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1.1- Importance of Break-up and Freeze-up Dates

The advent and disappearance of an ice cover ís a dramatíc

harbÍnger of winter and spríngr so popular interest is understandable.

The actual recording of the times of occurrence of these natural phen-

omena is of tremendous importance for climatological, hydrological,

ecologícal, recreatíonal and economic purposes.

The examinatíon of clímatic fluctuations and trends ín cer-

tain areas is hindered by a lack of long-term instrumental records.

In areas where formal meteorologícal data are l-imíÈed, recorded obser-

vations of natural events can be a valuable source of informaËion about

past climate (MacKay and Mackay¡ .1 t'or instance, ice formation and íce

disíntegration on rivers and lakes reflect Ëhe integraËed effects of

clímatic elements. Thus dates of î.reeze-up and break-up can sometimes

be taken as fairly reliable indicators of variatíons ín clímate.

For instance, Arakar"2 wa" able to deduce secular clirnatic

changes from over five centuries of freezíng dates for Lake Sutva in

CHAPTER I

Introduction

L. MacKay D.
up and Break-up on
tín, Vol. 7, No. l,

2. Arakawa, H.
of Lake Suwa in Èhe

und Biokllmatologie,

K. and J. Ross Mackay, "Historical Records of
the Churchill and llayes Riversr" Geograp[ica!
1965, p. 7 .

, t'Frlj iwhara on
Central Japân, t'

Seríe B, Vol. 6, 1954, pp. I52-L66,

Five CenLuries of Freezlng Dates
Archiv fur I'leteoroloqie. Geophysík

Fteeze-
Bu1le-



Japan. Sím1lar1y Macl(ay and Mackay3 r.t.

teüperatures for semí-monthly periods l-n

menËal Èemperature data were lacklng.

When a vrater body freezes up in the fa11-, a slgníficanË por-

tl-on of its discharge ís temporarily locked up. On-the other hand,

when the íce cover breaks up, the melt water that ís suddenly released

supplles an enormous volume of discharge at a Èremendous rate. This

type of sítuation Ís extremely imporËant to hydro-electric po$rer p1-anníng,

reservoir regulation, flood control, and protecËíon to bridges, dams

and other structures.
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somehow able to estimate afr

areas where previous instru-

Biotíc life is also affected by the freeze-up and break-up

processes " One of the most severe bÍ-ologica1 effects is the winÈer

k111 of fish. The problem r¡rater bodies are those in which the fish

die in years of unusually cold and snowy springs (Bunge and Bryson).4

The reason the iêe cover is deadly ís that the snow on the ice prevents

photosynthesis so that oxygen is consumed and not replaced.

RecreaËional- activities are also either hindered or fostered

by the freezing and clearíng of water bodies. The establishment of an

ice cover encourages such activitíes as:iíce fishing, ice boating, skating

and snov¡mobiling. On the other hand some sporÈs such as canoeÍ-ng, hTater

skÍing, swimming and open vrater fishing are curtailed.

3. MacKay

4. Bunge,
Lakes, Part 3,
tlgatlons Comml
p. 2.

D. K. and J. Ross lllackay, p. 16.

\,Iíllíam W. Jr. and Reid A. Bryson, "Ice on trlisconsín
No. 14 Report to the llniversity of I'iisconsín Lake Inves-
tteer" University of lrrísconsj-n, l4adison, 1956, Ch. 5,
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"

The greatest effect of break-up and freeze-up phenomena.hor¡-

ever is on water transportation. I^Iith the ever increasing importance

of Arctic porËs, ín Canada and the Soviet Union expecially, added ínterest

is to be expected. The river or lake \"rater t.urns from a relatively r^Iailn

f]-uíd to a cold, flat plane. water Ëransport by ship and simílar vessels

is temporarlLy halted. A1so, some aircrafts have to change from floaË

equipped to ski-equipped landing apparatus. The crucial period however

ís the time intervening the initial and fína1 stages of each process'

During f-hese transiÈíonal períods, that last for approxinaËely síx weeks,

neíther ski-nor float-equipped aircrafË can oPerate (froom).5 Communi-

cation by these whích are sometimes the only means in small isolated

communíties Ís therefore brúefly ËerminaËed.

One can also mention the fact thaË the floating of logs for

the l-unber industry is alsó affected by break-up and freeze-up condítions.

It transpíres fromthe above Lhat the precise timÍng of the

occur1enceof freeze-up and break-up events is of utmost importance"

Apart from beíng a significant form of climatological data, these

records are of basic importance to numerous forms of applíed research.

Methods that can predíct Ehe tC-mes of occurence of break-up and freeze-up

events can be empirically deduced using previous records. These in

Ëurn can be of ínvaluable assj.stance in the planníng and management of

Ëhe various hydrological, economic, recreational and other activitíes"

5. Brown, R. J.
River and irs Delta ín
L957, p. 133.

E., "Observations
L954," Journal of

of Break-up in the Mackenzie
Glaciology, Vo1. 3, No. 2L,



L.2 Reasons for Undertakins Research

Break-up and freeze-up dates form an integral part of clima-

tologícal data" very often however, some forms of data, as is the case

hereo contain an element of inconsístency.

It is the belíef of the author that the records of break-up

ar,d freeze-up dates as kepË by the Canadian lfeteorological- Servj-ce (CLl-

L'7I)r6 .td as found in some of the written literature, aïe Ëo a degree

irregular and ínconsistent" This arises from a number of factors that

include the nature of the processes (ctr. 11), observational problems

(Ch" 111) and the lack of standardized definítions for each process

(crr. 1v) .

A tremendous amount of applíed research r,lithin a variety of

disciplines, some of r¡hich have been listed earlier is likely to be

based on these daÈes. In fact several empirícal studies (e.g. RodherT

and Jacob"rS Mr"kryr9 and trIilliamsn10) hr.r" already been attempted.

These were done wíËh an aim of predicting Èhe tíme of break-up or

Page 4

6" Allen, I{. T. R., and B.
Dates of Water Bodíes in Canada,
I-7L, Toronto, L97I, L44 pp"

7. Rodhe, Bertil, "On
Ice Formation in the BaltÍ.c,
L75-202 "

B" Jacobs, W. C., in Lee, Owen S., and
tícal Method of Predicting Sea Ice Formation
port, No. 4, U. S. Army Hydrographic Office,
1954, pp. 5-6.

9. Mackay, J. Ross, "Freeze-up and Breal:-up Predíctíon of the Mac-
Kenzle River, N.W.T. , Canada,'t Unpub_lislled Paper, 1960 r pp. 25-66,

10. I,Iilliams, G. P., "Freeze-up and Break-up of Fresh tiater Lakes,
N.R.C., Div. of Bldg. Research, Tech. Paper, No.286, pp.203-2L5.

S. V. Cudbírd, "Freeze-up and Break-up
" Canadian Meteorological Servíce. CLl-

the Relation
" Geografíska

Betr¿een Air Temperature and
Annaler, Vol. 34, L952, pp.

Lloyd S. Simpson, "A Prac-
and Growthr" Technical Re-
WashÍngton, D. C., Sept.
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freeze-up dvents using prevlously recorded dates. Furthermore these

data can be used to give a better understanding of the nature of the

processes. Obviously the success of these studles l'rí11 depend to a

large extent on the accuracy and meaningful-ness of these dates.

One can therefore understand the concern for accurately re-

corded dates of freeze-up and break-up. Statistical and analytical

scrutiny (Ch. l-V and Ch. V) of selecËed sets of records for break-up

and freeze-up do hovrever reveal a signifÍcant amount of incoherence.

Is is the opínion of the author that a substantial amount of this írre-

gularity is due to measurement problems and the neglect of sËandard.ized

observatíonal procedures.

1.3 Literature Review and Previous 'Work

Naturally enough, world interest in river and l-ake ice has

centered in areas where cold long winters are prevalent.. Sweden, Fin-

land, Germany and Swítzerland produced mosË of the ínitial research in

the mid 1B00ts (Bunge and Brysoo).11 Japanese records go back to the

fífteenth century (Fujiwharù.L2 In the United States lake ice obser-

vatíons began to fíl1 the diaries and journal-s of the New Englanders

1n the early part of the níneËeenth century (Bunge and Brysorr).13 The

l-1. Bunge, l{i11íam tr^l. Jr. , and Reíd A. Bryson, 'tTce on trlisconsin
Lakes Pt. 1," No. 13, Report to the Un-LversiÈy of Wisconsin Lake Inves-
tigations Committee, U. of Lrlisconsin , Madison , Ch. 1 .

L2. Fujiwhara, S., "Notes on the Climatíc Varíations
from the Dates of First Complete Freezing of Lake Suwa in
grafiska Annaler, Vol. 3, 1921, pp. 358-61.

13. Bunge, I^lilliam I^I. Jr. , and Reíd
consin Lakes Pt. 1," Ch. 1.

A. Bryson, ttlce on tr{1s-

Concluded
Japan, Geo-



Page 6

blggest growth of interesË however has occurred l-n Russla. There, sínce

the 1930fs a tremendous amount of research has been done noË only on

river and lake ice but on other winter ground covers as wel1.

In Canada, freeze-up and break-up observatíons began as early

as the eíghteenth century. These were maínly recorded in the journals

of the Hudson's Bay Company (MacKay and MackaÐ"L4 Government officers,

missionaries, the Royal Canadían ì4ounted Police, traders and private

índividuals have also contributed to these records (lt"ck"y).15

The bulk of the literature on break-up and freeze-up phenomena

can be classified under three major headings, namely the nature of the

physíeal processes, the derivatíon of predicËion equations using previous-

ly recorded data, and studies of climatíc change based on these dates.

Those sËudies relating Ëo the naËure of Èhe processes are

adequately dealt with elsewhere (Ch. 11). With regards to the formula-

tion of prediction equations, a sampling of such studies are Ëreated

here,

nodhel6

the rate

Most of these have focused atËention on freeze-up condítíons.

developed a relaËionship between rveighted aír tempertures and

of coolíng in the Baltic. Bí1e11o17 
"dopted 

thís technique to

L4. MacKay D.K" and J. Ross }lackay, L965, pp. 7-L6.

15" Mackay J. Ross, "The }lackenzíe Delta, N. tr{. T.,r' Geogr. Br. ,
Dept" of Mines and Tech. Surveys, Mem. 8.

16. Rodhe, Bertil, ibid.

17. Bilello, Michael 4., "l'fethod for Predíctíng Ríver and Lake
Ice Formation, Journal of Applied Meteorolo8y, Vol. 3, 1964, pp. 38-44.



compute the date of l-ce formation at several locatlons ln the Arctlc.

slmllarly J""ob"18 gave a method. for computíng heat losses durlng Ëhe

fal-l-. sp"r,""19 used mulËíple correlation and regressíon analysís to

examíne the relationship between a number of hydrologíc variabl-es and

the tíme of freeze-up. Finallyo MacKay and Mackay2o d.tl.red a regressíon

equaÈion from which to deduce temperature conditíons, using b::eak-up

and freeze-up dates.

Fewer studies of this nature have been done for the break-up

pïocess. stankiewicz (Lg47)21 ,r""d a degree-day techníque (using 32o

as a reference temperature) for estimatíng from air temperature recordso

the date rvhen a river would be open for driving 1-ogs. Another approach,

suggested by Bendenrtlkor22 emphasized the hydrodynarnic aspects of break-

uP. IIe derived a formula that took into account the dynaníc interactíon

between vrater flow and the ice cover during the initial melt period

(Cfr" 2.3). Finally I.7í1-1iams23 (fgOS) developed a simplífied ice melËing

formula which combined a solar radiatíon term with a degree-day term.

This formula also appl-íed to the ínitial melting period and was designed

Page 7

18. Jacobs , tr^I. E. , ibid.

L9. Spence, E. S., "lnlater Cooling and lce Thíckening on Dingman Creek,
near London, Ontarior" OnËario Geography, No, Z, L968, pp. 49-66.

20, MacKay, D. K., and J. Ross Mackayr pp. 14-15.

2L" stankiewicz, M. J., "Break-up can be Forecastedr" pulp and
Paper Magazine, Canada, Vo1. 48, L947, pp.118-120

22. Bendennilcov, V.P. , "Dynamic Conditíons of
on Riversr'r Soviet ÌIydrology: Selected paper.s, No.

23. Willlams, G. P., p. 2L0"

Formatlon of Ice Jams
L, 1964 ¡ pp. 101-108.
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for lakes noË fed by rf-vers

There are a multitude of studies that use break-up and freeze-

up dat.es to infer climatic change or deduce reglonal varíatíons of clím-

aËe. The more important ones are discussed here.

nrlkssonl4 ,r"ir,g break-up and freeze-up data of Srvedísh lakes,

r.¡as able to show regi.onal variaËions of clímate" In additíon, he con-

cl-uded that cl-ímatic periodicities of 21 4-5, B, 11 and 25 years were

evident.

Mackay (1961) 25 forrrrd sÍgnificant long-term variations in

freeze-up and break-up dates for the lower Mackenzie River Basin.

MacKay (Lg62)'6 uru a sinilar type of srudy for the Nelson River BasÍn.

At^k^*^27 was able to d.educe secular climatic changes from

over five centuries of f.reezing dates and 'tomilatari't (compression

ridges) for Lake sur¿a in Japan. simirarly Fujirohrrr2S used this data

to relate freeze-up daËes to the terËíary variation of solar harmonic

activiÈy.

24" Eriksson, J. V., t'Ice Cover and Break-up in Swedenrs Inland
Lakesr" ir srPRE Report 12, vol. 11, Annotated Bíbliography on Snovr,
Ice and Permafrost, U" S. Army, Corps of Engineers, p.228,

25. Mackay, J. Ross, "Freeze-up and Break-up of the Lo¡¿er l"facken-
zle River, Northrvest TerrítoriesrtrGeology of the Arctíc, vol. 11, ed.
G. O. Raasch, U. of Toronto Press, 1961¡ pp. 1119-1134.

26. MacKay, D" K., "Trends and Factors Affecting Break-up and
Freeze-up Dates in the Nelson River Drainage SysËemr'r Geographíc:rl Paper
No. 350 Dept. of Mines and Tech" Surveys, 23 pp,

27 . Arakarva, H. , ibtd.

28. Fujlwhara, S., 1bl.d.

Very little however has been done by ivay of examinlng the
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valldíty of these daÈes. In:r fact thís is the major concern of thl-s

study. Only a few atËempËs have been made to inqulre lnto the problems

of obtaíning and recording reliable dates.

These attempts however have focussed malnly upon the daËa ex-

tracted from Canadian hístorical records. This study is directed mainly

Ëovrards the more recent records as compil-ed by the Canadian Meteorologi-

cal Service (CLl--1-71) .

In a study of the híst.orical records of freeze-up and break-

up, MacKay and Mackay (1965)29 
"orr.nted 

that:

Dates of freeze-up and break-up extracted from the Fort
Churchil-l- and York Factory journals present some díffícul-
ties Ín interpretatíon. The recording of ice observations
is subjective, especially so no doubt, at the Hudsonrs Bay
Company posts, where the criteria for ice conditíons were
not defined and Ëhe observers \.rere frequentl-y changed. Ice
condit,íons rùere nevert.heless important enough to be normally
recorded with care. Another complicating factor is the use
of place rrames that do not appear on the present maps. MosË
of these r,¡ere located with the help of the research staff
at Hudsonts Bay House, trIinnipeg. A further problem encoun-
tered while the records were being scanned, ís that in some
years only intermediary stages of freeze-up and break-up

. qtere reported "

Despite tirese inconsistencies, they r,rere able to reconcile

Ëhese differing íce-condítion.dates and perform a series of statistícal

analyses using them. SpaÈia1 and Èemporal comparabilitíes of brealc-up

and freeze-up r,rere deduced for the two stations.

Mackay (1961) 30 at"a a simílar type of study relating ro the

Lower Mackenzíe River. With reference to the break-up and freeze-up

records used, he commented that:

29.

30.

MacKay,

Ilackay,

D. K., and J. Ross }fackay, p. 9.

Ross J.,1961, p.1120.
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The rel1ab1l1ty of Èhese dates varies consfderably from
place to place and year to year, depending on the critería
t¡sed to define freeze-up and break-up, the interest of the
observer, transcription errors, and so forth. At some settle-
ments Ëhe dates recorded by two or more observers have díffer-
ed by as much as tl¡ro weeks f or both f reeze-up and break-up.

However, statistícal analyses of the daÈes show that the
records kept by a síngle organízation (eg. a míssion) or
an individual tend to be internally consístent, because of
adherence to specified definitions for f.reeze-up and break-
up e even though the definitíons do noÈ conform to standards
appl-ied elsewhere.

AJ.soo MacKay (L962)31 rorkíng with freeze-up and break-up

data coll-ected within the Nelson River drainage basín noËed that the

records varied considerably in lengËh, covered different períods" and

lacked uniformity to definítions"

Bílello (1961)32 ,n a study of. "freeze-up" (the date when

Íce fírst forms), and "freeze-over" (the date on whích the water body

becomes completely covered rvith ice) , ín the Arctic, noted that the ob-

servers at Ëhe statíons concerned, ofËen found it difficult to deter-

mine the correct dates of ice formation to fiÈ these terms. It was ob-

served that sudden squalls and small tidal currents ín sma1l bodies of

vrater affected "freeze-over" considerably.

In a later study (Lg64)33 Urt"tto admitted that inconsistent

and/or ínaccurate observations on ice formation lead Ëo poor results

in establíshing N, a numerícal constant for predicting the date of ice

age Systemr" Geographical Paper No.
Teclr. Surveys, OtÈarva, 1962, 28 pp.

31" MacKay, D. K. r'jRiver-ice

32. Bi1ello, I'fichael 4., "Formatíon, Growth, and Decay of Sea-íce
ín the Canadian Arctic Archipelago," Arctic, Vol. 14, No. 1,1961, p. 4"

33.

Conditions
34, Geogr.

in the Nelson River Drain-
Br., Dept. of Mines and

, L964, p. 43.



formation from alr temperatures. This

a l-ack of a firm understanding of the

on the parË of the observers.

Burbídge and Lauder,34 ,o "
up and freeze-up condítions, made Ëhe

encountered:

Of the records on file, only a very small percentage can be
consl-dered to be highly relíable, with the informatíon cover-
íng períods of 10 to 40 years. The great majoríty of the daËa
was rated fairn where 3 to 9 years of records hTere available.
ApproximateLy LO% of the data was rated as poor, because the
coverage might be only f.or a single year, or the daËa could
not be checked.

Page 11- ...

díscrepancy $ras attrlbuted to

Èerms ttfreeze-uptt and freeze-overtt

One would get the impression Ëhat their criteria for va1-ídity

was based on the length of the records.

Simílar comments were made by l^Iílliams (1971) 35 r.grrding

break-up dates. Tn an attempt to predict the date of l-ake Íce break-up

from previous records, he admitÊed that observational error would affect

the reliabí1íty of the regression equations formulated.

Catchpole36 "a al, in a study dealing with a method for Ëhe

ldentification of dates of first freezing and fírst breaking from his-

torlcal accounts commented that:

prel-iminary investígatÍon of break-

following commerit on the data

34. Burbidge, F. E., and J. R. Lauder, "A Preliminary Investigation
into Break-up and l'reeze-up Conditions in Canadar" Meteorological Branch,
Dept. of Transport, Canada, Cir. - 2939, Tec.-252, July 1957, p. 2.

35. Ilílliarns, G. P., "Predicting the Date of Lake lce Break-uput'
Irlater Resources Research, Vol. 7, No. 2, L97L, p. 330.

36. Catchpole, A. J. W., D. l^l . Moodie, and B. Kaye, "Content Analy-
sís: A Method for the Identíficat.ion of Dates of Flrst Freezing and
Fir:st Breaking from Descriptive Accounts," ReprinÈed from The Profession-
al Geographer, Vol. XX1l, No. 5, Sept. 1970, pp. 252-257
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ït was lnevitable thaË l-ndívídual díarísÈs dravm from a
mLscellany of cultural and environmental backgrounds,
observíng simílar events from wídely separated vantages
fn time and space, would ínject díverse forms of literary
expression ínto their journals.

Obviously Èhey were referring to the problem of differences

ln definitíonal críteria.

They further maintained that it Ì,ras natural to have builË-in

inaccuracies wíthín the actual data of this type. Thís was mainly

attribuËable to the complex spatial and temporal variations in the in-

cidence of freezing and breaking.

It transpires from the above, that a sígnificant amount of

observer variance that can arise from a number of causes are incorpoïa-

ted into the recorded dates of freeze-up and break-up. An examlnation

of the valídity of these dates, especíally ín Ëerms of homogeneíty, ís

therefore understandable.

L.4 Definition of Problem

Break-up and freeze-up events are naturally occuring physícal

phenomena. For each specific stage of eíther process, there is a nat-

ural date. An observer Perceptually recording this date however very

often gives an alternative date. FurÈhermore different observers can

be expected to give varying dates for a specific event at a single site

(ua.tay).37 Likevrlse variance among observers at different stations

1s to be expected.

Problems of numerícal observ"tiorr lof this nature however char-

37. Mackay, Ross J., 1961, p. LI20.
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acterize the envíronmental scíences (Catchpole "t al-).38 In thís par-

tlcular instance, these are usually negotíated Ëhrough prescribed obser-

vational procedures (Form No" 63-236039 and No . oz-zzotâo¡ designated to

standardize errors that cannot be avoided.

Measurement through visual perception however ís rather sub-

jective. Different observers at either the same site or at dlfferent

stations are therefore likely to record idiosyncratíc dates. This prob-

l-em becomes further compl-icated when the different observers record

theír couunents in varying definitíonal temrs.

It follows from the above that two sources of error are ín-

corporated int,o the dates of break-up and freeze-up. One relates to

the dífference between the recorded date and the natural daËe. This

can be conveniently referred to as random measurement error. The other

i.s associated with the differences among observers at a particular site,

or at differently located stations, and the varying definitional críteria.

These can be collectively put under the general heading of systematic

observational error. It is the belief of the author that the magnÍtude

of the latter type of error is sÍgnificantly large, thereþy giving rise

Ëo inconsisEenË dates of freeze-up and break-up.

1.5 Aíms of Research

It is the intention of this study to indicate the nature and

38. Catchpole et al, 1970, p. 255"

39. I'Report on the Bkeak-up of l^later Bodies,
Dept. of Transport, Canada.

40" "Report on the Freeze-up of trlater Bodiesr" l-b1d.

" l'leteorological Branch,
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character of the inconsj.stencíes lnherent l-n the dates of break-up::and

freeze-up. This wíll be effected malnly through a systemaËic scrutíny

of the Canadl-an Meteorologícal Records (CL1-1-71) and the wrÍtten lÍtera-

ture. The sources and character of these irregularities are to be re-

lated Lo the nature of the physical processes, variations of definitional-

critería and observational problems" Evidence of inhomogeneity are to

be expressed in statisËical terms (Ch. V) "

One would exPect Lhat st.ations that are adjacenËl-y located

and that experience very similar environmental- conditíons, ought Ëo

yield unlformly associated data. Break-up and freeze-up conditions are

affected by two major factors, namely cli.matologÍca1 and hydrological

(crr. 11). These physícal conditíons however have a Ëendenev to apply

homogeneously over extended geographical areas. As a result one would

expect that the dates of specífied break-up or freeze-up events, at

neighbouring sËations wíthin appropriately defined regions ought to con-

cur both 1n sense and magnitud.e (Murray Mitchell).41

As has been stated previously it is the belief of the author

Èhat Èhere are j.nconsistencies ín dates of break-up and freeze-up, as

recorded by the canadian Meteorological service (c11-1-71). rn order

to test for thesen selected stations within specified station networks

are statistícall-y compared. The lack of comparability between paírs

of stations is interpreted as evidence of inhomogeneity.

4L" Mitche1l, J.
Journal of Meteorology,

Murray, ttobserved
Vol. 10, August

Secular Temperature Trends rtt
1953, pp. 244-6L.



1.6 Methodolosy

The content of this research will lead through several phases,

all of whích are designed to furnish evldence of ínhomogeneity wíthín

the records of break-up and freeze-up. EmphasÍs however is placed upon

the modern records as kept by the Canadlan Meteorological Servíce (CLl-

r.-71).

The physical processes are examined wíth the íntent of demon-

strating how their variable nature is a major cause of the inconsisten-

cies encountered (ch" 11). Because of the exceedinglycomplex nature

of these processes, a multiËude of freeze-up and break-up characteris-

Ë1cs are evident. This not only complicates the observatíon of the

processes o but also contributes to a variety of definÍtional criteria

for each process (Ctr" lV) 
"

Observational and recordíng problems are then examíned. The

measurement of break-up and freeze-up dates is done through perceptual

observatíon. Although standardized procedures are adopted, ín cerÈain

cases, it trs extrunely difficult to eliminaËe observer subjectivity with

thís Ëype of data collection (Ch. 111). Very often too, these procedures

are not stricttli'- adhered to. In a large nr¡nber of cases alternative

conditions to the ones specified are recorded (Ch. lV).
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Finally, in order to furnish concrete evidence of this forrn

of error, numerieal analyses are performed on data selected from the

canaddân Meteorological records (ctr-1-71). coded dates of break-up

and freeze-up wlthln specífied reglonal networks are statistically

analysed (ch. v). These are tested for Èhe homogeneÍty that ís to be

expected 1f the dates are unÍformly recordecl. The results, as expected,

do provlcle evldence of a sfgnificant amount of inconststency.



2.L Introductory Statements

l^later bodies in areas that experience winter and summer re-

gi-mes have a tendency to freeze-up in the fall and break-up in the

spring. l^Iater has certain basic and unique propertíes that allovrs lts

surface to fteeze into solid ice when its tenperature is cooled to Ooc

and lower" Because of Lts abil-ity to increase in volume and decrease

ln densíty upon freezing, a buoyanË ice cover usually evol-ves at the

rlater surface (Shipman).1 lts further growth during the winter is de-

termined by the rate and amount of energy exchange with the atmosphere

above and the s/ater beneath. ltríth rising air temperaËures in the

spring melting is iniÈiated. This, together r¿ith the wind and the force

of the melt water released, finally leads to the destructíon of the

ice cover"

CHAPTER TI

The Nature of the Processes

In the sections Ëhat follorv, each of the processes of freeze-

up and break-up are consídered in detail. DescrípÈíve consíderations

outline the nature and character of each process. Then, a typology of

freeze-up and break-up events, rvhich further illustrates the naËure of

the processes is attempted. Finally a listfng of the physical and

environmental factors that control both processes is glven.

1. Shípman,
DavenporÈ , Iornra, tt

s94 "

T. G. o ttlce
Trans. Amer.

- condltlons on
Geophys. Uníon,

the Mississippl Rlver at
Vol. 19, 1938, pp. 590-



2.2 The Freeze-up Process

The process of f.teeze-tp extends over a period of days or

weeks, coutmencíng when ice crystals fi¡st appear on the v¡ater surface,

and termínating when a permanenÈ and stable íce cover ís formed over

the water body (Burbidge and Lauder)2. Although there is a continuum

of physical activíty from the initial to the final stage of the processe

certain dístínct components are discernible.

The following can be considered as separate phases:

Cool-ing to the f.reezing point (Ooc) ,
Initial ice formation,
Establishment of an íce cover.

1.
t
3.

The first phase can be attríbuted mainly to falling aír !emp-

eratures during the fall" At the air-v¡ater interface, there is a ex-

change of energy between the water surface and the atmosphere, amd the

water beneath. Duríng the fal1, when air temperatures have already ,i

dropped below Ëhe freezing poínt, the direction of energy transfer ís

towards the atmosphere. The duration of this process which depends on

the intensity of heat loss from the water body usually extends over a

considerable time period. Because of the thermal capacity of water,

freeze.'up results from a protracted period of freezing air temperatures
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(Arakawa) 3.

2, Burbidge, F. E., and Lauder, J. R., "A prelimínary Investíga-
tlon into Break-up and Freeze-up Conditions in Canadar" l'{et. Branch
Department of Transport, cír - 2939, Tec. - 252,2 JuLy 1957, p. B,

Some locations normally have about two months with mean

of
und

3. Arakawa, H., "Fujlwhara on Five Centuries of Freezing Dates
Lake Suwa ín Central Japanr" Archiv fur }leteorologie, Geophysik.
Bioklimatologíe, Sierie B, Vol. 6, 1954, p. 153.
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temperaËures below Ooc before Îreezíng occurs (t'tackay)4.

ll1111ams5 subdivfdes thís cooling perlod Ínto two parËs:

(i) Gradual cooling until the enÈíre water body ís at a tempera-

ture of 4oC.

(1i) Cooltng of the surface water from the tÍme the erater ís iso-

thermal at 4oC until sheet lce forms.

During the first period cooling produces instabilíty whích

aids stirring (Dutton and Bryson)6. This is due to the fact that water

^ís densest at 4"C. As a result, the cooling of the surface l-ayer be-

yond 4oC ís delayed by overturning, which consËantly brings rtrarmer less

dense r,Iater to the surface. During the second period cooling produces

a weak stability whích hinders overturning and hastens the cooling of

the surface layer to the freezing point.

Inítial ice formation actual-ly commences vlhen the temperature

of the r¡rater body drops to 0o C and lower. The degree and extent of

supercooling required to form ice crystals is largely dependent upon

the extent of nucleatíon, the turbidity of the \,rater, and the intensity

of heat loss from the water surface. The value of supercooling has

4. Mackay, J. Ross, "Freeze-up and break-up of
zie River, Northwest Territoríesrt' G.0.Raasch, Ed.,
tic, Vol. 11, pp. 11f9-1134.

5. I^lilliams, G. P., "Freeze-up and Break-up of Fresh l.Iater Lakesr"
N.R.C., Dl-v. of Bldg. Research, Tech. Paper, No. 286, 1968r pp. 203-2L5"

6. Dutton, John 4., and Bryson, Reid A.., t'Heat Flux ín Lake Men-
doÈar" Límnologv and Oceanographv, Vo1 " 7, 1962-63, pp. 80*97.

the Lower Macken-
Geology of the Arc-



been found to vary between -0.01oc (Schaefer)7 rrrd -L..2oc (Rymsha and

Donchenko)8. As will be seen later, the extenÈ of supercooling actually

determines the type of íce crystals formed.

namely sËatic and dynamic. Static ice formatíon is characterÍstic of

undisturbed wat.er surfaceso such as brooks and rivers with slor,r current

velocities, and lakes in calm rueather" Laminar flow is typicalrrvith

an absence of inËertixing" The íntensity of heat loss is greaËr ln thaË

energy exchange between the waÈer and the colder air is restricted to

a thin surface layer. Conditions for supercoolíng are ídea1, and a

reglme óf rapid freezing is common (Rymsha and Donchenko).9

ïhe ice crystals formed under Ëhese conditíons are mainly of

the needle-shaped type" Crystals rvhich are formed in rvaÈer super-

cooled more than 0.9oc are needles and sÈars (Arakarva)10. The furÈher

growth of crystals is d.etermined by the balance of heaÈ lost to the

atmosphererand heat supplied by the latent heat of fusion, upon cry-

stallization. The foruration of a gram of ice requires the release of

approximately 80 cat/g of heat (Dutton and. Brysorr)11. The heat released

Basically however Èhere are two types of ice inítiationo
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in
pp

7 " Schaefer
ôold I'Iater, "
BBs-893.

B. Rymsha, V.A. and Donchenko, R.V.,
tions of Freezing of Rivers and Reservoirs,
Papers, No.1, 1965, pp 372-83.

9 " rbid.

V.t
Trans

l-0. Àrakawa, ll ., in Michel, B. and Ramseier, R.O.
River and Lake Icer" Canad_irn Ceoteslrnical Jorrrnal, Vol.

11. Dtrtton, John A. , and Bryson, Ileicl 4., p8l.

J. , .t'The !'ormation
. Amer. Geophys. Union,

of Ërazi1 and .ê¡nchor ice
Vol.31, No.6, Dec. 1950,

"InvestÍ-gations and Calcula-
't Soviet llydrology: SelecEed

,'rClassiffcation of
B, No.l, Ieb "7L, p 42.
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by the formation of ice must be absorbed either by the ice crystals or

by the surrounding water, one of r,rhich must be slightly supercooled

ín order to absorb the heat ¡viÈhout terminating the freezing process

(nevik) .12

When ice crystal grorvEh is continuous, the accretion of these

forms inLo a thin filn of ice, commonly kncvm as skim ice. This type

of ice cover i-s very unstable. A light wind or a s1íght r,rarming can

lead to its disappearance. DurÍng Ëhe early part of Èhe freeze-up

period, skim íce usually forms during calm cold nights, and disappears

the next morning when the t.emperature rises above Èhe freezing point.

þnanic ice formation Ís associated v¡íth turbulent lirater

bodies" This.includ.es rivers rvith a fasË fl-ow velocity and larger.

lakes rvhere wínd induced waves and currents aïe prevalent. rn tur-

bulent \.rater during r.reezíng, two factors are simultaneously acting;

an intensive intenníxing and exchange of heat through the depth of the

sËream, and. mechanÍcal influences obstrucËíng the freezing together

of the ice crystals (Rynsha and Donchenko).13 The formation of needle-

like crystals is hindered by restuicted supercooling and mechanical

Ínfluenee. Under these cond.itions, there occurs the formatíon of crystals

of frazil or anchor ice in the form of rounded lenses of lenticular,

l-amellar and globular form (Rynsha and Donchenko).14

L2, Devik, 0., "Ice FormaLion in Lakes and Rivers",
of S.cientif ic Hycirol. , Vol. IT, 1948 ,r pp . 359-366 .

13. Rymsha, V.A. and Donchenko, R.V.,

L4. rbid.

pp 372-83.

fnt. Assoc.



In this instance, supercooling occurs not only

layern but. throughout the entire depth of the T^rateï bocly.

of supercool-ing required is rarely more

Again, the raLe of fraziL formation will

of crysËallization.

As soon as fraziL flocks are formedn Ëhey have a tendency to

conceûtrate at the surface of flow to form frazil slush (i"tichel).16

SomeÈimes f.razli- particles stick and grow on certaio r"ooi"ls of favour-

able crystalline structure, such as..stones and weed,s in the river or

lake bottom, to form anchor Íce" During the early part of the freeze-

up períod, ít is al-so cor¡non for f.raziL ice, and even anchor ice, to

form during cold nighÈs and disappear the next morning, i,riËh rvarming.

The formation of an íce cover is a complex process (Cifitian

et al) " 
f7 In calm-vater bodies, skim ice growth is conËrolled mainly

by its energy exchange w-ith the air above and the tvater beneath" FraziL

íce however requJ.res some form of an anchor around rvhich to grot,r, inËo

an ice sheet.' Floating frazí! sl-ush Ís carried do¡"mstream o:r blovm

about the lake unËil a natural or artifical ice bridge impedes it
(Pariset and Hauss"t).18 Formationof an ice cover is then initíated"

than 0 ro -0.01-o"

be moderated by
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ln the surface

The degree

(Schaefer) .15

Èhe latenË heat

15" Schaefer, Vincent J., p.885.

16" ìfichel, 8., "Properties and Processes of River and Lake Icet',
International SJrmposia on the I{ole of Snor,r and Ice in Hyclroloev: Svm-

. 
-'

17 " Gifilian, R.E., Kline,
"Ice Formation in a Small Â,laslcan
Role of Snor¡ ¿rnd Ice in llydrology:

18. Pariset
of Ice Qr:vers on
1961, p,42.

, Ernes t and llausser,
Rivers ,tt 'f rans . Errg .

l.I.L., Osterlcainp, T.8., ancl Benson, C.S.,
Stream", International Symposia on the

-

òymposr_urn on l.,r(rpert].es and Processes,

Rene, ttI'ormation
Inst. of Canacla,

and Evolution
Vol. 5, ìlo.l o



Itts gror,rth e:<Ëends counter to the water

through the juxt,aposition of ice floes,

drifting ice.

rn spite of the differences in the conditions, types and

sites of ice initlatÍon, the process of an ice cover formatÍon ín rivers
and lakes is attaíned for the most part by the accumulation of ice

crystals at the water surface, and their accreËion into a conËinuous

ice sheeÈ. In fact ít is cournon for both types of ice cover initÍarÍon
to occur over a single rìrater body "

Ice is usual1-y nucleated starting ín contacË with the colder

more conducËive material of the banks. This sometimes happens to be

areas of calm sheltered water. Shore ice is thus,the fi-rst Ëo be formed.

This then propagates torrards the míddle. The edge of this ice sheet

gradually comes ín conËact with more turbulent \"rater, and its further
progress is delayed. Michel 19 *ríntrins that an ice coveï growth

depends only on Èhe thermal atmospheric exchange, rather than on the

temperature or turbulence of the \raÈer" An ice cover may gror.r aÈ

any rÂ7ater velocity, if the temperature of the rvaÈer is close enough-to

the freezíng poÍnt (tqicrt"t)"20 Supercooling of the ¡sater must therefore

overcome the frictional heat produced by turbulence, to initiate freezíng"

After a stable ice sheet is established, its furEher increase

in thickness is controlled by the intensiËy of heat loss at the ice-air
boundary. (Michel)21 t.furs to the iniLial ice cover as prirnary ice.
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flow as far as velocÍty permits,

or the dynamic accumulation of

l-9 . Ifichel, B. , pp. l-2

20 " rbÍd.

21. rbid"
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Its growth contlnues until equilíbrium ís attaíned between the heaÈ

flor^r from the waEer to the ice, and from the íce to the atmosphere.

IË must not be forgotten though that a warming trend¡ _oï a sudden in-

crease in flor,¡ velocity or rvindiness can temporarily dislodge the i.ae

cover" Several cycles of the freeze-up process, before a permanent

ice cover is established¡ ârê theráfore not uncoTmnon.

The secondary iee which forms beneath the initíal íce cover

is of a different crystal-lographic structuïe, usually colurnnar (Míchel).22

Superimposed ice that accumulates through snowfall- and icing also adds

to its thickness. Snowfall however has the adverse effect of reducing

heat loss to the atmosphere through iËs blanketing effect. The freezj:ng

of floating flazlL Ëo the underside of the ice cover ís another gror+th

mechanism

The formaËion of an ice cover therefore, regardless of Ëhe

type of water body, is a complex and. prolonged process. Apart from the

different rat'es and conditions of supercooling, unpredictable weather

eonditÍons introduce further complications. A ¡.rarming trend or an

increase in i¿indíness can reverse the freezing process. One must al-so

bear in mind that in v¡ater bodles r¡íth surface flor.r, formation of ice

at any given point is dependent upon both local environmenÈal condíËions-

and the conclitions upstream in a river or upr+ind. in a lake (ltackay) "23

23" l'lacf(.ery, D.K., "Trends and Factors Af fecting Break-up and
ã'reeze-up Dates in the Nelson River Draínage System", Geographical
Pape_r No. 35, Ceogr. Br. Dept. of }1ínes and Technical Surveys, Ottavra,
p.12"

22.Tbid"



Because of the complex nature of the fleezing process, an

lce-cover formatÍon takes place under a varíety of conditlons. Dífferent

types of ice phenomena are therefore prevalent. As a result, an array of

terminology, boËh genetic and descriptive, become associated wíth the

different fce types. These terminologies are discussed more fully else-

where (Chapter 4).

As a means of pictorially illustratíng some of the ice condftions

mentioned above, a series of phoËographs describing dífferent stages of

the freeze-up process are incl-uded hereunder. These were taken during

fíeld observations of the freeze-up process for Èhe fall of. L97L along

the Red and Assíniboine Rivers, lnlinnipeg. (See Appendix 1).

2 " 3 _&q lreak-ul__Process_

The break-up process also extends over a period of days or rveeks.

It,starts wíth a gradual melting of the ice cover with increasing solar

radiation, and terminates when the water is free of ice. The clearing of

ice from water bodies at break-up ís affected by heat gain from the atmosphere,

snovr and ice conditíons, wind and currents, and inflow of runoff (lViffir*") ?4

Like freeze-lp, there are several dístinct phases of the break-up process.

The auËhor chooses to recogníze th^e following stages:
l-) The ínítial melt period,
2) The disintegration of the ice cover,
3) The clearing of the ice.
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During the initial melt period, deterioration of the ice cover is

mainly due to the increasing intensity and duration of solar radlaEion. Under

clear skies, it Ís conmon to have meltíng of the sno\^¡ cover before the average

air temperature has exceeded Ooc, through direct solar radiation.

24 . l^lílliams , G.P . , 1968 , p. 208 .
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First formation of Tce; f.raziL slush
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Ice cover first established at the sídes
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Intersectíon of Red and Assiniboine Rivers;

Assiniboine completely frozen over, Red open in places.
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Complete Freeze-over aided by snowfall

Fte. 2.6

Reversal of Complete Freeze-over



Fíe. 2.7

Page 30 ". "

Final Complete Freeze-over

Fig.2.8

Formation of compression ridges, follorvíng final complete freeze-over
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Thls leads to a remarkable decrease of the surface albedo n

brought abouÈ by the exposure of as yet undisturbed dark crystalline

fce (Polyakov ù .25 As a result of thís type of melting o Po1-yakova

observed a rapid decrease in albedo from 85 per cent to 34 peri ssn¿.

Evidence of this on the ice cover is usually a mottled appearance.

The lower albedo causes more energy to be retained at the íce

surface. This encourages further meltíng, and in a matter of days

puddles of melt rnrater appear" These usually develop first aË the edges

of the water body, and form r,¡hat are commonly referred to as shore leads.

Meltíng at Ëhe sides is bel-ieved to be Ínitíated for a number of reasons.

These ínclude a darker and shallower locaÈion, bank runoff, the type

of ice, and man induced leads caused by the prunping of hot industrial

water (Bunge and Brysoù.26 rn many cases, rivers and l-akes first open

up where major tributaries enter (lt"ckay).27 A cold spell however can

lead to the refreezLng of the water, thus delaying the break-up process"

trfiËh further melting, the díscharge of melt íncreases appre-

ciably, and Èhe íce cover may become flooded Gver. Most of this water

forces its way beneath the ice cover through old thermal cracks or at

25" Polyakova, K. N., "Characterístics of the Melting of the
Cover and the Opening of the Middle Lena Riverrrr Soviet Hydrology:
ected Papers, 1965, pp. 276-292.

26" Bunge Jr., Ilillíam W., and Bryson, Reid
Lakes, Pt. 3," No. 14 Repoq! to the University of
vestigatíons Committee .r,
June 1956, Ch" 4"

27, Mackay,
Ifackcnzie River r"

J. R. , "Progress of Break-up
Geographical Bulletin. No. 19

4., ttlce on Wisconsin
I{isconsin Lalce In-

and Freeze-up along the
o May, 1963r pp. 103-116"

ïce
Se1-
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the sldes, where the lce 1s usually thinnest. The lce cover ls then

subjected to pressure 1íft that lncreases with lncreaslng discharge"

Eventually, the lce cover disengages itself from l-ts supporÈs.

In doing so lt may even fracture at its weaker poínts, such as thermal-

cracks. At thls stage the areal extent of the ríver or lake water in-

creases, and the central part of the ice cover floats freely. From

here onwards, the break-up process may be either of a dynamic or a

sÈatíc character.

Dynarnic ice break-up is characteristic of rivers and lakes

with through flow and high discharge. The ice cover, Ís shoved and moved

by wind and water currents, which further disf-ntegrate the ice cover.

(Michel)28 r"f.r" to thís stage as the drive.

The drive depends mainly.on the river or lake discharge and

the strength of the ice cover. I.Iith continued increasing discharge,

Èhe tangential friction forces of the rrater under the ice reach become

high enough for ít to become unstable (tli"t.t)29. The frontal accr¡nu-

lation' breaks through the ice sheet, and a complete reach is destroyed

and moved downstream in a river and downwind or dorøncurrent in a lake

to the follor+ing reach, which may not have moved at the same tíme" Thís

usually occurs first where the ice is thinnest and weakest, as in the

vicÍníty of pressure ridges (Bunge and Brysorr) .30

The final stage of ice clearing, which ¡fíche131 refers to as

28. Míchel, 8., L972, p. 10"

29" Ibid, p.11.

30. Bunge Jr.,.Wllllam W., and Bryson, Rei,d

31. Mlchel 8., p. 10.

A., Ch. 11.
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the wash ls usually quite rapfd, except when Lce jams occur. By thls

time, the rvater level of the river or 1ake, fed by melt r,rater, and some-

times ralnfall, is at lts highest. There ís therefore sufficient flor,r

velocity and volume to carry aîrtay the disintegrated ice cover. Large

floes are broken dorn¡n ínto smaller pleces through overturníng and

col-lisi-on with one anotber. Thís also disturbs the thermal stratífi-

cation of the tlater" I^Iarmer erater is brought to the surface, and thís

further aids melting" rce floes, unless de1-ayed by an ice jam, usually

melts -after a few days travel (Shiprnan)32.

An ice jam formation in the spring is determined mainly by

the break-up condítiónsr,. the morphometry of the channel, and appar-

ently by the characteristics of freezing (Polyakovr).33 rce jams usual-

l-y start at restrictions Èo flovr caused by bends in meandering rivers,

úslands, bridges or other structures and by stable írnmobile ice covers
AL

I^Iilli-ans)."' Tn certain cases, iams are also conmon at the mouths of

rívers enteríng into shallow tídal estuaries, or lakes that are stíl1-

ice-covered. Ice jam formatíons are another way whereby ân íce cover

may reappear aË a síte after having previously cleared. The only díff-

erence is an agglomeration of brolcen-up ice floes instead of a contín-t

uous ice cover.

The destruction of an íce jam may be brought about by several

factors. These include surface melt through solar radíatíon, ínternal

32. Shipman, T. G.

33. Polyakova, K.

34. l^til11ams , G.
al Research Council of
1970, p. 4,

, p. 590-594.

N., p.290.

P. , "Break-up and Control of
çgnq4e- Divisíon of Building

River Icert' Nation-
Research, Ottawa,
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meltíng by the warm waÈer¡- windiness, and the volume and rate of discharge.

In general hot¡ever, Èhe jam is destroyed rvhen the force from the head

of water created by the ice is sufficíent to overcome the forces resist-

lng dovrnsËream or dor.mlake movemenÈ of the accumulated ice (t,lil-liams

t 9 70) .3s

In the case of smaller lakes that are noË fed by streams,

and with limited drainage slopes, break-up is mainly of a static nature.

The icelcover first melts completely around the shoreline, leavíng the

main body of ice floating free. ¡uring this stage, melting of the ice

cover takes place mainly through solar radiation from above, and the

warmei water beneath. Meltíng from beneath is encouraged by the pene-

tration of solar radiaÈion through Ëhe darker ice gurface.

Surface melt, water usually creaËes drainage patterns on the

lce cover" IL can drain to the open waËer adJacent to the shoreline,

or d.or.¡n the holes Èhat appear to develop preferentially along o1-d

'thernal cracks (wi11-:-arns). 36 tt the surface melt ûraËer can drain array,

the surface of the ice becomes a porous, crumbly rvhite sËructure rvhi.ch

reflecËs solar radiation readily, thus reËarding break-up. A cold

spel1 can have a símiliar effect. Melting however event,ually t,akes

place ån situ, excgpt ruhen strong winds occur.

The currents created by strong rvinds break up the fce cover

and induce circulation Èhat brings the rvarmer subsurface vrater to the

3.5 " rbld.

36. Williams G.P., 1968, p"209.
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surface lwitlir*"¡.37 sÍmojoki38 states thar break-up is most hyd.ro-

graphically dependent on lake area, whl-ch influences wind fetch. The

effect of wind however depends not only on fetch, but also on wl-nd

speed, dlrection, and duration, and on the degree of íce deterioratÍon

when break-up occurs (Will-iams , IITI) "39 In the early sprlng there ís

a Large amount of heat stored in the 1ake, more than enough to me1Ë the

ice cover (Bunge and Brysorr).40 It is prevenËed from d.oing so by Êhe

therrnal stratification of the water. This is easily disturbed by wínd

actÍon 
"

The break-up of ice in rivers and through-flow lakes is much

earlíer than in enclosed lakes (Burbidge and Lauder).41 only enough

rnelting ís required to initiate weakening and fracEuring of the ice

cover. The flood of melt vrater runoff is maínly responsible for its

eventual clearing. Polyakou¿-4'claims that only 30 percent of the

íce cover ís destroyed by solar radíaÈion, the rernaíning 70 percent

beíng desËroyed by the mechanical acÈion of water pressure. These

37. Ibid, p. 2I0.

38. Sirnojoki, Heikki, L939, referred
University of tríisconsin Lake Investigations
I,Iisconsin, Madíson, 1956, Ch" lv, Bunge Jr. and Bryson, "rce on I^iisconsín
Lakes ,'r Part 111.

39. Williams G. P., ttPredicting
Water Resources Research, Vol. 7, No.

40. Bunge Jr., l.tÍllíam W., and

4L. Burbidge, F. E., and Lauder

42. Polyakova, K. N., p. 228"

to i.n No. 14, R.eport to the
Commíttee, University of

the Date of
2, lg7L, p.

Bryson, Reid

,J.R.rP.4

Lake Ice Break-upo"
332 "

A., Ch. 111.
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values however can obvlously be expected to vary with the stage of the

process, and 1ocal site and environmental condítions.

Llke freeze-up, the break-up process is also very complex.

A variety of ice condítions occur, aË the different stages. These are

also described variously by the many observers.

As was done for the freeze-up process, the following series

photographs are included as a means of further illustraÈing some of

break-up characteristics referred to earlier (See Appendix 1).

of

the

2.4 Tvpologv

It is readily conceívable that Ëhere is a wide varíety of

break-up and f.reeze-up conditions. Physical and environmental factors

ínteract so as to produce dífferent types of break-up and freeze-up.

Several authors have in fact attempted to corrstruct Ëypologies for each

Process

As f or f reeze-up, Ry-rnsha and Donch.rrko43 f ormulated the

following classification based on the type of ice formed and the place

of ice formation:

(a) Calm undisturbed stretches of water, where freezíng occurs

strictly on the surface, with the formatíon of shore ice consisting of

needle shaped crystals

(b) The freezing together of ice floes in agitated waters such as

in the larger rivers of the U.S.S.R.. Ice formation occurs throughout

the entlre depth of the r^Iater body. Crystals of frazIl lce coagulate

43. Rymsha, V.4., and Donchenko, R.V., pp. 372-383,
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Ríver Condítion Prior to Break-up

Fig. 2.10

First signs of break-up; darkening of lce surface.



Fl"e. 2.'LL
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Meltíng
also begins

conmencês at the sides;
to deterioraËe, dappled

Fíe.2,L2

Melt establlshed at the sldes.



Fie.2.13
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Refreezing of Melt Water

Fie.2.l4

River completely flozen agaf-n, and blanketed by a snow cover"



Ffe. 2.15

Rlsíng level
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of river from melt upstream; ice cover flooded at sides.

Fig. 2.16

Ice sover breaks frorn hydrostatic pressure of flood vlave.



FIe. 2.L7
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River in flood; ice cover floating ín

Fie.2.18

the rníddle.

Partial refreezfng after breaking of the ice cover"



FIe.2.L9
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The day the ice first moved.

Eíe.2.2O

Water clear of ice at the observation
both upstream and

sl-te, although
dor,¡ns t ream .

lce jams were found



FIe.2,2L
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Disintegrated ice cover, during the wash stage.

Fíe. 2.22

Last bits of floating ice.
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First day the river is completel-y clear of

Fíe.2.24

An lce Jam on

I-Ce.

the Assiníboine,
clear of íce at,

By thls tíme the Red was
the observatlon site.

already completely



at the surface to form 1ce floes"

(c) Freezing that takes place chíefly during the formatlon of slush

(frazil) íce. Ice formation is mainly in depLh. The accumul-ation of

this slush eventually forms an lce cover on the stream surface. Thís

type of f.reezing occurs in rÍvers carrying slush ice"

Llichel and Ramse L"r44 constructed a classification of river

and lake ice according to the mode of formation. They recognize the

following three Èypes:

(a) P_firna.ry: formation through supercoolíng.

(b) Secondary: growth of columnar ice beneath the inÍtial ice

cover.

(c) Superimposed: surficíal íce grorvth through snowfall and icing.

In a further classífication, they subdivíde these major ice

types according to genesis, structure and teature, in the following manner:

(a) Primary Ice

Page 45

The ice crystalr graÍns are large to extra large with irregular-

shaped boundaries. The crystallographic orientation of the c-axis

preferred vertical. This type of ice is found in reservoirs, 1akes,

very calm areas of rivers

J-y

is

and

(i) Calm Surface, Small Temperature Gradient.

(ii) Calm Surface. Large Temperature Gradieni,

The grain síze is varied, ranging from medfum Ëo extra large"

The crysÈallization progresses rapidly. The grain shape varies from

tabular to needle-like and can be several cm ín length. Dendrítes are

44. Michel, B.
Lake Icertt Canaclian

, and Ramseier, R.0.,
Geotechnlcal Journal,

"Classification of Ríver and
Vo1. 8, No. l, pp. 36-45.



also common. The crystallographÍc oríentatíon ls random or vertically

preferred superimposed on a random orientatíon. Thfs type of ice is

al-so common to 1akes, reservoirs and very calm areas of rivers.

(1Íi) Agitated Surface, Nucleated From Frazil

The grains are fine to medium, the grain shape beíng tabular.

The crystallographic orientation is random. This type of ice can be

found on lakese treservoírs, and rivers.

(iv) Nucl-eatíon bv Snovr

The iee crystal grains are fíne-to-medium sízed and are equíaxed.

These properties depend to a large extent on the sno\^r type. The crystallo-

graphic oríentation is random. This ice caa form in lakes, rívers and

reservoirs.
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(b) Secondarv Ice

The grains form parallel to the heat f1ow. The grain size

increases with depth, sínce unfavourably oriented grains are consumed

by those more favourably oriented" The crystallographic orientation of

the c-a¡cis is preferred vertical and remains so for the entire columnar

ice depËh. The grain size is usually large to extra large, with irre-

gular shape. This type of ice forms as a result of the conditions given

for primary ice types (i) or (ii); and very occasionally (iíi) or (iv)

if the ice cover is under pressure. It is found in lakes, reservoirs,

and rivers rvith low flow velocitíes.

(i) Columnar lce, Preferred Vertical OrientaÈion of c-Axis

The conditions are the same for (i) above except. for Èhe primary

lce havlng a random orlentation. The crystallographic orlentatlon

(ii) Columnar Ice, Preferred Horízontal Orientation of c-Axis
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changes continuosly with depth becomíng preferred horizontal after 5 to

20 cm. of growth. This type of íce forms as a result of condiÈions gÍven

for prÍmary ice types (íi), (i1í) , and (iv).

(iii) Columnar Ïce, Preferred Aligned Horizontal Oríentation
of c-Axis

This type of íce forms at the bottom of thick ice sheets ancl

covers. It is found in perennially frozen 1akes, Arctic ice islands,

and possibly in river ice at great depth. It develops from a preferred

horizontal oríentatíon to one with several of the c-axes nearly parallel.

(iv) Congealed Frazíl Slush

The grains are equiaxed and tabular in shape. Theír size is

fine to medium and depends on the age of the origínating f.razil. The

crystal boundaries are írregular and the crystallographic orientation

Ís rarÍdom. The frazlL is f ormed in turbulent r¡rater and is svrepË under

the secondary ice cover. An entire ice cover can consíst of congealed

f.razíl slush. ft can also be found in different layers of the cover

alternating with the columnar ice. It is found in rívers as well as

reservoirs and lakes fed by turbulenË waters.

(v) Drained Congealed Frazjj- Slush

The grains range from fine-to medium síze and are angular in

shape. The density is low: over 0.4 g/cm-3. This ice is found where

r'rater has drained through ihe Íce cover leaving the slush to be refr:ozer'.

(c) Superimposed Ice

(í) Snow Ice

The graín size ranges from flne-to-medium,

to angular depending on the age of the sno\{, and the

the shape 1s round

grains are equíaxed



with a random orientatíon. The densíty may

It is formed v¡hen r+ater saturates the snow

whlch then refcÈ-ezes e

(il) Draíned Snow Ice

The grains range from fine-to-medium size, and are wel1 rounded"

The layer is homogeneous and randomly oriented. It has a density of a

appro*lmately 0.6 g/cm-'.3 ,ti" ice is found where water levels can vary

rapidly" A previously saturated snohT cover can therefore be easily draín-

êd, thereby facílitatíng refre ezíng

(iií) Surface Ïce
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vary from 0.83 to 0.90 g/cm-3

deposited on an lce cover

Thls refers to layers of columnar íce which have formed on

top of the oríginal prímary ice.

(d) Aggl-omerate lce

This final ice type is added,on as an extra category. It ís

an agglomeration of various íce Ëypes and forms. AË any poínt where

the naÈural growth process is disturbed by mechanical ór other types of

interference the horizontal layeríng will become indistinguishable. The

grain síze can vary from fine to exËra large and the shape can vary from

equiaxed to tabular to columnar r,riËh Ëhe crystal boundaries regular to

angular in shape. The oríentation can vary from random to preferred.

This type of ice which ís essentially an agglomeratíon of individual

lce pieces rvhich have refrozen, is frequently found in areas of turbul-

ent flow or rapids in rivers.

The above classiflcatlon underlines the fact that the type of lce

formed is essentially a function of environmental conditions. Ifeteor-

olog1cal arid hydrodynamic condÍtions are the dominant fac,l-ors here.



freeze-up process.

based on the intensity of íce cover formation, and the duraËion of the

Donchenko (Ig72)45 Or.""rrted another

freeze-up period. The following table sunmrarizes the types of. freezíngz

Types of tr'reeze-up based
and the duratíon of the

This was hor+ever restricted

Type of
Freezing
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classl-flcation of the

to reservoirs, and was

(a) Formation of shore ice and ice
cover wíth ûre initial thickness up
to l- cm.

oni.the intensíty of an Íce cover formatíon (P_)
freezíng period(i). ' o'

Freeze-up Character

(b) Formatíon of shore ice, ice
slush, feeble ice drift and ice
f1oat, increase of shore ice up to
complete freezing; complete ice
cover formation. Initial íce
eover thíckness up to 3 cm.

Table 2.1

II Shore ice formation, ice drift,
complete ice cover. Initial ice
cover thickness up to 15 cm.

III (a) Shore ice formation, frazlL
ice drift, complete ice cover.
Initial ige cover thickness
exceeds 15 crn.

(b) Shore íce formation, prolong-
ed drift of frazlL íce, complete
ice cover fot a short period of
time. Inítial ice cover thíck-
ness exceeds 20 cm.

Duration
(days)

I+5" Donchenko, R.V., p. 10.

10-15

>20
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From the above, one can readily concl-ude thaË there are basíc-

ally two factors that determíne the type of freeze -sp¡ the intensity of

heat loss from the l^Iater surface and the type of vrater body.

The greater the intensity of freezing, the shorter is the

duration of the freeze-up (compleÈe íce coverage) process, and the thinner

Ls the íce sheet formed. Skfm ice is therefore characterístic of regimes

of rapid freezing. On the other hand, frazlL íce conrnonly occurs with

prolonged periods of freezíng.

T^lith respect to the break-up process, fe\"rer classifícations

are encountered. Burbidge and Lauder46 
"o*n"res 

break-up between rívers

and lakes, based on the time of break-up and Èhe duration of the break-

up period" Furthermore, I^lilliam"47 dr"arnguishes between lakes subject-

ed to through-flow and runoff, and lakes rvith l-ittle basin discharge.

One of the more detaíled classifícations horvever ís presented

48by Antonov, Ivanov and Nalimov. It refers specífically Èo rivers in

the Síberian arctic and sub-arètic zones.

Type (a) Thís type comprises of rivers or river reaches in whích

the processes of break-up are characterized by suffícient dynamic effect

of the flood \,lave on the ice causing break-up and shearing in a rj-ver

channel at a distance of 60 - 180 km. This zone is followed by a zone

of drifting ice 25 - 90 Km., with subsequent complete ice clearance.

46, Burbidge, F.E., and Lauder, J.R., p. 5.

47. Williams, G.P., 1968, p. 208.

48. Antonov, V.S., Ivonav, V,V.
of Break-up of Rivers in the Slberian
S.¡mposia on the Role of Snow and Ice
ties and Processes, Session: IJNI|SCO: 5, L972.

, and Nalímov, Yu.V., "On the Types
Arctic and Sub-Arctlc Zonesr" Int.

in llydrology:_ Symposiurn on Proper-
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Thfs type of break-up is characterlstic of 1-arge lowland rivers wl-th

vast draínage basíns, and weakly developed flood plains n and med,íum size

or small mounËaín rívers characterized by large rlver bed slopes and

corresponding flow regime.

Type (b) In thís second type, the dynamic effect of flood \¡raves

is reduced. This is due to the fact that the river flov¡ ís regulated

by 1-ong disËances and swamps" This category ís typical of the large

l-o¡"iland rivers with well developed wide f lood p1-ains.

Type (c) The thiÍd type includes medium sized rivers flowíng

through the Síberian tundra and foresÈ Ëundra regions. These streams

usually freeze to the bottom, due to;:Ëhe severe clímate, the low pre-

cd.piÈation, and the lack of ground water because of permafrost. They

are therefo.re characterized by a nurnber of alternatíng reaches of deep

pools covered with thick ice and completely frozen-up bar reaches.

Drlfting ice is rarely observed on these rivers, and melting bf the

ice in sítu ís conrnon.

Type (d) Thís fourth and final type comprises of the mouth reaches

of almost all the large and medirrn sized rivers flowing into the Arctj-c.

Break-up is of a quíet nature. The dyn,amic effect of the flood vrater

is excluded as the flood \'rave."is consíderably reduced by the journey

over the large flood plains and numerous delÈa arms. The bulk of Ëhe

Èransít ice melts in the lower reaches before it gets here. Ice here

fs therefore mainly of 1oca1 origln.

This classificatlon, together r+ith the others, is essentíally

hydrodynamlc in nature. They are based mainly upon the type of vrater

bodyo and the lntensity of the flood wave during brealc-up.



2.5 lhe Controlling Factors

ït transpires from the above,

major controls of both the break-up and

as f ollows:

(1) Climatological

(2) Hydrological

ClinaÈo1ogícal Factors

(a) Air Ternperature: Air temperature Ís basiåally the najor factor

deteraining break-up and. freeze-up conditions , (Foward) 49. it i" Lhe cool_
.ing of the atmosphere, which in turn coolsthe v¡ater, that produces fteez_

lng conditions in the fa1l" Sírnii-arly, w-ith the waruíng of Èhe aËmos-

frere in the spring, the ice cover is melt,ed. Air-water energy exchanges

are mainly through conduction' convection, and. laÈent heat transfer mec-

hanisms "

that there are basically two

the freeze-up process" These are

Page

.(b) Windiness: tr^lind is definitely of fund.amental importance in
resPect to ice condítions" It has Èhe characteristic of acting together

wlth or against air temperatuïe to initiaËe or terninaËe freezing and

brealtÍng condiLions.

52

During freeze-up a r¡ind encourages freezing of the T.rã,ter sur_

face through induced evaporative cooling" on the other hand a wind can

discourage ice formation at a particular siÈ.e, in that it increases water

turbulence rvhich disturbs crystal grolth. I{or,rever, r+indiness prod.uces

' 49. l-oward, Charles, N.,
G-gographi-cal Bulleti:n, No.

"Sea Tce CondÍtions along È.he lluclson Bay RouEeril
7 , 1955, p. 47 .
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compression of the l-ce fleld to the leeward slde, thereby creating

thicker ice cover lurct"y¡.50

a

a

During break-up, a wind is primaríly responslble for Ëhe

removal- of the ice cover " It does so either directly through its ovm

fríct,ional force or índirectly by creatíng sÈrong water currents" A1so,

warm wínds such as the Flohn'*¡ariety, are very effective ín evaporaLíng

snow (l,troodsr,rorth and Gordon).51

{c) Plecipitatíon: During freeze-up, snowfal-l furnishes the vater

surface r¡ith added. nucleaËion for ice crystal growth (lturakani).52 0n

the other hand, if a snow cover r^rere to blanket an initial ice cover

(a few cm. thick) it would reLard its further growth, in that it supp-

resses heat transfer from Èhe uraËer beneath to the air.

When break-up is active, a snorì/ cover wí11- have had the effect

of producíng a thinner than usual ice cover. In addition, freshly fallen

snow would contÍnue to create hÍgh al-bedo situations, when the sunrs

zenith angle is already quite high, thus retarding the break-up process.

Rainfall during the spring is also very effective in desËroying the ice

cover 
"

(d) Sunshine:

50. Mackay, G.
Conditions in Hudson
March L952, p" 101.

5l-. Gordon, A. R., and I^Ioodsr,rorth, Il.C. , "Some Inter-Relatlonships
of Snor,¡ and Ïce Condítions and l.leather in the Arcticr" Bu1l. of Amer. l'feË.

!gg:_, Vol. 31, No. B,October 1950, p. 276,

52. Murakaml, M., (194f), in I'lackay, J. Rosso
up Predíction of the I'fackenzíe Rlver, N.üi.T. , Canada,
No. ln March 1960, p. 26.

Sunshíne during freeze-up has the basic effect of

A., "The Effect
Bayr" 8u11. of

of Protracted Sprlng
Amer. Met. Society,

Thaws on lce
Vo1. 33, No" 3,

ttFreeze-up and
" Prellmlnary

Break-
P.aper,
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warml-ng the water at depth, thus malntaíníng a posltlve heat bal_ance

for the nater body as a whole for a longer tlrne period.

During break-up, direct so1ar radiatíon 1s effectfve in heaË-

lng the v¡ater beneath the íce covern which in turn índuces melÈlng

(will1ams).53 It 1s responsible for the direct melting of the ice cover,

whfch is usually dirtier and darker in the springtime.

fe) Cloudíness: The amount of cloud cover has a profound effect

upon the rate at whích an ice field disintegrates during break-up (Gor-

don and Woodsworth).54 lIíth a high solar angle prevailing ar this r-ime

of the yeare the lesser the amount of cloud coveru the greater is the

effect of solar heating.

on the other hand, cloudy skies tend to retard freeze-up in

the fa1l" This is due to the fact that the direction of energy trans-

fer ís towards the atmosphere at this time. Clouds therefore acË so as

to fmpede energy 1oss.

Other climatological factors what can be considered, but whose

effect'i-s negligible, are evaporative cooling during freeze-up, and 1a-

tent heat of fusion release during break-up.

Hydrologícal Factors

Hydrological factors are influenced to a large extent by the

subaerial and submarine morphology of the river or lake basin. These

are discussed in the following sectíons.

Icertt National Research Council of
Baper, No. 421, pp. 1134-38.

53. Williams , G. P. , n'Water

54. Gordon, A. R., and l^loodsworth, W. C., p. 276,

Temperature During the
Canada, Div. of B1dg.

I'lelting of Lake
Researcho Research
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(a) Discharge: Díscharge has several- characteristlcs. Dlscharge

rate or flow veloclty is determined by the slope of the basln and Èhe

amount and intensity of precipltation. The volume of díscharge on the

oÈher hand is urainly determined by precipiÈatíon conditions.

hlhen flow velocity produces turbulent conditions, both freeze-

up and break-up are affected. During freeze-up, turbulence causes a delay

of the freezing process, and induces f.razíL ice formatíon. On the other

hand turbidity aids the break-up pïocess; it leads to mechanical dísinte-
gration of the íce cover, and is responsibl-e for disturbing the water

stratification, which further propogates merting (tvi-ttir*") .55

The vohme of díscharge is imporÈant durÍng the break-up period.

rt creates a l-ifting force on the íce cover. This is one of the major

mechanisms of ice break-up.

(b) Depth: tr^later depËh mainly affects freeze-up condítíons" Sírn-

o5oki56 claíms that the depth of a water body is the most i.mportant factor

in determíning the daËe of lake ice freezíng outside of meteorologícal

conditions " This ís due to the great heat storage capaciËy of water and.

thermal density characterístics.

(c) Síze: The size of a r^rater body is important only in its infl-uence

upon wíndiness. Larger rívers and lakes irrovi.rle ample areal extent for a

favorable fetch" Ríver or lake orientation is also important in this respect.

(d) Basln Characteristícs: Basin characteristícs, such as shape,

topography' vegetatíve cover and soil texture determine the intensity of

runoff. Thís is a major hydrographic factor durlng break-up, in that it
affecEs the magnitude of the flood \./ave"

55. I^11111ams, G. P., 1968, p. 2IO"

56 . S ímo j ok1 , ileikkt , 19 39 .
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(e) Local- Condítíons: Local condítíons essentially arise from

anomalous physJ-cal conditíons, which in turn introduce mínor irregularí-

tles in both the break-up and freeze-up pattern. Shallow reaches ín

rivers or lakes encourage early freeze-up" These also cause ice jams

during break-up. On the other hand rapids and waterfalls discourage

f,reezj:ng condítions.

In order to emphasize the importance of some of the controlling

factors mentioned above, empirical approaches that [íve some idea as Ëo

the behavior and nagnitude of Ëhese are discussed. These methods were

derived wíth the aim of predf.cting the times of occurence of specífied

stages of each process. The folloroing sections list some of the more

imporÈant aÉtempts.

WiËh regard to

Íng relationships between

cooling in the Baltíc:

jI- = K(r -T)
dr

r.rhere

T = air temperature
E lrater surface temperature

t = Èíme
K = a constant with ínverse dimension of tlme

He maíntains Ëhat freeze-up does not depend solely on belorv

freezing temperatures during a limited period of time. Hor¿ever, over

an extended time period, temperature is the major controlling facËor"

the f,reeze-up process nodhe5T used the follow-

weighted air temperatures and the rate of l¡/aËer

aù

57, Rodhe,
Ice Formation in
175-202,

Bertil, "Or the Relatíon
the Baltic , " Geograf íslca

Between
Annaler,

Alr Temperature and
Vol. 34, L952r pp.
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Bilello (Lg64)58 
"dopt"d this rechnique to compure rhe date

of lce formatlon at several locatíons in the Arctic. Similiarly Mackay
qo

(1960)-'extended this method to ínclude flovr travel time when measuring

surface water temperatures. He contended that freezíng at a partícular

site was dependent not only on 1ocal environmental condj.tíons, but on

upstream conditions as well"

Spence (1971)60 ,r""d a multiple correlation and regressíon

analysis Ëo examine the relationships of the various possible combinations

of the independent variables, stream depth, flow velociËy, disËance from

the nearest bank, and their 1og Ëransformations, wíth the dependent

variable, time of. f.reeze-up in degree days, and its log transformatíon"

In the correlat.ion analysis between the hydraulic variables

and the tíme of freeze-up, results \¡rere encouraging for velocity and

distance from the nearest bank, In the regression analysís, the following

relatíonship was derived:

LCUI0T = 1.18-0.008

DEPrH (0.10)

r,¡here

Lcln{DT È log transformation of the time of freeze-up in degree

58. Bílello, Michael 4., "A Method for predicting River and Lake
Ice Formation,rtJournal of Applíed Meteorology, Vo1.3, L964, pp. 38-44"

59" MacKay, J.R., "Freeze-up and Break-up Prediction of the Macken-
zie Ríver, N.I^r.T., Canadar" tlpublished Paper, 1960r pp. 25 - 66"

60. Spence, E.S., "An Empirical Approach to Time of Freeze-up
Analysis," The Albertan Geographer, No. 7, 1971, pp. 6-11.

vEI,rl.41

a.

(0"10) (0.20) LBANK - 0.37

2ì
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days from the time the water temperature became equal to 32oF(degree days) 
"

VEL = veloclty (feet per second) 
"

LBANK = 1og Èransformation of distance from the nearest bank (feet).
DEPTH = Deprh (feer).

This equation is actually the híghest coefficient of determina-

tion avaí1ab1e for the data and the variables used. It ís sígníficant
at the 0"05 leve1 for an analysis of variance rrF" test. Again, it
emphasÍzes Ëhe effêct of r,rater velocíty and dÍstance from,the nearest

bank on the time of f,reeze-up.

As for the break-up process, williams (r-968)61 d"rr"loped a

simplifíed ice melting formula which combines a solar radiation term with

a degree-day term. The formula, which applíes to fresh \,/ater lakes, is
as follows:

Qm = 0.05

rrhere

qm = heat available for melting the ice cover over a given period
of time"

R"r= accumulated short wave radiation over the period cal./sq.crn.

AT = accumulated degree days over the period, oF.

The formula assumes that over the break-up peri-od, 50 per cent

of the avaí1ab1e short-wave radiation (solar) is absorbed by the ice and

1s available for melting. Evaporatíon fs assumed to be slight during

the break-up period, and ls neglected. Combined long-wave radiation and

convective heat gains or losses are assumed proportional to the degree-

day term.

{*"' * LOfA T ca1lsq. cm.

6L. I^Iíll1ams, G. p., 1968, p. 2I0.

fz.:)



The above formula however applies

and wíth l-íttle basín díscharge. For lakes

dlscharge, Ëhis formula can only be applíed

mentioned previously.

Another approach, suggested by Bendenniko,r62 
"*phasizes 

the

hydrodynamíc aspects of break-up. He states that during the períod pre-

ceding the opening of å river or a l-ake and clearing of the iceo the

dynamic interactíon between T¡rater flor^¡ and the ice cover is character-

lzed by an increase in the energy of water flor"¡ which is roaniftlsted by

a rising stage and an increased discharge. A weakening of the strength

of the ice cover, whích is revealed by lesser adhesion to.üre banks, and

a decrease of the ultÍmate strength with an increasíng fluidity of

the íce itself is also observed.
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to lakes not fed by ri-vers,

that show íncreased spring

Ëo the inítial meltlng period

Thís interactíon is defíned

Pm*w*Pv*Qi+Fv-Pa-T=

where

?m = the thrust agalnst the edge of the ice cover by the mass of
the ice floating dov¡n from the upper reaches which have already been
opened up.

, .¡ tJ

pv
the ice

Qi

= the friction force of the air masges (wind) against the íce.

= the total hydrotlynamic pressure against the leading edge of
cover.

surface)

Fv

= the we,ight component of the ice masses (para11el to the water
proportional to the slope of the \,rater surface.

= the frictíon force of the \^7ater under the lce cover.

by

0

the

62"
Jams on

followíng expressíon:

f z-¿1L't

pp. 101 - 108.

Bendennlkov, V.P. r t'Dynanic

Rlvers, " Soviet Hydrology:
Conditlons of Formatíon

Selected Papers, No. 1,
of Ice

t964,
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"

Pa' = the normal component to the cross-sectíon of the lce sËress"

T = the Ëangential stress component. caused by the fríction of
the lce against the banks.

The above condítion is obviously one of stability, when the

ice cover at a partícular point has noË yet fractured or moved. It des-

cribes the hydraulic puocesses preceding the dríve phase. I,líth increas-

íng melË, Pat and T (the counter pressures) are everitually overcome,

and the ice breaks and moves 
"

The enpÍrical techniques dÍscussed above would seem to indícate

that air temperature and r"rat.er Ëurbidity are basically the major

environmental facücrs affectj-:ng freeze-up and break-up condj.tions.

2.6 Conclusíon

The behavior of ice in all phases of its formation and destruction

is controlled by the physícal factors of the environment. Some fact.oËs

are non-variable, namely the hydrological factors. These are tied to

Èhe physical conditions of the environment: physiography and morphometry"

Although these conditÍons are heterogeneous, in thaÈ they influence the

spatlal variability of break-up and freeze-up phenomena, they maintaín

an element of permanence and consisÈency. They ¡¿ould therefore be expect-

ed to exert the same type of influence on break-up and freeze-up conditions

from year to year. In other words the nature of theír heterogeneity is

spatially predíctable and regular through Ëime.

,cllmatologícal factors on the other hand, are variable. They

cause both spatial and temporal varíations of break-up and freeze-up

conditions. These however, are noted to exhlbit homogeneous effects over



Page 61

broad geographícal areas (Murray Mitchell)"63 ,ararons withín appro-

prLately defíned regions, recording these phenomena should concur fn

both sense and magnitude. The pattern of break-up and freeze-up events

should therefore be consistently uniform from year to year over extended

clímatological- regíons.

Although Ëhere exist complex spatíal and temporal variatíons

of the physícal factors that control break-up and freeze-up conditions,

one can expect Ëhem to exert uniform and predictable influences over

delíneated geographical areas, from year to year. Regional networks of

stations recordíng specific break-up and freeze-up events should there-

fore yield homogeneous and comparable sets of data"

63.
Journal of

Mitchell, J.
MeteorologJ,

Murrayr ttobserved Secular Temperature Trends orr
Voll 10, August 1953r pp. 244 - 26I.



3.1- Introductory Remarks

Until recentlyo studies relating to the perception of the

environment had been somer¿hat neglected by geographers. ErnphasÍs

was placed more on explaining the nature and behavior of the physÍcal

world and these explanatíons often neglected mants perception of these

phenomena. The proliferation of perception sËudies ín geography

that has appeared over the last decade however, has a definite bías

towards the behavioral envíronment: The envíronment man perceives,

experiences and acts in" These studies have hínged largely on psy-

chol-ogy; they have occasionally gone to the other extreme and have

aËtempËed to explain the physical envíronment in terms of its cogni-

tive sËructuríng by man.

In order to fu1ly comprehend the everyday envíronment however,

one must come to grips with both the stimulus field (the physical en-

vironment), and the response fíeld (the psycho - social environment).

Both fields are subject to immense variability, and neglect of one at

the expense of the other can only result in biased and distorted views.

The present study 1s an attempt Èo shov¡ how variability withín Èhe

physical environment, and rvithin the social environment, can affect

onets perception of what can be approprlate1y termed the operatíonal-

environment (the environment in whích man operates).

Perceptíon of the Environment

CHAPTER TII



3.2 Varíabí1ity of the Stímulus Field

The natural environment 1s by no means a laboratory situatíon.

Variations over dífferent ranges of time and space are a conmon charact-

erlstlc. The atmosphereo in partlcul-ar is in a state of constant agíta-

tiono and measurement of certain parameÈers such as air temperature and

vapor pressure, are rendered extremely difficult luiaat"torr¡.1 The

r¡raters of the rívers, and lakes, and oceans, are also in constanË motion,

and similiar meaaurement problems are encountered"

The processes of both break-up and freeze-up of water bodies

that are dÍrectly or indÍreetly affected by aír temperature maínly, and

windiness and r.rater movement, and other hydroclimatic conditíons (See

Ch. II) are subject to sími1íar variaËions, though of a lesser magniËude.

Rigorous and systematic. measurement technÍques are therefore desirable

to assure accurate and meaningful records. Most break-up and freeze-up

data however are obtained:i from several indirect sources, none of rvhich

have any completely standardized methods of observation.

Page 63

The following are the break-up and freeze-up conditfons and

their definitíons that are Ëo be examined in this section?

a.Freeze-upl....FirstPermanentlce

b. Freeze-up 11. . Complete Freeze-over

c" Break-up 1. . . First Deterioration of Ice

d" Break-up 11 . Water clear of ice.

1"
ologíca1
Society,

,
of I'later

Míddleton, Knowles, W.E., "The Present-Day Accuracy of Meteor-
Instrumentsr" Quarterly Journal of the Royal ìfeteorologÍcal

Toronto, I97L¡ pp. 11t - vlii.

Vol. 70, 1944 ¡ pp. 32 - 49.

Alleno W.T.R., and Cudbírd,
Bodles 1n Canada'j Canadlan

B.S.V., "Freeze-up and
Meteorological Service,

Break-up Dates
cLl-1-71,
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It 1s extremely dif flcult to visually percel-ve initial f.reeze-

up (Freeze-up I), whích actual-ly involves a phase change frotn liquid

r,rater to solid íce. Thís problem becomes even more compl-ícated when

movement is involved as along fast flowing stretches of rivers or

lakes" The turbidity of waËer currents causes newl-y formed ice crysËa1s

to continually appear and disappear. IË must not also be forgoËten

tlrat Ëhese initíal íce crystals (needle or f.razLL), like vrater, are

transparent in color. I^Ihether aney are noticed or not r¿ould therefore

depend, Ëo a large extent, on the observerts keenness of visual pgrcep-

tion" A1so, during initial freeze-up, ice crystals that form at night

and disappear the next morning, are hardly ever noËiced.

Another problem in perceiving Freeze-lp I occurs when snow,

fallíng prior to íntia1 f.reezing is lodged on the banks or shores of

water bodies. Quíte often, especially where ripples or T¡raves are

prevalent, snoT¡r adjacent to the water body, is usually washed dov¡n and

accumulates at the edges" As has been shown already (Ch. II), freeze-lp

of most Ìrater bodies progresses from the sides inwards. IÈ is exËremely

diffícult to differenËiate vlsually between drifted snow and.- bheet or

frazlL ice; whether inítial f.reeze-:over has occurred or not, is doubt-

ful.

One final problem concerning initial freeze-up at a partícular

site, involves water bodies that are characLerízed by through-flow.

In this case, it is diffícult to say r^¡hether frazil- slush ar.d frazíL

floes (Fígs 2.L and 2"3) that float by were formed at the observatlon

site or upstream.
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Flnal freeze-over (Freeze-up II) is a more tangible process.

In this case, wíde, thin films of ice have established themselves and

a smoother, less mobile, and less transparent surface ís thus belng

presenËed. Distance here becomes the most dístorting factor, especíally

in large bodies of water. Sínce the middle innermost sections of rívers

or lakes are usually the last to freeze over (Burbidge and Lauder) 13

l-t is exceedingly difficult Eo Èel-l vrhether these areas are completely

flozen over or not, merely because they lie outside the vísual range

of the observer. A similar oondiËíon r¡as observed in Hudson Bay. Con-

trary to previous belief, the centre of the bay was found to be frozett

during winter, while shore leads persisted at the periphery (MacKay).4

This rnatter becomes even more complícaËed when snowfall- has

blanketed the frozen-over areas. In'tris case a t.remendous amount of

white light ís reflected, the írradiance of which the observerts eye

cannot readily adapË to, and whích distorts his view.

Break-up presents similar perceptual problems as $rere encounLer-

ed for fxeeze-up.

The precise determination of Èhe date of ínitial deterioration

the ice (Break-up 1) is ciften more diffícult than for other dates

the freeze-up/break-up cycle, as melting may be in progress for many

of

ln

3. Burbidge, F"E., and
into Break-up and Freeze-up
of TransporÈ, cir. - 29!9

4. MacKay, G.4., "The Effect of Protracted Spring Tharos on lce
Conditions 1n Hudson Bayr" Bull. Amer. Met. Soc., Vol. 33, No" 3, 1952,
pp. 101 - 106.

Lauder, J.R., t'A Prel-ininary Investigation
Conditíons j-n Canadar" Met. Branch, Dept"

Tec - 252, 2 July 57 , p. 7 .
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days before any vísual- evldence of the phenomenon 1s apparent (Allen
s

and Cudbtrd) . -

creates

inlËfa1

process

A general darkeníng of the sno\"/ overlyíng the ice cover, whích

a mottled appearance seems to be the first vísual symptorn of

break-up (personal observation) .6 The precise moment r,rhen thís

is initiaÈed is, however, extremely difficul-t to isolate.

When Break-up I refers to the forrnation of cracks, leads or

open $rater areas Ín the ice, further perceptual problems are encountered"

Areas of open T¡rater at the sídes, where melt water normally first appears,

can be due to break-up of the hTater body ítself or to melt runoff from

Èhe adjacenË slopes. The problern here appears Ëo be one of definition

regarding melt water appearing at the sídes.

As for final break-up (Break-up II) perceptíon would seem

to be the least difficult, because of its tangible nature (See Ch V) .

Here time and dístance are about the only two factors affecÈing the

perception of the last appearance of river or lake ice. Mainly be-

cause of ice jams, it is possible to have a r.rater body completely

clear 6f ice for a few days or weeks, and have floating ice reappear-

ing thereafter. The observer therefore has to be motivated enough

to malntain a continuous vlgilance over the body of waËer, even after

5" Allen, W. T. R. and Cudbird, B.

6. Personal Observation on the Red
I'fanítoba, tr'linnipeg, (See Appendix 1).

S. V., p. vi.

Rj-ver near Èhe University of
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the 1nltial disappearance of rlver or l-ake lce, to obtal-n accurate

records. Agatn, fn the case of larger water bodíes, accurate observa-

tÍons are hindered by the llmited visual range of the observer.

one fl-nal problen ls thaÈ during break-up, the river or Lake

leve1 rl-ses to unduly high proportions, resultÍng from spring melt run-

off. As a result large j-ce floes are deposited or trapped by vegetatíon

on the banks or shores. These are left stranded even after the final

dlsappearance of the river or lake ice (Burbidge and Lauder).7 one

would Èherefore wonder whether the fínal disappearance of íce r,rould de-

pend on Èhe complete melting of these perched ice slabs. The problem

here woul-d definítely involve defining and delírniting the river or Lake

at differenË periods"

So far, attention has been directed Èo the problems of obser-

ving specified break-up and freeze-up events. IË must noË be forgotten

however that these processes are not finite entities. There ís a con-

tinuum of physíeal activity between initial freeze-up and final freeze-

up. Likewíse for initÍal break-up and final break-up. And, what is

more signíficant is that every point on this continuum is subject to

being reversed for short periods, depending mainly on weather condi-

tions. PercepËion of break-up and freeze-up of a r{ater body could

therefore become even more eomplicated than outlined above.

Freeze-up conditions are the ones most susceptible to being

reversed lwttlia*s¡ .8 A strong rvl-nd or a warming trend can lead to

7.

B.
Dív1síon

Burbidgeo F. E., and Lauder, J. R., p. 4.

Wllllams, G.P., t'Freeze-up and Break-up of
of Bullding Research, Tech. Paper No. 286,

Fresh l^Iater Lakesril
N.R.C . 7.0422, OÈravra.
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compleËe clearlng of the water body, even after complete freeze-over

(Freeze-up 11) " Several cycles of thís process 1n one season are there-

fore quite coflìmon. Break-up condítíons undergo sirniliar cycles, at a

particular slte, through cold spells and íee jams. Flnal break-up

however is least llke1y to suffer reverses (frown).9 The observer

Èherefore has to be extremely cautious v¡hen recording break-up and

freeze-up event.s, in that the same process could occur more than once

ín a gíven season.

3.3 Varíability of the Response Field

The perceptual response to either break-up or freeze-up cen-

tres around the observer, the socíal beíng. Here we have a urediat.íng

mechanism between the environmental stimulus and the ensuing response.

EnvironmenÈal stimuli, in the form of patterned photic radiation ímpínges

upon the observerts sensory organs, in thís case, his eyes. Thls en-

ergistic message ís then assimilated ínto the vj"sual sensory, and then

the central nervous system of the individual, and a perceptíon, or rvhaË

can more appropriately be called a judgement, is arrived at (narttey).10

This judgement hor¿ever can vary from individual to indívidual, depend-

lng upon hís momentary state, his personality, and his cultural affilia-

tion, just to mention a few variables

The observation of break-up or freeze-up is a momentary affaír.

o

River and
1957, p.

10.
New York,

Brown, R. J.
its Delta in

133.

Bartley S. , Howard,
1958, p. 89.

8., ttObservations
7954 r" Journal of

Prlncl-ples of Perception,

of Break-up
Glaciology,

in the Mackenzie
Vo1. 3, No " 27o

Harper and Row,



The observerts set, or mood, at that l-nstant, determines, to a certaLn

extent, the type of lmage that appears on hl-s retina. slnce keenness

of sight 1s desirabl-e to ascertain break-up or freeze-up conditions l.n

most sf-Ëuations, the observerrs mental attentiveness becomes quite de-

cisl-ve (Bartley) .11

Additional to the mood condi.Ëions of the observer, is his

personalÍty, his basíc behavior characteristícs around which hís mood

revolves" This characteristíc deternínes Èhe motivation of the obser-

ver and r¿j-ll therefore predispose him to apprehend objects and situa-

tions in ways relevant Èo his basic value judgernents (Shafer and lturphy)12

under the heading of personality, a number of physiologíca1- and psycho-

logÍcal facËors can be consídered. There is the physical buíld and

heal-th condÍtl-on of the individual, which can af f ect his f rame of rnind

(rarttey).13 Then there is his mental disposítÍon, whether he is ex-

troverÈed or introverted, or engrgetic or apathetic (postman .t 
"11.14

These more stable mental stages vary considerabl-y from person to per-

son, within the same socíety, or even the same famÍ1y" Perceptíon there-

fore i.s quite subjective, dependíng to quite an extent on the personal-

íty of the observer. This in turn influences the manner in vrhich each
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12. Schafer, R., and Murphy, G.,
Fígure-Ground Relationshipr" Journal of

11. Tbíd., p. 39.

32, L943, pp. 335-343.

13. Bartley, S. Howard,

L4. Postman L., Burner
as Selective in Perceptionr'l
pp. 742-154.

p.386.

"The Role of
Experimental

J. S., and
J. Abnorm.

McGinnies, E. r ttPersonal

Autism in a

Soc. Psyçþo1ogy, Vol. 42

Psychologv,
Vísua1
Vol "

Values
, t94B"



observer percelves break-up or f.teeze-up conditions.

I^Ihen one conslders the observer in a socíal conËexË, there

ls even more variabílity from person to person. Each índívidualts past

experiences, educatíonal background, and personal- inclinaÈions, only to

mentíon a few variables n wilL definiÈel-y condition hím to perceive the

environment, ín a \^ray Èhat is unique only to hirnself (Seck) .15

Culture can also significantly ínfluence Ëhe observerts visual

perception (Segall .Ë 4!) .16 In fact thj-s has been a very coumon fíeld

of research for human geographerts over Ëhe l-ast decade. Most of the

resul-ts seem Ëo agree with the fact that cultural-l-y shaped influences

predispose people to perceive differently. Different responses may be

a function of different abilities t.o resporid to the environmenË or Ëo

dífferent perceptions of the environment. In a recenL study of percep-

tion among northern Alaskan peopLes, it was found that cul-tural-. diff-

erences could be attributed maínIy to differences ín adaption level

(Sonnenfi.ta).17 Another study contends that the human organísm becomes

seleeËj.vely sensitízed to certain arrays of stÍmuli raËher than others,

and Èhat this is a functíon of the indívldualrs membership in one cul--

Èural group rather than another, whatever other factors are involved.
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vironment in Lowenthal, Davidr" Environment Perception and
University of Chicago, Illinois, 1967, Ch. 11.

1-5. Becko Roberto "Spatial Meaníng and the Properties

16. Segall, Marshal II., Cambell, Donald T., and Herskovits M.J. r"The
Influence of Culture on Visual Pe.cup.!ior," Bobbs-lferrill, Indianapoliso

L7. Sonnenfield, Joseph,
tíon Level in the Arctlcr" ln
and Behavior, Ch. 111.

ttEnvironmen tal Percept ion
D. Lov¡enthal, Environmental

of the En-
Behavior,

and Adapta-
Perception



Page 7L

.18(Segall et g!.^"
-*ar"n or utilíty rnay also be critlcal in helping us Ëo

understand the variabl-e sensitivlty of l-ndivíduals and populaLions to

theír envÍronment (sonnenf i"t¿) .19 A farmer may see snor^r as a signlfl--

cant source of soi-l- moisture, whíle his youngster may perceive it prlm-

arily ln íts value for sledding, or the hydrologist for its potentía1-

in flooding. Sirniliarly Èhe Japariese monk looks at freeze-vp in terms

of I'omiwatarir'r* whereas a transportaËion company in northern Canada

views ít as a time to terminate shipping or to change the landing equip-

ment of his aircraft. Purpose of perception therefore predisposes the

obse:rrer r^Iith dif ferent f orms of avrareness, which detennínes what he

eventually perceives.

One cannot therefore deny the autistic nature of perception.

Perception of the environment depends on more than the stimulus present

and the capabílíties of the sense organs. rÈ al-so varies wíth Ëhe ín-

dívidualrs past history and present set or attitude actíng through val-

ues, needs, memories, moods, social círcumstances arid expectations.

The najor problem ín studying people's perceptíon however is that of

measurement, since people often have difficulty articulating the con-

18. Segall et al, Ch. 111.

19. Sonnenfield, Joseph, "Equivalence and
ceptual Environmentrt' Environment and Behavior,
1969, pp. 83-99.

tr omíwatarl: characteristic ruptures that occur over lakes,
two or three days after final freeze-over. The daÇes of occurrence
of these \,/ere recorded by the Japanese monks at yatsurugi rernple near
Lake Suv¡a for over five centuries.

Dlstortíon of the Per-
Vo1. 1, No;1, June
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scfous and unconscl-ous feellngs, attitudes, or ldeas assoclated i.,¡1th

percepËion (Saarinen).20

3.4 Measurement of Environmental Phenomena

The measurement of certain elements of the physícal environment,

such as air temperature and precípitation has for long created a prob-

lem for geographers. In fact the techniques used even to this day are

rather rudiment,ary, and accuracy and meanÍngfu1-ness of ,,measurements

leave much to be desired (Middletorr) .21 This arises maínly from the

eonstant variabílity of the physf.cal envíronment, æd the dif f iculty

of establishing standardízed ínstrumentation. As a result environment-

al- conditions are selectively measured.

One can therefore irnagine the nagnitude of Èhe problem, when

one attempts Ëo measure even more ínËangible environmental- phenomena,

such as break-up and f.reeze-up evenËs, using a form of instrunrentation

that is almost irnpossible Èo standarð,|rze, namely the human observer.

Here subjectivity as outlined above (Sec. 111-), rather than selectíviËy,

as ín the case of instruments, is brought to the fore.

The complex nattrre of break-up and freeze-up events arises

uraínly from their susceptibility to variable weather conditions. Re-

versíbility of each process is a conmon characteristic (See Ch. 11).

OnIy the cautious and persevering observer r,rill therefore be able to

accurately record the progress of each event"

20" Saarinen, Thomas
Paper No. 5, Commission on

2L, Middleton, W. E.

F. rttPerception of Envi-ronnent,
College Geography, I^lashington,

K., pp. 32-49 "

" A.A.G" Resource
D.C., 1969.



As has been outlined above (Sec. ITI), it is almost impossíble

Èo obtain completely standardized observers. But the'pr:ocedure of ob-

servation as exists at present, can be greatly improved-upon. There

is no fixed routine of observation times; neither hourly, daily nor

weekly" I'urÈhermore Ëhere are no designated observers as such, of

break-up and freeze-up conditions" Most of the records are obtained

from indirect sources, all serving dif f erent interesÈs (flf en) .?2 These

fnclude transportation.companies, hydro stations and river or,'lake en-

gineering personnel

In addLtíon observation'sites aïe very.vaguely d.efined (AUen) ?3

ïn fact, a change in site from year to year ís not urrcomnlon (See Ch.rrr, 
"

Each: site has a unique:breâk-up or freeze-up regime, deþendíng mainly

on river or l-ake rnorphology. Furthermord, the occurence of each process

is independent of site conditions (lvilliamÐ?4' Standardization of sj-res

ean the=efore improve the meaningfulness of records, -even if only for

purposes of comparability"
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3.5 Concludins Remarks

From

break-up and

22. 
. 

411en,
s.r.'";]'n";;:-;i

the foregoing, one

freeze-up events is

24. Iüil1iams, G.P.,
Research Council of Canacia

23. rbid.

Symposium, June,1970.

I'I.T.R., "Break-up
Transport. Canada

can conclude that the measureinent of

rather problemat.ical" This stems

and Freeze-up Dates
, Cir. 4f16, Ice 17,

t'Break-up and
, Division of

Control of River
Building Research

in Canada'l I'fet
Oct. L964 "

Icett, National
, Ottarva, Ice
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mafnly from the compllcated nature of both processes. It renders system-

atfc observaËion extremely dtfficult. Part of the problem however can

be attributed to rather inefflcient methods of measurement.

There is little one can do to the physical processes to make

them less complex, except probably by way of improving our understand-

ing of them. Apart from arriving at more precÍse eoncl-usions regard-

Íng Che controllíng factors, one can at l-east deffne the components of

each process more clearly" Sinilíarl-y sít.e conditions can be more pre-

cisely defined

Regarding tangibl-e and preeise definÍtions for each process,

M""Kayzs seems to have a víable suggestíon. He defínes freeze-up and

break-up in the following manner:

Freeze-up: "First-ícett - Ëhe first ice affecting the normal stage-
discharge relat,ion curve in the fall season"

Break-up: I'Last-ice" - Ëhe last íce affectíng Èhe normal sEage-
discharge relaËion curve in the spring season.

SËage - discharge is a relation between the elevation of the

v/ater surface aË the gauging site, and the rate of f1o¡v in the river.

obviously, this is a mechanical system for defining each process. This

type of defínition should expectedly lend itself more readily to mea-

surement.

One can also do a lot to improve upon the observatíonal pro-

cedures. Apart from standardizing observational routines and sites, Ëhe

25. MacKay, D. K", "Trends and Factors
Freeze-up Dates in the Nelson River Drainage
Paper No. 35, Geographical Branch, Dept. of
veys, Ottawa, L962r pp. 2-3.

Affecting Break-up and
Systemr" Geographical
Mínes and Technical Sur-



Pag,e 75 " ".

subjective element, the medíating human response can be reduced. some

mechanical device, adopting some form of radiometry or photometry can

be advantageously utilized in this respect. The degree or color of

illuminance can be monitored in such a vray as to yield quantitative

indices of break-up or freeze-up conditíons.



Inhomogeneítv Among Canadlan Observatíons

InÈroductory Remarks4.L

Measurement of environmental phonomena, whether ít is temperb-

ture or break-up and freeze-up dates, becomes reLevant and meaningful,

only when standardized valid procedures are adopted. In. oÈher words,

climatological data collection, at any poinÈ and any ulomenË ín time, .-

assumes signifícance when the method used for such is consistenÈ within

itself, and comparable to those at other símilar data collection points.

' Too often however, one encounters ínconsistencies wíthin

cllmatological data th4 arise maín1y from Ëhe lack of standardi zation

in observational- methods. rn the case of ternperatuïe, incomparable

measurements can result from dífferences ín the exposure, calíbration,

or sensitivity of thermo*"tets.1 Similiar measurement problems are en-

countered in recording precípitatíon, wind and other clímatcrl-pgical data.

rn collecting break-up and freeze-up dates however, the maín cause of

inconsísÈencies seems to result from definitional problems, í.ê., the

dates that are recorded can refer to any one of a number of definitions

that describe each process. Other factors contributing to this effect

are observer subjectivíty (see Ch. 111), and the variable nature of the

break-up and freeze-up processes (see Ch. 11).

CHAPTER IV

1.
logical
pp. 3 - 117.

Middleton, Knowles,
Ins truments , 3r.d. Ed.

I{. E., and Spilhaus, Athelstan
, Rev., Unlversity of Toronto

F., Meteoro-
Press, 1953,
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The processes of break-up and freeze-up are subject to inrnense

variability. Each process extends over a períod of days or weeks.

Durl-ng Ehe course of each eventr'several- dístínct, but connected, stages

are díscernible. Besfdes, every stage on this continuum is subject to

being reversed, depending mainly on weather conditíons. Because of thls

complex state of affairs different notations become associated vrith the

dífferent stages of each process. These various definítíons ín turn

have become attached to the integral events "break-up" or "freeze-upT

This in fact has been the case r¿l-th the records of break-up

and freeze-up events as encountered in úre written literaÈure, and as

kept by the Meteorological Branch of Canada. A close scrutíny of these

records reveals a long list of defínitions for each event. The general

academíc l-iterature contains a proliferation of definitional terms.

Changes of the standard definiËíons, as stipulated by the Meteorological

Branch, over Lhe years, are quite conmon. In addítion, a series of alter-

natlve definitions, for each event, are encountered.

4.2 Definitions Encountered in Academi.c LÍterature

A review of the literature on break-up and freeze-up dates

reveals a multitude of definítional terms describing each event. This

was found to be the case not only in Canada, but in other countries as

r,¡ell. A sampling of these studies is treated hereunder.

for

the

In a discussion of historical records of freeze-up and break-up

the Churchill and Hayes Rivers, Mackay and MacKay (1965)2 menrloned

follorvlng def initions :

2. MacKay, D.
and Break-up on the
Vol. 7, No. 1, 1965,

I(.n and }Iaclcay, J.R.
Church1ll and llayes
p. 9.

, ttHistorical Records
Rivers,t' Geographlcal

of Freeze-up
ßulletJ.n,



Freeze-up
(a) ttrlver f.rozen over in some placestt
(b) "river breaks-up with gale'r
(c) "ríver frozen over 9 miles upstream"
(d) " ríver frozen over this day"
(e) "completely frozen"
(f) t'river fast"
(g) "river f.rozen thís day"
(h) "river nearly frozerf'

Break-up
(a) "river broke-up 9 to 10 miles upsLream"
(b) "South Channel broken up"
(c) ¡rbreak-up at Factoryil

These varying defínitions were however adjusted so as to

y4eld uniform quantitative data. for various forms of statÍstical analysis.

Sirnllarly Mackayr'rr a sËudy of break-up and freeze-up in the

Mackenzie DelËa area, made the following observ¿ûions regarding the definÍ-

tíon of these processes:

Break-up
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He commented that the definition of break-up varied according

to the T,rater body and the interests of the observer. Iùíth regard to

rivers, break-up usually relaÈed to the first novement of ice in the

spríng, or else to the final passage of ríver ice, except for a few

drifting cakes.

As for lakes, harbours and sea coasts, break-up definitíons

were less precise. But they often referred to the general clearing of

the ice from the standing body of \,rater.

In addition, the following definitions, as r{ere used at differ-

ent statl.ons, r.rere given.

3. Mackay, J. R.
Branch, Dept. of Mines
163.

, "The I'lackenzle Delta l{fea, N.lI .'u. r" Geographical
and Technical Surveys, Ottala, llem. 8, pp. I57 -



(a) Fort Provldence to Fort Good llope
"The fírst íce movement, even thoughlt may later jam and movement

temporarily ceases.tt

ttWhen the main river
stream. tt

(b) Arctic Red River

(c) Lang Tradin8 Post
rrThe time when peel driftvrood passes the Lang Trading post.'1

(d) Aklavik
"Ttre ffiãGn the river is clear of 1ce"".

(e) Reindeer StaËion
"tr{hen the íce clears out of Lhe river in front of the seËtlements;

that is the main ice, not the scattered floes which drift past for a day
or so after the main íce has gone"rt

ice moves past, even though it may jam dor,¿n-

These dates were however adjusted to gíve the first movement

of ice, although the method of adjustment \,ras not specifÍed.

Freeze-up

The defínitions of freeze-up, like those of break-up, were

determíned by local usage" For rivers and channels, freeze-up was usually

defined as the date when Èhe rÍver f.roze over and the ice stopped moving

or jamned, although open holes may have persisted for some tíme after-

wards, and in a few stretches may never have frozen all wínter. He also

mentioned that some of the historical records included dates on the

appearance of the first skim or drift ice rvhich may have come from up-

stream.

rn another study, MacKay (1960)1 *r,r. a further seríes of de-

finitions for the break-up process. This r,¡as also related to stations

along the }fackenzíe River. The followÍng definitions were given:
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4. MacKay, J. Ross, "Freeze-up and Brealc-up prediction of the
Mackenzie River, N.I{.T., canadar" Preliminary paper, No. 1, universíty
of Brítlsh Columbia, March, 1960, p. 28.



(a) Fort Providence to Norman trlel1s
rrThe first movement of íce, even though ít rnay later jam and cease

movlng.tt

(b) The Ramparts
"I^Ihen the íce breaks loose aúd drifts from the ice-jam in the narror,rs"

(c) 8orË Good HopettFlrst movement of the ice.tt

(d) Arctic Red Ríver
"When the main river íce moves past, even though Ít nay jam dornm-

stream, as at Point Seperation.rt

(e) Lang_ Trading Post
IrThe time when Peel River driftwood passes by, which may be a day

afÈer the channel is clear of ice, although Mackenzie ice may Jam and
run for a week afterward.tt

(f) Aklavík
"The ñ;:f-ree

(g) Reindeer

{that
or so

"The day the ice clears out of the river in
is, the main íce, not scåttered floes whích
after the maín ice goes)."
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In thís case however no explanation \,ras given as to how these

dates vrere standardízed.

MacKay (Ig62)f ir, r study of break-up and freeze-up d.ares in

the Nelson River drainage system, gave the following mechanical defini-

tions for each process.

condiËii.on of the channel ."

Station

Freeze-up
"first ice" - trhe fírst ice affecting the normal stage-díscharge

relation curve ín the fal1 season.

Break-up
"last-ice" - lhe last íce affecting the normal stage- discharge re-

lation curve in the spring season.

5. MacKay,
up Dates Ín the
Geogr. Br., Dept

front of the setËlement
come down for a day

D.K., " Trends and Factors Affecting Break-up and Freeze-
Nelson River Drainage Systemrrr GeogrjLphical Paper No. 35-
. of I'lines and Tech. Surveys, Ottawa, 1962, pp. 2-3.
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Bl1ello (1961)9 tr, " study of ice formatlon and growth 1n the

Canadian Atctic gave the following defínitions of freezing,z

(a) "freeze-up" - the date rrrhen ice first forms.

(b) ttfreeze-over" - when the body of r.raËer becomes completely
covered vríth ice

In a laËer sÈudy hbwever, Bílello (Lg64) 7 ,r".d the above-men-

tioned dates to develop curves that could predict:

(a) "fírst appearance of ice in the fall . 
t'

(b) "ice formation from shore to shore on the Mackenzi-e Ríver"

Elsewhere in the general academic lÍterature, similar varía-

tions of definitional criËeria,for each process, are to be encountered.

Bunge and Brysorr,S rn a sËudy of Infisconsin lake - ice condítíons,

referred to freeze-up and break-up dates as "in - and - out dat.es."

These were however tabled as "opening dates" and ttclosing dates.'r

Sirní1arly, Ragotzkíe,9 referred to these dates as "freezÍng

and thawing dates." In his tables however the fol-lowing dates r¡rere lísted:

6" Bílello, Michael, 4", "Formation, Growtb, and Decay of Sea Ice
in the Canadian Arctíc Archípelagor" Arctic, Vol. 14, No. l, March, 1961,
p. 4.

Formationr" Journal of Applied Meteorology, Vol. 3, L964, p. 38.

B. Bunge, I^Iílliam W. Jr., and Bryson, Reíd 4., tllce on l{ísconsin
Lakesrn' Pt. 1, No. 13, Report to the University of Wisconsin Lakes In-
vestigations Committee, U. of tr^iisconsin, Madison, 1956, Ch. 111.

9. Ragotzkie, Robert '{., "Compílation of Freezing and Thawing Dates
for Lakes ín North Central United States and Canadar" Technical Report,
No" 3, Unlversity of tr^iisconsin, Dept. of Meteorology, September, 1960,
61 pp"

7. , "Method for Predicting River and Lake Ïce



(a) "0pening Date't (Break-up),

(b) "C1-osing Date" (Freeze-up) .

(c) I'FÍrsË Movemente' (Freeze-up) .

rn Japan, Arakawarl0 1r"a"d over five centuries of 'freezíng
dates" and "omíwaÈarí" (rupturíng of Ëhe ice, tvro to three days after

an ice cover is established, d.ue to thermal expansíon and contraction)

for Lake suwa. No mention vras however made regardíng the precise de-

finition of "freezing dates.r'

It ís readily conceivable thaÈ there exist boËh national and

ínÈernational variations regarding definitional criteria for break-up

and f.reeze-up dates.

rn additlon, numerous studies (e.g. Arakawarll urík""onrl2

and Bunge and Brysorrl3¡ h".r" neglected,to define these terms precisely"

I^Iith this state,,cfaffairs, not only is the validity of the

individual studies some¡¿hat reduced, but also comparisons between Ëheir

findings are rendered difficult.
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These records howevern especíally those that go back to the

pre-instrumental erar are of invaluable clírnatologícal significance.

10. Arakawa, IÌ., "Fu¡whara on Fíve centuries of Freezing Dates of
Lake Suv¡a ín central Japanr" Archiv fur Meteorologie, Geophysik und
Bíok1ímatologie, Serie B, Vol 6, 1954, pp. f52 - f6f

12, Ericksson, J. V.
Lãkesj'in SIPRE Report 12,
and Permafrostl' U.S. Army

13. Bunge, W1ll1arn W.

11. rbid.

, ttlce Cover and Break-up Ín Srvedents
Vo1. 11, "Annotated Bibliography on

Corps of Engineers, p. 228,

Jr., and Bryson, Reid 4.,1bfd.

Inland
Snow, Ice,
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If suitable methods are applled to standardíze them, theír lmportance

can be preserved. catchpole et 11 
14 h.lr" suggested content anarysís as

a method for

breaking from

to the more recent records as kept by the Canadian MeÈeorological Service"

the ldentifÍcation of the dates of fírst freezíng and fírst

the historical records. Simílar methods can be applied

!-r3 Listing of Defínitions by Canadían Meteorolosical Servíce

The first attempt at recording break-up and freeze-up dates

by the Meteorological Branch of Canada was inltiated by BurbÍdge-and

Lauder in 1957 (cír. 2g3Ð.L5 They cournenred that:

It has been very difficult to arrive at any universal
definitions of the terms "Break-up" and llFreeze-up.t'
In most cases "Break-up" is considered to be the date
when the ice moves in a river, or clears from,the shores
of a lake, and this was the deffnítíon accepted and
applied herein. "Freeze-up" can be defíned as the ;
date r¿hen ice forms and begins to gro\ü, but cafi some-
times be listed as the time when skim ice or slush

L4" Catchpole, A.J.W., MoodÍ.e, D.L{., and Kaye, B. , rrContent
Analysis: A Method for the Identífication of Dates of Fírst Freezing
and First Breaking from Descriptíve Accounts rrt Reprinted from The
Professíonal Geographer, Vol. XXll, No. 5, Septemberr 1970, pp.W

l-5. Burbidge, F.E., and Lauder, J.R., "A prelimínary Tnvestiga-
tion into Break-up and Freeze-up ccnditions in canadar" Meteorologi-
ca1 Branch, Department of Transport, Canada, cir.2939, Tec,252, J.t1y
L957.
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fce first fcrms. In the opposite extrenre, some observers'do
not belíeve. that the "Freeze-up" is offici.al until- the íce is
thick enough to l¡a1k on u'irh safety. rn this stud;- all three
definitions of "Freeze-up" are considerecl, but ín the prcpara-
tion of maps, the date of first ice formation has been rrsed"

In thÍ.s prelíminary report, there appears to be tr,¡o definitíons

for brealc-up and three f.or freeze-up.

In 1959 ho¡veverr. the I'feteorologícal Branch published an offi-

cial list of break-up and freeze-up dates for 87 rivers and 113 1akes,

ba.ys and harbours.16 ,r, the absËract of thís publícation, the f ollorving

reference was made regarding the definitions of break-up and freeze-up:

The Ínformation on break-up indicated the date on whích the Íce
firsÈ moved or showed signs of breaking, and also the date on
which the waËer I"Ias entirely clear of ice. Similarl.y for freeze-
uPr the date on which ice first formed and the date on rvhich the
body of water was completely. frozen over \^ras l-isËed.

I'lithin the text of the publieation horvever, the follorving

standard defínítions of brealc-up and freeze-up were given for boËh rivers

and lakes. Two dates \rzere supplÍed for each event.

Fir_st Break-up Datg
"Fírst appe.arance of b.reaks or movement of the ice."

Secon_cl Break-up Date
I'Complete clearing of j-ce from the \,rater."

First Freeze-rrp Date
"First appearance of i-ce in the fa1l.tt

Second Freeze-up_Date
ttCornplete ice coverage."

16. l'leteorologíca1
up an<J Freeze-up Dates
January, 1959.

Brar-,ch, Department of
of Rivers ancl Lakes in

Transport, Canader ttBreak-
Carrada, I' c:í f . 31 5(r,,_ Ice - 2 ,
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In addition hor,¡ever the dates contaíned ín 20 of the freeze-up,

ancl 35 of the break-up tables were obtained using críteri-a other than

the definitions stípulated above. In some cases however, tlie departure

frorn the standard defínition merely involved neglect of either the ini-

tíal- or the terminal definítion.

Alternative defínitional criteria for first break-up date:

' a. Fort Sirnpson on Liard R., N.I.I.T., Norman T¡Iells on Macl(enzie
River, N.kr.T.ttinít,ial movement of ice."

b. Ft. Good Hope on MacKenzie R., N.ì^I.T.
'rinitial breaking of ice."

c. S_mokey Fal1s on Mattjr.gami R., Ont.
"on which the ice r'ras broken and commencíng

d. MqMurray on Clearwater R., Al*.a.I'first movemenÈ of the lce."

e. The Pas on Saskatchewan R., Man.
tton

f."
tton

which the'íce began to break""

Swift Current on Sr¡íft Current Creek

g. North Bay on L. Nipíssing, Ont., Trenton on

which the ice f i-rsi moved. "

Saskatoon on South Saskatchervan R., Sask.
t

h" Dawson on Yukon R., Y.T.
tton to break. tt

1. Whitehorse on Yukon R., Y.T
"o' ed to break-up."

Alternative definitional criteria for second Break-up date.

a. Churchill on Churchill R., Ifan.
ttriv

to move freely.tt

"river wcs

Sask.

uìore or lcss clear of íce.tt

Trent R., Ont



c. Ottai.¡a on
"the dates of
clear of ice.rl

d. Lake Ecor:sesr Que., Lal<c l,feeantic. 0,¡e. -

"on which Ehe lake was clear of ice."

e. Winni

Ricle-au R.

N.B., Q_uebec oLSr. Larvrence R. Que.
'ìon whirth-tt. ffi."

peak ru'ater flow at which time the rlver

f.. KapuskasinLon Kapuskasing R., Ont.
"on rqhich the river was completely clear of ice."

Ont.

on Red. R. l{an., Cambel_1tor¡n

B. ;.9þ_4þ¡, Chicontirni

In additíon, a number of dates based

were given. TÈ ís confusÍng to determíne what.

refer to. These are as follows:

"complete clearing of thá

a.
tton

b.
tton

Page

Peace River on Peace R.
which the ice moved out of the river.'l

Lake Christj-na, Grancl Forks_, B.C.
which the lake opened."

-Qge.'-1ake. tt

86

on Rest

is usually

c. KÍmberly on E1k R., B.C-_t'dates of spring break-up.l'-

d. Quesnel on Fraser R., B.C.
"the opening of tht chã;;efl

ouche R.

e. Sellcírk on \ed _ 3:-'_ Mgg:_tttbreak-upt of ice."

Alta

f. Southbank on Francois L.

upon highly

phase of the

'ron which the lalce tbroke-up

g.
ttÍce

Yellor,¡knife on Gt. Sl.ave

h"
ttno

break-up dates. "

vague critería

process Ëhey

apprcciable ice. "

Lake l\l T,I 'r"



. In a limfted num'ber

criteria involving naviga ti<;n.

a. Arnurrdsen G on Holman Island
ttT'he approximatc
over a large area
erance or danger.

b"
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of cases, these events we.re dated usín¡4

ttare approxínate only, being derivecl from boat arrivals and
other happenings. "

c. Chj-coutimi on Saguenay R.. Orre

Fort Resolution

t,imes iviren the
so that small

¡l

" op eãIi!-õFTh-J Cnl r c o u t i,ni Ha rb o ur

d. Churchjll- on Churchill R., ì.fan.

They are lisEed as follorvs:

ttopening of the harbour at Cirurchí11 to navigaËion."

e. Fredericton on Sal-nt John R.

Great Slave L., N.I^I.T_.

"opeãi-,n!-ããt-u-ã

,- N.'[{.T.
ji ce r¿as -"lell broken and spread
boats could be used without hind-

f. Three Rivers to lfontreal on i :.
t'on which Ëhe ríver r{âs conSídered
gaÈion. t'

g.
tton

of the Saint John River to navigation.tr

Ch arlo tt et'or,¡n Harbo r.rr

rvhich the first ship

h. The Pas
"operatíon of float-equipped aircraft begcn."

to navígation. "

i. Yellor¿lcnife, Great. Slave L., N.I,I.T.
tton lorvkni.f e.tt

j. Kenora

Grace L.. I'fan.

"opening of navigation on the lake.tt

N. B.

k. Port Arthrlf: a_ld Port l.ijlliam Iïarbours, L_,__S"¿94!_E *!gq:
opening of navigation in Port Arthur and Fort lvil.liam Harbours"
Ice conditions aE the tirne of opening vary only s1Íght1y from
year to year and are jndicated as being "A clear channel
200 feeE rvíde extending from the harbour out to ooen rvater rvith
the harbour otherwise plugged with ice to the l.,Ielcone Islands
(4 to 6 miles from shore) r,rith drifting ice to Thunder Cape
and Pie Islanci (g to 1.5 miles froin shore)."

P. E.I.
entered Charlotcetorrn Harbour. "

Lai;rcirce R.
sufficiently

L. of the l.Ioods

Oue.
clear for navi-

Ont.



Alternatlve definitíonal criteri.a

a. ggpg_r"Èg$"f R. , B.C.
(i) "dri.ftÍng ice appcared."
(íí) t'f as t ice b egr'.nning Eo f orm. "

b . Amunclse-n G. , llolman Ts land , I . tr'l . T.ttfÍrst formaEÍc.n of ice."

c. L._St. John, Qrre.
"ice first forrned on the lalce."

d. -Eg!þae_." lfir*i"hi R., N.I'the ínitial formation of ice."

AlternaËive definitional critería for second

a. Athabasca on Athabasca R., A1La., Idinnipeg onItcomplete fteeze-over of the river."

for: first

b. Deer Lake, Deer L., Nf1d., Chicoutimi
L. Kenogami, Que. , Banf f , L. Ifinner¿anka,. A1ta. ,
L. llinnípeg (South of tire ìlarrows) ïlan.
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f.re,eze*up date:

Whitehorse on Yukon R.,_å.T:
-

c" Montreal, L. St. Louis, Que.Itcomplete fteeze-over e>icept for a
remains open. tt

B.

d. 'Cornerbrook. llurnber Arm
I'on r¿hich the Huinber Arm fr<-¡m Lark Harl¡our to llumbermiruth v¡as
f rozen over. tt

As Ín the case of break-up, the follor,ring dates, based upon

highly vague definitÍona1 criteria, \,rere suppl ied:

a. Kimberly on Elk R., B.C.
"app p, the stage of the process being
unspecified. "

f.reeze-up date.

b. Pagrva on lagr.rachuan R., Ont.t'dat tTappers, Inclians etc. , are
approximaLe only. "

Red. R.

Nfld.

narro\rr channel v¡hich often

c" Balce:: l,ake, Balier J,., N.l^l .T.
" daïel of--TTr-c e-2. e- up T'--

Man.



d. Charlottcto\.rrr, Charlottetotrn Ìla::bour, P.I':.I.
"datã-s-ãã-witi-ctr rn. na.Uour: U"oys a¡. ti:t"a U.,cause of the
formation of slush ice."

e. Grand Forks, Chrístj-na L, B.C.
tton ¡vhích the lake "fToze'""

f. Resolute, Re-sol-ute ß. N.I,l.T.
Itdates are approx

Similarly, d

given; These are

a" Athabasca on

llere

t'tÍme r¡hen the ice was safe for crossing on

imâte.

b. Churchill on
"the closing of Churchill Harbour to navígaticn."

ates relating to navigatíon or íce
:

as tollovrs:

e. FrederícÈon on Saint John R., N.B.
ttthe ígaü-on. "

Athabascâ R.. Alta.

d" Three Rivers ro Montreal on St. Lar.¡rence R.

Page

"on which the Channel rqas closed t.o navigatíon."

Churchill R.. ìfan.

e. Ye11oç'kni,fer_ Great Slave L., II .\^I.T.
I'on rvhich t.he last boat of the season departecl from Yellowknife.to

89

f . Port Arthrlr and Fort I,li1li"
rne iam
Harbours. Ice conditions at the time of closing may vary greatly
from very little ice to a consíderable amount. Average ice con-
dÍtíons are indicated as being "about B inches of íce ín the
KamÍnistj-c1uia R. and 6 to B ínches of ice in Port Arthur ]¡,arbour."

. In 1964, another publicatíon (cir. 4IL6 Tce-17) Ut U.""k-rrp

and freeze-up daEes ín Canada ¡n'as released by the }feteorologic.al Branch.

Tn ÍE was contaíned data lron 274 locations relating to 97 rivers and

231 other bodies of r,rater

f oot. tl

traff ic ab Íli ty ,

L7. A1len, \,1.T.R.,
Ue_! gelg]gt. 

'c 
a.! ¿ tetsþ,

Ice 17, Oct. 1964.

t'Break-trp and Freeze-up
Depart.ment of Transport,

Dates in Canada,
Carracla, ci-r , 4LI6,



fog" gO """

Break-up and freeze-up dates are defíneci ín the followíng

manner:

Break-up Da_tes
there ís no universally recognized definítion of the term
"break-up." Ìlower,'e-r, it may be thought of as a process r¿hich
extènds over a period of days or v¡eeks, commencÍng rvhen the íce
in a ríver or lake begins to move, break, or deteriorate; and
ending rvhen the water ís compleÈely free of all ice. The
first date (1) given in Èhe tables, therefore, marks the be-
ginníng of the process. In the case of rivers, it ís usually
evidenced by a definite breaking or movemont of the íce brought
abouË by the r'reakening of the ice due to in:LÉial meltíng,
currents, and a rise ín water level due to runoff. The date
of this inítial ice movement ís reported" On lakes, vrhere there
Ís normally a lack of currents, and ice movement ciepends to a
large extent on wind action, the ice may nielt in situ, exhibit-
ing 1íttle movement. Tn EhÍs event, the approximate daËe on
which the first signs of deterioration occured, is recorded.
Visual evídence of íniËia1 deterioration ís gíven by surface
melting of the ice, the appearance of a narror¿ lead of open
water along Ëhe shore, or open water areas offshore. l,here .

the body of rqater does not freeze over conpletely during tire
course of a vrinter, and there is a varying ice coverage through-
out the winËer, Ëhe date of the commencernent of the break-up
has little significance.

The second date (2) under "Break-up" is the clate on
which the borly of r'¡ater is first observed to be enÈirely
clear of ice, and remains clear thereafter. This date marks
the end of the break-up process" ì'lany bodíes of water in
northern Canada do noÈ become compleËely free of ice during
the shoft summer season. In this event, the date of mínimum
ice coverage is given.i l.lhen the percentage of open v¡ater
present on this date is knovm, it is gíven in braekeÈs after
the.-date" Otherwise, lhe occurence of incomplete clearing is
indicaËed by means of a footnote.

Freeze-up dates
There is no universally recognízeci definitíon of the term
"freeze-up", Hor,'ever, it may also be thought of as a process
extending over a period of days or r.¡eeks. It conntences r+ith
the appearance of ice crystals on the water: sur:face, anci ends
ruhen the body of \,/ater is completely Íroze-n over, except per-
haps ín the occasional case of i,sol.¿rted areas ryhich may remain
open al1 r+inLer <lue to the effect of rapíds, waterfalls, or
other natural or man-mede causes. l'Ìrís änal stage of Ehe
process rvj-I1 be r:ef errecl to as t'f rceze-o,/cr" .
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the first date (1) gÍ-ven uncler "Freeze-uptt is the date
on whích ice rr¡as first observed on the water surface, and
remaj-ned tirereaf Ëer. Ice may have formed and rnelted agaín
one or more tímes prior to the date indicated, and if Ëhese
occurences are reported by the station, they are mentioned
in a footnote.

The second date (2) given under t'l-reeze-up" is the clate
of freeze-over, i.e., the date on vrhich tite water vras f irst
observed to be cornpletely f.rozen over. There are many bodies
of water in-southern Canacla, especially southern British
Columbia, r"hich rarely freeze over completely. If reported
by th'e station, the date of maximum ice coverage, follor+ed
by Èhe percentage of lce cover ín brackets is given. Other-
wÍse -'lncomqþte freeze-over is indi'cated by means of a
tootnote.

AparÈ from these specified defínitions, however, there appear

in the text of the publication, 39 alternatíve. definitional criteria

for break-up dates and 18 Íor freeze-up dates"

Alternative definitional criËeria for Break-up I:

a. At1in, B.C.
ttice moving.tt
il

b"
(i) "ice broke"
(íi) "ice r,'enË out"

c. Roberval, Que.t'on which the water 1evel began to rise, indícating start of
spring runof f . t' ,

Fort Mcpherson, N.I^I.T.

a. _Cape Young, N.W.T.
"Ice broke a\,/ay f rom shoreline."

b. _Argp_gle_._q""-r_ttsome i-ce sti1l remaining.tt

c. Fort Pror¡idujnse- N.W.Ir_
"Datã-fãt drif t ic-e f rom Great Slave Lalie seen."

Alternative definiÈional criteria for Break-up 1I:

18. A11en, W.T.R., pp 2-3
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d. Iell_lgct ,_ N.lf . r.
"the fi.rst occasion on which the \.tater, as seen from the
station v¡as ice f ree. tt

e. PrincettrÍver t,ras

neÍthe-r of the specif ied break-up processes, or rvhich were inadequately

definede \"rere given. These are as follows:

Apart from these, several other defínítíons that referred to

Albert
clear of ice exccpt for floating pieces.t'

a. AJ<lavík, N.l,J.T.
(i) "ice r,rent out of river'Î .(Íi) ttshore ice breakittg" .(iií) "Í-ce going out" 

"(iv) "¡iard going ouË" 
"(v) t'Mackenzie comíng down".

(vi) "j.ce cracked three miles
(vii) !'íce runníng" .

Sask.

b . Boies tor*rn . N. B .t'íce-run records for the Boiestor^m area. The dates presumably
refer to a time rvhen the ice ís broken and moving downstream."

c. Cambriclge Bay, N.l"l.T.(i)ffi
(ii) "lake Ëhrowing water"
(iií) "Þase straight ice still solid't .
(Ív) " Þase straíght opened up" .
(v) trrvater on icett .
(vi) "bay clear of ice"
(vii) "three to fouri.nches of rvaÈer on bay ice'.t
(viii) "bay ice breaking rapidly'l

above settlementtr .

d. Fort St. John, 8.C., Kimberly, B.C., Lethbridse. Alta.
Summersicle, P.E,I.,
Tapproxinrate a.el

e. Fort Sl.rnpson, N.W.T.
Itmovement of ice

f., Grand l¡orks
t'laket openedt t1

g. IIolman, N.l'l .T._, rsa"h.nn, N.li.T Resolute, N.l^1.T., ì{eclícine
-ll.at., Alta ._,_ t¡&gfùiL_Ì115r-,_r_-]lg!Ìrrer, At La., plas; rert'IJrealc-up' (unclef ined)'l

above the mouth

B. C.

of the Liard River'?

[ìocli , N. B.



h. J{uryr_ Y_.r.
(i) "river out'r..
(ii) t'river Í.ce moving"'

t. ì{ont Jol- i , Que .erÍce last seentt.

J.r'1ce last observed".
Lalce Cntario at Point Petre

k. Smokey Falls, Ont.
tton which the ice ruas broken and starting to move freely over
and through the dam at Smol<ey Falls".

1. Southbank, B.C,,darãT?o-[ãõI-

. m. H_o1man, N.lI.T.
"conditíons vrhen íce r,¡ell broken and spread

In additíon the followíng navigaËíonal

for the specified break-up dates:

a" Cambridge Bay, N.I,l.T.
"fir@liam rsland".

Page
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b"
t'on which the first ship entered Charlotteto\,m llarbour".

c. Fort Willia
"op"

d. K.enora, Ont , /
"on ¡vhich lake open to navigation".

Charlottetorøn, P.E.I

a" Älclavík, N.l^1.T"
Itfirst ice on river"

b. ¡-of s"4!9, Que.
"appreciable ice fornation".

Altelnative clef initional

a, Aklal¡:!-k ,_ N.I,l. T.
ttrfver f rozen acrosstt.

Alternative definitional criterÍa fcr Freeze-up I:

over large areatt.

daÈes were substltuted

b . Sault Ste. Ifrrie , Ont .

"parîlãÎ-ãrìa ri"g a"¿ rJr feez lng

critería for Freeze-up II:

after these datesr.
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As Ín the case of break-up, . several other defínítions that

v¡ere vague and that did not refer to elther freeze-up process r,¡ere found

These are as follow:

a. Arlin. B.C.
ttlake I closedt.tt,

b. Iort M.cpherson, N.l'l .T.
ttice tset fastttt

c. Fort _St. John, 8.C., llorton R., N.\1.T.
fr*Uer:fv, n. C. , i-utn
Septiles. Que.. Shepherd Bay. N.i,J.T., Shingle Poínt, N.I'I .T.,
Yorkton, Sask.
ttapproximate datestt-.

d. Grand f'orks, B.C"
ttlake -lfrozet.tt"

e. Holman. N. W. T. , Resolute , N ,I,l
Wagner, Alta., Plaster Rock, N.B.
ttt freeze-upt (Índefined)" 

"

f. Mayo, Y.T.
(í) "river almost full of ice'r
(ii) "river closed".

g. lfont Jol-i, Que.ttice ffrst seen'r .

h.ttice firsE observed" 
"

Í. Southbank, B.C.
Itdate f:'ozet' .

Lake Ontario at Point Petre

In addition, the folloruing navigational- and ice traffÍcability

dates ¡vere used instead of che specified freeze-up dates.

a. Cape llarrÍ.son, Nf 1d., Clyder R., N.I'I .T.

I.

ttice saf e for men on foottt .

b. Charl.otteto\'¡n, P.E.I.
"on läIõ--h"t'lr""t bîo¡ãîete 1if ted because of
slustr icett.

Ont.

the fornration of



c. _ 4o_rt jJ{1.1. j-am, Ont. _, Trois lìj.víeres, Orre-.
"closíng of navígatÍon".

d " Yelloi¡knif e, N. W. T.

The most recent publicatíon on break-up and freeze-up dates

of water bodíes ín Canada lras issued by the }leteorological Branch ín

IgTL (clr -1-71).19 'rhis report contains all the information presented

in the trvo prevíous publícations (cír. 3156 and cir. 4116) and recent

data up to the 1969-70 ice season. The follor.ring additional'data are

el-so given:

"last boat. ãrrivafq

" Dates

2, Dates

up and break-up.

3. Inf,ormation on riaËer bodies that do not freeze over

or clear completely,

, 4. Information on ice thíckness.

This publication contains ínformation received from 318 sta-
tions, reporting on i5B mt,.r bodies, not all different. rn addition,
data for 13 locations along Èhe St" Lawrence Searvay Ín ontario and Que-

bec are also included.

.,
regarding íce trafficability"

of other specified events relating to freeze-

Page 95

rn this case, the data arearranged in such a way thaË there

not any specifíed definiÈíons of break-up or freeze-up. rnstead,

dates of the various events in tl're formation and disintegration of

aïe

the

19. A1len, l.I.T.R. , and cuclbircl , B. s.v., "rreeze-up and Break-up
Dates of Water Bodies in Canada," Canadian }fcteoroloeical Service-nrr -]-71Toronto, Ig7 ., 144 pp 'uLr



fce are gfven approxímately ín the order ln which they occur during

bhe ice season. These are as follov¡s:

a. First Permanent Ice
ttThe dates
formed on
until J-ts
ing year."

b. Complete Freeze-Over
The date gíven is the earliest daËe on which the water body
$ras reported Ëo be completely covered by íce, or vTas com-
p1-etely covered except for small open areas in rapids or near
waterfalls, or near the outleËs of power or j-ndustrial plants u

whích normally remaín ice-free all vrínËer. Such locaLízed
open rnTat.er areas will normally cornprise less than 5 per cent
of the visfble surface of the T¡rater body"

c. Incomplete lce Coverage
Many water bodies in southern Canada, and especíally southern
Britísh Cok:¡nbia, have litt1e or no ice during the winter, or
in many years do not freeze-over completely. This colunn pro-
vides ínformation, when available, on the extent of the ice
coverage on Ëhe $rater body in these cases rvhere the freeze-
over hras not complete.

ín this column are those on which new íce first
the waÈer surface and did not melt completely again
final deËerioratÍon duríng break-up of the follow-
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Furthermore, a number of coded specificatíons describe the

extent of incomplete ice eoverage (See Appendix 114).

d. Ice Safe for Traffic
wnenffiaílable, thís cohunn normally
contains a date on which the ice sheet rvas consídered,
in the opinÍon of the observer or other local persons,
Èo be safe for use by various types of traffic or vüas
first used by such traffie.

of traffic for thich the ice was used. (See Appendix 114).

The significance of this date is further coded by the type

e. Other Date with Respect to Freeze-up
"The dates given in
associated with or
freeze-up process,
the íce conditlons

this column apply to specífic events
brought about as a result of the
or refer to varíous descriptions of
as given Ín the orlgína1 reports."



by the coded specifications gíven 1n

t. Maxímum Tce Thickness
"The@ckness
turbed porti-ons of the ice sheet
are presented. tl

The event or condltions referred to by the date 1s glven

A furËher subdivísíon is used to índicate the ice thickness,

the method of determination" and the units ín v¡hich the thickness are

originally reported (See Appendix 114)

g. Ice Unsafe for Traffj"c
I^Ihen the information is available, this column normally
contains a date on whích the ice was considered, in the
opiníon of the observer or other local persons, to be
unsafe for use by various types of traffic; or r¿as last
used by such traffic.

Appendix 114.

Addítional specificatíons índÍcate the type of traffÍc for

which the ice $ras used (See Appendix 114).

h. First Deterioratíon of Ice
fne ation of íce pr.""rrt"ä l-r-,

thís column is ínÈended to be the earliest date duríng
the final thawing period of the winter season (if rnore
than one occurred), on which there were defínite índica-
tions Èhat the ice r,¡as beginning to melt. This daËe marks
the beginning of the break-up process, which may be
manifested by a defínite movement of the ice, or the for-
mulation of cracks, leads or open water areas in the ice,
all the result of weakening of the íce due to melting. On
most lakes, where there is very little current to move
the lce, Ínitía1 evídence of melting may be the the for-
mation of pools of melt water on the ice surface.

t. lnlater Clear of Ice
The date given is the earliest date on which the water
rras reported to be completely free of all floatíng ice,
a¡rd remained so until the followíng freeze-up. Some
reports indicaled that the water was clear of ice except
fot a few scattered pieces.

attaíned by level, undis-
during the winËer season

Page 97

j. Incomplete Ice Clearance
Many water bodies in northern Canada often do not become



Page 98

compleËely ice-free duríng Ëhe short suÍrner season.
Thfs column provÍ.des Ínformation, when avaílable, on
the extent of the clearíng of ice from the water body
when the cl-earing was not complete" A date, when given,
1s elther the date of maxímum open r¡/ater, or the date
on r¿hich a given extent of open water occurred.

Again coded specifications are used to descríbe the extent

of incornplete clearíng of the Íce (See Appendix 114).

In addition, the extenË of íncomplete clearíng in tenths of

the urater surface free of ice, is given (See Appendíx 114). In the

case 6f salL water bodiesn only the clearing of the sea ice ís estímated.

The presence of ice of land origin (ice bergs, growlers, etc.) if any,

fs not Èaken into account.

k. Other Oat" nefatirg to nre*o'The pply to specific events
associated with or result.ing from tre break-up process,
or refer to various descripËions of the Íce conditíons
as given in the oríginal reports."

The event or condition referred to by the date'is given by

a lÍst of coded specifícatíons (See Appendix 114).

In this last publícation, alternative definitÍonal críterÍa

do not appear. Tnstead of specifyíng events and giving alternative

criteria, the Meteorologícal Branch arranged the data under 1l headings

and 84 sub-headings. This in fact turns out to be the greatest number

of definii.tions allotted to both events thus far"

Upon examining the standard instructions for observíng

break-up (form no. 63 - 2360)20 rnd freeze-up (forrn no. 63 -

20. Meteorologlcal Branch, Department
port on Break-up and l{ater Bodiesr" Form No.

of Transport , Canada n t'Re-

63 - 236I, (Rev. 69).



Page 99

236L) r" ^t stipulated by the Meteorologlcal Branch, one discovers that

the follorving dates are the most lmportant ones requesËed.

Break-up (Form no. 63 -_2360)
1. The earliest date on r^rhich there
that the ice was beginning to melE.

2. The date on which the water body
reported, to be finally clear of all

Fr-eeze-up (Form no. 63 - 2361
1. The earliest date on which new ice of any amount, formed
anywhere on the water surface.

2. The first date on which ice formed and did not consequently
meLt "

3" The earliest date on which the water body was observed, or
reliably reported, to be completely covered by ice.

None of the Meteorological Branch publieations however,

attempted to specd-fically list all these dates. Moreover, there seem

to be varlatíons of defínitions referring Ëo initial freeze-up date

and fínal freeze-up date. Similarly for initial break-up and final

break-up" This is cLearly obvious from the following table (Table 4.1)

It is evident from the following table, that in some cases

even the stipulated definítíons of bre.ak-up and fueeze-up have changed

from one publicatíon Lo the next.

were defínÍËe indications

vras observed, or reLíab1y
ice.

In the case of Break-up T the 1959 and 1964 definitions seem

to agree with each other. The 1971 report however stipulates that this

process occurs "during tl:e final thawing period." The 1957 publícation

2L. Ibid, "Report on Freeze-:up of tr'later Bodiesr" Form No. 63 -
2360, (Rev. 69).
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on the other hand does noÈ dÍfferentiate betrveen break-up 1 and

break-up 2.

As for break-up 2, the 1964 and l-97i- reports specífy final-

cLearing of the T¡rater bodyn whereas the 1959 ïeport does not.

sinilarly for f¡eeze-up 1, there is agreement between the

.L964 and 1971 reports" But they are differenr fron borh rhe 1957 and

1959 reports. The 1964 and 1971 data refer to the second freeze-up

date gfven above (form No" 63-2361) while rhe 1957 and 1959 data refer
to the fÍrst

. 
Ffnally, in Èhe case of freeze-up 2 the 1964 and I97I ð.ata are again

simíLar. The L959 data however d,oes not specify whether it Ís the ,,earl-

iest date" of complete free"e-orrer" 0n Ëhe other hand the 1957 ð.ata

relates to lce traffícabílity conditions"

4.4 Sources of Data

One essenÈÍal- characterisËic of accuraÈe and meanÍngful . data

col-l-ection wheËher ít be climatological or otherwise Ís uníform and

standardized observational personnel-. Different observers ¡vith diverse

backgrounds and inÈerests introduce a fair.auount of subjgctivity
into Ëhe recorded data (See Ch.111.) rrvhich Ín turn nilitates against the

desíred uniformity. !

This fact has been the case ruith Ëhe

break-up and freeze-up dates. ln the 1957

ceived from the following sources-.;22

22.Burbidge, F.E., and Lauder, J.R., p 2.

lufeteorological ñecords o: f

report, information r,ras re-
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1. Directory of HlnËerland Aerodnomes, publíshed by the R.c.A.F".

2. ttDates of Break-up and Freeze-up of Rívers and Lakes ín
Canada," (unpublíshed), by W.T.R. Allen.

3. Northern TransportaËion Company, N.InI. T. .

4" Car¡edlarr Pacific Airlines, Northern Alberta and N.Il.T..

rn the 1959 report 1t was mentíoned that data q¡as obtaíned
from a r¿ide variety of sources íncluding station meteorolo-
gical records, nevrspaper files, power companies, publi-c uti-
lity companies, harbour cornníssions, transport.ation companies,
church missions, R.C.M"P., other governnenÈal agencies, and.
many private companíes and indÍviduals.23

Tl:e L964 report however ís the most eLaboïate,

foruration on the source of data goes. For the 328 siÈes

295 díf.ferent sources of data are given.

inforrnation are given in Appendíx 118.

Finally, the 1971 report conÈains all information presenÊed

ln the previous publications, and recenË data up to Èhe Lg6g - 70 Íce

season. One would therefore expect the sources of daËa to be as equally

diversified as in the prevíous reports 
"

4.5 Site Specification

Síte conditions are an important feature of c1ímatological

observations " In order to obtain comparable sets of data observation

sites should be standard and uniform. However, withín the publicatíons

of break-up and freeze-up dates by the Meteorological Branch, 1ittle

or no mention is made of site condítions. Only once was it mentioned

that these events are observed "in the ímmediate vicínity of meteorolo-

glcal stat1ons."24

A l-ist of these

as far as ín-

listed in ítu

sources of

23. Meteorologlcal

24, Meteorologlcal

Brancho (abstract).

Branch, (abstract) .



Furthermore, síte condÍtions are noË defined. Sí-te condÍtíons

for break-up and freeze-up are l<nor'¡n to vary considerably. Bccause of

local effects that are indrrced maÍ.nly by river or lake morphology break-

up or freeze-up patterns vary from site to site and from year to y"rt.?5

Also man-made conditions such as se\,ler outl-ets and river or lake daniming

can create site peculiarities.

The meteorological records orr break-up

tain evidence of changes in site for a partÍcular

are some of the site changes noticed:

l-. Saguenay R. at ChicouËimi, Que. (cir. 3156,

2. Amundsen G. (Kíngrs Bay) aË Holman Island,
p" 72)"

3" Georgian B. (North Channel) at Gore Bay, Ont..(cir. 3156, p. 77)."

l+, OtÈawa, Ottawa R. , OnË. (cir" 4116, p. 117) ,

5. Ì^tinnípeg, Red R., Man" (cir. 4LL6n p.181) .

Pag,er 103

Because of the fact that there are no designated,observers,

and no specified site condítions, it is suspected that there are a lot

more changes in síte than Ëhose recorded"

Flnally, Ëhe netr,¡ork of observational stations has been noted.

to change continuously. Ever since observations on break-up and freeze-

up begann stations have be.en continuously added or or deleted. The

follor+ing table summerizes these changes"

In Table 4.2, the high value of 106 for Èhe number

of statlons deleted (1961 - 1970) could be due to missing dates for this

and freeze-up also con-

's uation. The f o11orvíng

p. 23).

N.l^I. T. (cir . 3156 ,

25 " tJll liams , G. P .

Dlv" of Bldg. Research'
, ttBrealc-r:p and Control of River .Ice,tt .N. R. C. ,
OÈtavra, 1970, p. 1.



Years
Pre 1900

i_901 - 1910

1911 - 1920

L921 - L930

l-931 - 1940

1941 - 1950

1951 - 1_960

1-961 - 1970

Table 4.2
Brqak-up

Changes Ín Network Pattern:
and Freeze-up Dates Canada.

No. of St,ations
no. of
Statíons Adcled

period. The values for the earlier decades however present a justifiable
case of station netr"¡ork changes.

.4. 6 Missing Dates

Missing d.ates are a common feature of the meteorologícal records

of break-up and freeze-up dates. This arises mainly from the lack of

any designated observers for these events. Roútine and continuous reports

are therefore lacking. Part of. this shortcomi-ng can also be attríbuted

to the a:'xay of defínitions for each event; a date for one definÍtional
criteria is usually substiEuted by another

The accompanying table gives an example of míssing dates, as

contaíned in the most recent meteorological publication (Gr,r -r - 7Ð. 26

It presents a summary of míssing dates that fall under the follorving cie-

f1níÈ1onal crlterla:

Page l_04 ....

r-38 I 66

306 I ttz

no. of
S tations

386 I 1_51

0

-0
l_

0

0

4

7I

r_06

Deleted

26" Allen, I^1. T. R., and Cudblrd, B. S. V., 1971 , i.44 pp.
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L. Flrst permanent íce.

2. Complete freeze over"

3" FLrst deterl-oratíon of íce"

4" l,trater clear of ice.

These were selected because they appear to be the events speci-

fÍed by the Meteorological- Branch (Forms no. 63-236L and 63-2360).

It fs readíly apparent that about half the possibl_e number

of daËes Ís uíssing in all four cases. Most of these however are sub-

stíËuted by aLternative definitional critería" This therefore reverts

back to the problem of dífferent definitions dealt r¿íth in sectíon 2.

4.7 Conclusion

IÈ transpires from the preceding sections o Ëhat the records

of break-up and freeze-up, as published by the MeËeorologícal Brancho

Canadao and as encountered in some of the academic lfterature are híghly in*

consistent as far as defínitional criteria go" This can be attríbuted

mainly to the complexity of both pïocesses (See Ch. V) and the in-

efflcLent methods of observation.

Page 106 "..

Each process extends over a períod of days or weeks, with no

systematic progression of events. This time duration is due mainly to

the reversible nature of both processes. Ilaínly because of variable

weather conditíons the freeze-up and break-up process ís usually re-

versed several times during a particular season. This gives ríse to

a series of cycles or part-cyêles, depending on what stage of the pro-

cess reversal occurred.

Furthermore, withln each cycle or part-cycle, there are several

component phases that extend along a contfnuum, for each process, Differ-



ent descriptions are usually attached to these several- phases by the

dtfferent observers. Usually an lsolated descriptíon ís taken to refer to

the integral process rrbreak-up" or "freeze-up"" Because of these factorso

an array of definítions is usually encountered for each process.

Stanclardized definitions, even when given, as by the }leteor-

ological Branchr.ãî? difficult to ísolate' especially wíth untrained

observers, because of perceptual- problems (See Ch.111). Thís brÍngs us

to the problem of economÍc costs. Hlghly trained observers, employed

on a full-Ëime basis at all stations, and follorving standardized pro-

cedures can very líkely obËain accurate records. Cost factors will

however mi1itate against this, especÍally in isolaËed northern con'nnuní-

Ëies" It must not also be forgotten tilat tirese events occur only once

during the year

Cheaper oiservatíonal methodsn at least in the long run, such

as sysLematic aerial photography, rcay yiel-d as accurate, if not better,

records. This will however introduce a change in observational pro-

eedureÞ Hence the continuity of records r¿ill be affected.

Page LO7

nologfcal progress. In all progressive societies perfection ís constant-

ly belng sought af ter. In'dre wake of this search, there inevitably

follor¡s change. Methods of recording break-up and freeze-up dàtes,

among other cllnató1ogica1 data collecting techniques, need to be updated.

The lnternal consistency of some forms of data may be affected, buË at

leasÈ they rvill be nrore worthwhile.

This just happens to be one of the dísadvantages of tech-



Statis.tícal Evidence of InhomoÊeneitv

5.1 Preliminary Remarks

The processes of break-up and freeze-up are, like temperature

and precÍpitation, signifíeant and observable physical events. The fac-

tors that control the observation of these natural phenomena though are

more numerous and complex. Howeveru they can be conveniently summarizeð,

under the following trvo general headings:

(1) Clinatologíca1

(2) Hydrological

Climatol-ogíeal facËors by nature extend homogeneously over

broad geographicail areas.

CHAPTER V

Hydrological factors on the other hand, though spatía11-y heter-

ogeneous by nature, maintain an element of pennanence and consistency

(Ch. 2) " Símilar physícal and environmental condítions can therefore

be expected to exist over extended geographlcal areas from year to year.

As a result it vrould be reasonable to assume that stations

v¿lthin appropríately defined geographic regions, recordíng specified

break-up and freeze-up events, ought to concur ln both sense and magní-

tude (Murray Mitchell, 1953)"1

on the basis of the afore-mentioned hypothesis, the dates of

break-up and freeze-up at adjacent statlons should consíst of a rela-

1. Mltchell, J. Murray,
Journal of Meteorology. Vol.

tt0bserved Secular Temperature Trendsrto
10, August f953¡ pp. 244 - 26I.
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"

tívely homogeneous seríes. The objeetlve of thls study f-s to examíne the

degree to which the dates recorded by The canadian Meteorologícal

service (c]-l - L - 7L)2 satisfy rhis assumption. The pursuit of thís

iftjectíve will lead Èhrough several_ phases.

5.2 Definition of Break-up and Freeze-up

since the terms break-up and freeze-up can take on a series

of meanings or can refer to any one of several phases of each process

(see ch" 4) " íÈ is essential to specify each term. A lísting of the

Processes and their appropriate definitions that are to be examined. are

presented in Èhe following table"

DEFINITION OF PROCESSES

Process Defínition
Freeze-upI. . "Firstpermanentfce
Freeze-up II . 

" 
Complete Freeze-oveï

Break-up I .. "First Deterioration of Ice
Break-up II .l^Iater Clear of Ice

5. 3 Sed-ection of Stations

In order to carry out any meaníngful tesÈ of relative homogen-

eíty comparative sets of data are basically essential. Spatial eompara-

bilíty has already been outlined and satisfied on the basis of assumpti.on

(5.1). As for Lemporal comparability, it has been found through a close

and systematic scrutíny of the meteorological records, that a time-span

TABLE 5.1

2. A1 len, I^l . T. R., and
up Dates of l^later Bodies in Canada,
CLl - I - 7L, Toronto" l-97l-.

Cudbird, B.
" Canadían

S. V., ttFreeze-up and Break-
Meteorological Selvice,
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of fourteen years (1956 to 1969) offers the most viable length of period.

This is due mainly to trr. varyíng periods of coverage, and mlssing

dates. Addítíonal stations with longer records are also analysed in order

to verÍfy the resulËs obtained by using a small sample size.

5.4 l{etwork Specif ication

As has been mentÍoned already, Ëhis study Ís seeking a measure

of spatial homogeneity for break-up and freeze-up dates. rn order to

test for sucho it is necessary to have a neËwork of stations that are

linearly related. A map of Canada therefore with the selected stations

(see Fíg " 5.2) is divided into r¡rhat can be appropriately termed hydro-

climatic regions (See Fig. 5.5 and 5.6). This is done separarely

for rivers, and l-akes. The boundaríes for-t-hese regions are establíshed

on the basis of similiarfty of regional climate (See Fíg..5.4) and loca-

tír¡r¡.r¡lLhin the same drainage basin (See Fig. 5"3). -As for rivers,

major drainage dívides are the maín criteria used Ëo delimit each region.

Thís ís similarly done for lakes. In the latter instance however, proxí-

rnity of stations is also taken ínto consideration. Coastal stations are

not included because of a lack of available data.

5.5 Data Acquísitíon

The data that are to be analysed herein, are extracted from

the records of the Canadian Meteorological Service (CL1 - 1 - 71).3 This

publícation gives the date of the month, for each particular year, that

a specíflc break-up or freeze-up event occurs.

3. Al1en, W. T. R., and Cudbird, B. S. V., op. cit..



The dates are converted into numerlcal Ëerms, namely the days'

of the calendar year. These comprise the raw data to be analysed. Leap

years are taken into account. The years that are to be analysed here

have already been mentioned (Sec" 5"3).

5.6 Statistlcal Analysis

The dates of break-up and freeze-up as previously defined are

extracted from the Meteorological records (cl,l - 1 - 71). These are

then coded (See Appendix 3) and subjected to statistical analysis. The

method of analysis used is the simple correlation technique from whích

r (the product moment correlatíon coefficient) is deríved. This is done

using pairs of observations within each hydro-climatic region, for each

type of Ì.rater body.

Correlation analysis seems to be the most meaningful statisti-

cal tool that can be used here. Apart from being simple and easy to

manípulate, it serves as a valid test of homogeneíLy or association

between t\,/o comparable series of observations, províded that the basic

assumptions are satisf ied (Conradr4 at"gory,5 and t"tacKay6).

Page 111

4. Conrad, V. and Pollak, L. trI., Mèthods in Climatology,2nd. ed.
rev., Harvard university Press, cambridge, Massachüsetts, 1950, ch. vrrr.

5. Gregory, S. , Statistíca1 }fethods and the_Geegr.gpþ.gr, Longmans ,
1963, ch. 11.

6. MacKay, D.
Drainage Systemr"
Ottawa, 28 pp..

K., ttRiver
Geographical

and Ice Conditíons in the
!4per No. 34, Geogr. Br.,

Nelson River
Dept. of Mines,
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Figure 5.6
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IË ls assumed thac the data for pairs of eÈatlone flts the

model. for the bivarlace normal dfetrlbution. Thue a lfnear relatfonshfp
7

can be expected between stations (Sceele and lorre)'. Thle te Justffied

by the fact that the s.rent of break-up or freeze-up at each station, i-s ín-

dependent öf that at, any other staEion" FurÈhermore, each event, aË

each partlcular site, f.s coneldered ae a random occuTrence. Ffnally it

f.s sssumed that pafrs of obeervetfons should covary or correlate slgnf-

ffcantly, fn that they are related Ëo a thfrd common random varlable,

namely hydrologlc and clfnattc eonditions"

The nodel f,ûr correlatlon anaLysf.s

ËlcalLy ln the followfng manner:

r=
n-l \

yrhere

Page j-1-B .. " .

and x-. y- stanåardized. deviations of observations (daÈes) främ-tr,eir means.l- - l_ \s\*eÞ'J +.

Sfnff arfy for the populatfon, the correlation coeffic'åentr/J (rho) has
j

the same definlÈ1on and interpretatíon as the sample correlation r.

Thus by analogy with

r = eample correlaElon coefficient

n = sample size

(s

can be expreseed mathema-

('t

1) u

/
e1

N

. 7 . STEEL, Robert G.
of Statf6rlcs, McGraw Hlll

N

Z xrvi
¿-

i=1

B. WONNACOTT, Ronrtld
John Wlley and Sons, Inc.,

D" and TORRIE, Ju Ho, Principles and Procedures
Book Co. Inc., New York, 1960' Ch" I0.

J. and WONNACOTT, Thomas H. ' EconomeLrl-cs
New Yorko 1970, Ch. 5,

L'- ù'
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ç¡here g, lJ âre approprlately etandardized population values' and N fe

the populaÈLon sLze,

To teet whether pairs of observations are signiflcantly correla-

ted, thaÈ is r¿hether Ëhey form a relatively homogeneous serÍes the stu-

dent¡s E - dlstrfbuÈ1on ls used" The test has Êhe following maÈhematf-

cal expressfon:

tsr

shen r = sampLe correlatfon coefflcíent n = sample sl.ze.

thesLs can be etaËed as

Hoz J =o.x/
Acceptance of the null hypothesis means that there is no llnear relaËfon-

shlp between pairs of varlables (stations), ReJectfon of the nul1 hyPo-

thesÍs glves the opposlte result, At the five:percent level of signifi-

cance, and wlth n-2**i12) degrees of freedom, the critlcal

r- value Ís found to be 0,53 (FÍsher and Yates)g" Since ere are seeking

a measure of the poslt{ve linear relationship between pairs of staÈ1ons,

only those r- values f 0.53 are consLdered as significantLy correlated"

The followfng tables gives a suuunary of the r-values for the

several pairs of sËatfone examfned and the percentage of those ÈhaË corre-

late signlflcantLy.

The nuLl hypo-

ny' = populaEion correl.atlon coefficient.

** ¡ = sample sLze (14 years).

9, FISHER, K. A" and YATES, F.,
Agricultural and Medlcal Research,4grl
1953, p. 54,

4rh ed,, Oliver and tsoyd, Edinburgh,
Statistical Tables for Blological
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u
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28.6

óB.O



Page L2L

In order to validate the results presented in t.ables 5-2, 5-30

and 5-4, a further nr¡nber of pairs of statíons, where the daÈa perml-ts,

with I-onger (20 years and over) periods of record are examined. Stations

are again selected on the basís of comparable periods of observatíons

and proximity to stat,íons sirnilarly located

This selection of stations hor¿ever does not lend ítse1f to the

type of regional classificaËion mentíoned previously (5.4). StaEíon net-

works that are app.roximaËely similar are however established. The boun-

daríes for Ëhese are derived usíng the same type of critería as r,/as

adopteà earlier (5.4). Because of the fewer number of sËaËions, both

rívers and lakes are grouped within the same hydro-climatíc regions (See

Fie. s.7) .

Twenty eight paírs of sÈatíons for boËh rivers and lakes are

examined" This is also done for f:he different stages of each process

as outlined in section 5.1" However, only seven of the pairs of stations

dealt with here belong to the group analysed earlier. (Tab1e 5.2)"

The followíng table summarizes the results of the present analysÍs 
"

TABLE 5-5

Correlation Analysis for Stations with long records (20 years and over):
Rivers and Lakes

Process No. of Pairr
of Stations

No. Sign
fÍcant

'7"aq,e Previous
7"age

No.- Belonging
Previous Hydro-
Climatic Resions

No. Sígni-
f icant

Freeze-up I
Freeze-up 11
Break-up 1
Break-up ll

3
6

7

12..

2
2

4
t2

66.6
33. 3
57.L

100. 0

23.6
33. 5
t!) A

60 "4

I
2

3
1

l_

I
2

I

Total 28 20 7r,4 40. 1 7 5



The resulËs presented ln tabl-e 5-5 are very much 1n agreement

wlth those mentioned earlier (tables 5-2, 5-3 and 5-4). For each process,

sfmilar percentages of stations correlate sígnifícantly. The discrep-

ancies between prevíous and present results for Freeze-up 1 and Break-up 2

can be due to dífferences ín samfe size and the different paírs of

stations considered" The latter observation would seem to suggest regional

variations of accuracy of. recording these dates. Also, out of the

fÍve staÈions belonging to the prevôus hydro-clímatic regions (5.4) that

eorrelate significantly here, three of these had produced similar results

in tre þrevlous analysis.

From the foregoing, one can

sízes considered earlier (lables 5-2,

fnvalidate the results obtained.

5.7 Sunmary and Conclusíons

Page L22

The results presented in the previous section (5.6) show that,

on an over-al1 basis, only about fifty percent of the pafrs of stations

examined, correlate signíficantly. From a statistícal point of view,

this percentage can even be lower, if the ð,onfidence level (0.05) is

reduced (Sec. 5"6).

Correlatíon analysis of break-up and freeze-up dates presents

statistical evídence of inhomogeneity among break-up and freeze-up dates

for Canadian stations. 0n the other hand, in certain cases (Freeze-up 11

and Break-up 11), the dates for lakes show a closer relatlonship than

those for rivers (Tables 5-3 and 5-4). Thls could be due to the elimína-

tlon, in some cases, of the hyclrologlcal control, namely water flow which

safely assume that the snall sample

5-3, and 5-4) do not sËatisËíca1-1-y
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tends to compl-lcate perceptlon of the processes

The evldence as presented ín Èables 5-3, 5-4, and 5-5 ¡vould

also seem to suggest that the accuracy of the recorded dates depends on

the extent of their tangibility. This is particularly true ín reference

to Break-up 11 (water clear of íce") This is an easily perceived process,

when compared to Fleeze-up l- (First Permanent rce) or Break-up 1 (First

Deterioration of lce) "

In concludingo one can staËe that there ís a substantial veri-

fication of inhomogeneity of break-up and freeze-up daËes among Canadlan

stations. It would not therefore be entíïely unreasonable to suspect

a signlficant amount of systematic observatíonal error



6 .1 Surumary

The previous chapters have attempted to ouÉline the inconsis-

tencies inherent ín the break-up and f.teeze-up data as recorded by Ëhe

Canadian Meteorological Service. A wide range of appl-ied research has

íitilízed these dates. Very little attention hovrever has been devoted

to exaninÍng theÍr validitY.

There are numerous problems associated wiÈh recording break-

up and freeze-up dates" These are due maínly to the nature of the phy-

sÍcal processes (Ctr" 11), observational problems (Ch. l-11) ' and varia-

tions of definitional criteria (ch. lv). As a result of these, two main

sources of error are incorporated ínto the recorded data.

The first type of error is related to the inter-play between

Èhe environment and the observer; there is a certain amount of variance

between the naËural date and the recorded date. This can be appropria-

t.ely referred to as random measuïement erïor. The second type of erlor

is associated with the differences among observers, and the varying

defínitional criteria adopted, at the different stations. These can

be conveniently grouped under the heading of systematic observational

error.

These sources of error render a certaín measure of lnaccur-

acy to the observed dates of freeze-up and break-up, especially for

CHAPTER VI

Conclusion



purposes of spatlal and temporal comparabíl1ty.

Statistical analyses of these dates show that ín a 1-arge

number of cases, there tends to be a certain degree of lnhomogeneiËy

¿rmong neighbouring staËions (Ch" V). As was mentl-oned prevlously, a

signlfJ.cant portion of thís incoherence can be attributed to measure-

ment problems arisíng from the intengible nature of the physieal process-

es, deflnltional probl-ems and observer subjectívity.

Problems of measurement, when recordíng data of Ëhis nature

are to be expected. But íf standardized methods of data collecÈion are

adopted error variance can be substantially reduced.

6.2 Recorunendations

l,Iíth reference to the problems and inconsistencies outl-íned

prevíously, a..number of improvements and innovations can be recommended.

These are suggested as a means of acquiring'more relíable and meaníng-

ful dates of fteeze-up and break-up for Canadaan stations.

The major area of improvement seems to concern definiËional

criteria. Standard definiËions as have been attempted a1-ready'(Forms

Nos" 63-2360 and 63-236L),2 should be established and adhered to.

These should also be so designed as to make their perception

as tangible and conspicuous as possible, Í.n relatíon to the observa-

tional methods used. ì4echanical definitions, as su¡igested by

Page L26 . ".

1. ì{eteorological Branch, Dept. of Transport,
Break-up of Water Bodiesr" Form No. 63 - 2360, (Rev"

2. Ibíd, "Report on Break-up of l,later Bodi-es,"
236L, (Rev. 69).

Canada, ttReport on
6e).

Form No. 63 -



MacKay3
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(See Ch. l-1-1) offer a vlable alternative.

Methods of data coLl-ection also seem to be deflclent 1n a

nr¡mber of respects. Observatlon personnel could be uniformly traínedo

so as to reduce observer subjectivíty. Also representative and amenabl-e

statíon sites should be selected and maintalned. The times of record-

íng data should also be standardj-zed. It would seem as if the early

norníng, just afÈer sunríse, and the late afternoon, jusË before sunset,

cortld be appropríaËe Ëimes.

Other more sophisticated, but more costly observational pro-

cedures could also be adopted. Remote sensíng, employing tíme-lapse

aerial phoÈography could be useful- ín this respect. CriÈical stages of

each process thaÈ could be easil-y detected by the air-borne scanners

should however be established. Infra-red photography in parËicular, could

be advantageously employed here" The use of thís type of measurement

technique r,rould at least reduce the effect of the subjective human element.

6.à Sussestíons for Future Research

A number of extensions Èo the. present research can be easily

suggested" This study is essentially a macro - scale one. Its limited

scope militates against detailed discussion.

lficro - scale studies of the variabílity and complexity of

break-up and freeze-up conditions, and the problems of data collection

along a particular stretch of a ríver or lake can be justifiably attempt-

ed. The effecl of local conditions orl break-up and freeze-up dates can

3. MacKay,
up Dates 1n the
35, Geogr. Br",

D. K., "Trends and Factors Affecting Brealc-up and Freeze-
Nelson Rlver Drainage Systemr" Geographícal Paper No.
Dept. of Mines and Tech. Surveys, Ottarva, 1962, pp. 2-3"



be adequately investlgated vrlth a study of thÍs nature.

The resulÈs of the present research seem to indicate a regíon-

al- variatlon in the accuracy of break-up and freeze-up dates. The more

accurate dates seem to be coincident with areas of concentrated popu-

latlon (See Fígs. 5-5, 5-6, and 5-7) . This type of situatíon could

also result from the nature of the physical factors"

The rapídity of freezing or breaking which can be due to latí-

tudinal clímate or hydrologic factors, can also affect the accuracy of

the recorded dates: the shorter the time extent of the process, the

l-ess wÍ]l be the chances of encountering observaËional error. Hydrol--

ogic factors rvi1l be parÈícularly important during break-up; the flood

úrave can be expected to travel at a faster ïate in círcular basins as

opposed Ëo linear orr"".4

I'lhen longer periods of records become available statistical-

analyses that can examine the internal consisÈency of the daËa at each

statÍon can also be performed. This type of data anal-ysis, where sta-

tÍons arer.singularly considered will not only facilitate regional com-

parisons of accr¡racy and reliabÍlity, but will also give a measure of

the magnitude of Èhe inconsisÈencies encountered, if any.

A final viable research topic that can be undertaken regarding

break-up and freeze-up dates is separating systematic observational error

from random measurement error (See Ch. 1). This can be easily manípulated

through an analysls of variance technlque. The different stations can

be appropríately delineated as the treatments.

Page 1-28

4 . G:'ay, D.
Canadlan National
Ottawa, 1970, Sec.

M., editor'" I'Handboolc on the Principles of Hvdrologyr"
Committee for the International llydrologlcal Decade o

vl1,.3.2,1.



The following tables gíve a detaíled account of field

observatíons of freeze-up duríng the fall of L97L and break-up for

the spring of. L972. The observation sl-te was along the Red River near

the Uníversity of Manitoba, upstream from the junction wíth the Assiní-

boíne. The time Ëhat fiel-d observations were made was the late after-

noon (betr,reen 4 and 5 p.n.). At relevant times hor,rever' such as when

ínÍtial- freeze-up r¡ras approaching, early morning observations were made

so as to record the effecË of condítions occuring the previous night.

Occasional checks were also made along tbe Assiníboine River,

near the Maryland Brídge and íts junction wi-th the Red, for comparable

Purposes.

In certain instances, rvhere their effect rvas important ' weather

conditions \^iere aLso briefly described.

APPENDIX 1

Fteld Observations

Date

Nov. lst

Observatíons of Freeze-u

ObservaËional Reports

tl

No signs of freeze-up. Snow lying on the
banks. Rippling of the r,rater stil1 fatrly
strong. Thin films of ice (or snorv?) on the
Asstníboine where branches protruded in areas
of stagnant water (Freeze-uP l?).

2nd

3rd

Same conditions as on the previous day.

Same conditions prevall for the Red. Float-
lng íce of the frazil type beglns to appear
(Freeze-up I definlte).
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Table l-.a: Dally Observatíons of Freeze-up, L97! conËlnued

Nov. 4th

5rh

Condítions for the Red unchanged.

6rh

Same condltíons of the Red
dav. I,Ieather conditíons :

(1ío - zoor) o and snowing"

7t}j'

Same condítíons
ther conditions:

First time the Red freezes to a great extenE.
Thin films of ice continuosly forming and
being destroyed by water turbulence. Assiní-
boine - complete freeze-over (Freeze-up 11) 'and snow-covered.

8rh

lt 9rh

as on the
cold and

Fl-oatlng ice from upstream observed at site.
Ice cover established at the edges. üIeather
conditions: sunny and warmer.

as the previous
gusting winds, cold

tt

First time freeze-vp 11 observed (early
norning) " Skím ice cover prevailed. By the
afternoon thís was broken up. Pancake fraz|L
ice fl-oat rapidly dor.¡n the river. Rafted ice
piled up aË Èhe sides from frictional effects.

previous day. I^Iea-
sunny.

10rh

11rh

Greater concentration of
tíon of pancake íce from
zÍl floes" Ice píled up

12rh

I{armer temperature condítíons. Some melting,
wíth fer¿er ice floes. Assiniboine still
fxozen over.

13rh

Continuing r¡7arm temperatures
floes. Appreciable fall in
Stranded ice floes on banks.

14rh

15rh

Same conditions prevail.
completely ftozer. over.

íce floes. Forma-
collísion among fra-
at the sides.

Same conclltions continue to exist.

Continuing warm weather condiLíons. Almost
complete clearing of the Red. 0n1y one or trvo
lsolated l-ce floes observed. Some ice still
perched at sides, wiLh some calving.

. Very fevr ice
ríver level.

Assiniboine stil1
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Tabl-e 1.a: Daíly Observatlons of Freeze-up, L97L contfnued

Nov. l-6th

l-7rh

I{arm weather condit.ions
of lce 1n the middle.
at sides.

18rh

Continuíng \rarrn. Líttle
sides. Light snowfall.
compleËely frozen over.

l-9rh

Colder t.emperatures.
as previous day.

20rh

Colder weather condítíons v¡ith snorvfall"
Míddle of the Red sti1l ice-free. Snor,¡ accu-
mulatfon at the sides. Assiniboine eompletely
f.rozen over "

contínue. River clear
Very little fce left

21st

Colder temperatures.
and frazíl ice appear
remaíns f.tozen over"

or no ice at the
AssÍniboíne stil1

22nd

But same conditions

Cold weather conËinues.
are prevalent. Extension
from the sides inward.

23rd

trleather condiËions: cold and windy. Skim
ice and f.razíL floes continuosly being broken
up" Piling of ice floes at the sides.

24tTr,

Floating films of - skím
again. Assiniboine

Sunny and warmer weather conditions. Very
little floating ice. Sídes still frozen over.
Assiniboine remains completely frozen over.

25th

Red almost completeLy frozen over. A few
open areas persist. Snowfall addíng to ice
cover "

Pancake ice floes
of the ice shel-f

26t}j,

Red frozen over from bank to bank ín some
areas; a fer,r open areas persist at others,
espeeÍally in the middle.

27th

2Brh

Open areas are now reduced.
pression rídges are seen.

Open areas 1n the middle dom to a minimum.

Continuing co1d. Difficult Èo

areas in mlddle are ice-covered
flectance from the sno$/.

Fírst time com-

say whether open
due to re-
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Table l-.a: Datly Observatfons of Freeze-up, L97l contínued

Nov. 29th

Dec. lst.

30rh

Same condítions as previous day.

Complete f.reeze-over clearly perciptible.

Complete freeze-over prevails on both the
Red and the Assiniboine. N.B" Observations
were termínated on this date. Cold weaÈher
condítions continued and the observer hras
convínced thaË a firm íce-cover was esEablish-
ed.

Table l"b: Daily Observations of Break-up, L972

Date

March 12Èh

Observational Reports

13rh

I^larm weaÈher conditions. Only signs of rnelt
around draínage outlet.

l-4rh

tt

Continuing rüarrn, some melt at the sides. Run-
off from the banks observed (Break-up 1?).

15rh

I^Iarm r+eather continues. Ice cover surface be-
gins to darken.

16rh

I^Iarm and cloudy. Tncreased darkening of snow
surface" A moËtled appearance sets in. More
melt water at the sides"

l-7rh

Ifarm, sunny and wíndy.
more pronounced. Amount
sides increases.

tt 18rh

ll

Sunny with ternperatures above
cover very dark and dappled.
col-lects at the sídes.

19 th

Above freezing temperatures continue. Tce
cover overlain by a bit of melt water.

Warm and cloudy. More melt water on the sur-
face of the i-ce cover.

Mottled appearance
of melt r.rater at

freezing. Ice
More melË $rater



TabLe l.b: Da1l-y Observatlons of Break-up ' 1972

March 20th lce cover completely covered by melt vlater.

e' 2l-st Cooler weaËher. Some refreezing of melt
waËer.

tt 22nð Warmer weather, melting resumes, a lot of melt
r¡ater at the sides.

" 23rð. River leve1 has rísen. Ice cover afloat, but
not moving"

" 24th Cloudy and cooler weather. Some refreezing, at
the sldes"

" 25th River ice broke. Ice cracked, but no movement.
Same conditÍons on Assiniboine"

u' 26th Same conditions on Red. Assiniboine ice broken
and moved in a few places.

t' 27th Cooler weather with snowfall. Red blanketed
by snowfall" Melt r,rater only visible at edges.
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" 28th tr{armer r¿eather. More melt at the sides. River
level ríses "

o' 29th l^lindy. River level exÈremely high. Ice cover
afloaÈ but not novíng.

o' 30th Sane conditions as previous day.

April;l-st Same conditions except for a higher river level.

It" Znd Cooler rveather sets in. Melt still prevails
at the sides.

" 3rd Below freezíng temperatures. Some refreezing
at the sides"

" 4th Same conditions as on the previous day.

o' 5th Same, except for a rising rfver 1eve1.

tt 6th l^Iarmer vreather. Melting on surf ace resumes.

" 7th Same conditions as on prevíous day.
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Table L.b: Datly Observations of Break-up, 1-972 continued

AprÍl 8th

9th

10rh

Surface melt extremely prevalent.

It

11rh

hlarmer. Extremely dark color of ice.

L2t}j.

I^larm and windy.

tl

Same, except for a higher ríver level.

First movement of the ice. River clear of ice
at the observation sj-te, buÈ stil1 ice covered
by rafted ice at upstream and dor,,¡nstream loca-
t,ions.

13rh

14th

Quite a bit of surface melt.

Same conditions, exeept for a hígher 'Ì¡/ater
l-evel-.

15rh

Same, except fce
a Líttl-e more.

l-6th

Riser ice begins to
rapfdly, overturníng
grating.

17Èh

River level
Quite a bit
sides.

cover shoved
Ice thickness

lBrh

One or two ice floes
ice-covered, with no
Ëö:the higher leve1

19rh

lt

extremely hígh.
of floes trapped

move. fce floes
, colliding and

20th

Continuing warm weather and same conditíons.

and broken up
- I - 12 ínches.

ll

Red completely clear at observation síte.
(Break-up 11). Assiníboine ice held up by -jams.

21st.

il

Red River clear. Flood \.tave at
few ice floes still persigt on

seen" Assiniboíne stil1
movement. ?robably due

of the Red.

floating
disinte-

ï'er,rer ice f 1oes.
by vegetation at

22nd

Both Red and Assíniboine completely clear of
ice except for ice slabs that r^rere trapped at
the sides. River level fal1ing.

River level continues to fall. This rvas the
last day of observations. The.--obsËrver vras
convinced that all ice floes from upstream had
already passed the observatl-on site.

íts peak. A
the Assiníboine"



The following are the coded specifications that further des_

cribe the character of selected definitions of break-up and freeze-up

dates referred to previously (Ch" lV).

Specification of Date Relating to Extent of Incomplete Ice Coveraøe

ttO" No íce (or no apprecíab1-e ice) formed during the winter.rr

"1. tr{ater body did not freeze over completely - date of maximum

A?PENDIX 11 A

tce coverage unknorrm.tt

etz" I^later body did not freeze over
f ce coverage. tt

uu3" trnlater liody did not freeze over
given ice coverage (noË necessarily
occurred. tt

"4. Dat.e of complete freeze over unkno\rn - date on which given
ice coverage occurred.tt

"5. Ice presenË along shoreline only."
u'6. I^later body said to-:be "open" throughout the winter.',

Extent of Ice Coverase

o'0. Less Ëhan 1

tol. I tenth.tt

'u2. 2 tenths. tr

tt3. 3 tenths.tt

"4. 4 tenths."
ot5 . 5 tenths.tt

ot6. 6 tenths.tt

compl-etely - date of maxímum

completely - date on which
maximum ice coverage)

tenthn but not zero.lr



t'7 . 7 tenths.

t'8, 8 tenths .

"g. 9 tenths

Type of Traffíc for which Ice was used

It

"0. Ice not used, or unsafe for traffic."

"1. Ice considered safe for use as road or runT¡/ay - type of
vehlcle not specified."
tt2. Ice considered safe for very light traffic (pedestrians,
dog teams, snowmobiles or ski-doo type, etc.).tt

"3. Ice considered safe for light vehicles (automobiles, jeepse
large snowmobiles, 1íght trucks, etc.)."
t'4. Ice considered safe for light aírcraft (Cessna, Beaver, Otter,
Norseman, etc.)."

tt

or more, but not 10 tenths. "

t'5. Ice considered safe for heavy equípment (heavy trucks, tractors,
DC3 or heavier aircraft.t'

"6. Ice first used by very lighË traffic (pedestrians, dog têâmr
snowmobiles of ski-doo type, etc.)."
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"7. Ice first used by líght vehicles, up to 61000 l-bs. (auto-
mobiles, jeeps, heavier snovrmobiles, light trucks)."

"8. Ice first used by light aircraft up to 71500 lbs. (Cessna,
Beaver, 0tter, Norseman, etc.).t'

"9. Ice first used by heauy equipment, over 10,000 l-bs. (heavy
trucks, tractors, DC3 or heavier alrcraft)."

Specificatíon of Other Data Relating to Freeze-up

ttO. tFreeze-upr, body of water tftozet, or tfrozent - terms un-
defined. "

"1. Water body closed to navigaLion."

"2. Nevr lce formed, but laler mel-ted or cleared completely."

"3. Buoys lifted due to formatlon of new 1ce""



Page L37

"4. Water body sald to be lcl-osedt - term undef Íned.rt

'05. LasË ship of season left harbour."

oo6. Apprecf able íce formation. I'

t'7. Cornplete fteeze over with subsequent partial or complete
cLearlng, followed later by second complete freeze-over."
e0B. Driftíng ice first. observed."

ttg" Ice safd to be rrunnínge.tt

"4" Ice said to be rseÈ fastl.rl
ttB. Last float-equípped aircraft departed.'l

Indicator for Maximum lce Thickness

ttO. Inches - Unknom.ot

t'l. Inches - EstimaÊion."

tt2. Inches - Measurement,.tt

tt3. Feet - Unknown. tt

"4. Feet - EsÈímation."

ot5. Feet - Measurement.tt

Type of Traffic for ruhich Ice r+as Used

o'0. Ice not used, or unsafe for traffíc."

ttl-. Ice considered unsafe for use as road or runway - type of
vehicle not speclfied."

"2" Tce considered unsafe for very light traffic (pedestrians,
dog team, snovnnobiles of ski-doo type, etc.)."

"3. Ice consídered unsafe for light vehlcles (automobíles, -jeeps,
larger snovrmobiles , light trucks , etc. ) .'t

"4. Ice considered unsafe for light aircraft (Cessna, Beaver, Otter,
Norseman, etc.).t'
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tt5. Ice consldered unsafe for heavy equípment (heavy Ërucksu
tractorso DC3 or heavier aircraft)."
o'6. Ice last used by very l-ight traffic (pedestrlans, dog teams
snowmobiles of skl--doo typeo etc.)."

"7. Ice last used by light vehiclese up to 61000 lbs. (auto-
mobl-les, jeeps, heavíer snor,rnobiles, light trucks)."

"8. Ice last used by light aircraft, up to 71500 J-bs. (Cessna,
Beaver, Otter, Norseman, etet).tt

"9. Ice l-ast used by heavy equípment, over 101000 lbs. (heavy
trucks, tractors, DC3 or heavier aircraft).'l

Specification of DaÈe Relating to extent of incomplete clearing of
Ice

"0. No c1-earíng (or no appreciable clearing) of ice."
ttl. I,Iater body did not clear completely - date of maxÍmum
open water unknotm " 

tt

't2. Water body did noË cl-ear completely - date of maxímum
open water. tt

"3. I^later body dÍd not clear completely - date on which gÍven
extent of open vrater (not necessarily maximum extent) occurred."

"4. DaËe water body clear of ice unknoum - date on whích given
extent of open \,rater occurred.tt

Extent of lncomplete Ice clearance

"0. Less than I tenth, but not zero."
tt1. 1 tenth.tt

"2. 2 tenths."
tt3. 3 tenËhs.tt

"4, 4 tenths."
tt5. 5 tenths.tt

tt6. 6 tenths .'r



"7" 7 Ëenths."

tt8" B tenths.rt

"9. 9 Èenths or more, but not 10 tenths."

Specifl-catíon of Other Date Relating to Break-up

utO. eBreak-upt, l-ce rbroker, or tbrokenr, or íce ugave wayo -
terms undefined""

"1" l^Iater body open to navígation.¡¡

"2. PartÍal clearing or melting of ice wíth subsequent tef.reez-
lng" "

"3. ïtlater body cleared temporaríly, buË ice reformed., or dríft
fce reappeared later.rr

nn4. Water body said to be topent - .term undefined"'t

o'5. Fírst ship of season enÈered harbour""

"6. Ice said to be rmovingr."

tt7. Date refers to tÍce runt.tt
tt8" Ice ?moved outr or rwent outt.tt
o'9. lce moving at the Ramparts (Fort Good Hope, N.l,I .T.)."
trA" Channel open. tt

"8. Drifting ice last observed."

"C. Ice broken and moving freely over dam.tl

ttD" FirsË landing of float-equipped aircraft."

Page L39



The following list gíves the sources of information regarding

break-up and freeze-up dates referred to earlier (Cfr. lV). I{here

the observation agent has supplíed data for more than one statíon, the

number 1s lndicated Ín brackets. Al,so, where the observer is of

loca1 concern, the place of observatlon l-s indicated.

APPENDIX 11 B

1. Telecommunications Branch, D.O.T. (69)

2. R.c.A"F. (29)

3. MeteorologÍcal Branch (92¡

4" lludsonrs Bay Company, N.I^I.T. (5)

5. Federal Elective Corporatíon (31)

6. Saguenay Shipping LiuriËed

7. Consolidated Paper CorporaËion (2)

8. DisËricË I^larden, Banff NaËíonal Park, Alta.

9. Conservation OffÍce, Berens River, Man.

10. Miramichi Sahnon Association, Boiestorrn, N.B.

11. Anglo-Newfoundland Development Co., Botwood, Nf1d.

L2. City of Brandon I^later Works DeparËment, Man.

13. Roman Catholic Míssion, Brochet, Man., and Fort Good
Ilope and Holrnan, N. W. T. (3)

L4. Gatineau Po¡^rer Company, Que, (2)

15. Fraser Companies Limited Que" and N.B. (3)

16. Mr" J. F. J. DeGrace, Cambellton, N.B.



L7" U. S. Army (6)

i-8. Nordalr Ltd. (3)

L9. Fecteau Arien TransporÈ, Chapaisn Que.

20. DistrícÈ Marine Agento D.O.T., P.E.I"

2L" CharlotteÈown Experimental Far:n" P.E.I.

22. North Shore Leader, Newcastlen N.B.

23. Tlsheries Research Offícer, Chatham" N.B.

24" Trans-Canada Air Línes, Que.

25" Price Bros. and Co. Ltd. o Que. (4)

26" Department. of Resources and Hydro, Que.

27" Natíonal Harbours Board, Churchill, Man. (2)

28" Cove Fisheries, Clear Creek, Ontario

29. CanadÍan National Telegraphs (4)

30. Fisheries Offícer, Cold Lake, AlËa.

31. J" BrLan Bird, Southampton Island, Q.P., N.trl.T.

32. Bowaters Paper Company Limíted, Nfld" (2)

33. Canadian Aviation Electronícs Ltd., Man.

34. Canadían Pacific Airlines (3)

35. Personal diary, Mrsr. T" Locke, Dauphín, Man.

36. Royal Canadian Corps of Signals (f0)

37. SË. Lawrence Corporatíon Limited, Dolbeau, Que.

38. Original Edmonton weather records, A1Ëa.

39. Edmonton CíÈy Power P1ant, A1ta.

40. Edmonton Journalu A1ta.

41. Trans-Alr Llmíted (2)
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42" Abasand Oil Co. Ltd" n Alta. (2)

43" Díaríes of Mr. J. Goodall, Fort Simpson, N.W.T.

44. B. C. Forrest Service, B. C. (2)

45. Manitoba Water Resources Department (2)

46" Chi¡rchill Ríver Power Co. LÈd. o Inland Falls, Sask.

47 " Mrs" C. Phillips, Kæloops, B.C.

48" Cíty of Kamloops, B.C"

49" Spruce Fal-l-s Power and Paper Co. Ltd. e Ont " (2)

50. OnÈario Department of Lands and Forests (4)

5l-. McGill Universityo Sub-Arctic Research Laboratory, Knob
Laken Que.

52" Menihek Power Company, Knob Lake, Que.

53. City of Lethbridge Power House, A1ta.

54. Resídent Engineer, Fanshawe Dam, London, Ont.

55" Ah¡nínum Company of Canadan llanua Lake, Que.

56. Lake Megantic Pulp Co., Megantíc, Que.

57. Staff of Mclaughlin Road Reservoir, Moncton, N.B.

58 " Imperial Oil Lírníted, Norman llells, N.I^I. T.

59. North Bay t'Nuggetr" NorÈh Bay, Ont.

60. Ontario Hydro (2)

61. Manítoba Telephone System

62. Gatineau Boom Companyo Ottawa, Ontarío

63. Superintendent Engineer, Rideau Canal, Ottarva, Ont.

64. Varíous local resídents of Pagwa, Ont"

65. Peace River local ne$rspaper, Alta.
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66. Ro.yal- Canadían School" of Art11lery, P1-cton, Ont"

67. Personal dlary of local cítlzens, PorL Radium, N.Ì^I.T.

68. Mr. Bert Crockett., Port Rowan, Ont.

69. Dístrict Marine Agento PrescoËt, Ont.

70. City of Prfnce Albert Fire Department, Sask"

7L" Mr. D" F. All-en, Nukko Lake, B.C.

72. Marine Services, D.O.T., Que. (2)

73. City of RegÍna Power Plant, Sask.

74. "LtEtoile du Lacr" Dec. 10, l-953, Roberval-, Que.

75. Sai"nt John City Water Department, N.B.

76. Saskatoon Municipal WaËer i^lorks, Sask"

77. Iron Ore Company of Canada, Septíles, Que.

78. Sherbrooke UnlversiÈy, Que.

79. NorthwesË TerriËories Power Conrníssíon, Snare Rapids, N.W"T.

80. Bell Telephone Company of Canada

81. St. Lawrence Seaway Authority

82. Austin Airways Limitedo Sudbury, OnÈ.

83" Kiwanis Club, Sr,¡ift Current, Sask.

84. Superintendent of Utilities, The Pas, Man.

85. Manitoba Department of Mines and Natural Resources

86. Trenton Courier-Advocate, ht. (2)

87. Be11eville Public Water hlorks, Ont.

BB. Lock keepers of Trent Canal, Trenton, Ont.

89. QuebecaÍr Inc.

90. Nova Scotia Power Commissl-on and Marine Services, D.O.T.
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91. Alberta Department of llighways (2)

92. I^lhíte Pass and Yukon Ral-lway, Y.T.

93. White River Alr Servíces, Ont" (3)

94. Abítibf Power and Paper Co" Ltd., I^Itrite River, Ont.

95. Provincial Fish Hatchery, Wiarton, Ont.

96" Mr. R. J. Fleming, Lighthouse keeper, I^línnipegosis, l'lan.

97 " Northern Transportation Co. Ltd., Yellorvknifen N.\.I.T.



The fol-lowíng series of tables list Ëhe data that has been

coded an<i subjected to correlation analysis (see ch v). They glve the

date of Ëhe month and Ëhe day of the year thaË Èhe specífied breal:--up

ot f.reeze-up events have occured.

val-ues à 0.53 are consídered as significant

APPENDIX 111 A

Data A+-alvs+s

Year Date of Month Day of Yr. Date of Month Day of Tr"

Data Set l-A Freeze-up I Yukon Terrítory - Rivers

L 1956 Oct" .l-0
57 Nov- 03
58 Oet. 10
59 ,!f 0B

L 60 Nov" 01
"61 t',01

,... 62. ' ' 04
63' " 06

L 64. t' 10
65' Oct. 15
66 tt 23

Dawson-Klondike R.

'r 67' Nov. 05 * 309
L68"01

69 Oct. L6

284
307
283
2BL
306
305
308
310
315
288
296

Mayo-StewarË R.

OcË. 08 282
" 2T 294
" 07 290rr 0g 282
" t0 294. '¡ 07 280
" û0 293
" 1g zgl
' 26 300n 2L 294
" l_0 293
' L4 287
" L7t 29L
" 16 2gg

306
289

(r = 0.4569)



Year

Data Set 2A

Dar,rson-Klondike R.

r-9s6
57
5B
59
60
6L
62
63
64
65
66
67
68
69

Date of Month Day of Yr.
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Break-up I Yukon lerritory - Rivers

lAay 04
Apr 23
May 1-0

Apr 28.t 
1_B

May 11
Apr 20
May 15
"01tt 03

Ãpr 25t' 29tt 27
l"lay 07

L25
113
130
118
109
131
110
135
L22
L23
115
119
l-l_8
L27

l"Iayo-Stewart R.

Date of l"fonth

(r = 0"18841)

Data Set 28 Break-up II Yukon Territory - Rivers

Year

May
¡l

tf
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It

It

il

It

lt

tt

It

Apr
tt

L L956
57
5B
59

L60
6L
62
63
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65
66
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L68
69

Dawson-Klondike R.

15
01
OB

04
L2
L9
OB

22
1B
L2
L3
t2
25
L2

Date of Month

Day of Yr.

May
Apr
May

It

ll

il

tt

n
tt

l1

il

il
'It

ll ,

1-36
LzL
L28
L24
133
r39
L28
L42
L39
L32
133
732
1l-6
to2

09
29
25
04
10
1-l-

02
31
T2
11
06
OB

o4
t_0

Day of Yr.

130
119
1_45

L24
131_

l_31
L22
151
133
131
L26
L2B
L25
130

Mayo-StewarË R.

May
tt

tt

il

,t

tt

rr

Ju.
May

ll

n
tr

1T

lt

(r = 0.7869)

Date of I'fonth

20
07
22
15
20
22
13
01
22
t7
22ll
20
07
12

Day of Yr.

T4L
L27
1"42
135
]-4l-
L42
133
L52
].43
r37.
742
140
L2B
L32
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Data SeË 6A Break-up I
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Day of Yr.
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Year

Data SeË 184 Break-up I

L 1956
57
58
59

L60
6L
62
63

L64
65
66
67

L68
69

Dease L.

Date of },lonth Day of Yr"

May f-9r19
tt 15n10
"0gn25
t' 25t' 25t' 25

"15
''03tt 16

Apr. 15
May 06

Page 1-68 .. .

Yukon - B. C. Lakes
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139
1-35
130
l-30
L45
r45
r45
L46
135
L23
136
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L26

ï,Iatson L.

Date of Month

T = 0.67

Data Set l-BB Break-up II

Year

May 1Lt' 05
"L2,, 04t' l-0t' L4
tt 0g
"04tt 10
tt 01t05
"L2

Apr. 1-5r' l-0

L 1956
57
58
59

L60
6L
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63
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65
66
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T, 68
69

Dease L.

DaËe of Month Day of Yr.

Day of Yr"

May 26
"30
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May 30
June 07tt L2
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May 30
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L25
L32
]-24
l_31
t34
1-28
]-24
t-31
LzL
L25
1'32
106
100

L47
1-50
1-53
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L50
158
L64
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Yukon - B. C. Lakes
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Day of Yr.
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L34
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l.40
L49
T4L
L39
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T = 0.51
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Year

Data Set 234 Freeze-up I

L L956
57
58
s9

L60
6L
62
63

L64
65
66
67

L68
69

The Pas - Grace L.

Date of Month Day of Yr.

Oct. 28Í23
Nov, l-0
Oct. 05t' 20t' 23tt 24
Nov. 04tt 0gt05
Oct. 24

r26
Nov. 04,, L7

Page L74 . ".

NorËhern Manitoba Lakes

302
296
3L4
278
294
296
297
308
313
309
297
299
309
32L

Wabor,rden

Date of Month

Oct. 28t' 2L
Nov. L9
Oct. 27

't 25n26
Nov. 01

"1gt' L4tt 01
Oct. 29

tt 27
Nov. 05
Oct" 20

r = 0"42

Data Set 238 Freeze-up II

Year

L L956
57
58
59

L60
6L
62
63
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67

L68
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The Pas - Clearwater L.
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Northern ManíËoba Lakes
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3L7
323
31,4
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Year Date of Month Day of yr. Date of Month Day of yr.

Brochet

.. L 1956 June 01
57 May 23
58 June 01
59 T03

L60"02
6L 03
62"04
63 May L7

L64"24
65'26
66 June 10
67 l{ay 24

L 68 Apr. 20
69 *June 01

Data Set 24A,.. Northern Manitoba Lakes

Break-up I

Page 175

153
L43
L52
l_54
L54
L54
155
L37
L4s
146
L61-
L44
1l-1
L52

I^labor,rden

. Break-up 1_'

May 23 L44
" 05 L25* 25 144t' L4 L34n 2L L42
" Lg 139
" 02 132
" og Lzg. " L6 t37ll 23 L43t' 24 r44
" 10 130

Apr. 23 1L4
I{ay LZ L32

BUI
r = 0.81



Year

Brochet

Lr.1956
57
58
59

L60
61
62
63

L64
65
66
67

L68
69

Data Set 248

Date of Month

June 15
May 30
June 13

tt 0gtt 05
rr 0g
t' 07
tt 03t' .06
"05t' l-8
"04

May 26
*June 15

Break-up 11

Page J-76 .""

Northern Manitoba Lakes

Day of Yr.

L67
l_50
L64
160
L57
160
1_58

L54
t-58
156
L69
155
L47
L66

Ifabowden

DaËe.of Ìlonth

Break-up II

May
, tt

June
Ma.y

NF

'. tt
tt
tt

It
ll
n
ll

il

t¡

30
18
01
24
?-7 

,',,,

26,',
r-9 i

lsj
24:
30i
29
2.8 i

09
29

Day of Yr.

t-51
138
L52
L44
148
L46
139
135
L45
150
L49
148
1-30
L49

BU II
;=n:76



Year Date of Month Day of yr. Date of Month Day of yr.

Bake Lake

L L956 Ocr. 09
57 " l_g
58"L7
59"0B

L60|ll-g
61"05
62"L7
63"10

L64t'15
65"13
66"1g
67"2L

L68tt25
69"22

Data Set 254 N" I^I. T. (Hudson) Lakes

Freeze-up I

Page L77

283
29L
290
28L
293
278
290
283
289
286
292
294
299
295

Ennadaí Lake

Freeze-up I

Oct. 14 288
" 06 279
" 04 277
" 04 277
" 1g 292
" 07 290
" 22 295
" 28 301
" 1g 292
" 20 293l' 19 292
" 19 292
" 25 2gg
" 17 290

FUI
ñ---õ-¡s



Year

Baker Lake

Data Set 258

L956
57
58
59
60
61
62
63
64
65
66
67
68
69

DaËe of Month

OcË. L6t' 29t' 2gr13
"2Lt' 07
tt 24,, 2L
"22
" l_5
t' 27
tt 27

Nov. 04
Oct. 30

Freeze-up II

Page 178

N. T,f. T. (Hudson) Lakes

Day of Yr.

209
302
301
286
295
280
297
294
296
288
300
300
309
303

Ennadaí Lake

Date of Month Day of Yr.

Freeze-up II

Oct. 18
t] 23
tt 31tt 0g
r19
tt 08il29

Nov. 01
Oct. 27

t' 22,, 20
tt 24

Nov. 03
Oct. 18

292
296
304
28L
293
28L
302
305
301
295
293
297
308
29L

BU ÏI
ã-.oq



Year Dat,e of Month Day of Yr. DaÈe of Month Day of yr.

Baker Lake

L 1956 July 08 190
57 " 03 Lg4
58 June 26 L77
59 " l-g L6g

L60"24L76
61- " 30 191
62 July 04 185
63 June 20 L7L

L 64 t' 25 L77
65 " l-5 L66
66 " 14 165
67 July 02 183

L 68 June 20 172
69 May 29 L49

Dara Ser 26A' N. I^I. T. (itudson) Lakes

Break-up I

Page L79 " ".

Ennadai Lake

July 05 L87
June 18 ].69

.'1,, 24 L75
" 26 J_77n 24 L76
" 30 181-

" 19 L70
' 25 L76n 1g L70
" 15 L66

26 L77
" 26 L77
" 15 L67
" 16 L67

Break-up I

BUI
r 7n.+t



Year

Baker Lake

L L956
57
5B
59

L60
6L
62
63

L64
6s
66
67

L68
69

Data Set 268

Date of MonÈh Day of Yr.

Break-up II

Aug.
July

It

t¡

n
ú It
. lt

. lr
il
It

Aug.
Jul-y
Aug.
Ju1-y

Page 180 ...

N" I^I. T. (i{udson) Lakes

02
29
31_

72
L7
30
31
2T
27
23
01
28
L4
13

2L5
2L0
2L2
193
L99
ztr
2t2
202
209
204
2L3
209
227
L94

Ennadai Lake

Date of MonËh Day of Yr.

July
It

tt

It

lt

il

il

il

June
n

July
n
il

June

Break-up II

t7
19
OB

05
01
08
03
09
28
28
L7
09
2L
25

199
200
189
1-86
183
189
184
190
1-80
L79
198
190
203
L76

BU II
r:-0.71



Year Date of Month Day of Yr. Date of Month Day of Yr.

Data Sex 27A. NorËhern Ontarío Lakes

L 1956 Nov. 08 ii 313
57 " 07 31-1

58 " 08 3L2
59 oct. l-5 288

L 60 't 22 296
61- " 26 299
62 ', 26 299
63 Nov. 13 3L7

L64"L23L7
65 Oct. 28 301
66 " 30 303
67 ', 27 300

L 68 Nov. 03 308
69 Oct. t7 29O

TrouË Lake

Freeze-up I

Page 181 ...

Lansdowne House

Freeze-up ï

Nov. 10 315
" 08 3L2
" 13 3]-7

OcE. 27 300
Nov. 07 3Lz
OcË. 29 302
Nov. 03 307

" 20 324t' L4 319
" 06 310

Oct. 29 3Oz
28 301

" 30 304
" 24 297

FUÏ
r =1182



Year Date of Month Day of yr. Dat,e of Month Day of yr.

Trout Lake

DaËa Set 278 Northern Ontarío Lakes

L 1956 Nov. 15 320
57 'i: " 32 326
58 " 30 334
59 " 0g 313

L 60 " l-1 316
6L " 0g 313
62 " 16 320
63 l' 24 329

L64"1g324
65 |l 0g 313
66 |l l-0 3L4
67 |l 19 323

L 68 tl 20 325
69 t' L7 32L

Freeze-up II

Page 182 . ".

Lansdowne House

Freeze-up II

Nov. 16 32]-
" 10 3!.4
" 22 326
" 03 307
" 11 316

. ,' 07 3l-1
" 0g 312
" 26 330
" l_g 324
" 07 311
" 02 306
" 07 311
"13,3L7

Oct. 24 297

FI] IIã.az



Year

Trout Lake

L956
57
58
s9
60
6L
62
63
64
65
66
67
68
69

Date of Month Day of Yr.

Break-up I

May 18,, 24
June 01
May 22n2L

,, 24n23
n 1-0
tt L7t. 23n2I
"06

Apr. 15
May 1-0

Data Set 284

Page 183 ...

139
L44
1'52
L42
L42
L44
L43
130
r_38
L43
L4L
L26
106
130

Lansdor¡ne House

Date of Month Day of Yr.

Break-up I

May 05tt 06t' l_1
tt 18
tt 0Br' 1L
"03tt 07
"0gtt 13t' 16

Apr. 29n29
May 15

L26
L26
131
138
L29
131
1.23
t27
130
133
136
t_19
L20
135

BI] T
t V.sz



Year Date of Month Day of Yr. Date of Month Day of yr.

L 1956 *Dec. 01 336
57 t' L4 348
58 Nov. 30 334
59 Dec. l-9 353

L 60 NoV, 30 335
61 Dec. 08 342
62 " 0g 342
63 " L2 346

L 64 Nov. 30 335
65 Dec. l-6 350
66 " 02 336
67 " 22 356

L 6g r¡'' 1,4 349
69 Feb. 02. 399

Fort I^Iillían Harbour

Data Set 298 Freeze-up II Thunder Bay

Page 184

Port Arthur Harbour

*Dec. L7 352
Jan. 0l- 367
Dec. 01- 335|l 19 353

" 01 336
" 1l_ 345
" 11 345
" !2 346

Nov. 30 335
Dec. 16 350

" 0z 336,, 22 356
" L4 349t' L0 344

FI] II
r l-lfzø
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Year

L L956
57
58
59

L60
61
62
63

L64
65
66
67

L68
69

Nitcheguon

Data Set 334 Freeze-up I

DaÈe of Month Day of Year

Nov.
Oct.

ll

tl

Nov.
lt

Oct.
Nov.
Oct.

It
It

Nov.
It

Oct.

Page 189

t_0

30
15
27
04
08
22
L2
25
26
22
06
10
20

315
303
288
300
309
3L2
295
31"6
299
299
295
310
315
293

Quebec Labrador Lakes

Schefferví11e

Date of Month Day of Yr.

Nov. 07

Oct. 23t' 04,, 2g
26

t' 2Ln27
t' 30t' 12
"06
" l_6

Nov. 06r10
Oct. L7

3L2
296
277
301
300
294
300
303
286
279
289
310
3Ls
290

r = O.77
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Year Date of Month Day of yr" DaÈe of ì,fonth Day of yr.

L L956 June 20 L72
57 |' L2 L63
58 May 28 L48
59 June 04 155

L60"11163
6L 13 L64
62 " 18 L6g
63 1_2 L63

L64"L7L6g
65 t' L6 L67
66 '' L2 L63
67 " 06 L57

L68"1g170
69 ,, 13 L64

Schefferville

Data SeË 348 Break-up II Quebec Labrador Lakes
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Lake Eon

June 24 L76
May 23 143
June 04 155
May 30 150
June 07 159

" 10 ]-6]-
" 03* 154
" 06 r57f'1gL70
" L4 1-65

" l-5 L66
" 07 158
" 16 169
" L4 165

r = 0.57



1n Appendíx 111 A, They gíve Èhe same

l-onger periods (20 years and over) of

Ttre Ëíne peri-ods that, these

Sígnificant r- val-ues are índícated by

The following seËs of data are an e.dden.dum to those gÍven

Data Analysís._ (Longs.r Pelíods)

A?PENDTX 111 B

Year

1-931 Ocr.
L32'.ì:r 33 r

34 r'

35 el

L36'
37 rt

38 Nov.
39' Oct.

L40rt
4L rr

42 rr

43'
L44rr

45 rr

4A rr

4t7 '
L4'B'

59. '
5.0 ,
51_ '

L:2 I'

53 ; rr

54,: "
55 It

Fort Good Hope

Data Set l- Freeze-up 1

Date of Month

Ëype of information except for

coverage.

cover are oÍ. varying lengths.

asterisks (*).

1-8

L6
19
27
20
08
28
01
1-tr

24
13
23
29
27
26
25
22
18
L7
23
1B
26
26
2L
'25

Day of Yr.

29L
290
292
300
293
282
301
305
284
298
286
296
302
301
299
298
295
292
290
296
29L
300
299
294
298

Mackenzíe Ríver Basin

Fort Simpson

Date of Month

Oct. 25
t' L6n20
t' 26
tt 20
tt 29

Nov. 02
Oct.30rt' 14t' 23

tt 23
't 24
tt 27
n27
t' 26t' 25
n29
t' 2r
"26t' 2L

:' 16
Nov. 0Z
Oct. 25
Nov. 01
OcË. 22

Day of Yr.

298
290
293
299
293
303
306
303
287
297
296
297
300
301
299
298
302
295
299
294
289
307
298
305
295



Data Set L Ereeze'up 1

Year

L 1956
57
58
59

L60
6L
62
63

L64
65
66
67

L68
69

ForË Good Hope

Date of Month

Page 1_93 .. .

Ifackenzie River Basín (continued)

Oct.
tl
It
t¡

tt

tt

Nov.
Oct.

It
tt
It
It
tt
tt

t_3

16
22
10
L9
1-0

03
25
28
18
23
L7
20
24

Day of Yr"

287
289
29s
283
293
283
307
298
302
29L
296
290
294
297

Fort Simpson

Date of Month

Oct 
"It

ff

TI

¡t

il

il

il

il

It

It

il

It

n

06
2L
24
L2
10
11
28
26
28
30
18
18
25
L7

Day of Yr..

280
294
297
285
284
284
301
299
302
303
29L
29L
299
290

r = .57*



Year

L L9L2
13
T4
15

LL6
T7
18
19

L20
2L
22
23

L24
25
26
27

L28
29
30
31

L32
33
34
35

L36
37
3B
39

i, 40
4L
42
42

L44
45
46
47

L48
49
50
51

L52
53
54
55

Data Set 2 Freeze-up 1

Chatharn

Date of Month

Dec.13t' 16
"06
"31t' L4

Nov. 28
Dec. 01t' 02tl 20

t' 07
"oB
"30
"15

Nov. 30
Dec. 03tt 05
Nov. 30
Dec. 04

t' 13tL6
tt 10

Nov. 15
Dec. 07

r' l_g
t' 02t' 03
t' 16
t' 15
tt ol-
t' l-1
"10
"L2
"18t' 16
"01
'l L4t¡ 23n2L
n20
r' 03
"15IL7
n27
"0g
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Quebec - N. B. Rívers

Day of Yr.

348
350
340
365
349
332
335
336
3s5
34L
342
364
350
334
337
339
33s
338
347
350
345
319
34L
353
337
337
350
349
336
345
344
346
353
350
335
348
3sB
355
354
337
350
351
36L
343

Quebee

Dec" 09
"16r¡ 0grr 13

.rr13
Nov. 27
Dec. 02

"ozr04
Nov. 26
Dec" 07r' 19.0g

tt 11

t05
t' 04

Nov. 29
Dec. 03

"oBfr0g
Nov. L7
Dec. 07r' 04
Nov. 17
Dec.; 1-0

Nov. 29
Dec, 1-1-

Nov.29
Dec. Oz

"04
07tt 04tt 01

"03tt 05
"19

Nov. 27
Dec. L4

"28t' 22
"18
"0g

Nov. 30

r = 0"37*

Date of Month Day of Yr.

344
350
343
347
348
331
336
336
339
330
34L
353
344
345
364
339
339
333
337
342
344
32L
34L
338
322
344
333
345
334
336
338
34L
339
335
337
339
354
331
348
362
357
352
343
334



Year Date of Month Day of yr" Date of Month Day of yr.

::L949 Nov. 22
50"16

..51 n 03
L52

53 rt 25
,,54 . * 27

55 '! 01
L56''15

57'24', 58 '' 2A
59"0g

L 60 'l l_1-

6L"0B
62"10
63 1' 19

L64"16
65'0g
66"04
67 'r 13

L6g"og
69'L7

Data Set 3 Freeze:irp 1 Manitoba Lakes

GimÍlí

326 0cÈ. 2L
320 " 30
307 n 2L

The Pas

327
329 Nov. 02
33r_

Page 3"95

305 Oet. 29
320
328
324 Nov. L0
3l-3 oct " 05

"27

31_6

3L2
3L4

t' 01

323 Nov. 04 308

n28
n23

294
303
294
30r-
306
305
302
302
296
3L4
278

32L
3l-3
308 0ct. 24

n 20 294t' 23 296

3L7
313 Nov. 04
32L

"24
tt 0gr' 05 309

,, 26

r = O.29

nL7

297

313

297
299
309
32L



Data SeL 4 Fteeze-up II

Year

Fort Good Hope

1931
L32
.: ,', 33

34
'35

L36
37
38
39

L40
4L
42'43

L 4t+

45
46
4tÍ

L '48

49
50
51

L52
53
54
55

L56
57
58
59

L 60'
6l-l
62'
63

L64
65
66
67

L68

Date-Mo. Day-Yr.

Nov. 17 32L
" 02 307
" 02 306
" 0L 305

10 3L4
" 04 309n 2L 325

'; , 1:,, 18 322
0ct. 27 300
Nov. 07 3LZ

't 04 308
" 15 319
" 12 316
" L0 315
" 08 3L2
" 06 310-' L6 320
" 16 321-

" 27 331
" 02 306t, L4, 319
tt 2g 333
" 06 310
'-' l_4 318,' 09. 313

OcL. 30 3O4
Nov. L6, 320
-. 

; rr. l-5 319
", 02. 3A6
'' 0g '313
" 02 306
" 16 320
" 12 316
" 22 327
' 24 328
" 14 318
" L2 316
" 16 32L
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Mackenzie River and Surrounding Area

Fort Simpson

DaÈe-Mo" Day-Yr.

Dec. 04
Nov. l-7o' 23
Dec. 02
Nov. 26

30t' 30
't 24n29
t' 23tt 1gt' 22
t' 30te 23

15t' 24n29
tt 29

Dec. 07
Nov. 15t' 20
Dec. 10
Nov. 25
Dec. 07
Nov. l-6
OcÈ. 23
Nov" 15tt 16r' l_5,, 25t' 02t' 27r19

t' 20
Dec. 01
Nov. 15t' 27

tt 18

338
322
327
336
330
335
334
328
333
328
322
326
334
328
319
328
333
334
34r-
3L9
324
345
329
341
329
297
3L9
320
3L9
330
306
331
323
325
335
319
331
323

Coppermine

Date-Mo. Day-Yr.

Nov. 03
Oet.15

25
Sept.27
OcË. 11
Sept. 30
OcL. l-5tt 13tt 06tt 11
Sept.24
Nov. 05

"04
Oct. 22
Nov. 01
Oct. 10,, 22t l-5

t' L6t'.L2
n20
t' 28

Nov. 07
Oct. l-5

"30t' 15
Nov. 01tt 04
Oct. 22,, 2g

"L6
Nov. 04
0cË. 27

"15
"23tt 25
t' 30

Nov. 25

307
289
298
270
284
274
288
286
279
285
267
309
308
296
305
283
295
289
289
285
293
302
311
288
303
289
305
308
295
302
289
308
300
289
296
298
303
330

Fort Good Hope
Fort Sirapson
Coppermine

Matríx of r- vålues

ForË Good Hope Fort Simpson Coppermine

o'Î* o.37
0.06



Year

Data Set 5 Freeze-up II

1931
L32

JJ
34
35

L36
37
38
39

L40
4L
42
43

L44
45
46
47

L48
t,o

50
5l-

L52
53
54
55

L56
57
s8
59

L60
6t-
62
63

L64
65
66

Prínce Albert

Date of Month

Nov.
tt

Oct.
Nov.

il

tt

il

It

Oct.
Nov.

ll

tt

¡t

tl

ll

ll

tt

tl

lt

n
tt

It

tt

Dec.
Nov.
Dec.
Nov.

tl

It

It

lt

rt

tt

It

tt

n

L4
09
27
1B
30
04
L6
05
26
07
07
01
20
15
07
L6
11
L2
20
L2
01-

24
2B
01
03
01
z6
20
L2
08
23
L7
2L
20
25
11

?age 197

Saskatchev¡an Rivers

Day of Yr.

31-B

3L4
300
322
334
309
320
309
299
3L2
311
305
324
320
311
320
315
3t7
324
3L6
305
329
332
335
307
336
330
324
316
313
327
32L
325
325
329
315

r = 0.07

Isl-and Falls

DaLe of Month Day of Yr.

Nov.
0ct.
Nov.

tt
It

Oct.
Nov.

It

0ct.
Nov.

tt

tt

tt

ll

il

tl

It

It

tt

ll

n
It

Dec.
Nov.

n

tl

il

il

il

It

ll

tt

It

tt

It

il

L9
30
02
L7
02
31
15
L4
26
10
L6
08
r3
13
07
OB

1_3

24
20
13
02
22
2L
26
L2
L2
22
23
04
10
20
15
2t
1B
13
07

323
304
306
32L
306
305
319
318
299
31-5
320
3r2
3L7
318
3l-l-
3L2
3L7
329
324
3L7
306
327
355
330
31_6

3t7
326
327
308
315
324
319
325
323
3L7
311



Data Set 6 Freeze-up II

Year

L943
L44

45
46
47

L48
49
50
5l-

L52
53
54
55

L56
57
58
59

L60
61-

62
63

L64
65
66
67

L68
69

Brandon

Date of Month

Nov.
tt

'l
tt

il

It

It

It

n
tt

Dec.
Nov.
,il

Dee.
It

Nov.
¡t

Dec.
Nov.

ll
lt
It
tt
n
tl

L6
L2
T4
24
l-6
L9
30
20
L6
20
04
26
L2
04
20
L6
a9
L2
1_1-

20
t7
l-9
09
L6
L7
o7
13

Red - Assiníboine Rívers

Day of Yr.

Page 198 "..

320
3L7
318
328
320
324
334
324
320
325
338
330
3L6
339
354
320
323
347
315
324
32L
324
313
320
32L
3t2
3L7

Winnipeg

Dat,e of Month Day of Yr.

Nov.
tt

il

ll

It

It

il

lt

il

tt

It

It

n
tt

Dec.
Nov.

It

ll

It

Dec.
Nov.

lt

Dec.
Nov.

il

lr
It

15
29
08
L7
13
a9
22
19
01
25
25
28
L2
23
11
20
05
10
08
o7
20
L9
11
23
T7
2L
15

319
334
3L2
32l.
3L7
324
326
323
305
330
329
332
3L6
328
34s
324
309
3r-5
3L2
34L
324
324
345
327
32L
326
319

r = O-27



Year

L946
47

L48
49
50

'51
L52

53
54
55

L56
57
5B
59

L60
61
62
63

L64
65
66
67

L68
69

DaËa Set 7 Ereeze-up II

Moncton

Date of Month

Nov.
ll

Dec.
Nov.
Dec.
Nov.
Dec.

ll

tt

Nov.
Dec.
Jan.
Nov.
Dec.
rt tt

n.
It

tt

It

Nov.
Dec.

lt

Nov.
Dec"

30
28
L6
28
2L
30
03
18
o4
23
03
04
2B
15
09
L6
L4
06
04
20
I6
01-

27
l_B

Day of Yr.

Atlantic ?rov. Lakes

Page L99

334
332
351
332
355
334
338
352
339
327
338
370
332
349
344
350
348
340
339
324
3s0
33s
332
352

Sidney

DaËe of Month Day of Yr.

Dec.
tl

Jan.
It

:'

Dec.
tt

Jan.
ll

Dec.
Feb.
Dec"

tt

tt

ll

'l
It

il

il.

n
n
il

Jan.

L9
06
11
1-0

08

L9
L9
23
29
20
11-

02
23
l_1
L5
18
13
06
L2
31
L7
26
o2

353
340
376
376
373

354
353
388
394
35s
405
336
3s7
346
349
352
347
34L
346
365
351
360
368

T = 0.38



Data SeË I Break-up I

Year

ForË Good Hope

L942
43

L44
4s
46
47

L48
49
5CI

5L
L52

53
54
55

L56
57
58
59

L60
61-

62
63

L64
65
66
67

L68
69

Date-Mo. Day-Yr"

May 05-
"07t' 2Ltr 0g
"L2
"16
'¡ 1g
"L2t' L2tt 16
"15t' 22
tt 1g

. tt18
rr 19
tt l-6r' 19tt 11ú23
,, 22tt 10n24
tt 22
tr l_5
tt 15tt 1gtt 0gt' 23

MackenzÍe River Basín

L25
r27
L42
t29
r32
L36
r-39
L32
132
L36
1.36
L42
1_38

138
140
L36
r_39
131
L44
L42
1_30

L44
L43
r_35

135
r.38
L30
L43

Fort Simpson

Date-Mo. Day-Yr.

Apr" 24n26
May L5t' 02

03
"L2

Apx, 29
May l-6rr 06
Apr" 30
May 09

"L4tt 12
.rt 11

rt 05¡r 07t' L4
Apr. 25
May L9n l_3tt 01

'!r 0g,, 02
tt 0g
tt 08
': 04

Apr" 1-5,, L4

1-14

116
L36
122
L23
L32
L20
L36
L26
L20
l_30
L34
L32
l_31-

L26
L27
L34
1l-5
140
133
L2L
L29
L23
L28
LzB
L24
106
1_04

Norman !ilel-ls

Page 200 ...

DaÈe-Mo.

May L4
" l_5n2L
'0gtt L2
r' ,, 15tt 19tt 13tt 10rt 15
"16t' 23n20
,, 22n2L
,, 2L
t' 20
r l_5
n23
tt 22tt 10r' 27
tt 24
tt 15rr Lgn2L

Apr. 22,, L2

Day-Yr.

t34
135
].42
L28
L32
135
140
133
130
L35
L37
L43
r_40
]-42
L42
L4L
140
135
L44
L42
1_30

L47
145
135
139
L4L
113
LO2

ForÈ Good llope
ForË Simpson

MaËríx of r- values

Fort Good Hope Fort Simpson Norman Wells

0"44* 0.35
0.73*



Data Set 9 Break-up I

Year

Saskatoon

L942
43

L44
45
46
47

L48
49
50
51

L52
s3
54
s5

L56
57

*58
59

L60
6L
62
63

L64
65
66

*67
L68

69

Date-Mo. Day-Yr.

Apr. 07
11 0g

Mar. 30
't 26n27

Apr. 18
"11t' L7t' 0gtt 06
"20
"1gil10
r' 15tt 15t' 06

lfar. 28
"31

Apr. 02
tt 12

"03
"06tt 25

Mar. 31
Apr. 25

M
Apr. 09
Mar. 15

97
:99
-90
85
86

108
L02
L07

98
96

111
108
L00
r-05
106

96
g7*
90
93

LO2
93
96

116
90

115

100
74

Brandon

ManiËoba SaskaÈchewan Rivers

Date-Mo. Day-Yr.

Apr. 05
"L4

Mar.29
Apr. 01rr 15

"2Lil l-1n20
" l-0t' L2rr 0g
'r l-5t' 02r' 19t' 01

Mar. 28n24
Apr. 12tt oB

tt l-6
Mar. 25
Apr. 09

"L2t' 01t¡ 07
Mar. 29
Apr. L1t' 14

Page 20L ...

95
t04

89
91

105
1t_1
r02
110
100
L02

99
t_05

92
109

92
87
g3*

L02
93

t-06
84
99

1-03
9L
97
88

L02
L04

The Pas

Date-Mo.

Apr.

May
Apr.
*"r
Apr.
May

þr.

May
Apr.
May
Apr"

23
22
05
20
o2
06
L6
02
25
20
26
L2
20
07
23
06

Day-Yr "

i-13
LLz
L26
110
].22
!26
107
t22
115
L10
LL7
L32
110
L27
LL4

96

t_l-5
1_08

1-15

106
111
1L6
1_06

L27
1L2
L07
l_t-8

Apr. 25,, L7n25
" l-6
tt 2I
"25t' L6

May 07
Apr. 22

"16,, 2g

Saskatoon
Brandon

Matrix of r- vàlues

Saskatoon Brandon The Pas

0. 36 o.32
0.55*



Data Set 10 Break-up I

Year

L937
3B
39

L40
4L
42
43

tr* 44
*45

46
47

L48
49
50
51-

L52
53
54
55

L56
57
58

*59
L60

61
62
63

L* 64
65
66
67

L68
69

TrenËon

DaËe of Month Day of Yr. Date of Month

Mar. 26
Apr. 22

" l_8t' 11
Mar. 26
Apr. 09

" 1l-
M

M
Àpr. 09n27
Mar. 25
Apr. 09
Mar. 08n20

t' L2
tt 23
tt 1g

Apr. 05
Mar. 22

tt 26
Apr" 1-l

M

Mar. 24,t 22t' 24
tt l_5

M
Mar. 2L

't 29n24
,, 27

"28

Ontarío Lakes

82
LLz
108
LO2

85
99

':'

99
LL7

85
99
67
79
72
82
77
95
82
85

1_01

North Bay

Apr. 24
May 07tt 04
Apr. 24

't 26
May i-ln04
Apr.03rr 04
May 02
Apr" 20n24
May 06
Apr. 1-9t' 2gr13

tt 2L
nLg

May 09
Apr. 20

il05
tt l_gr20

May 01
Ãpr. 24t' L6

tt 1g
May 01
Apr. 15

"14t' L4t' 20
't L7
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Day of Yr.

LL4
I27
1'24
115
1r-6
13L

':o

L22
110
115
L26
109
118
104
l-t_1
L09
r29
111

95
108

L22
LL4
L06
108

t_05

104
104
11_1

]-07

84
81
83
74

80
88
83
87
87

T = "52*



Data Set 1l- Break-up II

Year

1899 Apr. t_8
L 1900 " l_5

01"26
02"16
03"L4

L04"09
05"13
06ß25
07"20

L 08 May 06
09 Apr. 05
10n20
11 ,, L2

LL2"15
13"20
14 rr;10
15"1g

L16"13
L7"10
l-8 " Lz
Lgn23

L20"16
2L ,, 26
22 t, 23.23 t, 2g

L24"09
25"L4
26 " l-g
27"25

L29"25
29"04
30 " l_1
31"14

L32"26
33"11
34"20
35n20

L* 36 M*37 M
38 APr. 12
39"15

L40"08

Edmonton

Date-Ì4o. Day-Yr. DaÈe-Mo. Day-Yr.

Page 203 .. "

Alberta - Saskatcher¡an Rívers

Prince Albert

108
106
r_16
106
104

99
L03
115
1_10

L27
95

1_10

L02
106
l_10
100
l-08
104
l_00
L02
L1_3

r07
116
1t-3
11-9
1-00
L04
l-08
11_5

11_6

94
101
104
LT7
101
110
t1o

ro2
105

99

Apr. L2n2L
tt 18t' 25
1t 2t
tt 07
"14

May l-1
Apr. 2L
ìf,ay 08
Apr. 01-

t' 1g
"15
"15r l_g
f'0g
r19
tt 30
"11tt l_6
t' 29
tt 2L
"22tt 22,, 28
"14t' 18n27
"24,, 25t' L2t' L2t' L7
"2Ltt 1g
t' 23
t' 2L
tt 16tt 15
t] 2L
t' 2L
" 1-4

Island Fal1s

102
LLz
108
115
111-

98
LO4
131
111
L29

9L
r-08
105
106
109

99
l-09
L2L
101
106
119.LLz

rr2
LLz
11-B

105
L08
LL7
LL4
116
L02
L02
L07
LLz
r-08
1r3
t_11
LO7
1-05

111
111
105

DaËe-Mo. Day-Yr.

Apr.
May

il

il

It

il

It

It

tt

It

It

30
07
L6
22
L4
11
07
L7
05
OB

0l

L20
L27
L37
L42
L34
131
L2B
L37
L25
L28
L22



Data Set l-l- Break-up II

Year

L94T
42

..43
r44

45
46
47

L48
49
50
5t-

L52
53

*54
*55

L* 56
57

*58
59

L60
61
62

*63
L64

65
66

Edmonton

DaËe-Mo. Day-Yr.

Apr.
l¡
It
It
tt
It
¡t

It
tt
?t

¡t

tl
ft
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Alberta - SaskaËchewan RÍvers (continued)

2L
l_0

04
19
t_1

L2
24
LL
18
07
1_0

07
05

1_L1

r.00
94

110
10L
LO2
LL4
LO2
1-08

97
100

98

:'

102

ãt
r_08
106
1-1-0

l-1_6

99
t2B

Prince Albert

Date-Mo. Day-Yr.

Apr. 22tt 15
"13tu 1gt' 10t' 2Ln28
r0g
t' 22ßL4

.t 13,, 20
May 02
Apr" l-0tt 18n24

"10rr 15
" l-5
"20t1 2L
t' l_5

"L4
May 0l-
Apr. 23
May -'06

M
M

M

Apr. 1-2

M
Apr. 08t' L7tt 16t' 20

LLz
1-05
103
109
100
1-11-

1L8
t_00
]-Lz
L04
103
111_

L22
100
108
1t-5
L00
1-05
105
lt_1-
1ll_
1-05
L04
r22
113
L26

Isl-and Fa1ls

Date-Mo. Day-Yr.

May l-1
,- rr 19

"02tt 29
"0L
't 25rr 16t' 10ß20

05
Apr. 29
May 08t' 2Lrr 03

"L7r15
t' 07
"31

24,, 22tt 23
tt 1gt' t2n]-7
r' 16
r26

M

Apr.
It

May

25
09
08

131
r.39
L22
r_50
I2L
1_45

r-36
1_31_

140
L25
r_19
L29
L4L
L23
L37
136
]-27
151
]-44
L43
r43
138
L32
138
136
t46

Edmonton
Prince Al-bert

Matríx oÍ. r- values

Edmonton Prince Albert Island Fa11s

0.68* 0.43*
0. 48*



Data Set l-2 Break-up II

Year

L942
43

L44
45
46
47

L48
49
50
51

L52
53
54
55

L56
57
58
59

L60
61_

62
63

L64
65
66
67

L68
69

Brandon

DaÈe of Month Day of Yr"

APr.
It

il

il

il

tt

tf

ll

It

tt

n
It

tt

tt

tt

il

It

lt

tt

tt

ll

lt

It

il

It

It

It

tt

L2
24
08
13
22
30
15
26
L6
18
15
23
L4
26
1-5

04
01
20
13
22
L2
18
t7
10
l_9

11
1_5

25

Red - Assíniboine Rívers

t02
11-4

99
1-03
LLz
L20
106
l_16
106
t-08
106
113
L04
LL6
1_06

94
9L

110
L04
LL2
LO2
108
L07
100
10910L
1_01

106
l-L5

Ì^linnípeg

DaËe of Month
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Apr.
lt

Mar.
tt

APr'
It

ll

tt

Í
It

n
It

il

n
rj'

r
tt

tt

It

n
ll

n
tt
tt

tr

tt
It

tt

08
19
a.)
LJ

25
L4
1B
10
23
10
18
t-3
L6
08
23
04
10
L4
L2
19
24
10
18
L7
05
15
L4
15
20

Day of Yr.

98
. .109

83
84

104
108
101
113
100
108
l_04
106

98
L13

95
100
104
702
110
LL4
100
108
1_08

9s
105
104
106
110

r = 0.57*



Data Set 13 Break-uP II

Year

Cæbe11ton

L9L2
l_3
L4
15
16
L7
18
19
20
2L
22
23
24
25
26
27
28
29
30
31
32
33
34
3s
36

'37
38
39
40
4L
42
43
44
45
46
47
48
49
50
51
52
53
54
55

DaÈe-Mo" DaY-Yr.

,\ay ,25tr 08
Apr. 23'.

,r,' 2L

,.t.' 
tt 27tl 2g

,,r, , 23,
'.' tt 25

j:'2L

19
May 03
Apx. ,27

:.' , 25
May 1-0

Ãpr'. 26

.': . 30
May 02
Apr. 29

tt 06
t' 18
tt 22
t' 24ß23
tt 26t' 23t' 20

May 02
Apr. 30

tt 18n25
May 07
Apr. 26tt 10n23
May 08
Apr. 24tt 15,, 22,, L2,, 26

"oBt' 20-
't 22
t] 2L

AtlanËic Provincial- Rivers

L46
L28
11-3
111
1l-8
l_1_8

113
L15
LLz
109
L23
LL7
t-l_6
130
116
1'20
t23
119

96
108
t_l3
LL4
L13
1_16

LL4
110
t22
r20
109
115
L27
l-16
101-
1_13

L2B
LL4
106
L1,2
L02
1l-6

99
1_10

LLz
111

Chatham

Date-Mo. Day-Yr.

Apr. L6
May 04
Apr. 15t' l_3n. 2Ltt 22

"L1rLg
"04tt 08r29
n27
t' 20

May 01
Apr" 2L

"19n23
"L2tt l-1
tt 14
n26
tt 18
t' 25

Mar. 24
Apr. L7

t' L7
f29
,, 26
'f 19
t' 2L

"27t' 23
tt 07
"19tt 24
t' 22

"06
'r l-g

"06
"15t' 12,, 72
t' 15
"22
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Quebec

L07
t24
105
103
LLz
t]-z.
101
r_09

95
98

l_19
LLI
11_1

LzT
1_1_t-

109
tL4
to2
101
r_04
tL7
108
115

83
1_08

LO7
t_19
l-16
110
111
LL7
113

98
109
LL4
Ltz

97
109

96
105
103
ro2
105
LLZ

Date-Mo. Day-Yr.

Apr. 17
tt 27
tt L3
t' 22
t1 22
t' 22
tt 18,, L7

Mar. 28
Apr. 1-5

tt 30r1 19
t' 1l-

l"lay 01
Apr. 11-(27

t' 13
r' l-g
tt 06
t' 19
tr L4
"20t, 20

Mar. 30
Apr. 21-

'1 16
May 03
Apr. 28

"15tt 22
May Oz

Ãpr. 23
t' 02
"07
"18,, L2
"0g
" 1_g
tt 11
"19
"07
"18
" l-B

" l_6

108
ILI
103
LTz
r.r_3
LL2
108
L07

88
105
L20
L09
L02
LzL
r_0L
LT7
L04
109

96
109
105
110
110

89
LLZ
106
L23
118
106
LLz
L22
113

93
97

108
L0z
100
109
10r
t_09

9B
108
108
106

Cambellton
Chatham

Cambellton Chatham

.52*
Quebec

.54*
t.72*



Data Set 14 Break-up II

Year Date-Mo. Day-Yr.

L947 Apr. 17
L49"07

49"30
50 Mar. 17
5L Apr. L9

L 52 Mar. 29
53 Apr. 11
54"07
55 t' 24

L56'1 26
57 Mar. 22
58 Apr. 20
59"77

L 60 May 09
6L Apr. 09
62 May 02
63 Apr. 24

L* 64 May .11-
65 Apr. l-6
66 May L4
67 Apr. l-0

L 68 Mar. 27
69 þr. 20

Sidney

Atlantic Prov. Lakes

L07
98

L2A
76

109
89

101
97

LL4
LL1

81
110
r07
130

99
122
LL4
L32
106
r34
r_00

87
110

Moncton

DaËe-Mo. Day-Yr.

Apr. 26
tl 20
n2L
ü2t
t' 22
"04
"22t' 25

May 04
"03

Apr" 24,, 25,, 2g
May 10
Apr. 28n28

t' 0g
May 02
Apr. 24
May 08
Apr. 18tt 30t' 25

Page 2O7

116
t-11-
111
111
LLz

95
LLz
L1-5
L24
L24
LL4
1t_5
l_18
131
118
118

9B
*L23

LL4
L28
l_08
LzL
115

SË. John

Date-Mo. Day-Yr.

Apr" 14
l''l.ar " 20
Apr" 17
Mar. 19

"24
Ïeb" 09
Mar" 01
Apr. 20

"19tt 16
Mar.16
Apr" 13t' 15
May 03
Apr. 06
May 01
Apr. 22

M
Apr. 17
l{ay 08
Apr. 10t' L7

"16

L04
80

L07
78
B3
4A
60

110
109
t07

75
103
105
L24

96
LzL
LL2

107
L28
100
108
106

Sidney
Moncton

Sidney l4oncton

.':o



Data Set l-5 Break-up II

Year

t94s
46
47

L48
49
50
51

L52
53
54
55

L56
57
58
5)

L60
6L
62
63

L64
65
66
67

L ,68

69

Sudbury

DaËe of MonLh Day of Yr.

Apr" 04
'! 0gn25
to 24

May 09
Apr. 26r' 2gn20

"26ü2L
May l-0
Apr. 25tt 16rr 29
May 03,, 07
Apr. 27n25

t' 2g
þlay 05
Apr. 24

tt 29
tt 1gt' 26n29

Ontario Lakes

94
98

115
115
L29
r-16
LL8
111
LT6
111-
r_30
i-16
LO6
LLg
L23
L28
LL7
115
118
L26
LL4
119
L08
LL7
11-9

Trenton

Page 208

Date of l4onth

Mar. 23
Apr. 11

tt 05tt 01tt L4
Mar. 31
Apr. 05
Mar. 20
Apr. 05tt 08
¡, tt L5tt 02t' 01

tt 16
M

Day of Yr.

82
101

95
92

1_04

90
95
80
95
98

r_05

93
9L

106

99
101

94
97

85
95
89
99

105

Apr.
It

il

tt

M

Mar.
Apr.
Mar.
Apr.

tt

08
11
04
07

26
05
30
08
L5

r = 0.56*



Data Set 16 Break-up II

Year

1930
3l-

L32
33
34
35

L36
37
38
39

L40
4L
42
43

L44
*45

46
47

L48
49
50
5L

L52
53
54
55

;,

Bagotville

Dat,e of Month Day of Yr.

Apr.
May

It

It

n

il

il

It

It

il

It

It

It

lt

Apr.
May

It

It

It

tt

Apr.
l4ay
APr"
May

il

tt

2B
13
L4
06
15
05
10
01
L7
L7
07
03
22
10
L4
t4
25
12
04
L7
28
08
29
05
o4
13

Quebec Lakes

118
133
135
L26
135
L25
131-
LzL
L37
L37
T2B
L23
L42
130
1-05

L4s
L32
L25
1,37
118
L2B
L20
L25
L24
L37

Page 209

Cabano

Date of MonÈh

Apr.
tt

May
lt
tt

Apr.
May

il

It

'f
1t

It

n
t¡

APr.
M

May

'l
Apr.
May
Apr.
May
Apr.
May

n
It

23
30
07
02
02
25
05
01
09
07
05
03
18
07
L4

2L
06
29
06
22
07
24
02
04
0l

Day of Yr.

113
r20
L28
L22
L22
115
L26
L2L
L29
L27
t26
L23
138
L27
105

L4L
L26
1l-9
L27
LLz
L27
LT4
L23
L24
r27

r = .89*
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