reoort. 

II Difficulties Confronting Ice Thicknesses Research. 

From chronicling the principal st~ges of the ryroject onerations, 
let us now turn to detailin~ cert~in deficiencies which impede, if 
they do not entirely prevent, achievement of complete success in ice 
thicknesses research, ;:~t least in the case of th8t deuendent upon the 
literature, trri thout benefit of made-to-order field observations. 

One apuroaches the search'for ice thickness data with the rather 
vague impression oresently becoming an ever more firm conviction, 
that there exists ~n enormous literature on trRvel and exploration in 
the Arctic and sub-Arctic-on Alaska and the Yukon, the Polar Regions 
and Greenland, Nackenzie and Keewatin Districts, Baffin Land and 
Ellesmere Land and the r.est of the Canadian Arctic Archipelago, and 
Hudson Bay. But once having ventured into this vast su1_ .ject field, 
and turned over the first few dozen seemingly promising references, 
optimism at the abundance of scientific writing yields to astonish
ment that ice thickness data occurs so sparingly. In the course of 
correspondence this dea.rth wa.s frequently mentioned by the write; and 
almost invariably recognized by scientists who have had occasion to 
investigate ice, such as Dr. Charles F. Brooks, Director of Blue Hill 
Observatory, and Profess.'.)r John C. Weaver of the University of Min
nesota, who was instrumental in the orepa.ration of the Ice Atlas of 
the Northern Hemisphere (1946). Some notion of this scarcity may be 
gained by an examinr~tion of the attached bibliograohy, in which the 
sections comprising useful references and those not of assistance are 
of approximately equal length, the latter in fact a trifle longer • 
.And from the annotations, it is seen that very frequently.the 'useful' 
category does not even contribute a.n ice thickness but instead per
haps a table of break-uo - freeze-up dates, or a few references, or 
general remqrks. or theories on freshwater ice. 

Granted the dearth of. ice thickness data, one must then face the 
prospect of its frequently nroving disapryointing owing to its frag
mentary, scattered, or very general character. The.occurrence of ice 
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thicknesses recorded monthly at a given station over a period of a 
century, ·or fifty or twenty years, or even a decade, is so rare as 
to be hypothetical, at least for Canadian and Alaskan stations, though 
not for certain Eurooea.rt stations. Such records exist for many sta
tions in as many as 20 of the northern United States, spanning over a 
half century, beginning with 1898. Similar data of long duration cov
er Great Lakes and major LAwrence River·ports, but are e~tremely 
scarce for the vast Canadian expanse north of Edmonton, Winnipeg, and 
the St. Lawrence, the area of paramount concern to this research pro
ject as origi~ally conceived. 

One of several situations, all. of them more-or-less discouraging, 
may be found to obtain. There may occur a run of data, spanning three 
or four years, which upon closer examin~tion will be found to contri
bute only enough points for one graph, the others being too widely 
scattered in tirr,e or ~t- the end and beginning of senarate seasons, as 
March-Aoril-October-November, instead of in a series of consecutive or 
nearly consecutive months as November-January-March, or November-DG- · 
cember-January. Or there will occur but one or two ice thicknesses 
for a given station'during a given year, whereas at least three are 
required for a graph. Or, very fre~uently, one encounters some esti
mate· of the average or maximum ice thickness, or the range in ice 
thickness, for a given body of water during t~e average winter. This 
is of course better than nothing, but of little assistance in the 
exact determination of freshwater ice thicknesses. 

The same scarcity of ice thickness.data encountered in the pub
lished literature prevails elsewhere as well. Inquiries made in per
son and correspondence both revealed the existence of only relatively 
meagre amounts of ice thickness data in the archives of Provincial 
government ~ureaux and the files of such business and commercial es
tablishments as might reasonably be expected to notice carefully the 
state of freshwater ice. 

How is this relative absence of ice thickness information to be 
accounted for? In one or more of several ways. First, even in in-· 
·dustries or endeavors materially affected, either favorably or adverse
ly, by the condition of lake or river ice - such as commercial fishing, 
tractor haulage, aircr~ft landings and hydroelectric power generation -
the Canadians concerned are wont to met:~sure to the ice only very in
frequently, relying upon obvious siwJle tests of its strength and 
supporting cap~city, or uoon comparisons of its condition with that 
upon the. same data in previous ye':lrs, t~king into account winds, temp
eratures, and snow cover. l!-;hat is the objection to making actual ice 
thickness measurements with a certa.in regularity? Only that when ice 
attains a thickness of three feet or more, cutting through it becomes 
a laboriouq task, and one scarcely to be undertaken even in the in
terests of science, unless there exists some·pressing·practical need 
for an exact meRsurement - which it seems there usually does not, un
fortunately for such a study as this one. Joseph Burr Tyrrell, eminent 
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Canadian veteran of many thousands of miles of explor~tory journeys 
in the North West Territories, rem~rks that with an axe, the only s~it
able tool available in camp, one could,choo through only one foot of 
ice, although Eskimos using their spears would cut through two fe~t 
or more in a fairly short time.* 

Secondly, exact ic·e thicknesses have not been of much practicai 
scientific interest until quite recently, particularly since the con
clusion of the Second vu orld War, which fact goes far to explain the 
virtual absence of any data of consequence. Even assuming that actual 
measurements were occasionally made, apparently no record of them was 
kept, since they were not deemed of lasting value or interest to other 
investigators. Formal observations of ice thickness appear not to 
have been recorded, as is the case so generally with such meteorologi
cal phenomena as tempera.ture, barometric pressure, wind velocity, and 
prec~pitati.on. 

Ice thicknesses recorded in the earlier published accounts, par• 
ticularly the travel narratives of explorers of the Canadian North 
through the first half of the Nineteenth Century are accurate enough, 
but are never maximums, as Stefansson points out. Explorers like Dr. 
John Rae, Sir John Richardson, or Sir George Back, traveling in the 
region of Great Slave Lake or Great Bear Lake or the Coopermine River, 
were not greatly concerned to ascertain freshwater ice thicknesses,·
yet occasi<?nally such a measurement occurs in their journals. 
Probably it could only have been learned as an incidental result of 
the performance of some camp task - fishing through the ice or cutting 
through it to secure water - chores nerformed of course by Indian or 
Eskimo guides or camp followers who were ng_turally enough averse to 
any more work than necessary, and hence for chooping through the ice 
would· choose a soot·whe:re it was·aptto be. thinner, a·plac~:well 
covered by snow drifts, urobably close to shore. Thicker ice would 
more .likely be founcLfarther from··~he shore of a sizeable .lake·, ·where 
the wind had prevented the a.ccumulrltion of any appreciable snow cover, 
which is an excellent insulation and a great retarder of ice formation. 
So it is th~t although these excellent journals provide us with val
uable data of a type sufficiently scarce, still they do not inform us 
as.to the extremes of freshwater ice thickness for the bodies of 
water mentioned above, even though they may cite trticknes.ses ranging 
from five to eight feet. 

Notice must now be taken of the several variables affecting the 
·course of ice thickness. In addition to individual records of ice 
thickness, the Contr~ct desired the inclusion of information on as 
many of the following as are available: 1) the location of the 
measurement point, with respect to the shore line, the tonography, 
and _the prevailing wind direction; 2) the extent of the ice sheet; 

*Letter from·J. 3. Tyrrell to the author, February 5, 1953. 

..) 
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J) the quality-or character of the ice; 4) the loading or use to 
which the ice has been subjected; 5) the temperatures of the air and/or 
the ice at the time of the thickness measurement; 6) the depth of snow 
on the ice at the time of measurement; 7) the.depth of water at the 
ooint of measurement; 8) the break-up and freeze-up dates; and 9) the 
date when the area.is ice free. U~questionab~y it.is desirable that 
all this allied information be brought together in one compilation, 
but much of it is s~ly not avail~ble, and its acquisition must await 
new and accurate field observations made to order for the purnose. Of 
the above enumeration, only items 5 (air temperature), 6, e, and 9 are 
available with any regularity, almost never in the identical reference 
source, .however. The foremost can be obtained, of course, from aP?ropri
ate ·Weather records, but seems never to accomnany the ice thickness. 
References to the other items are so infrequent that one is scarcely 
guilty of exaggeration in saying that they never occur. Ice thickness 
on rivers ia influenced by the velocity and stage of the water, in 
addition to .the foregoing several factors governing ice formation on 
lakes. 

III Average .Ice Thickness Curves. 

In the consideration of Plates 54 through 59, illustrative of 
average ·ice thicknesses for a number of stations on several rivers or 
lakes in a sizeable geograuhical region, it is appropriate to specific
ally enumerate the stations concerned and to try to account for the 
grouping into regions. Plate 54 shows an ice thickness average for six 
stations on six rivers of the Prairie Provinces of Alberta and Saskatche
wan, as follows·: Ranfurly and Halkirk, .Alberta, body of water unk~; 
Battleford, on the North Saskatchewan River at the mouth of the Battle 
River; Swift Current, on Swift Current Cr.eek; Moose Jaw, on Moose Jaw 
Creek; and Qu'Appelle, on the Qu'Appelle River, all four in Saskatchewan. 
These towns are all located between 50° and 54 o of latitude, all in 
country ver,y similar in character, and the streams may be considered 
pretty similar in size, exceut for the North Saskatchewan, a large river 
760 miles in length, and possibly the Qu'Appelle, a trubutary of the 
Assiniboine, 270 miles long. 

On Plate 55 there are averaged ice thicknesses for seven rivers 
in Manitoba: the Saskatchewan River at The Pas, the Red River of the· 
North at Emerson, and the East Waterhen, Bloodvein, qole, Dauphin, and 
Berens rivers, of which the last four all flow into Lake ~•'inri.ipe~. 

Both the Saskatchewan, 340 miles long after the ,junction of its North 
and South branches, and the Red, 5JJ miles in length, are mighty rivers 
draining many thousands of square miles of the Northern Plains. All 
of the other watercourses, hm~ever, are of relatively small size. They 
lie within a belt of latutude 5o vJide, · from 49° to 54 o, all of it ore tty 
generally alike as to. terrain, elevation, climate and weather. 
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Plate_S6 covers eight stations on four Manitoba lakes:·- Gimli, . 
Norway House, and the mouths of the Hole, Bloodvein, and Dauphin rivers~ 
all on Lake winnipeg; Lac du Bonnet on the lake of that name; Island 
Lake in northeastern Manitoba; and Grace Lake at The Pas. These lakes 
are not strictly comparable in size, 'Winnipeg, one of the largest of 
Canadian lakes, having an area of 9,398 square miles, an altitude of 
713ft. above sea level, and being 240 miles l:Jng, and. 55 miles in 
greatest width, ~hile Grace Lake and Lac du Bonnet classify as small 
lakes, the latter being 20 miles long and from. one to four miles broad • 
Island Lake is in an intermediate category, 550 square miles in area. 
Again all stations lie between 50 o and 54 o of latitude. 

Ten stations on five rivers of the Dakotas, riinnesota, and l'ds
consin are represented by the curve on Plate 57 • They are vjilliston 
and Bismarck, North Dakota, and Pierre and Yankton, South Dakota, all 
on the Hissouri River; Huron, South Dakota, on the James River, a 

. tributary of the t1issouri; Hoorhead, ~1innesota, on the Red River of 
the North; l-1inneapolis and St. Paul, i';Iinnesota, and La Crosse, \rJis
consin, all on the ~1ississippi; and \r~Jausau, \'11isconsin on the Wisconsin 
River, a tribu~ary of the Nississipni. Here seven of our stations 
~re·on truly immense rivers, the MississipPi and r1issouri,·with their 
length~ of 2,350 and 2,714 miles and basins of 714,6So· and 529,350 
square miles respectively. In length even the other three waterways 
are very considerable, but of course· the ,James and 'I:·Jisconsin have 
but very modest volumes when compared with their ?arent streams. For 
this region the range of latitude is greater, from.42° to 49°• 

Eight rivers of New Brunswick, Maine, New Hampshire, Vermont, 
and New York are covered by the average ice thickness curve on Plate 
58: the stations are Chatham on the Miramichi River, Fredericton on 
the St. John River, Bangor on the Penobscot·, Lewiston on the 
Androscoggin, Gardiner on the Kennebec, Concord on the.·r1errimack, 
Brattleboro on the Connecticut, and P.lbany on the Hudson River. These 
streams range in length from about 110 miles in the case of the 
Nerrimack to 400 miles in that o.f the St. John River, and are other- . 
wise of a somewhat similar order except that'the Hudson has a far greater 
volume than any of the others despite,its not especially extensive 
basin of 13,370 square miles. These stations occupy a 6° expanse, 
latitude~ 42° to 48°. 

Lastly on Plate 59 appear average ice thicknesses for ·Seven 
lak~s of the Maritime Provinces, Ontario', and Northern New England; 
s-pecifically, unidentified lakes and ponds in the vicinity of Sydney, 
Nova Scotia, and Point Leoreaux and Point Escuminac, New Brunswick; 
Barrie, Ontario, on Lake Simcoe; Gravenhurst, Ontario, on Muskbka 
Lake; Burlington, Vermont, on Lake Chamolain; and Greenville, r.~Iaine, 

on Hoosehe~d Lake. It may be safely assumed tha.t the lC\kes under 
consideration in the H~ritimes are small, nrobably not over one square 
miles in area,. and certainly less than five. Muskoka Lake is 15 miles 
long and five miles wide. The other three are considerable bodies of 
water, however: Lake Chamnlain with its 435 square miles, 107 miles · 
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long and from a half-mile to 14 miles in breadth; rloosehead Lake, the 
largest in New England, with an area of 120 square miles, 35 miles long 
and two to ten miles wide; and Lake Simcoe, 280 square miles, 28 miles 
long and 26 miles wide. So aga.in these bodies of freshwater are not - · 
strictly comparable. Were the data more plentiful, one could afford to 
be more particular in averag~ng ice thicknesses only for rivers and lakes 
of quite uniform a.rea or volume. These lakes are locflted between the 
forty~fourth and forty-eighth parallels of l~titude • 

Plates 56 and 59 may require a word or two of additional explanation. 
Data for the former covers seven fort-nightly periods, but for"three of 
these only one measurement apiece is available, hence there remain only 
four points on which to base an average ice thickness curve. In the 
second instance the data, although comprising 92 measurements, spans but 
five months, and for five of the seven lakes the date given is only the 
month, nullifying for this oneration the advantage of the more exact 
dates available for Greenville, Maine, and for ~rlington, Vermo~t. 

Admittedly two averages enter into each of these last six curves, 
·Plates 54 through 59. Each point represents. averaged ice thickness data, 
and smoothed curves were drawn representing a mean between the various 
points available. No claim is made that this procedure is entirely 
appropriate, although it might conceivably prove to be the only one . 
practicable under the circumstances. A considerable similarity between 
these curves and a sine curve may be observed. ' 

IV Suggestions for Future Conduct'of Ice Thicknesses Research • 

What of the future of ice thicknesses research, and in what manner 
might one proceed were these investigations to be.resumed in the fairly 
near future? It seems not inaporonriate to offer here at least partial 
answers to these queries, based on the experience of the past year as 
well as on some estimate of further possibilities. 

Freshwater ice thicknesses of Europe and Asia have of necessity 
been neglected during the course of our project; which suggests that the 
275 references in Section III of the attached Bibliography should be 
carefully scanned. There is little doubt but that this Eurasian Bibliog
ranhy can be enormously expanded, for this material is as abundant as 
North .American ice thickness data is scarce. 

As for the latter, new references of value will no doubt from time 
to time be revealed by a careful perusal of the periodically-appearing 
batches of SIPRE (Snow, Ice, and Permafrost Research Establishment) 
bibliography cards and the Canadian Ice Distribution Survey cards • 

So much for a search of the literature, which should be succeeded 
by the acquisition of new data from the field, since the yield of infor
mation from the former source is regrettRbly so sparing. For the col
lection and renorting of actual periodical ice thickness measurements, 
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a corps of volunteer observers - such oersons as postmasters, mission
aries, Royal Canadian Mounted Policemen, Hudson's Bay Company factors, 
and fishermen - should be enlisted. Scores of observers would be.need
ed, and their reports should cover several months, November through 
April, at least. These would then require a careful sifting, and per
haps the discarding of the most f-ragmentary or those appearing to be 
the leRst trustworthy. The need for this eventual discard should be 
borne in mind from the first, so that abundant stations may be covered 
by reports. Mr. Trevor Harwood:tpf the Defence Research Board in Ottawa. 
suggested that unofficial interest in measuring ice thicknesses might 
be promoted by the offer of $1.5 a season for this service, and surely the 
expense of making this arrangement·cover twenty, fifty, or even one 
hundred selected stations throughout Canada and Alaska is- not so for
midable but that it should be seriously considered. The fact is that 
two of our correspondents, Mr. w. Schlader, Manager of Mcinnes Products 
Corooration Ltd. of Edmonton, a commercial fishery operating on Lake 
Athabaska, and Mr. J. F. Dunnett, Chief Engineer of Eldorado Mining and 
Refining Ltd. at Port Radium on Great Bear Lake, voluntarily offered to 
secure data for us in future seasons, which offers should be accepted, 
and which leads one to believe that a number of other commercial enter
orises in Northern Canada would similarly volunteer their good offices 
in the gathering of ice thickness data. 

The author is a fir.m believer in the efficacy of correspondence 
as a method of securing data not available in published sources. 
Correspondence might well be extended to- include observers on or near 
all the larger lakes of Alaska, Greenland, Canada, and the northern 
United States, say for all lakes of 100 squares miles or larger in area. 
Should it not be quite feasible thus to secure data for one season· · 
covering 35 to 40 percent of these lakes, and for many rivers as well? 
Naturally one of the aims is to induce correspondents to make observa
tions in future for stations where no data is-now available• In addi
tion to the occupations already enumerated, the correspondents should be 
recruited from the ranks of miners and prospectors, hydroelectric plant 
staffs, river and lake pilots, airlines, tractor transport companies, 
railroads, explorers, professional geographers, trappers, oil companies, 
meteorologists, geologists, bush oilots, and commercial natural ice 
companiess 

With regard to future methods of proceeding with ice thicknesses 
research, Dr. Charles F. Brooks, Director of the Blue Hill Meteorologi
cal· Observatory, suggests .that a formula be worked out by means of which 
the air temperature record may be converted into terms of ice-thickness. 
The freeze-up dates for numerous lakes are known, so that commencing on 
these dates one could use degree-days to the base of )2° to obtain a 
measure of the amount of freezing. Presumably a.ir temperautres can be 
obtained for many stations for which ice thicknesses are now available, 
and from these a formula can be worked out to equate the degree-days to 
the depth of freezing.- Of necessity the formula would have to be very 
rough owing to the uneven effect of snow cover, which on smaller lakes 
would insulate the ice to a considerable degree, whereas on the larger 
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ories the wind would be apt to sweep the snow away, drift it or wind~ 
pack it, in any one of which .cases the insulating effect of.· the snow 
would be materially reduced. The availability of a de~ree-day formula 
for ice thickness, Dr. Brooks belieVes, would.be particularly useful for 
t'1is specific study, since the winter season varies so greatly from 
year to year north: of the .54th parallel that mean conditions of ice 
thickness are of little value. Knowledge.of·what the temperAture has 
been up to~ certain date would make possible. the compritation of the 
probable thickness o~ the ice. -There is an important difference be
tween a degree-day formula for ice thickness and one fdr the heating of 
of buildings, aside from the difference in the, base temperatures artd 
the existence of a set date (freeze-up date) to start from, arid that 
is the necessity for subtracting for temperatures {degree-days) above 
the 32° base. 

Should it_ prove possible in future to secure a series of daily air 
temperatures extending over five or six months for most or at least 

. several of the stations for which ice thickness data are presently 
available, the execution of Dr. Brooks' proposed scheme would become 
practicable and is heartily. recommended • 
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COnP.E.SPOliDE".iCE 

A 

· Correspondence with the follouing proved re1r1arding through: 
receipt of icc thickness or ice season data, generally in tabular 
form; mention of published references and of experts or other 
qualified persons vtho should be consulted; receipt. of information 
on the behavior and peculiarities of freshwater ice; recommendations 
on methods of proceedirlg t1ith the ice thicknesses research; and 
assurances of specific data in the near future • 

i'Ir. J. H Betournay, Designing Eneineer, Department of Transport, 
Ottal·ta, Ontario. 

:Ir. Ivor Bowen, Director, Joint Int~lligence Bureau, Defence 
Research Board, Ottn.ua, Ontario. 

Dr. Charles F. Brmoks, Director, Blue Hill Heteorological Observatory, 
Hilton ,Hassachusetts. 

Dr. Edvrin H. Carpenter, Jr., bibliographer, Hew York Public ~ibrary, 
New York, Neu York. 

Dr. Victor Conrad, Department of Geology and Geography, Harvard 
thiversity, Cambridee, nassachusetts. (letter to Dr. C. ~. 
Brooks, loaned b~.¥ recipient). 

I.fr. J. F. Dunnett, Chief Engineer, Eldorado Mining and Refining 
Ltd., Port Radium, Horth Hest Territories • 

Mr. Charles B. Fobes, meteoroloGist, U.S. Ueather Bureau, Portland, 
:·Iai. ne. 

Dr. Laurence H. Gould, :>resident, Carleton College, iT orth.field, 
Minnesota. 

Dr. Numi Hjalmarson, physician, Hoodlands, J1anitoba. 

i•ir. George Jacobsen, consultine eneineer, Hontreal, Quebec. 

Dr. H. J ... T~ennedy, Actinr; Director, Central Fisheries Research 
Station, Hinnipeg, Manitoba. · 

l'Ir. ·Burt Kooyman, Fisheries Biologist, Game and Fisheries Branch, 
Dept of Hines and Natural Resources, Province of i<ianitoba, 
1rfinnipeg, IIanitoba. · 

Dr. \'Jilliam. Kaye Lamb, Dominion Archivist, Public Archives of 
~ada, Ottawa, Ontario. 

Hiss l1argaret R. Honte;omery, Operationsl Research Group, Defence 
Research Board, Ottav1a, Ontario. 

I-Ir. N. I1udry, Hydraulic =:hgineer, Hater Resources Branch, Dept. of 
t'Iines and Natur.:al Resources, Province of iianitoba, Hinnipeg, 
Hanitoba. 



• 

• 

·, 

/ 14 
Dr. Paul H. H esbitt 1 Chief of .Arctic, Desert, Tropic Information 

Center, U. S. AiD Force, Maxwell Field, ;~abama. 

Dr. Norman L. 2~icholson, Geogr~ical Branch, Dept. of Hines and 
Technical Surve,Ys, Otta~ra, Ontario. 

Commander David C. Uutt, Arctic Specialist, Dartmouth College 
Huseum, Hanover, Nevr Hampshire. 

!·ir. John Pihlamen, Permafrost Research, National Research Cotu1cil 
of Canada, Ottawa, and Norman Hells, North West Territories • 

Professor D. S. Rawson, Head, Dept. of Biology, University of 
Saskatchewan, SaskatobB;. $askatchewan. 

Hr. W. Schlader, I!anager, r·lcinnes Products Corporation Ltd., Edmon-
ton, Alberta. j 

Mr. Angu8 Sherwood, Imperial Oil Ltd., Nonnan Well, North lrlest 
Territories. 

Mr. James Solin\lndson, commercial fish~rman, Ginrli, Hanitoba. 

Hr. Henry H. St~vens, Frost Effects Laboroat.qry, N ev.r England 
Division, Corps of Engineers, U.S. Army, Boston, 1·1assachusetts. 

Hiss Harie Tremaine, Director, Bibliography of Arctic Research, 
Arctic Institute of :No:bth America, Library of Congress, \fashington, 
D. C. . 

· . .. 
Dr. Joseph Burr Tyrrell, geolGgist, explorer, writer and editor, 

Toronto, Ontario. 

Dr. W. Ste't·tart 1rlallace, Librarian, University of Toronto, Toronto, 
Ontario. 

Dr. J. vJrefora Hatson, Director, Geographical Branch, Dept. of !1ines 
and Technical Surveys, Otta~ra, Ontario. 

Prof. John C. Heaver, Dept. of Geography, Univei·sity of Hinnesota, 
Hinneapolis, l1innesota. 
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STATIONS COVERED BY 

ICE THI CENESS CURVES 

Plate Station Body of Hater Latitude Longitude 

) 1. Nome, Alaska Snake River 6Q0J) I 16.5°24 1 

.. 'c 

l 2. Bethel, Alaska Kuskokwim River 60°48 1 161 °45• \ ·., 
.., ( 3, A • Fairbanks, Alaska Chena Slough 64°50' 147°4.5• 

\ 3, B. Fairbanks, Alaska Chena Slough 64°50' 147°45• 

! 4. Yukon Territory Lewes River I 

} 5. Port Radium, North McTavish Arm, 60°05' 118°01' 
... 

\ . 

\'lest Territories Great Bear Lake 

/ 6. Baffin Island, North Arctic Bay 73°03 1 8.5°12 f 

- \ Uest Territories (Lakes) 

7. Nottingham Island, (Lakes) 6)020 1 '78°00 1 

North \"lest Territories 

\ 
8. North Hest Territories Stupartls Bay 61°40 1, 71°50' 

(Lakes)' 

.I 9. Port Burwell, Port Burwell 60°22 1 64°50• 
North Hest Territories (Lakes) 

I 10. Halkirk, Alberta 52017 1 1120!0' 

) 11, A. 
\ 

Ranfurly, Alberta .53°29 1 111°38 1 

11, B. Ranfurly, Alberta 53°29' 111°38' 
_) 12, A. Batt1eford, · north Saskat chevTan 52°41' . 108020 1 

Saskatchewan River at mouth of 
Battle River 

12, B. Battleford, Horth Saskatchewan 52°41 I 10802Q I. 

Saskatcheuan River at mouth of 
Battle Iliver 

" 
13, A. Swift Current, Swift Current 50020 1 107°45• 

SaskatchevTan Creek 

• 13, B. Sv1ift Current, Sv1ift Current 50°20 1 107°45' 
Saskatchewan Creek 

14. Hoose Jaw, Hoos.e Ja't-T Creek 50°21 1 105°35 1 

Saskatchewan 

I 
\ 
I 
I 
\ 

\ 
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Plate Station Body of Water Latitude . Longitude· 
I 

I 

15, .A.. Qu ' ll.ppel1e, Qu'Appe11e River 500JO 1 103°47' 
Saskatchewan 

l.5,. B. Qu 1.AllPe1le, Qu•Appe1le River 50030' 103°47' 
Saskatchewan 

16, A. The Pas, Saskatcherran Ili ver 53°49 1 101°151 

Hanitoba 

16, B. The Pas, Saskatchevtan River 53°49 1 101015 1 

r.Ianitoba 

16, c. The Pas, Saskatchet-tan River 53°49 1 101015' 
Hanitoba 

16, D. The Pas, Saskatchevtan River 53°49' 101 0J.5t 
Manitoba 

16, E. The Pas, Saskatchewan River 53°49 1 101°15' 
Hanitoba 

16, F. The Pas, SaskatcheHan River 53°49' 101<?15·1 

Hanitoba 

17. Hinnedosa, Minnedosa River 50~5 1 99°50 1 

Manitoba 

18, A. East 1rlaterhen East Uaterhen River .51°35' 99°30' 
~ River, at the 

Ferry1 Nanitoba 

18, B East Haterhen East Uaterhen River .51°35 1 99°30' 
River, at the 
Ferry 1 ~1an-i toba 

19. Lake Winnipeg Bloodvein River 51°50 1 96°4.5• 
Basin1 Manitoba Dauphin River 51°55 1 98°o5• 

Hole River 

20, A. Emerson, Red River of the 49°01 1 97"10 1 

Nanitoba North 

20, B. Emerson, Red River of the 49°01' 970J.O' 
• Manitoba North 

'20, c~ Emerson, Tied River of the 49°01 1 97°10' 
Nanitoba North 

20, D. Emerson, Red River of the. 49°01 1 97°10' 
r1anitoba North 

20, H' 
Ue Emerson, Red River of the 49°01' 97°10 1 

11anitoba North 



Plate Station ~~dy of Hater Latitude Longitude 

21. Gimli, Lake Hinnipeg 50038' 96°57 1 

Hanitoba · 

22. Number' assigned to Bloodvein River on key map. See 
Plate 19. 

23. Lac du Bonnet, · Lac du.Bonnet 50°20' 95°59t 
Hanitoba 

24. Bruce Mines, Lake Huron 46°18' 83°55 1 

Ontario 

25. Cochrane, 49°04 1 80°58• 
Ontario 

26. Barrie, Kempenfeldt Bay, 44°23 1 7904J.r 
Ontario Lake Simcoe 

27. Grnvenh~st, I1uskoka Lake 44°54• 79°20' 
Ontario 

28. Otta't.ra, Ontario Ottawa River 45°24 1 75°42• 

29. Fredericton, New St. John River 45°58• 66°39' 
Brunswick 

30. Point Lepre.aux, (Ponds) 450J.o• 66030 r 
N a1:1 Brunswick 

31. Cho.tham, Hiram.ichi River 47°01 f 65°26 1 

N evr Brunswick 

32, A. Point Escl.l1llinac, Hiramichi Bay 47°01' 64°45 1 

New Brunswick (Lakes) .J 

32,. B. Point Escuminac, HiramichiBay 47°01 1 64°45• 
N evr Brunswick (Lakes) 

33, A. Sydney, (Lakes) 46°09' 60°11' 
Nova Scotia 

.33, B. Sydney, (Lakes) 46°09 1 600J.l f 

Nova Scotia 

34. Pocatello, Idaho Portneuf River 43°00' 112°40 1 

• 35, 48°09 1 A~ 1-Jilli ston , Missouri River 103°37' 
North Dakota 

• 35, B. Williston, 48°09' Hissouri River 103°37' 
North Dakota 

36, A. Bismarck:, Hissouri River 46°48 1 100°45• 
North Dakota 

36, B. Bismarck, Hissouri River 46°48• 100°45• 
North Dakota 
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Plate Station Body of Hater Latitudie Longitude~ . 

37. Pierre, South Ilissouri River 44°22' 100022• 
Dakota 

·J8 .. Huron, South Janes· River 44°22 1 98015' 
Dakota 

39. Yankton, South Missouri River 42°50' 97°21' 
Dakota 

40, A. Hoorhead, Red Uiver of the 46°52 1 96°45' 
Hinnesota North 

40, B. 11oc·:t"'head, Red River of the 46°52 1 96°45' 
HL"'lr-esota North 

41. ltlinneapolis, Hississippi River 44°58• 93°16• 
Nir .. n escta 

42 •. S~tlr: -t Peul, Hississippi River 44°56 1 93°05• 
r.ErJ.nesota 

LJ. La Crosse, Hississippi River .43°50 I . 91 0J.2 1 

Hisconsm 

44. Hauf:au3 1visconsin River 44°59 1 89°35 1 

t-Ji~consin 

45. Ha:rrisbu:r-g, Susquehanna River 4oOJ.6• 76°53 1 

• Pennsy1 vmia 

46. Alba.""ly, Hudson River 42°39 1 73°45• 
Ne-vr York 

47. Bu:r-1ington, Lake Champlain 44°29 1 73°13' 
Vm~mont 

48. B:ra.ttleboro, Connecticut 42°51' 72°36 1 

Vermont River 

49. Concord, Merrimack.River 43<>r2• 71°32' 
N m:r Hampshire 

5o, A. Greenville, Hoosehead Lake 45°29' 69°39' 
Haine 

5o, B. Greenville, Noosehead Lake 4.5029 I 69°39' 
Maine 

• 
5o, c. Greenville, Hoo sehead Lake L.5~29' 69°39' 

l'4aine 

5o, n. Greenville, Hoosehead Lake 45°29' 69°39' 
Maine 
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Plate Station Body of \·later Latitude Longitude 

51. Lel,riston, Hai.ne Androscoggin P~ver 45°29' 69°39' 

52. Gardiner, Haine Kennebec River 44°12 1 69°45 1 

5). Bangor, Haine Penobscot River 44°48• 68°46 1 

.54-. Average Ice Thicknesses, Based on Six Rivers ·in the . 
Provinces of Alberta and Saskatchewan for the Years 
1910-1914. 

55. Average Ice Thickness, Based on Seven Rivers in the 
Province of Manitoba for the Years 1942-53. 

· 56. Average Ice Thicknesses, Based on Eight Stations on 
Four Lakes in the Province of Manitoba for the Years 
1951-1953. 

57. Average Ice Thicknesses, Based on Ten Stations on Five 
Rivers of the States of North and South Dakota, Minnesota, 
and Wisconsin for the Years 1898-1934. 

58. Average Ice Thicknesses, Based on Eight Rivers of the 
Province of New Brunswick and the States of Maine, New 
Hampshire, Vermont, and New York for the Years 1910-1922. 

Average Ice Thicknesses, Based on Seven Lakes of the 
Provinces of New Brunswick, Nova Scotia, and Ontario, 
and the States of Maine and Vermont, for the Years 
1910-1953. 

Note: The data on which the following curves of freshwater 
ice thickness in North America are based are on file 
at the American Geographical Society of New York. 
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INDEX OF GRAPHS OF ICE THICKNESS. 

The number to the left of the name of an obse~ 
vation station refers to the index number of the. 
graph or graphs. made for this station. These 
numbers run ·in sequence from West to East. The 
sloped number in parenthesis gives the number of 

- graphs compiled for the station. The symbol b&
neath the name· indicates the decade in which the 
observation w·as made. 
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Plate 1, . 
IOe""1.'liiOkness Curv~: !lome. Alaska• on Bnake River, Lat. 
64~00 1 

• Long, l6S024 1 , Winters 1932-33 and 193a-34, Source: 
U, 8, Weather Bureau, Weekly Weather and Crop Bulletin, 1932-3&-34, 

r 

I 

I'+ 

i~:t~~~~~ss Curve: Fairbanks, Alaska, on Chena BloUgh,· Lat, 
64°50', Long, 147°45', Winter 1932-33, Source: U, B. Weather 
Bureau, Weekly Weather and Crop Bulletin, 1932-33; Ro L, Frost, 
in Monthly Weather Review, Vol, 61, Nov, 1933, PP• 329-330, 

I 
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I 
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?late 2, 
Ice Thick!ness Curve: Bethel; Alaska, .en Kuske~ River, Lat, 
60° 48' • J:iong, 161° 45'. Winter 1925-26. Bo~e: CliJnatololliga1 
Data AlonJs• 1925-28. 

J._J_ 

Plate 3, B, · 
Ice Thickness Curve: Jl'airbanks, Alaska,· Winter 193a-34, Bouroe: 
U, a,· Weather Bureau, Weekly Weather and Crop Bulletin, 1934, 
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Ice Thickness Curve: Lewes River• Yukon Territory. Winter 1887--88. 
Source: Ogilvie• William - Exploratory Survey of Part of the Lewes 
• •• and Maokende Rivers, 1887--88 (1890). Page 49, 

Plate 6, 
~knees .Curve: Arctio Bay. Baffin Island. (lakes) • Lat. 
78°08 1 • Long. 85°121 • Winter 191~11. Bouroe: Report on the 
Dominion Government Expedition of the D. a. s. I Arctic I in 

..J.i1Q:. (1911). . 

II 
I 

Plate 5, 
Ioe .Thickness Curve: Port Radium• N, w. T. • on McTavish .u.. 
Great. Slave Lake• Lat, 66°05 1 • Long, 118°01 1 t Winter 1953-58, 
Source: Letter· from J, P, Dunnett. Chief Engine.er. Eldorado 

· Mining·:e.nd Refining Ltd, • Port Radium• N. w. T, • -&-18-58. 
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Plate 9. 
"Iee"'I'liiCkness Curve: Port Burwell. N. w. T. • (lakee) • Lat. 60°22' • 
Long. 64° 50 1 , Source: Report or the Beeond Hudson i 8 Bay hpedition 
Under the conma.nd of Lieut. A. R: GOrdon. _l{. N. iBBS. iiDi6r itiB4=Bs; 
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Plate B. 
Ice Thickness· Curve: Lakes, Vicinity of Stu~ ·~ ay, Lat, 
60°22', Long, 71°50', Season 1885-86, Source:. I!:?~ort of the 
Hudson's Bay Expedition of 1886 under the comma .. ,• of Lieut. A, 
R. Gordon, R. N. 
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Plate 11, B, 
Ice Thickness Curve: Ranfurly, Alberta,; Winters 1910--11 and 1911-12, 
Source: Repo_rt of the Meteorological Service. of Canaqa, 1910--11-12, 

I ·~-

Plate 12, B, 
Ice Thickness Curve: Battleford, Saskatchewan, Winter 1910--11, 
Source: Report of the Meteorological Service of Canada, 1910--11, 

Plate 12, A, f= 
Ice Thickness Curve: Battleford, Saskatchewan on North Saskatchewan 
River at mouth of Battle River, Lat, 52°41 1 • Long, 108°20' • Winters 
1913-13 and 1911-12, Source: Report of the Meteorological Service 
of Canada 1911-1&-13, 
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Plate 13. ·A, 
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Ice Thickness Curve: Swift Current, Saskatchewan, on Swift Current 
Creek, Lat, 50°20 1 • Long, 107°45' • Winters 1911-12 and 19l:?r-13, 
Source: Report of the Meteorological Service of Can_ada, 1911-1&-13, 
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Plate lS, B, - · 
Ice Thickness Curve: Swift Current, Saskatchewan, Winter 1910-11, 
Source: Report of the Meteorological Service of Canada, 1910-11, 

Plate 15, A, 
Ice Thickness Curve: Qu 1 Appelle, Saskatchewan, on the Qu 1 Appelle 
River, Lat, 50°301, Long, lOS0 471_, Winters 1912--lS and 1913-14, 
Source: Report of the Meteorological Service of Canada, 1912--lS, 

Plate 14, 
~knees Curve: Moose Jaw, Saskatchewan, on Moose Jaw Creek, 
Lat, 50"21 I • Long, l05°S51 • Winter 1911-12, Source: Report of the 
Meteorological Service of CanadB,. 1911-12, 
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Plate 15, B, . E 
Ice Thickness Curve: Qu 1 Appelle, Saskatchewan, Winters 1910-11 and f-_ 

1911-12, Source: Report of the Meteorological Service of Canada, -
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Plate 16, ·A, 

I --~ 

-h--;-~= 

Ice ·Thickness Curve:· The Pas Manitoba, on Saskatchewan River 
LS:t, 53°49 1 , Long, 101°15 1 , Winters 1950-51, 1951-52, 1952-53: 
Source: Data from Water Resources Branch, Department of Mines 
and Natural Resources, Manitoba, 4-24-53, 
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Plate 16, C, . 
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Ice Thickness Curve: The Pas·, Manitoba, Winters 1947-48 and 1946--47, 
Source: Data from Water Resources Branch, Department of Mines and 
Natural Resources, Province of Manitoba, 4-24-53 
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Plate 16, D. 
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Plate 16, E, 
Ice Thickness Curve: The· Pas, Manitoba, on Saskatchewan River, Lat, 
53°49 1 , Long, 101°15 1 , Winters, 1911-12 and 1913-13, Source: ~ 
of the Meteorological Servioe of Canada, 1911-13-13. 
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Plate 17, 
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~knees Curve: Minnedosa, Manitoba, on Minnedosa River, Lat. 
50°15 1 , Long, 99°50 1 , Winters 1910-11 and 1911-12. Source: Report 
of the Meteorological Service of: Canada, i910-ll-12, 

I 
.I 

+ 

Plate 16, F, 
Curve of Maximum, Minimum, and Average Ice Thicknesses: The Pas, Manitoba, 
Winters l94S.:.53, Source: Data ·from Water Resoilrces Branch, Department 
of Mines and Natural Resources, Province of Manitoba, 4-24-53, 
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Plate 18, A, 
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Ice Thickness Curve: East Waterhen River, Manitoba, at the Ferry, 
Lat. 51°35 1 , Long, 99°30 1 (approx,), Winters 1951-52 and 1953-53, 
Source: Data from Water Resources Branch, Department of Mines and 
Natural ·Resources', Manitoba, 4-24-53, 
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~~el~& . 
Ice Thioknoss Curve: East Waterhen River, Manitoba, o.t the Ferry, 
Lat. 51°35 1

0 Long, 99°30 1 , Winter 1950-51, Source: Do.ta f'rom 
Water Resquroes Branch, Department of' Mines and Natural Resources, 
Mo.ni toba, 4-o-24-:-53, 
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i!:tTfiFo'=n!;s Curve& imerson, Mo.nitoba, .on Red River, Lat. 49°01 1 , 

Long •. 97°10 1 , Winters 1950-51, 1951-52, 195&-53" Source: Da~a f'rom 
Water Resources Bro.noh, .Department of' Mines and Nat·ural Resources, + 
Province of' Manitoba, 4'-24--53, · T 
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Plate 19, 
Ice Thickness Curves: Three Manitobo. Rivers: Bloodvein River, Lat. 
51°50 1 , Long, 96°45 1 ; Dauphin River, Lat. 51°55', Long, 98°05 1 ; Hole 
River, Winters of' 1951-52 o.nd 195&-53, Source: Data.f'rom Mo.nitoba 
Government Air Service, Lao du Sonnet, Mo.nitoba, April 1953. 
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Plate 20, B. 
Ice Thickness Curve: l!merson,· Manitoba, Winters 1947--480 1948-49, 
1949-50. Source: Data f'rom Water Resources Branch, Department of' 
Mines and Natural Resources, Province of' 'Manitoba, 4-24--53. 
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Plate 20, c. 
Ice Thickness Curve: l!hlerson, Manitoba, Winters 1844-,45, 1845-46, 
184~7. Source: Data from Water Resources Branch, Department of 
Wines and Natural Resources, Province of Manitoba, 4-24-53. 
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Plate 20,~!:• im Wi imum and Average Ice Thicknesses: l!hlereon, Manitoba, 
. ;:::r~\~:~5~, So~ce:' Data from Water Resources Branch, Department 

·of Wines and Natural Resources, Province of Manitobz, 4-24-53. 
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Plate 20. D. 
Ice Thickness Curve: ·l!lneraon, Wanitoba, on Red iu.var, ·Lat. 48°01', 
Long. 87°10 1 0 Winters 18~ and 1843--44. Source: ·Data from 
Water Ree~uroes Branch, Department of Wines and Natural Resources, 
Manitoba~ 4-24-c-53. 
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Plate 21. 
~knees Curve: Gimli, Manitoba, ou. Lake Winnipeg, Lat. 50°38 1 , 

Long. 86°57 1 , .Estimate· for. Average Winter. Source": Letter from 
James Solmundson, of Gimli, ~53. 
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Plate 22. 
Number assigned to Bloodvein River on key map. See Plate 19. 

Plate 24, 
~knees Curve: Bruce Wines,· Ontario, on Lake Huron, Let, 46°18 1 , 

Long, 83°55', Winters 191()-11 and 1912-lS, Bouroe: Report of the 
Meteorological Bervioe of Canada 191()-11-12-lS, 
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Plate 2S, 
I~kness Curv.e: Lao du Bonnet, Manitoba, on Lao du Bonnet, Lat, 
50°20', Long, 95°59 1 , Winter 1952--53, Bouroe: Journal of Hugh Smith, 
of Province of Manitoba Air Service, ~ 
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Ice Thickness Curve: Cochrane, Ontario, Lat, 49°04 1 , Long, 80°58 1 , 

Winters of 1911-12 and 1912--lS, Source: Report of the Meteorological 
Service of Canada, 1911-12--lS, 
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Plate 26, 
Ioe Thickness Curve: Barrie, Ontario, on Kempen!eldt Bay,. Lake 
Bimooe, Lat, 44°23 1 , Long, '79°41', Winters 1910...11 and 1911-12, 
Bouroe: Report o! the Meteorological· Service o! Canada 1910...11-12. 

Plate 28, 
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'I'Oe""l'liiCless Curve: Ottawa, Ontario, ·on Ottawa River, Lat, 45°24 1 , 

·Long, '75°42 1
0 Winters 1910...ll, 19ll-12, and 191~13, 

· · t e eteorologioal Service o! Canada 191Q-ll-l2, 
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Plate 2'7, 
Ice Thickness Curve: Gravenhurilt, Ontario, on Muskoka Lake, Lat, 
44°54 1 , Long, '79°20 1 , ·Winters 191Q-ll and 1911-12, Bour~e: Report 
o! the Meteorological Service o! Canada, 1911 l~la. ---

Plate 29, . . 
roe-Tli'tl!kness Curve: P'redericton, N_ew Brunswick, on Bt, John River, 
Lat. 45°58 1 , Long, 66°39 1 , Winters 1910...11 0 19ll-12, 191~13, Source: 

· Report o! the Meteorological. Service o! Canada, 19lo-ll.:..l~lS, 
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i!:tThfokness Curve: . Point Lepreaux,. New &unswiok (ponds), Lat. 
45°10', Long, 66°80' (approx,), Winter 1911-12. Souroe: Report· 
of the Meteorologioal Service of Canada, 1911-12, 
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i!:tfilf:b!~s Curve: Point Esouminac, New Brunswick·, on Yiramiohi Bay 
(lakes), Lat. 47°01 1 , Long. 64° 45 1 (approJ<,), Winters 1911-12 and 
l9la-:.13. Source: Report of the Meteorological Service of Canada. 
1911-12-13• 
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Plate Sl, 
:fOii'"Tiiiii"kness Curve: Chatham, New &unswiok, on Yiramichi River, Lat. 
47°01'·, Long. 65°26', Winters 1910-11, 1911-12, 1912-13, Source: 
Report of the Meteorological Service of Canada, 1910-11-12-13, 
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Plate 32, B, 
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Ice Thickness Curve: Point Escuminac, Nell Brunswick (lakes), Winters 
1909--10 and 1910-11, Source: Report of the Meteorological Service 

-~ ; of Canada, 1909-10-11, 
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i!:tfii~s!;s Curve: Sydney • Nova Scotia (lakes) • Lat. 46°09 1, Long. 
60°111, Winters 1911-12 and 1913-130 Source: Report .of the Meteorol 
ogical Service of Canada, 1911-12-13. 

Plate 34. 
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IeeTiiiOimess Curve: Pocatello, Idaho, on Portneuf River, ·Lat. 43°001, 
Long. 112° 40 1 (approx.), Winter 1005-<>6. Source: u. s. Weather Bureau. 
Snow and Ice Bulletins (Weekly) 1 1905-<>6. 
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i!:trn~~5!~s Curve: Sydney, Nova Scotia (lakes), Winter 191~11. 
Source: Report of the Meteorological Service of Canada, 191~11. 
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Ice Thickness Curve: Williston, North Dakota, on Missouri River, 
Lat. 48°09 1 • Long. 103°37 1 • Winters 1905-<>6 and 190~5. Source: 
u. s. Weather B)ireau. Snow and Ice Bulletins, 100~5-<>6. 
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Plate 35 B. 
Ice Thickness Curve: Williston, .North Dakota, Winter 1898-99. 
Source: u. s. Weather Bureau. Snow and Ice Bulletins. 1898-99. 

'I 

f-1 

I 

+ T ~. 

·-H+ i: 
~: 

Plate 36, B. 
Ice Thickness Curve: . Bismarck, North Dakota, Winter 1898-99. 
Source: U, S. Weather Bureau, Snow and Ice Bulletins, 1898-99, 
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Plate 36, A. 
Ice Thickness Curve: Bismarck, North Dakota, ·on Missouri River, Lat. 
46°48 1

, Long, 100°45 1 , Winters 1904-05 and 1905-:<)6, Source: U, s. 
Weather Burt! au. Snow and Ice Bulletins (lfeekiy}, 1904-05-06. 
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Plate 37, 
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iiiii'TiiiCJmess Curve: Pierre, South Dakota, on.Missouri River, Lat. 
44°22 1 , Long, 100°22 1, Winters 1898-99, 1904-05, .and 1905-06, Source: 
U, 8, Weather Bureau, Snow and Ice Bulletins (Weekly), 1004-05-061 
1898-99, 
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Plat~ sa. 
~e88 Curve: Huron, South Dakota, on James River, Lat. 44°22 1 , 

Long. 98°15 1 • Winters 1904-05 and 1905-<>6. Souroe: u. B. Weather 
aureau. Snow and Ioe Bulletins (Weekly), 1904-05-<>6. 
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Plate 40, A. 
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Ice Thickness Curve: Moorhead, Minnesota,- on Red River (of the 
North) • Lat. 46°52 1 , Long. 96°45 1 , Winters 1904-05 and 1905-<>6. 
Source: o. s. Weather Bureau. ·Snow and Ioe Bulletins (Weekly), 
1904-05-<>6. 
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Plate 39. 
~knees Curve: Yankton, South Dakota, on Missouri River, Lat. 
42°50;, Long. 9'7°21', Winters 189&-99 and 1904-05. Source: u.s. 
Weather Bureau. Snow and Ice Bulletins. 189&-990 1904-05. 
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EE' ] .!._late 40, B. t!i I.oa Thickness Curve: Moorhead, Minnesota, Winter 1898--99·. Source: 
--! u. s. Weather Bureau. Snow and Ioe Bulletins (Weekly), 1898--99. 
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Plate 41, 
Ice Thickness Curve: Minneapolis. Minnesota •. on Mississippi River. 
Lat, 44°58 1

0 Long, 93"16 1
0 Winter 1933-34, Source: U, S, Weather 

Bureau, Weekly Weather and c,;op BUlletin, 1933-34, 
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Plate 43, 
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Ioe Thickness Curve: La Crosse 0 Wisconsin. on ldississippi River0 

Lat, 43° 50 1 
0 · Long, 91°12 1 • Winters 1898-990 l904-Q50 and 1905-06, 

Source: U; S, Weather Bureau, Snow and Ice Bulletins (Weekly) t 
1898-99._ l904-Q5-06, -
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Plate 42, _ 
~knees Curve: Saint Paui 0 wlnnesota0 on ·ldississippi River. 
Lat, 44°56 1

0 Long, 98°05 1
0 Winters 1898-990 l904-Q50 and 1905-06, 

Source: U, 8, Weather Bureau, Snow and Ice Bulletins, 1898-990 

l904-Q5-06, 
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Plate 44, 
~knees Curve: Wausau. Wisoonsin0 on Wisconsin River 0 Lat, 
44°59 1 • Long, 89°85 1 • Winters 1916-17 • 1917-180 and 1918-19, 
Source: U,S, Weather Bureau, Snow and Ice Bulletins (Wsekly) 9 
1916-17-18-19, . . 
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Plate 45. 
~kness Curve: Harrisburg. Pennsylvania. on Susquehanna 
River. Lat. 40°16 1

0 Long. 76°58'• Winters 1917-18 and 1924-25. 
Source: u.s. Weather Bureau. Snow and Ice Bulletins, 1917-180 

1924-25. 
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Plate 47. 
Ice Thlokness Curve:. Burlington. Vermont. on Lake Champlain• Lat. 
44°29 1 • Long. 78°181 • Winters 1916-17 and 1917-18. Scuroe: u.s. 
Weather Bureau. Snow and .Ice Bulletins (WeeliJ.y), 19l~i7-la.· 
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Plate 46. 
Ice Thickness Curve: Albany. New York. on Hudson River. Lat. 
42°89'• Long. 78°45 1 • Winters 1898-990 190~5. and 190S.:06. ~ 
Source: u.s. Weather Bureau. Snow and Ice Bulletins, 189&-990 f.' 

190~5-<>6. 
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H-f- ·t=R+ Plate 48. : =R=H=m: ~ess Curve: Brattleboro. Vermont. on Connecticut River. • 
-l--l- ~ Lat. 42°51 1

0 Long. 72°86'• Winters 1896-99; 190~5. and 1905-<>6. I I tl ·-: ~::::~~: a. Weather Bureau. Snow and Ice Bulletins, 1898-99. 
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Plate 49, 
~knees Curve: Concord, New Hampshire, on Merrimack River, 
Lat, 43"12' • Long, 71°32 1 , Winters 1904-05, 190~6, and 1921-22, 
Source·: u.s, Weather Bureau, Snow and Ice Bulletins, 1904-0~60 
1921-22. . 

Plate 50 0 B. 
Ice Thickness Curves: Greenville, Maine, Winters 1918-19, 1921-22, 
and 194~50. Source: Uo S, Weather Bureau, Weekly Snow and Ice 
~. 1918-19, 1921-22, 194~50. 
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Plate 50, A, 
Ice Thickness Curve: Greenville, Maine, on Moosehead Lake, 
Lat, 45°29 1 • Long, 69°39 1 • Winters 1950--51, 1951-52, and 1952-53, 
Source: U,S, Weather Bureau, Snow and .Ice Bulletin (Weekly), 

_}950--51-52-53, 
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n~eoo.~ . . 
Curve of Maximum, MinimUm, and Average Ice Thicknesses: Greenville, Mlline, 
Winters 191&-191 19221 194So-53,: Source: U, 8, Weather· Bureau. Weekly 
Snow and Ice Bulletins. 191&-19, 1922, 1949-53. 

jj~fj~ 
f- ~ ·~~--

~~~.-.;~~ 
-1-;---~~-
-i·:-:-·r-
-·---:-i-; 

I 

-LL 

r-++1-f-

p~! 

t!f2· 
rttj-

~ 

,, 

I --

I. 
I 

: 

I 
I! 

·~H-
• III 

;::.tt 
I! 

I 

I' 
'I 

I 

I' 
I 

I I· 
I 

l 1111 
I 

I 
I I. 

.I I 
I 1· I IiI 

I 

IH+ 

I 

I 1- II 

r.:-H+ 

+' 

I 

±, 
--H 

t 
I 

Plate 51, 
I~kness Curve: Lewiston, Maine, on Androscoggin River, 
Lat, 44°02 1

1 Long. 69°35 1
1 Winters 189&-991 1904-<>51 and 1905-06, 

Source: u.s. Weather Bureau, Snow and Ice Bulletins (Weekly), 
189&-99, 1904-<>5-06. 
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Ice Thickness_ Curve: Bangor, Maine, on Penobscot River, La_t, 44"48 1_1 

Long, 68° 46' 1 Winters 1898-991 1904-<>51 and 1905-06. Source: U, B. 
Weather Bureau. ·snow and Ice BUlletins (Weekly), 1898-99, 1904-<>5-06. 
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Plate 55, 
Average Ice Thickness, Baaed on Seven Rivers in the Province of Manitoba 
for the Years 1943--53, (See Plates 18 A, B, c, D; 18 A, B; 19; 20, -A, B, 
C, D), 
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~;:::g?i:ce Thickneaaea, Based on Six Rivers in the Provinces of Alberta 
and Saskatchewan· !or the Years 1910-1914, (See Plates 100 11 A, B; 
12 A, B; 13 A, B; 14;_ 15 A, B), 
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Plate 57, 
Average Ice Thicbeaaes, Baaed on Ten Stations• on Five Rivera of the 
States of North and South Qakota, ·Minnesota, and Wisconsin for the 
Years 189&-1934, (See Plates 35 A, B; 36 A, B; 37; 380 39; 40 A, B; 
41; 42; 43; 44). . 
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~ Average ,Ice Thicknesses, Based on Seven Lakes of the Provinces 
of New Brunswick,_ Nova- Scotia, and Ontario, and the States of Maine and 
Vermont, for the Years 1910--1953. (See Plates 26; 2'7.; 300 32 A, B; + 
33 A, B; 4'7_; 50 A, B~ C), 
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Geographicar-Journai, Vol. VIII, 1934, pp. 123-134. 

Gorman, !'Iartin H. Ice Cliffs on l,fuite River, Yukon Territory. 
National Geograph~car Nacazine, Vol. XI, 1900, pp. 113-11'/.· 

Han bury, D. T . A J ourn ay from Chesterfield Inlet to Great 
Slave IJake, 1898-~9. Geographical ,Journal, Vol. XVI, 1900, 
pp. 63-7'1. 

Harrington, Lyn. North on the Hudson Bay Rail't-tay. Canadian 
Geographical Journal, Vol. 35, 1947, pp .. 54-66. 

Hayes, C. H. md l.lfred H. Brooks. Ice Cliffs_ on vlhite River. 
National Geographic Ilabazine, Vol. XI, 1900, pp. 190-201. 

· Hess, Hans. Uber Die Elastizi tats-Konstanten des Eises {On the 
Elastic Constants on Ice). Zeitschrift ftir Gletscherkunde, 
BerlL1, Vol. 27, 1940-41, pp. 1-19. Translated by the 
Stefansson Library, Hew York 19.50, under contract 'tdth St. 
Paul District, Corps of Engineers. 
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_ Hobbs, Hilliam Herbert. Characteristics of the Inland~ Ice of 
the Arctic Regions. Proceedings, f~er~can Philosophical 
Society, Vol. 49,- 1910, pp. 57-129. -

Glacial ice only. 

Holland, T. H. The Crystallization of Lake Ice. Nature, 
Vol. J9, 1808-89, p. 295. 

Historical interest. Very large crystals and percussion 
figures in pond ice. 

Hopkins, David H. Thaw Lakes a1 d Thaw Sinks in the Imuruk 
Lake Area, Seward Peninsula, Alaska. Journal of Geology, 
Vol. 57, 1949, pp.· 119-1.31. 

Humphreys, 1~1. J. - The Colder the Air the Thinner the Ice. 
Honthly \'leather Revievr, Vol. 6o, 1932, pp. 6o-61. 

The physics of Great L~ces ice formation. 

Ice on Great Salt Lake. Bulletin of the .American r1eteorological· 
Society, Vol. 12, 1931, pp. 74-75. 

Improved Ice Harvesting. - r1ilitary Engineer, Vol. 41, 1949, 
pp. 290-291. 

Imrie, John M. The Valley of the Peace. Canadian Geographical 
Journal, Vol. II, 1931, pp. 463-4'/6. 

Innis, Harold A. The Hudson Bay Railway. Geographical Review, 
Vol. XX, 1930, pp. 1-30. 

Jenness, John L. Permafrost in Canada: Origin and Distribution 
of Permanently F·rozen Ground w~th SpecJ.aJO Heference to Canada. 
Reprinted from Arctic, Vol. 2, 1949. 15 pp., bibliog. 

Jones, Don A. Tractor Trains in the Arctic. Journal, Coast 
and Geodetic Survey, No. 4, 1951, pp. JJ-37. 

Ke).ting, E. L. The Freezing of a Tidal River. Heteorolical 
Ivlagazine ;· Vol. '75, 1940, . pp. tsi-86. 

River Parrett at Bridgwater, Somersetshire. 

Kindle, E. r-r.· Notes on the Forest of Southeastern Labrador. 
Geographical Review, Vol. XII, 1922, pp. 57-'ll. 

Kirk, T. H. 
1946-47. 

Ice Conditions in the Baltic during the Winter 
I1arine Observer, Vol. 18, 1948, pp. B0-92 • 

Sea ice only. 

Leechman, Douglas. Yukon Territory. Canadian Geographical 
Journal, Vol. 40, 1950, pp. 246-267 • 

Leggett, Robert F. Machines for the Mines. ·The Beaver, l1arch 1941. 

Le Page, L. S., and A. L. P. Nilwright, Radar ~d Ice. The Journal 
of the Institute of Navigation, Vol. VI, 1953, pp. 113-130. 
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Llo.yd1 Trevor. Barges (Hackenzie River). .The Beaver, Outfit · 
274, 1~43, pp. 21-23 . 

. Loomis,. Elias. Contributions ·to l1eteorology. • • American 
Journal of Science, III, Vol. 3b, 1885, pp. 1-16. 

Direction and velocity of movement of areas of low pressure~ 

HcConnell, J. A., and J. R. Brett. Lakes of the Skeena River 
Drainage. III. Ki t"tvanga Lake. Progress Report, Pacl.fic 
Biological Station ••• , no. 68, 1946, pp. 55-59 • 

McConnell, J. c., and D. A. ·Kidd. On the Plasticity of Glacier 
and other Ice.· Proceedings, Royal Society, Ft. A, Vol. 44, 
1888, pp. 331-367. 

Lake ice included. Laboratory experiments only. 

McDiarmid, F. A. The Climate of the Canadian Yukon. X1onthly 
Heather Review, Vol. 36, 1968, P~ 178. 

Macdonald, C. s. Thrbugh Canada's Hinterland. Canadian Geog
raphical Journal, Vol. II, 1931, p. 3-26. 

McLachlan, D. lrl. The DeVelo ent of the Hudson Bay Pro ·act. 
Engineering News, Vol. 1 , 1933, pp. 1 -1' incl. tables, 
graphs. 

Salt water ice only. 

Mcl.tfahon V. H. Lakes of the Skeena River Drainage. VII. Morrison 
Lake. Progress Report, Pacii'l.c Bl.ologicai Station •.• , No. 74, 
!945, pp. 6-9. 

Hassey, Vincent. Canada Looks North. The Geogrcphical Magazine, 
Vol. 8, l-939, pp. J'/1-386. 

11oskatov, K. A. Airplane Lm dings on Ice. \ieather Division 
Report No. 754, Feb. 1945. Trans. & ed. by Headquarters, 
Army Air Forces. · 14 pp. incl. table, grqph; 4 ref's. 

• Airplane Len dings on Ice. Transactions, 
-~A:-r-c-:"'t"1"'ic_Iri_s.,..titute for scientil'ic Research, U.S.S~R., Vol. 110, 

Part I, Article 5. Transl. & ed. by Headquarters, Army 
Air Force:s. 

• Landing on Ice. Vestnik Vozdushvogo Flota; 
--1M:9~3ma-,-p-p-• ....,..40-46. 'fransl. by Arrrry Air Forces Air Service 

Command. 

Nichols, D. A. Physiographic Studies in the Eastern Arctic. 
The Canadian Surveyor, Vol. v, Oct. 1936, pp. 2-7. 

Ogilvie, Hm. The Geogrcp h~ and Resources of the Yukon Basin. 
Geographical Journ~l, Vol. 12, 1898, pp. 21-41. Ref. pp. 
38-40. 
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Pardfi, Haurice. Hydrologie du Saint-Laurent et de Ses Affluents. 
R~vue Canadienne de Geograph,ie, Vol. II, 1948, pp. 35-ts3. 

Perry, R. E. A Record of Radar Performance in Ice Conditions. 
The Journal of the Institute of Navigation, Vol. VI, 1953, 
pp. 74-85. . 

Petty, H. N. Hackenzie River Transport. The Beaver, !·iarch 
1939, pp. 48-50. 

Ra·e, Jolm. Journey from Gre~t Bear Lake to ~Tollaston Land. 
Royal Geographica!.soc1ety, Journal, Vol. 22, 1852, pp. 73-82. 

Raymond; Capt. Chas. The Yukon River Region, Alaska.· Journal, 
American Geographical ~oc~ety, Vol. III, 18'/3, pp. 158-192. 

Robinson, J. Lewis. Canada•s l1estern Arctic. Canadian Geograph
ical Journal, Vol. XXXVII, 1948, pp.· 242-260. 

Conquest of the Northwest Passage by R.C.M.P. 
Schooner st. Roch. Canadian Geographical Journal, Vol. XXX, 
-p-p-.-5~2--~7-3-.-------

• Land Use Possibilities in Hackenzie 
-"""':n=-~-· s...,.t-r""':'i-c'"""t-, -=N:o:ro-r...,.t""'h~Hest Territories. Canadian Geographical 

Journal, Vol. XXXI, 1945, pp. 30-47. 13 refs • 

• . 1veather and Climate of the H orth '\.'Jest 
--~T~e-r-r~.i~t-o-r~ie-s-.--~C~anadian Geographical Journal, Vol. XXXII, 

1946, pp. 124-139. . 

No ice data. 

Robinson, 11. J. and J. Let-Tis. Exploration and Settlement of 
Hackenzie .District, North 1:1est Territories. Canadian Geo
graphical Journal, Vol. XXXII, 1946, pp. 246-255, Vol •. 
XXXIII, 1946, pp. 42-49. 

Rogers, C. C. On the Rat River. Canadian Geographical Journal, 
Vol. II, 1931, pp. 48-5'(. 

Rowan, J. H. The Red River. Historical and Scientiffc Society 
of Nanitoba, 'l'ransact~ons, flo. 13, April 24, 1884, pp. 5-12. 

Rowley, Graham. Exercise Nusk-Ox. Geographical Journal, Vol. 
109' 1947' pp. 1'75-185. 

Churchill - Eskimo Point - Baker Lake - Perry River - Cambridge 
Bay - Coppermine - Port Radium - Fort Norman - Fort Simpson -
Fort Nelson - Edmonton; 2900 mi. Cambridge Bay to Denmark Bay, 
across Victoria Island, and return, m~{ing total length 3130 mi., 
Feb. 15 - ~·1ay 6, 1946. Actually ended at Grande Prairie, 1Uta. 

Russell, .Israel C. A Journey up the Yukon River. Journal, 
fl~erican Geographical Society, Vol. XXVII, ltl95, pp. 143-160 • 

• Ice Cliffs on Kowak River Observed.by 
--=L:-:i:--e-u..,.t-.~Can_t_w_e-=--1·1. .A.i·nerican Geologist, Vol. 6, 1890, pp. 49-50. 
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-Schermerhorn, L. Y. Physical Characteristics of the ll orthern · 
and N orthl·Testern Lakes. J\merican Journa:t o!' ScJ.ence, Vol. XXXIII, 
1887, pp. 278-284. Ji.merican Heteorological Joumnl, P.nn 
Arbor, Vol. IV, 1887-88, pp. 57"59. 

Shostakovich, V. B. Temperature of Siberian Rivers and Quantity 
of Heat Transported by tfiem to the ArctJ.C ocean. Reprint from 
Notes on HydrographY, Vol. 33, 1911. 

Smith, ?hilip S. Exploration in }ttorthwestem Alaska. Geograph
ical Review, Voi. XV, 1925, pp. 23'7-254. 

Soper, J. Dewey. Hodd Buffalo Park:. Notes on ·the Physical 
Geography· of the Park an.d Its VJ.CJ.nl. ty. Geograp hJ.chl Review, 
Vol. XXIX, 1939, pp. 383-399. 

Stefans~on, Vilhjalmur. On the Hackenzie River. Bulletin of 
the Pmerican Geographical Society, Vol. XL, 1908, pp. 157-169. 

Stevens, J. C. Hinter OverflovT from Ice-Gorging on Shallow 
Streams. Transactions, American GeopfiYsl.cal Union, Vol. 21, 
1940, pp. 973-978. 

Graphs of ice-forming factor, 1871-1872 and 1916-1917, 
chronologically and in order of magnitude 1868-1921, for 
Hadison River Valley, Hontana. 

Stupart R. F. The Climate of Canada. The Canada Yearbook, 
1927-28, pp. 41-63. 

• The Climate of Canada. Scottish Geographical 
--:r~·.fa_[' ..... ;a-z-;oin-e-, Vol. 14, 19.98, pp. '73-81. 

• The Climate of Northern Ontario. Transactions, 
--=can-a-a:-:oi-an-Institute, Toronto, 'iTo!. 9, 1912, pp. 149-152. 

Tarr, Ralph S. L~ce Cayuga, A Rock Basin. Geological Society of 
-_ f\.merica Bulletin, Vol. 5, 1894, pp. 339-356. 

Taylor Instrument COmpanies, Rochester, New York. Tycos Rochester, 
quarterly, 1910 to July 1932. Taylor Rochester since Oct. 1932. 

r1eteorology, climate, weather, geography. 

Urvant'Sev, 1ir. Tractor Transport in the Soviet Arctic. Polar 
Record, No •. ll, 1936, .PP· B6-9o. 

Three machines can transport rapid~ a cargo requJ.r~1g a 
caravan of 240 reindeer. Four macl1ines conveyed 2579 tons 
of cargo over 6942 km. ln 1795 hrs. in one year. 

1rJallace, Robert E. Cave-in Lakes in the Nabesna, Chisana, and 
T mana River Valleys, Eastern Alaslca. Journal of Geology, Vol. 
56, 1948, pp. 171-181. 

Hatkins, H. G. River Exploration in Labrador by Canoe and Dog 
Sledge. Geographical Journal, Vol. LXXV, 1930, FP· 97-122. 

Hat son, Jessie H. The Mackenzie Basin. The Geographical Naga
zine, Vol. 24, 1952, pp. 483-491. 
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vlheeler; A. 0.. Some 11ete6rological Phenomena of the Canadian 
Rockies. Canadian P~p~ne Journal, Vol. 7, 1916, pp. 71-Bi. 

\-Tilson, J. Tuio. Hinter Manoeuvres in Canada. Canadi~ Geog
raphical Journal, Vol. XXXII, 1946, pp. 88-100. 

Account of Exei'cisesEskimo,· Polar Bear, Musl<:~OX. No ice 
thicknesses. 

vlilspn, James T., and John N. Horeth. Be11ding and Shear Tests 
on L~e Ire• .Atnerican GeophySical Union Transactl~ons, Vol. 
29, l948, PP• 909-912. 

Reports the results of bendL~g and shear tests made oh ice 
from Lake J1ichigan, and on artificial ice so frozen as to 
have the same crystal orientation. 

Hithler:, F. C. Lakes of the Skeena River Drainage. VIII. 
Lakes of the Lac-da-d§& Basin. Progress Report, Pacific 
Biological Station, N • 74, 1948; pp. 9-12. 

T·'fl'HUSCRIPTS 

Petterssen, Sverre, 1'11. c. Jacobs, and B. C. Haynes. The Meteor
ole~ ~f the Arctic Region, Encyclopedia Arctica. 301 
typed pp.; 56 refs., tables. 

No mention of ice thickness. 

Straub, Lorenz George. Arctic and Subarctic Hydrology. Enc
yclopedia Arctica, Vol. !, .Pt. 1, · Ilooo words. 13 refs. 

Sections on "River Performance", "Icings", "Harginal Lakes11 • 

No ice thickness data. 

Sverdrup, Harold U. Arctic Sea Ice. Encyclopedia Arctica. 
22 typed pp.; 1 graph, 1 refs. 

Sea ice thicknesses, p. 19. 

• Oceanography of the Arctic. Encyclopedia 
--A=-r-c-.-t"":"i_c_a-. --.,6"!:1"1--r-ty-ped pp. ; 1 map, 15 refs. 

BIBLIOGRAPHIES 

British Glaciological Society. Glaciological Literature. The 
Journal of Glaciology, VQl. 2, 1952, pp. 71-79. 

Innis, H. A. 
Northland. 
197-207• 

Recent Books on Arctic Exploration and the Canadian 
Canadian Historical Review, Vol. XXI, 1940, pp. 

• Recent Books on the North American Arctic. 
--.c~an-ad-r-~~-an- Histor~cai Review, Vol. XXIII, 1942, pp. 401-407 ~ 
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?ellett, IIirl Edison. t·Tater Transportation: A Bibliography, 
Guide, and Union Catrilogue. • • N ev1 Y ork,. 1931. 4700 
refs. 

Pollard, Lancaster. A Pacific Northwest Bibliography, .1944. 
Pacific H orthvrest Quarterly, Vol. 36, 1945, pp. 133-142. 

Ramsay, Jllexander. A Bibliography, Guide, and Index ·to Climate. 
London, 1884. 

General Bibliog., pp. 11-16, 38-47, 49-77. Aqueous Vapour, 
Bibliog., pp. 177-188, 442-444. Arranged by years. 

thited States. Dept. of the Arrrry. Engineer Office, Pacific 
Division, San Francisco·, Cal·. Bibliography of Snmv and Ice 
(Preliminary). June 1945. 2lpp. (Teclu"lica:I Memorandums, 
Teclmicai J'.dvisory Committee of the Cooperative Snow Invest
igation Program, No. 2) 

• Engineer Resea~ch and Dev-
__ e_i_o_p_m_e-nt..._L_a_E_o_r-at"'""o_r....,ir-e-s-,....,F=-t-.-.-=B~eo:ri-:voir, Va. Bibliography on Snov-r and 

Ice. 1947-48. (Unpublished). 8 pp. 

III 

The following 275 references, on the freshwater ic of Europe 
and Asia, have not been examined, but the list is submitted for 
use· at such a time as the ice thicknesses research may be resumed 
with more emphasis on Eurasia than.has so far been possible. 

EURASIA 

a;~~RAL (Region Unidentified) 

Aufsess, 0. Die physikalischen Eigens.chaf'ten der Seen. Die 
vlissenschal't, Heft 4, Br~unschweig, 1905. Mit 36 Abbild. 
120 s. 

Blaudet, Sur les gelees printeni.eres. Ann. Soc. 
Met., Paris, Vol. xxii, 1874, pp. 156-1$8. 

Blizniak, E. V. and Vs. M. Nikol'skii. The Study of the Thermal 
Regime of ·a River, Its Freezing, Hinter Reg11ne, Opening and 
Ice Hovement. (Izuchenie zamerzaniia reki, eio·zinmego 
rezhima, izskrytiia i ledokhoda). Gidrologiia i Vodnye Issled
ovaniia, same authors. Izdatel 1 stvo Minister~tva Rechnogo 
Flota SSSR, Hoscow-Leningrad, 1946. Pp. 338-345 incl. map, 
diagrs. 

Suggested periods for ·river-ice observations are before 
freezing, during the presence of a continuous ice cover and 
during the break-up. Data observed include: the structure 
of snow and ice cover,. leads, icings, gullies or washouts, 
obstructions, and ice jams. 
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Bliznill, E. V. and Vs. H. Uikol 1 skii. The Study of the Thermal Regime 
of a River, Its Freezing, 1~inter Regime, Opening and rce Hovement. 
(Izuchenie zamerzaniia reki, eio zimnego rezhi.ma, izskrytiia i ledokh
oda). Gidrologiia i Vodnye Issledovaniia, same authors. Izdatel•stvo 
Hinisterstva Rechnogo Flota SSSR, Hoscow-Leningrad, 1946. Pp. 338-34.5 
incl. map, diagrs. 

Suggested periods for river-ice observations are before freezing, dur
ing the presence of a continuous ice cover and during the break-up. 
Data observed include: the structure of snow and ice cover, leads, 
icings, gullies or washouts, obstructions, and ice· jams.· 

-l~ Blizniak, E. V. and Vs. H. Nikol 1 skii. See page lx. . 
Chebotarev, A. I. The Ice Regime of Rivers. (Ledovyi rezhim rek). Gid

rologiia sushi i rechnoi stok, same author. Gidrometeorolicheskoe 
Izdatel 1 stvo, 1950. Pp. 1~6-176. 

• The Themal Regiln:e and the Ice Cover o£ Lakes. (Term
---~~.k~a~i~l~e~d~o-vy-~~· pokrov ozer). Gidrologiia sushi i rechnoi stok, same 

author. Gidrometeorologicheskoi Izdatel' stvo, Leningrad, 1950. 
Pp. 320-322. 

Clarinval, A. Remarques sur la formation des premiers glacons sur les 
rivieres. Bull. Assoc. Sc. France, Paris, Vol. J.X, 1871-'72, pp. 
379-381. 

Domenevskii, N. A. Ice Regime. (Ledovyi reznJ.m; Text in Russia:n) .·· 
Gidrologiia i Gidrometriia, same author. Izd-vo !:1inisterstva Rechnogo 
Flota SSSR, Hoscov1, 1951. Pp. 190-192 incl. tc.ble, gr~h. · 

·Ice formation begins along the shores of lakes and -vrater reservoirs 
and is accelerated by snowfall, Relations between the air temperature 
and ice cover thickness are expressed bj· a formula which does not take 
into accqunt the snow cover. The ice qover is tlucker on lakes 
than on ~ivers, other factors being equal. The ice regiWe of salt 
.l~{es is described. 

Haidinger, Hilhelm von. . Betrachtungen ueber den Esieang der Flusse. Ber
icht I•littheil Freund. Naturw., ~Jien,.Vol. ii, 1846-47, pp. 278-282. 

Halbfass, irJilhelm. Grundzuge einer vergleichenden Seenkunde. Berlin, 
1923. 

Korunov, H. N. Computations Concerning Ice on Rivers and Lakes for 
Land Transport, 1938. 

Kritskii, S. N. ,. 11. F. Henkel, and K. I'. Ressinskii. The Hinter Thermal 
Regimes of Reservoirs) Rivers and Canals. (Zemnii term~cheskii rezh~m 
vodokhranilisch, rek i kanalov). 1949. 

Laszloffy, M. W. The Regime of River Ice. (Regime des glaces des r~v~er
es).. La Houille Blanche, Vol. 3, 1948, pp. 469-491 incl. tables, gra
phs. 13 refs. 

Research in Europe and No. America; observations on Hungarian rivers. 

. Malal(hoff, Hichel. Table du gel et du degel des eaux, de la premiere et 
derniere neige. Bull. Soc. Oural Sc. Nat., Catharinenburg, Vol. v, 
1e79, pp. 62-88. {In Russian als:>.) 



HordoVine, P. Sur la congelation des mers, des lacs, at des 
rJ.vJ.eres. Horsko1 SbornJ.k, St. Petersburg, Vol. xcvJ.J.J., No. 
9, 1868, pp. 13-17. 

Pasqueau, A. ·Les embac1es de g1aces en 1879-80. Conference 
f2ites a la Sorbonne le 25 mars 1881. Bull. Assoc. Sc. France, 
Paris, Vol. iii, 1881, pp, 101-1140 

Piotrovich, V. V. Heat Influx to the Lower Surface of Ice 
Cover of Rivers. (0 pritoke tepla k nizhnei pocerkhnosti 
ledianogo pokrova rek). Tru~ TSentral•nogo Instituta 
Prognozov, No. 2 (29), 1947, pp. 204-236 incl. illus. tables, 
diagrs. 8 rei's. 

The .factors controlling heat influx to the lower" surface of 
river ice are analyzed. Experiments were conducted at Bukhta 
Tikhaia in 1937, in Neva in ·1939-40, and several areas in the 
Leningrad province from 1940-45 to investieate these factors. 
River ice in central European USSR ranges from 40-60 em. in 
thiclmess. This thickness would increase b· .. - 25-JO% ( 60-80crn.) 
l-Tithout heat transfer from the river bottom. 

Richter, E. Seestudien. i:encks geographische Abhandlungen 
Bd. VI, Hel't 2, HJ.en, 1897. 

Rikatcheff, ::·1. A. On the Importan-ae of Observations on the 
Freczine; and 01)erung of' R~vers and Lakes. Izvestia Russak. 
Geog. Obsht., St. Petersburg, Vol. vi, 1870, pp. 145-148. 

Shostakovich, V. B. Breaking Up of Ice in Rivers. {0 vskrytii 
i zamerzanii rek). 11eteorolog~chesk~J. vestnik, 1903. 

• Dependence betueen Freezing and the Level 
--o-:f::-:TI~i-v-er-s-.--,.(-;::oO-zavismosti ·mezhdu z~merzaniem i urovnem rek). 

Ezhemesi::chnyi biulleten 1 Nikolaevskoi Glavnoi Fizicheskoi 
Observatorii za 1903 g~ 

Spengler, 0, A. Freezing and Opening of Haters. ( Vskrytia i 
zamerzanie vod). Spravochnik po vodriyrn resursam S.SSR; Sev
ernyi krai, ed. by B. I. Skachkove Izdanie Gos. Gidr. 
Institute, Leningrad, 1934. Pp. 481-483. 

Velikanov; · N. A. Ice Cover. (L.edianoi pokrov; Text in Russian). 
Gidrologiia Sush~, same author. Gidrometeoizdat, Leningrad, · 
1948. Pp. 168-189 incl. table, diagrs. 

Various processes of heat exchange underlying the )"phases of 
ice formatiop on rivers, lakes and l-J-ater reservoirs are des
cribed. Formation of.the first ice along the shoreline, form
ation of' the first ice cover, mechanical and thermal breakup 
of the ice cover, and the thaHing of the ice cover are 
mathem::.tically analyzed. 

1:Jladimirof, L. L. :·Te1r1 Ideas About the Freezing of Rivers. 
Journal, Dept. of Roads ru1d Waterways, St. Petersburg, 1907. 
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FmLANDIC .".ND BALTIC STATES 

Blomqvist, Edv. The Kymijoki River and its W-ater Courses. 
(Kymyoki ja sen ves~sto). j parts. Pubi~shed by the Hydrol
ogic .Bureau, Helsinki, 1930. 

Bluthgen, .Joachim. The Ice Conditions in the Gulfs of Finland 
and Riga. (Die =:,~isverhaltnisse des Finnischen und Rigaischen 
Meerbusens; Text in German). Archiv Deut. Seewarte u. Marin
eobservatoriurns, Vol. 58, Nol 3, 1938, pp .• 7-122 incl. 
illus. tables, ~ra.phs, maps. 140 refs. 

Fabricius, A. The Oulujoki River and its Hater Courses. (Oulujoki 
ja sen vesist~). Published b:r the Hydrologic Bureau, Helsinki, 
1930. . 

Finland. Ilmatieteelinen Keslruslaitos, Helsingfors. Etat des 
Glaces et des neiges en Finlande pendant l'hiver 1892/1893~ 
1897/1898. • • Helsinef ors, 1904-09. 6 vols. in 2. (On 
cover: observations meteorologiques publiees par l 1Institut 
meteorologique central de la Societe des sciences de Finlande. 
Etat des glaces et des neiges •.• ). 

Finland. Ilmatieteelinen Keskuslnitos, Helsingfors. Schnee-
und eisverhaltnisse in Finland im winter, 1898/1899 - 1908/1909. 
Kuopio, Kirjaino "Sanan vaita", 1906-25. Io N. iii 1. (on 
cover: Bei1age zum vinlandischen meteorologischen jahrbuch, 
jahrg. 1901-1909). Some yrs. publ. at Helsinki. No more 
published after 1909. 

Finland. Meteorologinen I~eskuslaitos. Etat des glaces et des· 
neiges en Finlande pendant 1 1hiver 1892/93 - 1897/98. 
Helsingfors, 1904-09. 6 Vol. 

Charts of no •. of snot\J'-cover and ice-cover days (over land and 
water), and dates of snow and ice-cover formations and 
disappearances. Continued under title Schnee und Eisverhaltnisse 
in Finland im vlinter 1898/99-1908/09, 1906-1925. . 

QYl-den, Cl. H.. Suomenmaan joet ja jarnet(Rivers and Lakes of Fin
land). Suomi, 1863. 

Hellaakoski, Aaro. Ice i~sh on Lietvesi, Lake Saimaa, during 
the Hinter of 1932. (Jaanpuristuksesta Saimaan Lietvede:ILt 
talven 1932 aikana; text in Finnish.with English summary.) 
Fennia, Vol. 57, 1932, 19pp. incl. table. 12 refs. 

Hydrografisen toimiston tiedonal'ltoja. Bulletin of the Hydrologic 
Bureau, .I - XIII. Helsinki, 1914-1949. 

Hydrografisen toimiston vuosikirjat, 1-13.. Yearbooks of the 
Hydrolog~c Bureau. H e!s~k~, 1912-1948. 

J~rnefelt H. Zur Limno1ogie einiger Gmvasser Finrilands I-XIV. 
Annales societat1s zool.-bo'Eanicae Vanamo 2, .3, .4, 6, 8, 10, 
12, and 14; 1925, 1927, 1928, 1930, 1932, 1933, 1934, 1936. 
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Granqv-ist, Gunnar. The Baltic Ice Heek of February 12-18,. ·1938. 
(Den Bal tiska Isveckan 12-18 Febr. 1938; Swedish w. German 
sumrna~J}. Terra, Vol. 5o, 1938, pp. 385-391. 

Hi1debrandsson, ·H. H., a'>}d. C. A. Rundlt111d. Prise et debacle 
des lacs printemps 1877. N. Acta Soc. Sc., Upsala, Vol. x 
(pt. 2), 1879, no. vii, pp. 1-8, 3 ch. · 

Hulphers, A. A. 54 Ars Observationer pa Is-losSl!ringen i Halaren. 
Handl. J\k., Stockholm, Vol. xxvi, 1765, pp. 116-118. 

Liljequist, Gosta. 'ttl inter Temperatures and Ice Conditions of 
Lake Vetter Hi th Special Regard to the Hinter 1939=40. 
Statens Meteorologisk-Hydrografislca lnstalt, Medd. Serien 
Uppssatser, Vol. 27, 1941, pp. 1-29. 12 refs. Also in 
Geogratiska ·Annaler, Vol. 23, 1941, pp. 24-52. . 
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He~in, Ragnar. Investiaations Reearding the Formation and Breaking
up of the Ice and of' !ts 1'hic1mess on Lakes and Hi vers oi' SWeden~ 
Intern. Geoaetic Geop$ys. tnion, Assoc. Sci. Hydrology, Bull. 2j, 
1938, pp. 341-342. 6 refs. 

Systematic observations of Svredish lakes and rivers have been 
made since about 1875. 

• Temperature Observations in Swedish Lakes. Uhion 
__ g_e_o-ae ..... ·s-i,_q_u_e geophys. intern., Assoc. hydrologie sci., Commission 

de Limnologie, 1, Quest. 1, Rapport 7: 12 pp. incl. tables, 
graphs, maps, 1939. 8 refs. 

• Undersolmingar vid Sverigcs l·ieteorologiska och 
--=H-=-y-a~r-.ol:r-o-g""'!"i-ska- Insti tut over vattendragens ±sforhOllanden. 

(Investigation of the Sii'edish I-Ietcorologica:L and Hydrological 
Institute on ice conditions on lakes and rivers). Sweden)' 
Heteorologiska och Hydrologislca Institut,- Heddelanden, Ser. D, 
No. 1, 1947. 50 pp., 23 figs., 4 tables, 6 refs. English 
summary, pp. 47-49. 

Ostman, Carl Johan. ·Ice Conditions along the Coasts of SWeden, During 
the v/inters 1870/71-1934/JSZ ( rs£orhallandena vid. Sveriges kuster 
under vintrarna 1870/71-1934/35; Text in Sl·redish). "}ledd. Staterts 
Met-eorologisk-Hydrografiska Anstalt, Vol. 6, No .. 6, 1937, pp. 
3--63 incl. tables, graphs, maps. 18 refs. 

Data based on 13,9~0 ice reports from 232 coastal stations is 
presented. Included are mean values of ice conditions, ice form
ation and breal~-up, duration and thickness of the ice covers, fast 
ice, drift ice and a chronological survey of the ice conditions in 
the major ports and harbors. 

• The Severe Hinter of 1939/40. (Den svara isvin
__ t_e_rn_1,...,9 ... 3~9-'~74-o--;-.......Text in bl-redish w. En6lish summary). · Statens met-

eorologisk-hydrogr.:£iska anstalt, :.Iedd. Serien uppsatser, Vol. 33, 
1940, pp. 1-25. 9 refs. 

Slette~mark, Gustaf Carl Hiktor. Issignaltjansten, dess organisation 
s~1t-nagra erfarenheter betraffende isforhallandena i GavlebUkten. 
St-reden. Statens meteoroloc;isk-hYdrografiska anstill t, Stocl{holm. 
Heddelanden, Serien uppsatser. Communications, Series of papers, 
iJo. 18. Stockholm, 1937. 22 pp. · 

RUSSIA: EUROPEAN & ASIATIC 

RUSSIA - GENERAL 

Bregman, G. R. .Atlantic L11fluences on the Processes_ of Freezing and 
Opening of Rivers.. (Atlanticheskie vliianiia na protsessy zamer
zaniia i vskrytiia rek). ·Trud,y Gosudarstvennogo Gidrologicheskoge 
Instituta, Vol. 10, 1940, pp. 174-206 incl. illus. tables, maps. 
37 refs. / 

• The Atlantic Influence on the Processes of Ice
--g-.r-e-aan----g-and Freezing of Rivers. Bull. Inst. Hydrotech., Vol. 

4J pp. 176-183. H.d. 
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Bregman, G. R. Atlas of Ice-breaking and Freezing of Rivers of 
the European Part of U.S.S.R. Iri Trans. Hydrolog~ Inst., 
n.d. 

Bydin, F. I. Thermal and Ice Regime of Some Rivers in U.S.S.R. 
and the Conditions of Foreseeing the Same. Intern. Geodetic 
& Geophys. Union, Assoc. Sci. Hydrology, Bull. 23, 1938, 
pp. 245-273 incl. tables, graphs, map. 26 refs. 

• Wjnter Conditions of Rivers and the Method of 
--J.~· t~"-s--=s-t-u~dy. ( Zimniy rezhim rek i metody yego izucheniya). 

Explorution of the USSR Rivers, 5th ed., published by the State 
Geographic Institute, 1933. 

Germany. Reichsamt fu;r.:- Hetterdienst. Contributions to the 
Determination of the Starting Period of the Snow Cover in 
European Russia. (Beitrag zur Bestimmung der Eintrittszeit 
der Schneedecke im europaischen. Russland; German text). 
Berlin, 1939. 7 pp. 2 refs. 

Icing dates of Russian rivers are included. 

Kulakov, A., and V. St~hl •. Military Meteorology. (Voyennaya· 
meteorologiya). "Voyenizdat" (BilJ.tary PUblJ.shing House), 
1940. 

Loveiko, ~·i. V. Synoptic Conditions of River Opening in the 
European Part of USSR. (S~optJ.cheskJ.e usloviJ.a vskrytiia 
rek v evropeiskoi chasti SSSR; Text in Russian with English 
sUITmmry). Geofizicheskii Sbomik, 7, No.~ 2:95-117 incl. graphs, 
maps, 1930. 2 refs. 

,Luchsheva, A. A. Determination of the Time of the Beginning 
and Duration of Ice Phenomena on Rivers in the Absence of 

· Observation Material; Determination of Ice Thickness. 
(Opredelenie srokov nastupleniia i prodolzhitel•nosti 
ledovykh iavlenii na rekruch pri otsutstvii materialov nab
iudenii; Opredelenie tolshchiny l•da; Text in Russian). 
Prakticheskaia Gidrologiia, same author, Leningrad, Gidrom
eteoizdat, 1950, pp. 70-74 incl·. tables, maps. 

Isochrones of beginning of freezup and breakup of rivers in 
European USSR, the occurren.ce of above freezing tanperatures, 
and duration of spring floods. Nethods for utilizing the maps 
for solving hydrological problems and for determining the 
ice thickness on. the Moskva River and Lake Svetloe using 
Bydin and Bregman formulas. 

Novikov, L. B. Snovl and Ice Roads. (Snegovyye i ledyanyye, 
dorogi )_. "Gostransizdat" (State Transport Publishing House), 
1935. . I • 

Rikatcheff, H. A. Dates Hoyennes de la debacle et de la congel
ation des rivieres dt des lacs de !a Russia. Ann. Soc. Met., 
Paris, Vol. xiv, 1866, pp. 154-158. 

Rikatcheff, II. A. Ueber den Auf -und Zugang der Gewaesser des 
Russischen Reiches. II. Supplenentband zum Repert f. Met., 
St. Petersburg, Vol. 103, 1887. 109pp. 
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Schokalsky, Jules de.- Apercu sur les explorations physico
geographi~es des mers st des lacs de l 1Empire russe. 
Extrait du £raite: Voies navigables interieures de la Russie, 
ed. de la Direction des Routes et Voies n~vigables. St. 
Petersburg, 1908. 

Shirkina, N. A. Synoptic Conditions of River Freezing in the 
European Part o1' USSR. (S~nopt~c!1eskie uslovi~a zamerzaniia 
rek evropeisko chasti SSSR; Text in Russian with English 
summary). Geofizicheskii Sbomik, 7, No. 2:73-94 incl. table, 
maps, 1930. 3 refs • 

Shost~covich, v. B. Break-up and Freez-up of Water Bodies in 
Asiatic Russia (to 1902). (VskrYtie i zamerzanie vod v 
Aziatskoi Rossii (po l902 god)). Akademiia nauk SSSR 
Bulletin, Ser. 6, t. 2, avril 1908, pp. 497-510; tables 
pp. 553-510. 55 refs. 

Earliest, average, and latest dates of the breaking up of 
ice on, and the freezing of, Siberian rivers at various points, 
including about 50 north of 620 N., also the average number 
of ice-free days. Average dates of breru{ing up of ice and 
freezing at selected points on rivers and 3 lakes in reJa tion 
to sum of plus or minus air temps. ·preceding. Naps of Siberia· 
show isochrons of the break-up and freeze-up in relation to 
air temp. 

• Ice-regime ·or Water-bodies of the Uhion o£ 
--~8~o-v~i-e~t-S~o-c-.i~a-I~i-st Republics. Manuscript in Hydro!. Inst. 

Voyeykov, A. I. Les rivieres et les lacs·de la Russia. 
Sc. Phys. Hat., Geneve, Vol. xiii, 1885, pp. 34-46. 

.Ch • .xxv, of "Les climats du globe terrestre". 

Arch. 
From 

• Snow Cover-, its Effects on Soil', Climate and 
---:1:-::o,Te_a_,t_h_e_r_m_d 11etlhods oi' its Study. ( Sriezhnyy pokrov, yego 

vliyaniye na pochvu, klimat i pogodu i sposoby issledovaniya). 
notes of the Geograp hie Association on general geography, 
Vol. XVIII, No. 2, 1889. 

Union of Soviet Socialist Republics. Main Geophysical 
Observatory. Climatological Book of Reference on the USSR, 
Parts I and II. ( Klimatolog~cheskiy spravochriik po SbSRD), 
1931-1932. 

Zusammenstellung der Gefrier- und Aufthau-Zeiten der Russischen -
Bewasser. Ariri. Hydrog., Berl~n, Vol. i, 18'73, pp. 215-216. 

RUSSIJ1N ARai'IC 

Antonov, V. S. The Inf1uence of Rivers on the Regime of Arctic 
Seas. (Or roli rek v rezhime Arkticheskikh morei). Trudy 
VtOrogo. Vsesouiznogo Geograficheskogo ~ezda, ·Vol. 2, 1948, pp. 
307-314 incl. tables, maps. 
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Berezin, V. V. The River Navigation Season of 1937. (Rechnaya 
navigatsiya 19)'7 goda). Sov. Ark., No. 3, 1938, pp. 17-24 •. 

Davydov, L. K. Opening of River:s ih f._rctic and SUbarctic Zones 
of the USSR. (Vskryt~e rek arkticheskoi i subarkticheskoi 
zony SSSR). Problemy Arktiki, No. 1, 1939, pp. lS-31 incl. 
tables, maps, diagrs. 3 refs. 

Data on river ice in arctic and subarctic USSR derived from 
records ·maintained for almost. 200 years. Tables indicate 
the earliest, mean, and latest dates o'£ freezing and break-up 
on rivers, and the mean duration of the ice cover. 

Gomoiunov, K. A. Hydrological Investigations in the Soviet 
Arctic for the 1920 to 1945 Perioa. (Gidrologicheskie issled
ovaniia v Sovetskoi Arktika za 25 let, 1920-]94.5). Izvestiia 
Vsesoiuznogo Geograficheskogo ObshchestYa, Vol. 77, No. 6, 
194.5, pp. 328-340. 

Contains selected list of works published on this subject • 
. English summary ~ppears in Pol a.r Record, Vol. 5, No. 37-38, 
1949, pp. 355~360. . - . 

Karelin, D. B. Some Data on the Ice Cover in the Arctic. Priroda, 
No. 6, 1937, pp. 32-38. (In Russian). 

Kondratieva, E. A, Selection and Analysis of Temperatures 
Forecasting the Ice Formation for tne Rivers m the North. 
Het. i Hydro., ·"Vol. 3, 1940, p. 62. 

Lebedev, VI. V. Growth of Ice in Arctic Rivers and Seas in 
Relation to Negative Air Temperatures. (Rost l 1da v Arkticheskikh 
rekatch i moriakh v zavisimosti ot otri tsatel 1nykh temperatur 
vozdukha). Problemy Arktiki, No. 5-6, 1938, pp. 9-25. 10 
refs. 

• New Formulas for the Growth of Ice in Arctic 
--Ri~v-e_r_s -an--a~-seas. Net. B Hydro., No. 8, 194o, pp •. · 40-51. 

( In Russi an) • · 

Samoilovich, Rudolf Lazarevich •. On the Ices of the Arctic 
Region; The Expedition 'Krasin 1 in the Summer of 1928. 
Third Ed., 1934. 339 PP• 

Shostakovich, V. B. Temperature of the Water of Certain Polar 
Lakes. Imp. Acad. Science, St. Petersburg, l904. 

Tikhomirov, E. Climatological I:Iandbook of the Soviet Section· of 
the Arctic. Moscow, 1940 • 

Union of Soviet Socialist Republics. Gidrograficheskoe Uprav
lenie, Gidrometeorologicheskii Sector. The State of the Ice 
in the Seas of the HSSR. (Svedeniia o sostoianii.l 1dov na 
moriakh SSSR). 8 vols. Leningrad, 1926-1936. Table of 
contents and captions to tables in English; text in Russian. 

Dates of first land ice, greatest noted extent of land ·ice, 
etc. 
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Union of Soviet Socialist Republics. Glavnoe Upravlenie Severnogo 
I·forskogo Puti, Poliarnoe Upravlenie, Gidrometeorologicheskaia 
Sluzhba. Haterials from Hydro-!-ieteorological Observations 
on Polar Statkons. (Mater~aiy g~drometeorolog~cheskikh 

nabl~uden~~). 1923--. 

Zubov, H. N. (editor), r:nd others. Arctic Navigation Seasons. Fir
st Handbook. (Arkticheskiye navigats~i. Sbornik pervyy). 
Hoscow-Leningrad, Izdatel 1stvo Glavsevmorputi, 1941. 268 pp. 

EUROPEl\H RUSSI.!'. - NORTHERN 

Akademiia nauk SSSR. Insti tut geografii. The Northwest of· the 
RSFSR; A Physical-Geographical Description. Severo-Zapad 
RSFSR, n.d •• 225 pp. 

Estifeev, A. H. Causes of Open Spaces on Frozen Rivers . 
and Heasures Leading to Formation of Continuous Ice Gover. 
(Prichiny obrazovaniia polynei i meropriiatiia v tseliakh 
ustanovleniia ledianogo pokrova). Izvestiia nauchnoissled-

. ovatel 1skogo instituta·gidrotekhniki, Vol. 5, -1932, pp. 213-17. 

Volkhov River, 1930-31. 

Poryvkin, N. G. The Formula of Ice-formation in Connection with 
the Data of Investigations made on Volkhov River in 1922-2$ •. 
BUll. Volkhov Hydroelectric Plant, No. 7, 1926, pp. 84-110. 

Rikhter, Gavriil Bmi trievich. The North of the European Portion 
of the US&'R; A Physical-Geographical Description. (Sever 
1Vropeiskoi chasti SSSR). N.d. 

Skachkov, V. I. The Far North. Handbook on the irlater Resources 
·of the USSR. ( Severni krai. Spravoclmik po vodnym resursam 
SSSR). Vol. 2. Izd. Gosudarst-vennogo gidrologicheskogo 
instituta i TSentral 1nogo biuro vodnogo kadastra, Leningrad, 
1934. 665 pp. Suppl: bibliog. guide; 98 pp., 1683 ent~ies. 

Basic handbook on hydrology for area 59° - 69<1~., 390 - 630 E. 
Freezing and opening of waterw~s. 

Union of Soviet Socialist Republics. Gidrograficheskoe Upravlenie. 
Barents Sea Pilot. Part III. Southeast Section. (Lotsiia · 
Barentsova moria. -Chast 1 III. IUgo-Vostochnaia chast'). 
Leningrad, 1939. xlv., 17.3 pp. 

Climate; number days rivers, including Pechora, are ice-bound. 
Translation in English av&.ilable at U. S. :;:~ avy Hydrographic 
Office. 

Vi tel's, 1~. P.. Auxiliary Synoptic Hethod of Long-range Forecasting 
of Ice on the Rivers of the Northern Part o1' European USSR. 
(Vspomogatel 1nyi sinopticheskii metod dolgosrochnogo fonovogo 
prognoza ledovykh iavlenii na rekakh severa evropeiskoi 
territorii SSsR). l1eteorologiia i gidrologiia, 1946. 
Vyp 4, pp. 47-55. tables. 
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EUROPE!£I RUSSIA - SOUTHERN 

Gravelius, H. D.ie .Eisverha.ltnisse des Dhjepr. Zeitschr. 
Gewasser, Leipzig. 4 Bd., pp. lo3-1b8. 

Samoilov, B. L. The Ice on the Don ~.t the Beginning of A:pril. 
Vodosnabzhenie i san1.tarnaya tekhnika, No. 10-ll, 1939, pp. 
39-41. 

Tikhomirov, I. K., and Z. A. Riamantseva. The Climate of 
Transvolga. (Klimat Zavolzh'ia; Text in RUssian). Ogiz-Sel'k~og

l.Z, Moscow, 1939. 397 pp. incl. tables, graphs,. maps, diagrs. 
47 refs. 

The geographic and climatic conditions of the Transvolga 
region are presented. The monthly values of the principal 

.meteorological elements for the period from 1890-1930. 

Hrangell, F. Studien ueber die physikalischen Verhaeltnisse des 
Schwarz en und Azov1ischen Haeres. I. E1.nige Dichten und 
Ternperatur-bestimmm1gen im Schwarzen und Azovrischen Heere. 
Nitth. Geb. Seew., Pola, Vol. xiv, 1886, pp. 327-332. 
1 table. 

tV rNA RIVER & \miTE SEA 

Aufgang und Zufrieren der Dvrina bei Archangel in den J. ~734-1819. 
Aurora, Berlin, Vol. 1.i, l82o, p. 64. 

Mariutin, T. P. The Prognosis of Thickness of Ice at Arkhang
elsk during the Hinter, 1941-42. · Northern Dvina Ri.ver. 
( Prognoz tolshchiny 1' da v Arkhangel' ske v zimu 1941-1942 g. ) • 
USSR Gidrometeorologicheskaia sluzhba, Trudy nauchno-issled
ovateliskikh uchrezdenii, Seriia 5. Gidro1ogiia moria, 
1946. Vyp. 12, pp. 105-108. 

Pohle, Richard. Arbeit des Zises an den Kusten des Weissen 
Meeres und an Seeund Flussufem Nord-europas. Berlin: 
Gebruder Borntraeger, 1922. 7 L. Geologische Charakterbilder. 
Heft 26. 

Ice, North European ·coasts and l'fl1ite Sea. 

Vorontsov, B. S. Ice l'Iovement. on the Rivers of the Arctic 
Basin in 1928. ?t. I. Delta of the Severnaya Dvina. (Led
okhod l928 goda na rel(al<:h Severnogo basseina. Chast•I. 
Del 1ta reki Severnoi Dviny). Arkhangel•sk, Gidro-meteorol
ogicheskii otdel Ubeko-Sever, Biuro pogody, 1928. 52 pp., 
tables. 

Description of floating ice in the Severnaya Dvina delta 
in spring of 1928, and method of forecasting th~ break-up of 
ice in the river. 
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Wesselovskij, C. S. Epoques des debacles et de la prise par 
les glaces de,.+a DW~nai a Arkhang~l. 8 ·v~ls., St. Petersburg, 
1854. BUll. "ast. PhJ. ol . .AcademJ.e, St. Petersburg, Vol. 
xiii, 1856, pp. 209-216.. I1elanges ·Russes, Vol. iii, 185-, . 
pp. 83-92. 

NEVA RIVER 

ft.n.dreev, S. l-1., and V. I. Irno1d-i~labieff. Tests o~ the Strength of 
the Ice of Neva River and Gulf of Finland during 1930-36 made 
at the Scientific Heteorologica.l Ice Station of the 
Hydrometeorologicai Service of' the USSR. (computed in 1937). 

Jackson, Col. J. R. Congelation of the lT eva at St. Petersburg , 
and Temperature of J. s vJa ers w. en Covere wi 1 Ice. . 
Journal of the Royal Geographical Society, Vol. V, 1835, · 
pp. 1-22. Tables. Ann. ?hys. und Chern., Leipzig, Vol. 
XLIII, 1838, pp. 426-U30; with additions to 1840, Vol. LII, 
1841, pp. 638-641. 

Table showing the J.Jrogress of Congelation of the Heva at St. 
Petersburg~ Win~er 1833-34; chronological table of the 
freezing and opening of the river Neva, 1718-1834. 

Tcionglinsl~, M. Observations on the Freezing of the River 
Neva. Russian lrJatert-vays Connn., St. Petersburg, 1965. 

Tiraonov, V. Ice Research Station on the Neva River. (Ledoissledova
tel•skaia StantsJ.ia na Neve). G1ctrotekhnJ.cheskoe Stroitel'stvo, 
Vol. 2, No. 1, 1931, p. )1. 

'Hild., H. Dauer der eisfreien Zeit, Aufgane und Zugang der 
Ne1:1a. i\nnalen dcr PiJ'drographie, jahr. 9; Heft VI, 18bl, 
pp. 336-37. Bibliog. . 

Hladimirof, L. L. Conditions of Freezing on the River Neva. 
Russian 't.Vaterways Comm., St. l;etersburg, 1904. 

VOLGA RIVER & TRIB~~AriES 

Avinoff, I~ N. Opening of the Oka in the District of Kassmoff. 
Vjestnik Russek. Geog. Obsht., St. Petersburg, Vol. xxii, 
1858, pp. 93-94. 

Hikolaev ,. N. G. General Characteristics of the ice Regime of 
Rivers. (Obshchaia Kharakte1·istika ledovogo rezhima rek; 
Text in Russian). Spravochnik po vodnym resursam Gosudarstvenn
ogo Gidrologicheskogo Instituta, Leningrad, 4 ?t~ 2:533-547 
incl. table, diaers. map, 1935 

Ice thickness measurements recorded in the central Volga 
area during 1926-1930 are tabulated and mapped. 

Ovodoff, A. I. Notes on Freezing and Opening of V.laters in the 
Government of Ufa. Zapiski Geog. Obsht., Orenburg, Vol. iii, 
1875, pp. 449-457. 
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,olf3.kov, B. V. The Hinter Reg~e. ( Zimnii rezhim) . Gidrol
ogicheskie issledovan~~a f.hzhnei Vo1gi, same author, Gosstroitz
dat, r·ioscow, 1938, pp. 79-1.08 incl. illus. tables, graphs, 
diagrs. 56 refs. · 

Ic·e movement "in autumn and in opring and the dimensions of 
ice floes, the thickness of the ice cover of the Lm.rer Volga 
and ri. ver lakes and data on frazil ice, terraces, and open 
1.rater. 

Skopintsev, B • .A. Hinter Hydro-chemical.Regime of the River 
Volga. under Ice for the Period. between 1908 and 1939. Met. 
i Hydro., Ho. 5-6, 1940, IJP. 62-70. (In Russian). 

Sokolovski, Ivan. Zeit des Gefrierens und Aufgehens der Holga 
bei Kostroma, 1815-1859. Repert. Het., Dorpat, Vol. ii, 
1862, p. 194. 

Spengler, o. A. Opening ~d Freezing of Rivers. (Vskrytie i 
zamerzanie rek; Text in Russian). Spravoclmik po vodnym 
resursam Gosudarstvennogo Gidrologicheskogo Instituta, 
Leningrad, 4, rt. 2:523-533 incl. tables, 1~35. 

Ice conditions on rivers in the central Volga area are des
cribed on the basis of observations ranging from 10-50 JT• 

Welnikoff, S. On the Opening of Wolga at Jaroslav 1766-1786. 
Vjestnik Russek. Geog. obsht., st. Petersburg, Vol. ~~i, 
1856, p. 25. 

Zaroubine, A. I. Freezing and Opening of the Ho1ga at Astrakhan. 
Izvestia Russek. Geog. Obsht., St. Petersburg, _Vol. vi, 
1870, pp. 24-28. 

SIBERIA HEST OF THE YFNISEI 

Abramov, . l-Jokolai f .. lekseevich. On the Climate of the Town of 
Berezovo. (0 klimatie goroda Berezova). Vsesoiuznoe g·eo
erafichesl\oe obshchestvo' Viestnik, ChastI 12' Otd. 2' 1854, 
pp. 69-88, tables. 

Dates of formation and brecl<ing up of ice on Sos•va River 
(1842-49). 

Filin, H. K., H. N. Krasikova, and L. V. Glushkova. Character
istics of Hain Rivers of the Region. (Kharakteristika 
glavne~shikh rek r2.iona; Text in Russian). SpJ;"avochnik po 
vodn~ resursam Gosudarstvennogo Gidrologicheskogo Instituta, 
Leningrad, 13, Ho. 3:5-54 incl. tables, maps, diagrs. 1933. 

** See page lx for addition. · 
Great Britain. !1arine Branch, Neteorological Office. Honthly 

Ice Charts. Arctic Seas. Hudson Eay to Kara Sea. H.O.M •. 
)9 ca ( P.ev. 1946) . Heteorologica! O±'f. Air Hinistry, London, 
1950. 28 pp. incl. maps. 

Ogievskii, ;._, V. Ice Phenomena. (Ledovye iavleniia). Gidrol
ogiia Sushi, same author, Gosenergoizdat, Leningrad-11oscow, 
1941, pp. 68-77 incl. tables, diagrs. 

Discussion of the thermal regime of Siberian rivers during freeze
up. 
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Transehe, 11. A. The Siberian Sea Road: The llork of the Russian Hyd
rographical E..~ped. to the Arctic, 1910-1915. Geogr. Rev., Vol. 
xv, 1925, pp. 367-398. 

Uhion of Soviet Socialist Republics. · Gidrogrcficheskoe U,pravlenie. 
Kara Sea Pilot. Part- I. Kara Sea and Hovaya Zemlya. Part II. Ob 
and Yenisey Regions. Vol. 2, part 6, Yenisey River to Igarl<:a. 
(Lotsiia Karskogo moria. Chast 1 I. Karskoe m~re i Uovaia Zemlia. 
Chast•II. Ob-Eniseiskii raion). Leningrad, 19.38-39. 2 vols. 
( xl, 546 pp. and xxxii, 314 pp. , tables ) • 

Translation in English available at U. S. Navy Hydrographic Office. 
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* Blizniak, E. V. and Vs. 1-I. lJikol 1 sl<:ii. 't-Jinter Regime of Rivers. 
(Zimnii rezhim rek). Gidrologiia i Vodnye Issledovaniia, same 
authors. Iz.datel' stvo IJinisterstva Rechnogo Fleta SSSR, I1oscow
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Uhusual ice phenomena in Siberian rivers are described. Icings 
more· than 4 m. th:tck are formed by repeated penetration and 
freezing of water over ice. 

Description of the river nettvork of Kasakhstan, and data concerning 
the various hydrological elements. 
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