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The purposerofrthis thesis is to evaluate arletkbd for
éreﬂictiné,the‘nrésenee 6: absence of’petlafrnsg and its ice
cqntent This inforsation is regquired in order to select the

~ least expensxve and- least dasaging routes for linear developaent

pro jects. _
. . — 3 - -
Two of thé'data sets were taken from the alignment sheets

published for the proposed gas ripelines along tné Mackenzie

Rxfer valley (uorthvest Ter;&torzes) and the Delpster Corridor

_(Yukon Terrxtory). TEe ‘third set conprxsed logs of 5011 ‘profiles

obtalped by tﬁ% autho: tros the Denpster nghuay and Klondike
Loop (!ukon Terrltory).

The data were analyzed in o:der to detetline vhicb

envxronlental factors test descrxbea the presesce of and ice’

content of pernafrost..a vanlety of sfatxstxcal lethods, ranglng

fros Sllplé llnear regressiouns to stepwise lultxple regre351ons

vwith dn:ny varlables,'were elplcyed. Ihenlnltlple regresglon '
identified flve‘varnables as the best bredicters of icefCOntenta
‘in'theADenpster Corridcr: texture, depth bel ow surface, landfors
genesi%, elevatlon and texture cf the substrate above the - -
saléle; ¥ hen expanded to thirty dummy variables, a maximum of
66.6!5explanati6n of the variance was ebtained. Finaily, ; .

statistically-based progranm, knaIYSIS*of‘ECUibqrcai‘SystEIS‘“VHS“‘*“*ﬁ
fusedfLoganaly;e4%he—?fed%e%4#e—eapabil&%%es—ﬂf—eﬁlbiﬁe A

-

lultl-varlables. A four-variable 1nteract10n of aspect, slope,

texture and vejetation explained 75.5% of the variance in ice

iii
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gontebt’of persafrost encountered in‘the Delpstet,Cotridbr; The

results suggest thae pxile,envitcnnental;cbnditions for ice
forsaticn ia persafrost are best géplainéd in'synetqisiic terss
and that analysis by ccmbined mylti-variables can facilitate the>

identification of such synergy in the. ecosystes.

B
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I. INTRODUCTION -
A

This thesis 1s ccncerned with permafrost in northwestern
Canada. Historically per;afrost has been a bane to northern
development. Joseph Robson and Janeé Isham, employees of the
Hudson Bay Company make referenée to thé\broblems of frozen
ground in their diaries of the 1750's (in Legget, 1972) . Thg
miners of the Klcndike Gold Rush of 1857-89 devised many a
scheme to deal with the rigidly-bonded ggzd
hampered their fortunes. The Canol Foad, airports aléng the
Northwest Staging Rcute and the Alaska Highway all camse into
being around the time of the Second World War and each project
had to contend with the permafrost terrain. An awareness §f
rpermafrbst is not a new rhenosenon. Canada has beép active in
northern research for many years. The Division of Building
Research of the National Research Council formed the Perléfrost
section in 1950, and two years later established the Northerp
Research Staticn at Norman Wells in theiﬂackenzie Piver Valley,
N.®W.T. The experiences_gained in such research permitted the
)congtruction of the new northerr town of Inuvik in the early
19¢0's. Today there is another proposal, another dreas, to build
aigas pipeline linking the reserves of the'nackenzie,nelté and
Prudthoe Bay oil and gas fields to the wmarkets in the south. The
key engineering rrcblen ig developing the Northern lands, as

always, 1s the permafrost.
»

-tearing gravels that

i
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éermafrost“is defined as ground material vwith a te?perafure
of less than 0°C for two or more consecutivé uintersr;gﬁraﬁ
intékvening summer (Johnstom, 1981).

Disturbing the thersal balance of the ground in areas of
rermafrost can lead to problems of slumping and subsidence®
lessening the integrity of a piéeline. The extent and iadhitude
of these problems depend or the a;ount'of ice in the undq;lfing
perhafrost. A predictive nodél of ?rouﬁd copditiCns would be.
uégful for pipeline route selection. This thesis atteapts to

assess suchg; mode1£:or thé,prediction of permafrost and its ice

content in northwestern Canada. It is a study of the
rel;tionships between permafrost and its enviroqlent and of the
interrelatronsnipé among those énvironnentpl factors themselves.
Permafrost is of l&jor concern to those involved in the
construcpion‘of the Alaska Highway Gas Pipeline because.the
proposed rbutes traverse areas known to cdntaiu'pérnafrost. Our
ability to modify the environment increases faster than our
ability to forsee the effects of such activities (Bella and
Cverton, 1972). This predicament results from a lack of
understanding 2f complex organized ecosyétens. A study of-this.
rature, it 1is hoped, will lead to a more enlightened and
respcnsfcle developsent cf the nofthern ecosysteas o§ Canada by

orientinj route selection procedures to a more ecological

standpoint.
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The Need for Research : T

In a région which acts as a vast refrigerator, the -
natural operations of decay and regemeration are sloved
to a snails pace. Soil tacteria develop slowvly,
resulting in an extrelely thin layer of Soil; and the
growth of vegetation is many times slower than the .
south. Any altering of the physical env1ronnent can take
hundreds of years to redress.

| "{Anon, 1982a).

Northern lands recovéfrmore slowly from distqtbancelthan those
of the South; The relative impacts of disturbing events are very
<dif§erent. Hifﬁin the first reccvery period of a disturbed |
northern eéésysten, should another disturbing action occur the
compouﬁded effect will be far greater thanythé first. The first
disturbance initiates a slov northern recovéfy7rate and
subseqﬁent'disturhances depregs the rate beyond anything the
South has to ¢cntend with, possibly beyond our perceptioﬁg. It
is essenrtial then, to provide careful pre-plagning fdr largé |
linear-developnent projecfs.

Permafrost varies with changes in the .natural weather
pattern, but =more dranatié éte the variations caused by
sodifyirg the ground cover or introducing a heat source. The
dominant agent for these events is man ahd his activities. Ice
content of the frozen northern soils determines the magnitude of
the effects of ~man'cs engineering (Burdik et al., 1978). ¥O£\
example, in bulldlng a road the ground surface i§,§qditiedl and

&

if the heat balance is not maintained Ly providing some

insulation, the permafrost will iarn, excess ice will melt and
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subsidenée will occur. If'the ice crystals a}e’aispétS§d”'f"
throughout the scil and the volume of‘iée is less fhan thaf of
soil then the final settlement will be small. Hovever, if the
volunevof ice is large relative to that of the soil the

potential settleue}t increases draiaticéllj. Melting out of ice
in éhe frazen ground beneath a roadvay can lessen the bearing ‘
cépacity, and applying a lqad to the surface will cause

subsidence and possibly failure. Gravel embankments 1.2 to 1.8 m

(4 to 6 ft) thickK provide the necessary insulaticn fé@ roads in
B ‘e

«

B
5

the continuous rermafrost zcne. But farther south, in ¥ﬁé
disé%htiﬁuovs rersafrost zone, the temperature of the permafrost
neérs‘0°c and the thersal bal&nce is more tenuous. The height of
gravél eabankments requ;réd to preserve the “uarl"‘permafrost is
far greater. Often such quantities of,filllcannof be obtained
ecoancmically so a ccntinuous naintenancg;qf,aﬂlgsgﬂ;hag”adquate
depth of fill is needed until a new thermal balance is &chieved.
This 1s well demonstrated in }he caée of the Alaska HRighway
norfh of Beaver Creek where tge road must be continually
upgradedbevéry three years to prevent it froa sinking below the .
level of the surrounding terrain (EAP, 1979). Similarly, théﬁiAl
first fifty miles of the Delpster‘Highvay had to be rebuilt.
Initially, cut and fill¢cdnétfuction néthégs had been employed,
exposing the subsurface materials and peruitt;ng heat to
pernetrate. The costs of such maintenance and reconstruction are

extreme. In additicn degradation cf permafrost is often

self-perpetuating, increasing the costs to governments and



knovledge of the ground ice because disturbance of the thersmal

-

private industry alike. §Ofthe£n_eoas%fueiionmsecessitatesfpriQLWWml,r?ﬂ

¥

talance in high ice caontent éoils will quickly lead to

I
H

‘undern ined foundations by slumping and subsidence.

A N
Route Selection . ’ . .

With the proposals to build the Alyeska 0il Plpellne and .
fhe Hackenzxe Valley Gas Plpellne there evolved a public
avareness of env1ronnental concerns in the North. The
Governments respcnSe“h;; beeﬁ to enact Federal legislation
pertaining to ndrthern linear development projects reguiﬁe,-
aaongst other things,'submissian cf an envircnmental impact
assessment siatement to the Minister of the Environaent. }here
there is'potentigl for significant‘envircn-entaifeffects;’
provision for a formal reQiev process is made -under the auspices
of the Environmental Assessment Panel. ‘

For example, the Environmental Land Use Committee
responsible for the Eniironment and Land Use Act (1971) in
British Columbia, devised a set of guidelines for thev 5
deyeloément of major linear dévelopment projects such as, roads,
railways, poverlines and pipelines (ELUC, 1971). For large scaie
procjects traversing cne or more Resource uanagenentrnééibgg o£ -
British Columbia, or areas identified as béf£icu1arlf ééﬁgiiiférww

to disturbance, four stages are identified in the guidelineé:

Stage 1:. Boute selection. To identify econoaic,
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environmental aadﬂsocigiégicalminpactsﬁforfaliernAtile444+AwmefLf,4,
routes. ‘ -
Outline ;fnthe proposed;aévelopnenf prdgral.
Description of the Qxisggng environment.
Evaluation of qltgrnative routes.
Identify impact-related planning actioms andrlitigative
procedufes.' |
Public consu;tation. .

Presentation and review of Stage 1, report.

2 - - - - - - - - e
=3

StaSe 2: Detailed al ignment assessment and plénning.
. Details cf ﬁhe preferred route.
Site specific apalysis.
Détaile&fmitigatiéns.
Detailed enhancenent of the envxronnent. s
Cost analysis. - - -

Public resgonse.

Presentaticn and review of Stage 2, report. With

i
0
i
.4
¥

Environmental Land Use Comsittee (ELUC) acceptance there is

approval in princigle.

Stage 5. Operational plans and approval procedures.

thaxn lxceasesrand permits. - e

Enxlronnenial,nannal,fnx canixagtnnsgandgdgxglgpers.

Stage -4: Prciject 1lplelentat1on.

(after ELOC, 1971; ECSTF, 1981).



Ehe;g'i§,a ddltlonal step that is 1lportant, olltted in the

above but 1nt:cduced in the ﬂackenzxe Valley P1pe11ne Inqnlty.
s;agers: Abandonment. . .
Abandonment prog;él.
Detalled lltlgatlon procedure.
- Cost responsibilities deflned.
(af@er Berger,&1977h. ' o

2. It can be seén that permafrost data is’tequired at all étages of

the env1ronmental 1ipact assessment' the detailed plans, the

env1ronlental u&nvai, the mitigation preee&ufes and so0 - ORs— - et

However, probably most important 1s'to have the necessary
permafrbst information at the Route Selection stage so that

edologicélly socund -and informed agpraisals may be made.

A variety of methods for détermining the 'best' route

exist, but some of the most commonly used for northern linear

development prcijects are;

1. Expert Connittee Method: A task force of experts is assembled

and each 1ndlv1dua1 report= on a partlcular aspect of the

probles. b//;nuary or overview is vrxtten by the chairman. Nuch -

of the early work for the Mackenzie River Valley Gas Pipeline
project was done in this sanner. The credihilitypof the findings

is wholly dependent on the credibiitj of the task force members.

i
R

2. Checklist: Environmental cdnditiors or factors to be reported

are defined. A review team completes tte checklist study in the

_fie;d and summary reports are written. This- was the basis fot‘,u

the wildlife studies for the proposed Hackenzié Qas pipeline-and

RN
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the now co:pleted Alyeska 011 pipeline. However, there Ls‘fr

neither.allowance for identification‘of possible impacts nor for

an estisate of ‘their severity. -

3. ﬂatrlx' ThlS is lxttle lore than a two—dllen51onal check11st,

with one axis bexng causal factors and the other, the selected

environnental elenents representing condit;ons aitected by the

P

actions. The advantage here is that functlonal

el

,1nterrelat10nshlps may be 1dent1f1ed (Leopold et al., 1971). But

the analysis does not distinguish betwveen long and short-terla
. 7 ~ ' | R
impacts. Nor is there any guarantee that all mitigative .

-

solutions have been identified. | _ ™

y

4. ggree-d;géhSipnal Matrix Apalysis: is termed
cause—conditidﬂ%éffect netwvorks. The sethod is based on the
ﬁ%enise rhatfan action causing chadges in one or more -

environmental conditions has one or more teraminations. This

‘two-step anéygishrééedﬁiééé"ébieﬁaf7tﬁé*§5i§1€iifi"5fffﬁéﬁW)7 S

ecosystems, but it coffers nq,sgjutéonjtgﬂiﬁhmernblel of
"‘exporentially increasing numbers of matrices Hith each step,
~other thae'to”createwtbe arbitrary cut off’point efter two-
steps. The method has been enpioyed in a variety of settings on
a variery of protlems but so rar as is knouqfhere, it has never
‘been tried on the larger northern serting.

5. | escrlgt; ‘Land Use Apalysis: is an atteapt to identify

3

areas tolerant of developnent. Major landscape types are located

and combined with information on biota and land use. Land unlts

.t

are ranked according to their ability to withstand disturbance

/‘)‘ .’ B

8 , : r



and the £outes are calculated tc avoid sensitive areas. The T

S

e : }

lethod is tiae Gonsualng and expen51ve-because of the amount of o

field work 1nvolved. However, thewprocess is becc:1ng more o -
. - i . X v (\\/ )
reflned: an Ecological Land Survey was carried outiby,Lands : :

Directorate of 35,130 km2 of the Forthern Yukon at a survey cost

(excludiné salaries) averagiqg $1.43 per km2 (Wicken et al.,

’

3

i

1981).

6. Cartographic Overlays: Field studies of various environmental = = °

o

factors-are initiated and the results are lapped individeally. A

‘sugmary map is created by overlaying the 51ngle factor sheets.

Regions having similar characteristics may then be identified

and their sensitivity determined. Routes again may be outlined
"so as to avoid areas of sensitivity as much as possible. With
computers available the data sets caﬁ'be stored and lanipqlatedc

.~

easily and the smaps produced quickly. However,fthe ecological
ahd'bidphysical»un}tSfca]prisinq"ccnbiﬁedwvariabiimrjnnrt1ﬁaf~~~W - R
def ined na:naily. To do this requires extensive o - ’ ' )
field-experienced personnel. The Federal Governaent applied ihis

method in its Ecological Land Classification Sutvey of Canada

e e 5, i

'(Thle and Iron51de, 1976). Foothills and Arctic Gas both

elployed this method in preparing submissions for applications
to build gas pipelines in the North. Ir this way they were able

to 1dent1fy areas populated by rare spec1es of birds and animals

A PEEETEE e

vhose numbers would Le decreased by 1ndustr1alldeveloplent;

7. sttel Ana1151 : This is Slllla[ to the method outlined above

but with more exten51ve appllcatlon to computers. The map areas

s

»‘k
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are troken into cells at ‘some - convenlent scale and statrstlcal

- . e .

. or lathglatlcal 51su1at10ns of the ecosystea are developed. In
vthls vay sen51t1v1ty of the area is deterained and also the
success of possxble l1t1gat11e measures may be stud1ed The
alount of data required for thle type of analySLS is prohlbltlve
and all too often non-exlstent so that only ‘a very few projects
can be apalyzed in this gaya
8. !atheuaricg; Su aéesf as abtove, but with the';bdels all
tased on -athelitxcal surfaces representrng highs and lows in

costs and/or en71ronlental sen51t1v1t1es. Routes are fitted

n «

1
within the troughs to lrnlllze expenditure ‘or dlsturbance. The

outtut may be wade visuvally attractive and easily coaprehensible
however;’the‘pperatiénal frocesses involved at the early stages

are quite conplicated‘and fully understood oonly bty $pecialists;

-

"All of the sethods discussed have the sawe drawbacks; a-
Iarge degree of subjectivity in rankings, ratings and ccmparison

of data. In ddditidn, rhey peither provide alternate choices in

b}

routlngs, nor. do they facilitate assessment of the p0551b1e
alternatives,ezﬂﬁ, 1980; MNewkirk, li?eo):

Most often pipelive companies have used Bcological and
Serveys based on descriptive’land use analysis for permafrost

predlcfxon along northern routes. But the lllxtatlons prove

Ve

sl k0

.

pibi i

et BB b AL s b of

severe; the presence or absence of perlafrost lay be identified

i

only at Slall scales and there are no facilities to 1nd1cate the

ice content in other than qualified "high" or "lcw" estimates.

10
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The tonpanies have been forced to decide on the "best™ route

before adequate envircnmental dé;@ are aVail;biea Thus any
environmental consciousneSsra pipeline company might havefis
soon frusftated because the rou}iné decisions can be made only
zon short-terme aeconceic bases. | i
' The company must drill and sample thelground to determine

ice content. This is ilpractical; time cbn%&ling and éxpensive,.
for large linear develoéiént projects at the early stages of
route selection.. The Trans Alaska oil pipeline route was drilled
at 15 » '(50( ft) intervals in -ice~rich permafrost areas (EAP, -
1379y . oiegQS,Obo boreholes uere‘drilled,'3.7/kq;(ﬁ/uile) along
- the Aiaské_ﬂighvay rd;te aF avcost’ﬁf'810,000 péi hole. Canadian
Arctic Gas Pipelines Ltd. by71977 had spent $150 million (Grey,
1979) in presenting fheir case to tegulaﬁory forum, much of o
which was spent on environlenta1 resea:cﬁ. Foothills,Pipelines'
-Ltd. spent more than $20 million preparing plans for the
Mackenzie Project and to date, over $200 million in preparation
for the Alaska Highway Gas Pipelime (Anon., 19821:); Today large
simS are béing spent cn research in the Beaufort Sea.
Geaphysical costs for tﬁese large scale projects ﬁan amount to
10% of fhe total exploration budget {Brooks, 1980})}. To iinilize

sucb>expenditures shile, at the same time, obtaining the

necessary planning information is a major concern of these

companies.

In attempting to resolve the problems inherent in the above

methods, researchers have begun investigating compu ter

11
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‘published for rersatrost.

. < ., 7
-pre-processing the satricies of ccabined variables it canm

1 <

L , U

. techniques in stering and retrieval of data (Lawrence, 1974), <

renning statistical anélyses (Law, 1970) and producing both
statistical and cartographic disglays. In this vay latitude,
soil and texture have been studied in their relationships to the

ice structures of rersafrost (Heginbottom et al., 1978).

-However, to the present time, only frequency distribution®

stulies af ihrée-variables, taken one at a time, have ,been

Theé variables uerevtaken.onlyvqne ai a time Lkecause it was.
found an impossible task to deal with an ever expanding matrix
of interrelaticnships when variatles were used ir combinations
in aulti-variate apalyses. Craspton (1978a, 1978b, 1981) IL
Suégestéd a soluticﬁ to the g;oblel by re-coding the
multi-variate coabinations back into thejsaie nusber of
categories as the initial variableés. Analiéis of Ecoloéiéai

Systems (ANECSY) (Crampton, 1981) is’a“statisticai”ptOCegﬂfﬁ”

felploying'regtession'analysis of duemy variables, By

.

identify an independent multi-variate combination that is

capatle 6f greater exgplanation of the variance in the dependent
, ’ . :

variakle. By esploying such combinations it is feasible to

indicate sites of fpctential synergism. This study adopts the

peraafrost and its ice content to determine the mcst efficent

multi-variate gredictor combination.

12
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Prom the work on environmental sensitivity within the forum

of northern pirpeline inquiries there emerged ; call foriﬁi
consideration of synergistic télation;hips in the studiesrof
northern ecosysteas. Defihing thresﬁcld cgnditions as an adjunct
to linear relationships was not’foﬁn@ té add'understanding of
the envircnment but oﬁlyltd lessen the'applicabilitf 6f the L
models in use beéausé of'tbe.additional'consttaints ippbsed in
prop051ng non~cont1nuous varlables; ¥ork on curvilinear
relat1onsblps u}thln ecosystels should prove vaiuable;but'
somevwhere the i;fricacies of =ynergistic aCtions*uust‘be e
exazined. The move to develop ANECSY is in ansver to tgg&
problems of subjectivity, aéSessnént.of alterﬁate ;bu{ings,
tudgetary éonstréints‘and overly simg}istic'linear modeling of

environmental relations.

In shert, iork on pernafrost to. date has been restrlcted

prlmarlly to site =pec1f1c studleé wlth the appllcat1on of

single variable analyses (Roberts- Plchette, 1972 ; Brown and

. Grave, 1978), a fewv wvorkers have done multi-variate analyses

(6Gill, 1973), but with the‘possitie'additioh"of the. study bf;ﬁ
Heginbottoz et al. (1970), ¢raspton'’s (1981) is the only

.

multi-variate study of a macro-scale study area.

13
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Research Objectives e

As,a working hypothesis it is suggested that the use of ther
multi-variate analytical tcol, Analysis of Ecdlogical Systené,
provides a stronger technigue for ﬁred;ctiyg ng}distribugion‘
and jice content of permafrost on a regional btasig than single or
multi-variate techniques. The criteria for assessment are,thg
power of statistical expianation and field applicability;

To assess the program, ANECSY, for multi-variate analysis
of regional areas in the predicticn of péfiaftbét'digffibﬁfﬁn"p
and ice content, it i§ necessary to begin with a very sinpie-
analytical approach and then develap, step by sfep, té huitiple.‘
regressioﬁ:withvdummy variables. In this véy if can be. seen .
wtether the saie_intgt-variate relations are systematically
‘7 reported throughout and vhether inforsation is added at
progressivgly more complex le;els of analysis. -

There are‘fourruethods to consider:

1. to compute scattergrams and correlation coefficents within a
set” of envirdﬁuehtal variablés and assess the levels of
interrelation, |

Zt to regress the variables on therice content of pérlafrost in

nulfiple linear fashion and determine which are most

i’mp qrtarrt, S T e

3.; %e'défi¥e—daniy variables and regress these on the ice

vconf;nt so as to identify the secogﬂary influences cn the

distrituticn and ice cortent cf permafrost,

14



4. and %inally tofemploy Analysis of Ecological Systems
" (AﬁﬁCSY) quanpton, 1981), a multiple regressioﬁ procedure
9sing duany va{iableskwith data pre-processing‘features,,to
predict the iée content of permafrost ahd assesé its
capabiiities relative to the other statistical noﬁeis.'
~ This thesis, then, 1s a response to the inadequacies of the
-

analytical procedures presently in use for_prediciing the

occurrence of permafrcst.and its ice content 3nd the costs -

“involved in drilling ower long distances tqg appraise prbposed'

route~-ways.

Research Setting

The research was conducted in northweétern Canada (Fig. 1),
specifically the Mackenzie River Valley, N.W.T., from just south
of Fort Simpson at around 61°N to Richards Island in the Delta
at about 69°N and also the Dempster and Klondike Highways, Yukon
Territory, from Whitehorse at about 61°N to near Fort ﬁacPherson
at the territorial rorder about 6792N. Sites were included froa
the Alaska Highway; ffcm Kluane tc Boundary frbn the Robert
Caépbell Highway; from Tungsten Cutoff to Carmacks and froam the
Sout£ and North Cancl Roads from Jakes Corner to Macmillan Pass.
Foothills.Pipelines Ltd. and Arctic Gas Pipe-Lines Ltd.
submitted alignment sheets to the various northern inquiries and

the core logs from these were used as data for the Mackenzie

Yalley and Dempster €orridor data sets. In addition, field work

15



Fig.-1: The Yuxorn and Western Northwest Territories.



~was done to obtain cores thpgugﬁout the Yukon and these are
presented within the Dempster-Klondike Highways data set.

~

hapter Cutline *

— . e —————— < . .

5

This thesis comprises five chapters. The first two chaptefs
focus on the issues of predictirg the distributicn of fermafrost
ahd#its ice content and route selection for‘northern 1linear
development projecté: the{third focuses on research design while
the last two discuss the expirical aspects of the study.

The second chapter explores the issues introduced in
chapter one and examines them in gréatef detail, with reference
to the appfopriate,literature. The 1ssues are; permafrost
distribution, iaentification of the variables associated with
pernafros@, singie and nulti—variate‘studies, pfédicting the ice
content of perg;frost and synergism as a new viewpoint for
environmental analysjs. Chafpter three oﬁtlines the research
désign; the data coding structures and fhe statistical analysis
usﬁg-to predict permafrost and eva{uate Analysis of Ecological

Systems. The aralysis and findings are presented in chdpter four

and the conclusicns are discussed in the final chapter.

17



II. LITERATURE REVIEW

Since this thesis is coﬁcerned‘uitﬁ éhe prediCtioﬁ of
peraafrost, the distribﬁtionras perceived‘uithin the literature
must be discussed, ir addition, the varf&bles employed within
the predictivé précedurés are iesportant to considef. In this _
chapter, therefore, persafrost distribution and thg associated
variables and methcdolcgies are iﬁvestigated and presented
identifying the issues involved.—But~first‘the'definition and
dynamics must be outlired.

L

Permafrost; a Defipiticao

In 1954, Tr. S. #uller coihed the termvper&aftost, as a
short fore for 'persanently frozen ground?. Pefnaftostx§§
defined as the condition in soill0r rock where temperatures are
belcw 0°C for at least two consecutive winters and the
intervening summer. The definitior is based solely on
temperature, for moisture as water or ground ice may or may not
be present. The formation and persistence of Fhis condition in

carth materials are ccntrolled primarily by the climate and

[

various terrain factors and greatly influenced by man's
activities (Johnstcn, 1981) . The definition is temperdgure
dependent as permafrost is not a condition of a particular

material .but rather can exist equally in rock or unconsclidated

18
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" materials. It is time dependent to distinguish it from frost

penetration in the upper portions of the soil profile.

-~

1 e

Dynamics of Permafrost

——— e m—

— L

Permafrost is in aécord with its surroundings and is,
therefore, only as stable as its envircnngnt. It is not
permanent as Muller's (1945) defipiticn would suggest<(Brown,
1970). Permafrost increases or decreases verticallj and/or
ﬁorﬁzontally with changes in the thermal reginme. A change of 10C
in the mean annual air €anerature could produce over time a
change of 1°C in the mean aﬂnual ground temperature, théréby

altering rermafrost thickhess by abothfp-léo mn (Brown and

b

!
o

Johnston, 1964). Change is a function of alteration in: X
- , L3

Climate: temperafure, snow cover, windgd apd nigrofclipatic_
conditions, |

Geology: the texture and fherlal properties of the soil and
rock materials and the geologic history,

Q{?rology: drainage, soil moisture and the size of wnater
bodies, ‘

Topography: altitude, slope and its as@ectyfand latitude,

éiology: primarily vegetative cover and ;unan activity,
though large migrations 0f‘aninals¥have their effect,

(aﬁter Ferrans and Hobsop, 1973).
Obviously there is much interrelation amongst Eactors here and

changes in one may lead to changes elsevhere, in addition to

19
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modifications to the extent of permafrost. A.change in one

a

~-feature of the ground might subsequéhtly alter soil moisture,
thersal conductivity of the soil,:vggetationvand micro-climate.

Just as permafrost may be altered in extent, it can be altqgfd
in condition or ice content. Ice content it measured as a .

proportior of the soil moisture expressed as a percentage:

(Foothills,:  1979).

Ice content can range from virtually zero peréent, (e.g. in rock
‘;atetialy to. many thousands of percent where permafrost contains
almost pugzrice. The condition or. ice content of permafrost is a
most important cdnsideration.for construction. Where pefléftost .
is warmed, excess poisture ié forcédidﬁ£'Eyﬁb;érbﬁf&éhiéféséufé"W'
or éravity. If thé‘ﬁce content is high, then the voids left
after thawing are large and soil replacement creates slumping at
the surfac;. This process is termed subsidence. |
Another consideration is frost heave (Northern Pipeline
Agenc;, 1678) . Ice expands between 0° and -4°9C. Thereafter it
decreases in volume with coolirg as is norsmal fgr‘other

d -to

compounds. In the expansion phase, if moisture is permittes
spaces and expand, thus exaggerating theam. In this vay telephéne
poles, pilings and even pipelines have been heaved up right, out

~of the ground. The effects of these cryogenic proceséés are

A
£
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dependent on the ascunt of ice formed and the moisture

-

availible; The degree of-change is a functxon of the ice content K

of the. pernafrost and this study belng interested in predlctlng
-

the presence of permafrost must therefore concern itself with
.the ice content cf pernafrost if develcpment with minimized

damage to northern environs is proposed.

5

Permafrost Distribution

- e o o

The Canadian Federal and‘?rovincial Governments instituted
an environmental impact assessment process in 1970, to aid with
decision nakinq on the environmental effects of major |
construction projects .(Peterson, 197“).vThough this is not a

statotory requirement, industry has often complied with the

®

process (!ake, 1980) so that of impact assessments can bé found
for the ﬂacken21e River Valley, N.W.T. and the North Slope of

the Yukon Territory. For pipeline companies with aspirations of S ;
developing the North it has become the accepted rule to have |

‘impact assessment studies accompany their applications to
government. The sensitivity of Northern lands to disturkance and

consequent environeental impact is tied to permafrost and the

ice content of the =soils. Thus iipact assessment studies must at

least outline per:;f;ogs distribution. .

-elevaions elsevhere, permafrost underlies twenty percent'of the

earth's surface. Half of Camada is in permafrost. The Permafrost -

21
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Map of Can&da (Brown, 196?af\tﬁoﬁ5*tﬁeftrctrc—teqie&—ﬂ&dﬂ}—— -

underlaln by a ccantinuous body of perlafrost,‘btoken only uhere -
e

vater bodies are large. eﬁough to preserve a thaw bulb beneath,

M

and called the Continuous Permafrost ZOne. Tbe depth of frozen

éround in this regicn varies froam 457 m (1, 500 £t) in the north
to 61 m (200 ft) at the southern boundary, and the active layer,
thauan in summer and free21ng in winter, is 0 5 to 1 a {1. 5 o
3 ft) deep to the perlafrost’table. South lies the Discontinuous
Permafrost Zone, the. llmlts owah1ch are approx;nated by the
Sub~-Arctic region. Here the ﬁerlafrcst is 61 to 15 m» (200 to 50
,fLL,thick,‘v{Zh an active layer of 3 tb 6 m (10 to 20 ft) or
more. Isolated bodies of permafrost can exist on north facing
‘slopes at the southern fringe of/tﬁe Discontinuous Permafrost
~Zone, otheriisg .known as the Sporadic‘Perlaftost Zoné.
Permafrost can occur Hlth 1ncreased elevatlon southward At the

49th. parallel it may be found at the 1,829 to 2,134 » (6,000 to

7,000 £t) level.

The foundation for all discussions of permafrost
distfibution is Brown's Permafrost Map of Canada (1967a). It is
thé compilation of a series of reports (Brown, 196“, 1965a,
1967b, 1968) surveying the southern fringe of peri;frost in
Canada. The map is based on air tenper;tnre measurements and
field observations w1th Iltlted'drllllng and ground temperature—~w-*~v
measurements. Though it IS'eleafftha%*thefe—exis%S—a~7u—«7gﬂf\wgmfwﬁv7,,

relationship between mean annual air temperature and mean annual

ground temperature it is a broad relationship, for these mean

22



tetperatﬂfes‘diffeflﬁfoa—ene~aaothe£faadfthe,ﬂiffnronrpq are not
consistent. Brown's map, tﬂén»is a generalized view of the
presence of permafrecst across Canada. Bfovn (1970) asserts that
with increased field measurements, adjustments in the pernéfroét
boundary may be made, however, these he predicts, vill be
slight. | |

The distribution of permafrost is divided ihto.a northerly
Continuous Pernafrést Zopne where peruaffost is everyvhere
;present; except in newvly deposited unconsolicdated sediments
where climate has not yet fully imposed its influence on the
ground thernal regiie (Brown, 1970), and the southerly
Discontinuous Permafrost Zone. In;thé Discontinucus Zone bodies
of pernafrost‘ate separated by unfrozen‘ground, and towards the

southern fringe they are very scattered and occur oﬁiyvunder'

partlcular circuastances. Brown separates the Zones on the ba51s

of the ~5°C isotherm of mean annual gtound temperature measured
beneath the zone of annual\Barlatlon. It is suspected that the
nomber of such data pcints available gcross Canada are -4gry few
and so this line,‘representating the interface between the
VContinuous and Discontinuous Permafrost ZOnés'is open to varying

interpretations. The southern limit of discontinuous permafrost,

itself, is not a well defined line but a belt of land several
N _

hundred kilometres wide where permafrost bodies become-nore— - - -

sporadic southerly {Anon., 1972). e

Others have attempted to delineate the the boundaries.

Hughes (1969) discusses the the distribution of open systesm
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~characteristic of the Continuous Permafrost Zone, inferences may

ke ladevon the pldcepent'of the sohthefn,boupdary (cf- Johnston,
1582, pp.18u).rﬂarris (1981) , while studying ciilatic‘nethods'

fdr predicting'the distfibution of permafrost, suggééts thefe is
a relationship bétveen the zbnes and freezing and thawing

indices for areas with low mean annual winter snow cover {(Fige.
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Fig. 2: Relationship between the occurrence of permafrost zomes

and freezing and £havinq indices for stations with under 50 cms

mean winter snow cover (after Harris, 1981).
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Further there is a relationship between the zonal permafrost
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ifandforss and permafrost zones (Fig. 3). The boundary between -
continuous and discontinuous permafrost is thought to '
approximate the southern limit of active ice wedges by Pevwe

(1969) , and to approxilate‘pingoé by Mackay (1972)..
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Fig. 3: Relation between zonal fpermafrost lardformas and

rermafrost zones (after Harris, 1981).

Permafrost boundaries are not static; they advance and
retreat in response to fl&ct&&ticns'in~ciiiate'thgncﬁ7*196?17*”

1973) or locally in response

B

to fire and disturbtance. The boundaries are not well defined

active geo:orphic‘processes (6il1l,
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to fire and disturtance. The toundaries are not well defined
lines but tramsiticn zcpes, 50 to iQO kas wide, similar to ihe
biological limit of the céntiﬁuous.forést and the absﬁlute-li;if
of tree s;ecies (Prench, 1976), or the kampfzone of a tiibé:line ?
ecotone, i.e. the transiticn zcne betwéen the closed foresf
stanas’énd the tree limit (Trangquilline, 1979).

Gill (1973), on the basis of a spatial correlation between
plaﬁt diétributicn and unfreczen ground, afgues that the southern
lisit of of the Continuous Permafrost Zone be moved 200 kas
northward to include the Mackenzie River l1ta within the
Discontinuous Pet;afrost Zoﬁe. Reinne et al.A(1978) observed-
that the southern fringe of discontinuous fermafrost eitended
farther south ghan pfeviously believed, especially alon§ the
Mackenzie Valley. McCosas (1980) suggests that the real .
distrihution of pe:néfrostvin,the”southe;n Yokon does not match
with the theéretical acdel because of volcanic ash acting as an
insulator. This ash is tc be found in two plumes eminating from
the St. Elias ﬂountéins and spread over a large portion of the
sounthern half of the Yukon. The eruptions are recent happenings
(about 1220 B.P.), with the ash very evident in the ugpper
porticns of the soil profiles. In the valley bottoas the
dé}osits zay bé metres thick, conceivably preserving relic
pefiafrost bodigs {0swald and Sényk, 1977).

Brown basés the ditferentiation'of continuous and

discontinuous fpermafrost op the mean annual air isotherm of

-8.39C. Thus Aklavik and Inuvik in the N.9.T. are within ¥
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continnous petgaftost for their average annual air temperature
is below this value. However, Mackay (1967) reports that the

average annual ground tenperature at a‘depth of’15.2 B is'-z.udc

;or Inﬁvik Qnd -3.89C for Aklavik. This, he contends, indicates

that the Dgita is an outlier of discontinuous permafrost. Arctic ‘ .
Red River is close to the boundary having an average annual
‘ground temperature of ~-4°C at 15.2 m, and Port MacPherson is
vithin discontinuous permafrost with -3°C at 15.2 = depth
(Sniih, 1956). In the Beaufort Sea Production Environnental«
Iupéét'Statenent {Dome Petroleuam Ltd. et al., 1982) itvis stated
that the rermafrost in the Mackenzie Delta is ccntinuou;,

varying in thickn%ss from 20 to 60 = and increasing to 600 B to

the east and vest. Permafrost becomes discontinucus scome 300 knms
—— "\

south of the cocast cr nd Fort qud Hope. ', o
Browr's map provfzzzﬂzxgzneraliied view ag,the distribution

éf rermafrost, howvever there does exist scee controversy over

the specific details,‘For pipeline construction4the map is of

lisited value because of its scélé and lack of detailed

information with respect to ice content of encountered

reraafrost,.

Prediction of Permafrost

Attempts have teen made to sap perrafrost orn bases other
/
a !
than temperature. .Surficial features of the landscape

characteristic of continuous fpermafrost have been documented
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(Brown, 1969 and 1970; Bfown and Pe%e}'4913: Baffisrw+9841~ﬂ~4f~m*f *"
Joknston, 198i; Sterhs, 1966; Washburmn, 1956 and 1973), These
includé the various patterned ground‘phenonengvsuch as polygons,
circles, nets, steps and{stripesras-uell as mounds, pingosa’ '
palsas and peat plateaus, and ‘the results of thermokarst |
subsidence. Because these features aré often identifiable in air
photcographs, remote sensing of the'surface using black and vhite
aerial photography becomes most useful in surveying the vast‘
expanses of the northern wilderness (Ferrans and Hobson, 1973),

and in the subsegquent prediction of the existence of permafrost.
Unfortunately this is not the Case for the discontinuous
permafrost zone. In this region the correspondence between
surfiﬁial morphology and permafrost conditions is not as well
defined. Ir addition, more dense southern vege;ation cover
obscures the landforms and hampers their idgntifipat%ontr

ghe Beaunfcrt Sea En;ironnental Impact Statenentv(Doue

Petrolepm Ltd. et al., 1982) indicates that the hature and
occurrence of ground ice is related to surficial materials. Till -
plains and drumlincid moraine have}low to medium ice contents
forsed in thin seams, 1.5 to 3 m (3 to 9 ft) thick but
comprising less than 25% ice by volume. Glaciclacustrine éilés
and clays contair up tc 50% of ice by volume in a reticulate
network of thin leusés and inclusions and as 1ayersm1*tﬂand4'm T
/greater in thickness. ' ' S . e

Vegetation and its relaticn to the piesence of permafrost

has been researched (Bliss, 1980; Brown, 1963; Roberts~Pichette,
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1972; Tyrtikov, 19%89) on the premise that delineating the
boundaries'%f vegetaticn associations would delimit the bodies
of permafrOSt. Soame suggestedjthat the degree of accuraoy
attained in predicting soil frost conditions by ground
recohnaissance cr froe photos is proportionate to the degree of
understanding of the interactions of vegetation and soil frost .
(Benninghoff, 1950 and 1952; Sigafoos, 1950). In the
discontinuous zone vedetation characteristics such as heigat of
trees, species; corbination of Species, wetness, etc., can be
used as evidence fcr the presence or absence of rermafrost in a
given locality, but criteria fcr one locality may not be
automatically transferred to another. In areas of continuous
permafrost it is neither possible to predict the presence nor
amount of permafrost, nor the depth to ground ice fronm
vegetaticn patterns alene‘(ﬁoberts-PiChette, 1972).

Water bodies, if they are deep enough will not completely
freeze in winter and will not have peimafrcst beneath them. This
relation is a major influence cn the distribution of permafrost
in such areas as the Nackenzie Delta. Aspect of the land
influences the asocunt cf solar radiation available{to the
surface. South facirg slcpes are therefore.varmer than northerly
slopes. As one climbs higher, it becomesioooler and so sonme
mountain tops have persafrost where the valleys btelow do not.
Snow cover, with its low thermal conductivitylminhibits freezing
in Fall arnd thaving in Spring. The albedo of toe Snow lessens

the amount of solar radiation reaching the groundgsurface. ¥ind
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alters the distributicn of énowfall, moving it from areas devoid
of vegetation tc hollows in terrain and areas of low level
vegetagioh. In sumper the areas of accumulated snow are wettér
and thereby kept ccoler than elsewhere.

Latifﬁde is considered imrortant for'th@—pfedictiqn of‘
permafrost occurrenceifor, as a general rule, permafrost
increases from south to north.

The texture of the soil is important too. Finer materials )
such as clays and silté tend to have iéy geriafrost vhile
coarser materials such as sand and gravels do not. The reaéons
are‘quite complex but =suffice 1t to say here that with finer
materials the moisture is more easily retained because of the
greater surface area and smaller voids between the soil
particles. Research in the Mackenzie Valley concludes that -the
degree of slope influences the depth of permafrost (Code, 1973).

In the final analysis, grOUnd tenperature is the control on
the presence or absence of permafrecst, but grcund temperature is
the culmination of a variety of environmental components
combrising the ecosysten.

The focus cf the present study is the prediction of the
presence or absence of rermafrcst. Much of the permafrost
encountered tolay has been frozen since the Pleistocene (Pewe,
19€5) but to postulatevIce Ages as an explanation of the
osccuarrence of perlafroét hides the truth. Permafrost is a
product of egquilibrius with the present climate (BurdikAet al.,
1578}y ard is in accord with its sarrounding geomorphology.

]
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Various studiéé have been isplemented from a variéty of
viewpoints to gather informaticr cn spécific aspects of the
perasafrcst envircnsent. Johnston et al. {1963), at zhﬁmpson,
Manitoba, concludes that,

Given a particular climatic regime that is conducive to
the existence of permafrost, it is the thermal
characteristics or properties if the various surface and
sub-surface terrain features operating singly and in
combination that control the local variation 1n
rerpafrost conditicns 7
The variation in permafrost conditions that are a concern to
engineering and development are firstly the fpresence of
permafrost and sécondly the ice content of that permafrost.
These are often outlined in teras of terrain sensitivity and
susceptibility to disturﬁance by cénstruction techhiqués in
develcpment,

Kurfurst (1973) in Norman ¥ells and Lavkulich (1973) iop
Wrijley, N.®W.T., prepared maps of terrain sensitivity.
Susceptibility of the terrain to huma;—inducedrdisturbance is
considered by Kurfurst to be a function of the ice content of
thke soil, the typé of matgrial, the slope and relief of the
terrain. M™cioberts and Morgenstern (1973) studied landslides in
the ;icinity of the Mackenzie River. Code (1973) looked at the
factors influencing the stability of natural slopes and fouﬁd

that fire damaged slopes had a @iniaum angle of 4 degrees for

movement to occur. In a progress report to Arctic Land Use

i
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‘Research (ALDR), Bliss and Wein ed. (1972) reported on modified
habitats of the Mackenzie region. Strang (1973) discussed case
histories of disturbance and‘appraised the changes occurring.
Change was deemed damaging where its effect eitended beyond thel
initial impéct area. | V
The Mackenzie Vailey investigations began in the 1970's and
are published as government. reports in Task Force on Northern
Cil Development, Arctic Land Use Research and Environmental
Stﬁdies Series. Much of the results were coampiled to produce two
1:1,000,000 terrain sensitivity maps, in a reggrt of the

Environmental-Social Committee cn Northefulpipel{nes {1975) .
These maps show surficia; deposits, terrain sensitivity,
disturbance)level and the type of reaction expected. Terrain
sensitivity is divided into élasses based on the degree of
reaction to'disturbance. It is dependent upon; ground ice,
slope, material apnd insulating covér‘ The presence or absence of
rermafrost and the type of ground ice are the the two most
important factors. Van Eyke and Zoltai.(1975)'state the above
for the !;ckenzie and Northern Yukon but allege that
applications of a regicnal sepsitivity clgssification faces the
proolem of variability of terrain within the Bap units and
variations in local factors, particularly ground ice and water
cortent, aineralojy, material texture, surface mcrpholbay,
expasure, local relief, aspect, vegetatios and type, sea$oa of

year, Aduration and intepsity of the disturbing process.
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Variables Identified by Disturtance Studies

Specific types of’disturhance have been studied; summer
traffic by tracked vehicles (Muskeg Résearch‘lnstitute, 1971;
Radforth, 1973), hijhvay cuts (Bufahl‘et al., 1974) and oil
spills (Hutchinson and Hellibust, 1973). Hok (1979)’states thaF
the most important variable in forecasting permafrost
disturbance~is the season of operatié%, with summer éhe worst.
In summer the degree‘of blading, degree of slope, and substrate
moisture content are pext ip importance ahd are so interfelated
that it is difficult td discuss any one in isolation. The degree
of surface disturbance deteramines changes in thg air/éubstraie
interface heat palance, and the substrate responds dccording to
its composf%ion until a new equilibrium is reached, but a
balance cannot be estabiishea 1f the siope is great enough to
transport the thawed material, thus exposing more frozen
material. |

With regafd tc ground surface oil épills,'it‘was found that
the active layer increases in depth as the vegetation is
destroyed. Cften times the spills are burned on Ehe surtface so .
as to stop pollutior cf the vater table, but as this‘gravely
darages the vejetative cover the activé layer can increase even
ROre, Such fires have a profound effect on the permafrost for
long periods ot time i.e., 35 to 50 years (Kelsall et al., 1971;

Roberts~Pichette, 1972).
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Fires in the North constitut;, on average,na healthyk
eleaent in the envircnment as a sechanisa for change, but
increased incidence with the intrusion of industry makes fire an
érosivé‘force to be reckoned with (Tyrtikov, 1959). Secondary
éffects oﬁ the rermafrost result from erosion and gully
formgfion, particularly where such fires are fought by blaéing
and clearirg fire lines with bulldozers. (Brown and Gréie, 1978}
Evans ed., 197€, 1€77). Heginbottom (1973) repofted on vork\done
in Ipuvik and concluded that fi}e, of itself, was nct a serious
disturbing fé;ce. It was the thickening of the active‘layer
feading to increased slope ﬁailure that was the rroblen.
,étripping of the surface ;egetation had serioué consequences.
Hogever, removal cf the-tfées with little damage to the ground
flora 5ad no marked effect. ideginbottom also con‘ented that the
degree of seriousness vas related to the season in which the
disturbance occurred, with summer worst, and the intensity of
the initial disturtance was iiportant. Slopes complicated ali
diéturbance since wvater voluaes igcreased with melting and could
lead to increased erosion. Fire hég varying effectétuith siéé
ch;;Ecteristics, being related to the presence of absence of a
humus layer in the aftermath, the type of permafrost, sloée and
nature of the substrate (Crampton, 1973). Decouposition of the
litter.is slov and =so fire acts to return nutrients to the soil.
~ Causes of fire arejdivided half and half between lightning and
human activities, but iightning fires burn 95% of the total area
burned in any year (Vetber and Wein, 1974). Kelséll'et al.

o
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(1977), in a review of‘theptoblénrqohtendedthat the'qégggétigp
re-establishes quicklf affer fire, but it iévnhknown how long
this accelerated growth lasts (Heiﬁ and Webber, 197&); Hovever,‘
fhe rioneer vegetation is a poor insulator for'the,pet;éfrost
and thermal subsidence occurs such tﬁat ponds fdrn and this, in
turn, leads to increased melting (Zoltai and Pettapiece, 1973).

Heginbottén (19?0) found that the depth to the icy
permafrost from the surface wvas ilpgttant in prédicting the
effects of surface disturbance such as bulldozing and fire. If
the ice is within 1 » of the surface then the excess ice
disasppears, within 2 m of the surface and there is significant
change and when reneath 3 = tbé surfdcé conditiors vouid be
unaltered. -

The factor; identified in such studies are directly related
to construction activities, i.e.. the season of vﬁrk, degree ofé
blading, ;nd t he ccﬁsequences of increafed inciggnée of fire,.'
however, there is information on variaﬁlég forrsénsitivity and

prediction of frozen ground.

L]
Northern Surveys and Developing Predictive Models

Surveys of permafrost conditions were -done in the North
emaploying a variety of eqvirbnnental indicatgrs. Cramspton and
Putter (1973), using air photo analysis, identified landscapes
or terrain types in te;is of surficial geology, ®icro-relief and

B

vegetation in a sur%ey of the discontinuvous permafrost of the

o~
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- Upper Hackenzie Valley.. Regarding the characteristic permafrost
conditions for e;ch landform they f6uﬁd: g;gg'fogést'inQicates -~
freély drained. sites of alluvial terraces and glaciefluvial |
~deposits suitable as construction sites; gg;ggigg;x featureless
'glgggvindiéate éeasonally vaterlogged lanads on lacustrine or )

- . a
tili deposits and terrazoid patterns indicate raised peatQuithA

near surface per-afrost,'best évoided by'engineefing.'
Craazpton (1573)'when‘surveying-gheVantpal»and Upper
HackenzieIValley used soil, parent material and landscape, a
¥“cempo§itioe of landfore, drainage and vegetation, to sap terrain
susceptibility to damage bj pipeline construction. ﬁunroe (i972,
1973) produced terr5in classification qhd sensitivity maps for |
the Lovef Mackenzie Valley, the Delta andAuestuard along the
coast. Hughes et al. (1973), Rampton (1974) and Rutter et al.
{(1973) produced terrain evaluations of the Mackenzie
~Trahs§ortation Corridor specifically aimed at the'effécts 6? 
.'building a gas pipeline. The. maps were designed to fulfil two
requireméﬁts,)namely, to pfovide'ferrain-data-for breliminary‘
asséssnent of transportation routes and to develop.a terrain
classification that would pe;nit application of the apppropriate
land use regul;tions and practices to differing terrain types'
{(Hujhes, 1972).
The Mackenzie Valley and the Delpsfer Coffidqgﬁ!gre
surveyed by Poothills and Arctic Gas for pipeline route -
appraisal by>air photo analysis and use wvas made of the above

landscape surveys in the choice of route. In addition to, and as

36



,//
part of gtound truthlng and ve;lflcatlcn a series of ‘boreholes
ruere made at selected sites down the length of the valley,
1averaging six ,holes per.mile (or about 4 per Km). Sampling by
;drilling waé necessary because thela;dscape.stud;es presented
their results on‘petnafrost prediction'as'qualified'eStildtes
and not in real expected volumes, as required for detalled
‘englneerlng. The holes were drilled througb the active layer
into the fpermafrost beneath gnd the cores were logged and
sanpled for later analysis. The relative volumes of soil and ice
were computed and the soil thereby evaluated for its suitability
for construction purposes. This proceedure was tinevcénsuninq
and costly if cnly because the study area was so large.
Coipromises were struck in the ﬁunberrof field observations ahd
drill holes taken to obtain a true picture of the underlying
rermafrost in an effort to keer the costs in check. But fhese
decisions proved none too successful and the inadequacy of |
base-line data has ﬁéén-éited often by critics of the fproject,"

for the long-profile of permafrost depths aldng the route had to

be interpolated long distances.

— w—— o —

Bemote Sensing a n Aid to Predictign

In an attempt to bring costs down, and striving for as
rapid a procedure as rossible, great strides were made in the
field of augmenting the landscape approach to su:vejlng the

inaccessitle expanse of the North by remote sen51nq.zP:Cl black
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'velocity is dependent not only on temperature, but also om the

AT

and white photographynevolved 4he use of colour and fqlse}cqlqug

imagery for identifying such phenomena as the changing health in

plant species. But their uses rroved limited, 'as did infra-red -

scanning devices and side-looking radar (SLAR). Each techniQue 

and development had its specialty uses such as greater precision

in defining terrain unit and land-water boundaries (infra-red),

but nc tool prcved as‘versatile—and'thereby as useful for

~general purposes as the black and white air photcgraphy.‘Only as

supplenentary'inforngtion used in conjunction with con#ent%pnal
panchronatic;air‘phﬂtography have ofher methods proved useful in
surveying routes. .

For surveying the extent of petnafroét more directly,
rather than by interpolation between data points; remote sensing
by acoustic methods have been employed. The Ltasic premise is
that frozen grcund is more conductive th;n uvnfrozen ground,
because the conductivity of ice is higher than that of water

{(Scott et., 1978). Moisture in soil does_nbt freeze at one

. ]
- temperature. Depressiorn in the freezing pcint may be caused by;

disolved solids, intergranular forces and overburden pressure.

. The apount of ice then increases as the temperature decreases.

In the presericé of a temperature gradient there exists a seiseic
velocity gradient. So it is possitle to relate seismic

velocities to ice forms in rermafrost. However, the seismic

ground material and the thickpess of the permafrost, and because

temperature ani pressure are related the seismic velocities vary

i
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vith depth in-the substrate. This then leads to a highly cosmplex
set of relatiénéhips tha;dére still bejng actively investigated
(Canadian Symposium on henéte Sepnsing, 1981) Companies involved
in oii-exploratiCn in the Arctic are one of tﬁe prime movers of
this research, since to interpret the seismic logs of offshore
tests tye‘acoustic tehaviour of permafrost must be knownf
Permafrost may extend out from the éodst, beneath the sea, for:
anything from 100 = (Uetenskiold, 1953) to 600 m (Lachenbruch,
1957 ; Dome Petroleum Ltd. et al., 1982) and permafrostbhas beeh;
found to a depth of 610 ;‘ianrudhoe Bay, Alaska (Howitt, 19?1;
Mackay, 1967) . ) ’ -

' Remote sensing using elécttical rethcds may also hcld out |
promise as frozen materials exhibit different electrical
resiétances'compared with unfrozén materials {(Hoekstra and
McNeill, 1973) . It was postulated that the scil and rock types‘
could be characterized by résistiiities in either teiberature
state. But‘at‘that’time it'vas a nev“fielﬁ and Mackay ﬂ1969)
sugjested that it was impossible as therevvés overldp iﬁ tﬁe
resistivities cf frozen and unfrozZen. unsorted sedilenté.

Sensitive instruments for electromagnetic resistivity

papping: have become ccemercially available anpnd ore such, a
Geonics Ltd. EM31. was tested at Churchili,-ﬂaﬂitbba, by tvo
Bembers of the Geological Survey of Canada in the présence of
- the author during August of 1978. Essentially, the instrument
consists of twec coils scunted at either epd of a six foot boos

with metering at the centre. The whole is encased in a tough but

39



light pléstic and is fitted yith-shpﬁlder sftaps, It is intehded
-for use by one man. The ground survey can be caf;ied out as
quickiy as the perscn can proceed alqng the transit. In this
case, readings were taken at seven sites and along two traverses
over discontinuous fermafrost of varying active léyer depth. Att
each site the active layer depth was probed mahually with a
steel probe. The results showed tﬁe réiationsbip hetueén than'
deptﬁ and conductivity as tco comeplex to allow prediction. A
regression analysis of the predicted versus seasured thav depth
resulted in a very weak correlation {correlation coefficent =
0.18). Factors such as local dréinage and torography appéa:éd to
be critical (Nixon, pers.‘conp.).

A geophysical'survey for perxafrcst delineation wasA
conducted along 200 kes of the Alaska Highway by Klohn Lenoff
Consultants Ltd. for Foothills and a reportICOlpletea in March
of 1979. The purpose of the survey was to locate the most likelyr
areas of unfrozen ground, and to delineate thé frczeh—qnfrozéhAA'
bbundaéies’at streéi crossirgs and overland. For fhp survey a‘j
Geonics EN31 and an E534-3 were;used. Both operate at high
freqjuencies of 10 KHz, rtut have diffefing capabilitiés in/the
depth of signal penettation. Since the electronadnetic fiélds
decay rapidly with distance the réadings may be considered as
local. The major advantage of these instruments over tgaditieaal
methecds of manual frost proting is that they operate in a |
ncn-contact mole with the grownd thereby alloving transits to be

run more speedily and efficently. The equipment measures
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conductivities in pillimchs per metre and is presented in terms -
of resistivity in Ohm-metres. The electticalvcénductance in |

rillimhos of a material ié the inverséxof its resistance in Opms

to current.flov.-Resistivity iéia.func;ion of porosity, moisture
.content, electrolyte concentration, amocunt and composition of

qolloids, temperature and phase state of pore water in the

ground material. The mobility of ions in the pore vater

- decreases with temperature and the r;sistivity increases (Table

1) . Thus 1t vwas concluded in the {epo:t'tbat‘uith enoqu/v

drillhole information and otﬂer geological data it is possible

A :
to make a reasonable accurate estimaticn of the surface location

of the frozen/unfrozen boundaries. This method shovs proamise in
prciucing a continuous long-pfofile of the permafrost surface

betweer drillholes.

SOIL RESISTIVITY : CONDUCTIVITY
(Chs/m) ' (aillimho/m)
Frozen Unfrozen - Frozen Onfrozen ;
Silt 500 50 2 20
Silty sand 500 50-1C0 2 20-10 —
Sand 506-1000 100-200 2-1 10-5
Sand & gravel 1000 150-200 1 6.67-5.0
1 6.67-3.33

Gravel 1000 150-3C0

2

Talle 1: Resistivitiés apd Ccnductivities of Soil Types
{Klohn Leonoff Consultants Ltd., 1979). -

Perrians and Hobson (1973) in a review go into some detail

recarding the various geophysical methods of aapping and

41



pfediCting permafrost by direct means. They conclude that there
are man} ungnouns to be overcohe and, as yet, nmo fully conpefent-
geophysical method to determine the ice content of permafrost is
avéilable. Hoﬁevef, they’suggest, this does not detract from the
urgent need for more permafrost data. Whether obtained by
traditional or geophysicél methods, or a combination of both,
accurate determinations of the distribution of permafrost are
necessary to detersine the best route-vays and sites for
engineering structurés, their design integrity and the
epinimization of adverse environmental impacts for an orderly'.

development of the Canadian North.

PredictdQn Based on Single Yariables

To satisfy the need for a method of prediction of
rermafrost, studies were carried out on specific aspects of,tﬁe
environmental influences on permafrost; vegetationibeing a pripe
example (Roberts-Pichette, 1972). Eméloying bléck and white air
photography the landscape wvas dissected on the basis of
vegetation pattérns; Then each pattern was aséociated'vith the
presence or absence of permafrest. In ihis way a list of
ecosystehs vas drawn up, each ecosystem having am association
with permafrost. Unfortunately the presence of permafrost is not
always the deciding factcr in the development of one or another
type of vegetation (Brown and Pewe, 1973). There are few )
vegetation associations developed exclusively on soils underlain

A
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ty permafrost.

From intensive work on vegetation it was recognised that
the success rates c¢f single variable analysis‘of the
distributien of fpermafrost would never be high. Thus it was
conceeded that a variety of factcrs comprising the landscape

rust Fte considered.

The Multi-Variate Studies

While there are develcpment fprojects continuing in the
North, requiring practical tools to sclve the environmental
prcblems of corstruction, research in many cases 1is only at the
level of defining the 1nput variakles for theoretical mecdels for
distributicn of pereafrost. On the other hand, there are a few

N —_—___
studies accepting the complexity involved, and attempting to get
beyond distripcution and into the problems of predicting

perrafrost 1ce ccntent by means of multi-variate studies. Lau

a

13

i Lawrence (1976), using information from the Mackenzie Valley
Geotechnical Data Eank (Lavrence, 1974), computed ftéquency
plots of fpermafrcst type (Pihlaipen and Johnson, 1963) versus
depth tc permafrost for a variety of soil groups. It is
irteresting that the type of permafrost structure vas used as a
var{éble since, with such information, good estimates »f ice
content volumes could be made.

Lau and Lawrence, fcund tke amount, formz and distribution

of jrcund ice varied ccnsiderably with soil type and location’



(synonymous with latitude). They conclude that mOst coarse
grained soils in the valley are frozen in winter, with the tyge
nf ice being variakle, though the gquantity ovaisible ice
increased northwvards markedly. Visible ice in jravels ard sands
increased as the agount of fincs increased. It arpeared that the
visikle ice is tae ®pain type founa in fine textured soils and,'
ajain, the amounts increase south to north. Nearly all the
organic -soils arnd reats freeze 1ir uinter, and contain large
azxounts of visible ice.

Hagintottom et al. (1978) continued fhis work. Thev divided
tae Jata hy wéy 0of the %Yational Topog[aéhic System map areas and
considered the progortions cf frozen soil uifh visible ice,
frozen soi1l with nc¢ visible ice'and unfrozen soil in the
samplgs. This w%as done for each of the map areas, first for each
jJenetic 501l class and khen for eacnh engineeriny soil group.
Proa this tney fcurd orly a general increase in the amount of

frozen ground i1nd jround ice froer south to north, with some

ot

parts_of he Jrper %ackenzie predcminantly unfrozen, while in
tLe Delta regicn frozen grourd was upiquitous. This last point
contrasts skargly viﬁh the riniings of Gili (1972). ?eqinbntion
et al. concluded that the permafrost ccndition does not change
uniformlf Lor consistently with latitude. In fact they found the
greatest change cccurted between San Sault Rapids {65°%) and
Travaillant Lake (€79N). It is sugjested here that this could be

tha poundary petweer the Disccrtinuous and Contiruous Permafrost

Zores, the high rate of change 1ndicating a transition. The



significart controls on g%stribution found in Heginbotftn et
al's, study vere lccation (létltude), scil textuté, sur face
drainage, surface disturbance, vegetationg4ni—élcpe aspect.
Soils of fipne texture such as clays and silts vere.found to
contaln meore moisture and mscre ice tharp sarpdy and gravei;y
textured soils. A positive relaticnshi;tvas ackrowleged betieen
natural aolsture ard englneeriny fproperties of fines.

Since 197% this work has stopped (Heginbottcw®, pers. COmm.)
and only ore paper has Leen published using the Mackenzie Valley

. & . .

Geotechnicai Dita Bank (Poliard, 1931). It 1s proposed here that
Craartor's "Analysis of Sycergy" is not a radical ﬁepartqre.fron
. the literature, out an orderly advance frcm Hegirnkcttca et al.'s
wor< arnd¢ torainj a ratural continuation. Crasgton (1981), using
the Sacxeﬁzie Fiver Valley as a stuly area attempted to increase
tae pumser D>f variatles 1n the andiysis ard initiate the use of
intervariate relaticnsoips that wculd account for ani identify
the seconliary influences on the districuticn of rermafrost and
thus 1ncrease the explanaticn level. But with increaseld
corzlexifty there evoivel a different view of the environment and

*this is 3i1scussed nexit. )

The Hew View oI the Envirornment

53

Frouz toe rTesual¥s of the Mackenzie Vailey apd other studies,
the 1dertificaticn cf the mest influential ftactors on tte

cresence of perpafrost, and the sunsequent aapping of the best
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routes for pipslines, it can be appreciated thatvtheré are
actively operatinj interrelaticns between the various components
of the ecosystem. Cf late tﬁere has teer a realization of the
ipportance of inéorporating these interrelationships within tie
analysis therety permitting cumulative and synerjisfic effects
t> te considered for 1Bract analysis oﬁ zajor development
proposals (CARC, 1579). There 1is a neéd to increase

investigation into lonj-ters effects on ecosystems rather than
shcrt-tern ;ffects at specles level (!cConas; 1980) .

Fisrer éni deieé (1973) chkserve that;

...once threshclds are exceeded by cumulative

developments disproportionate cumaulative environmental

charnjes ar-2 1induced ard the enviropement is permanentl

1lterad, : ’
This means that assessment metncds ire required which are atle
to‘ietect and 1dentify specific threshcld conditions. Oswald and
Seryx {1777} .state +that the terrain factors which influence the
daveloprant of perm§frost are interrelated aﬁd therefore
dlscussien 2I 2rv cre factor gust consider the others. In
stulying the worlid abou*t us each comgonent should not be
cozsiier@i in isolatiorp, for ther destruction of the environsent
by i1osigniticarct incresents beccses a real possibility (AHPP,
1374) . ®cTajjact-Covan (1976) states of the Mackenzie Valley Gas
Pireline, that:

Tt 15 Certain that the total euvironmental impact of the

sfsject will be greater than the sum of the individual -
lmracts we have just corsidered because the componernts

22 an ecosyster are interrelated. This is, an action
tna*t affects ope ccmponent cr the ecosystea can start a
set I reactions It other components. Eventually one of -

the reactiors ccmpeounds the initial action thereby

16



rroducing 1 multiplier effect. An exceedingly small
impact can eventually cause disproportionately large
environmental change. Irn thkis wmanner, any project can
have apy overall ispact greater than the suam of the
iamediate irpacts. As a result, it is only prudent for
developers tc frogeged with caution, and for assessors of
impact to err or the side of caution...

Factors or variables make ur the compcnent parts of an
eccéystemp&ihere a variable is a factor coded or measured in
rumericzal form. Factoré interrelate with the ecosystem to
characterize it. The relaticnships have certain forms, some of
which are rredictacle and Lave predictable consequences: For
exaarle increasing the moisture content of a sedium or fine
textured scil makes it wore amalieable. ?his is a limnear and
3iditive pelationship; the more uoisture, the 2ore malleable the
soil. Hdowever, if the moisture content contirtues to increase, a
point 15 reached where any additional aoisture will create an
instability and the soil will flcw. Such changes across boundary
or cut-off psiﬁts are beyond the linearity of the relationship.
That is to say, the original rules no longer apply. Beyond the
boundary point the relationshiy‘is generally characterized by an
exconential curve or it is disccntinuous.

nguiries into environmental sensitivity to developsent in
the North have focused on cusulative effects of disturbance
(berger, 1977; EAP, 1979; Lysyk, et al., 1977). Ecologists have
coted tkat the great complexity of'an ecosystea 1s not accounted
for in linear relationships, and have applied nor-linear lodelg
vith more succéss (Goodrich, 1978; Heginbottom et al., 1978).

Fcosystens viewed as a whole, as a multi-variate entity, exhibit

tehaviour predictable in necn-linear curves; multiplicative,
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exponeﬁtial, triginceetrical and cthers of greater co;plexity.
One form 1in particular needs discussion here.

A change 1in one variable in a =aulti-dimensional or
lulti—faceteﬁ syster such as the physical envirenment ofban
ecosystes can simultaneously affect ancther variable or a series
of variables and alter it considerably. The system is highly
intarrelated and shculd be expected to act in this faéhiqn. What
is surprisingy 1s that ecosystegs are anly yerj/rarely ccnsidered
in this way by physiCal gecgraphers and others involved in such
stuiiés. The concert of syn%rgy is well known to chemists, but
rot t2 geojraphers.

To explain synergy let us»take an illustrative exaeple frca
*he fiel? of physics. The tensile strenqgth of chromse-mickel
ste«l 1s approxisately 39,000 pcunds per square inch (psi).
This is 1CC,007 psi }reater than the sum of the tensile
stranjths of each 0f all nf its alloyed metallic elewents
(Fuller, 1574). This 1is ; 50% increase over the sum of the
indivilual varts, not predicted by the behaviour of the separate
gompanants. Sﬁch rebaviour 1s termed synergy. Synergistic N
relationskips are ncn-linear and 1ntially non-predictable. Other
norn-linedr relationships are often to be found withir areas of
inswability or transition betuéeﬂ acosystemss, so it suggested
that sSynergistic relationships also, will be most evideﬁt where
the ecosyster |is in-a tenuous talance. i

Another poict to note 1s that linear-additive alterations

©€ncCepass a nezative 1p that they can suppress alteration as




easily as accelerating change. It follows, then, that synergy

may have, Or operate inm, a reverse direction, inhibiting change.
Applying This Viewpoint *

Crampton (1973f wcrked on ecological and biophysical
lanjscape surveyiny and land sensitivity mapping of the Opper
~and Central Mackenzie Valley. Pecognising the limitations of magp
overlays, he began work cn a method of analysis for identifying
priaaiy and contfibatinq secondary interacting influences in an
ecosystem that would accurately predict the effects of imposed
altarations. In 1976 a computer gproqram entitled: Analysis of
Zcological Systems (ANECSY), was produéed.;It was put to a
variety of uses; fcrest productivity (1977a), bio-physical
énalysis (1977t), terrain evaluation (1978a) and to devise soil
drainage mclels (1579). The analysis was evaluated and ccepared
witi rorszal field zethcds (1978b).

Cramptonr(1981) took secticns of the Central and Tpper -
ackenzie Valley data and evaluated the terrain sensitivity to
disturbance, Froe this analysis he found that the least ice in
rermafrost occurs at the highest elevations, cver 800 ft (244 l)
sout§ ot Fort 3Sispscn (609-639N), over bedrock or where conifers
accupy dry sandy and gravelly silts, facing southwest. Mcderate
azounts of ice, i.e. 1 to 3 times the weight ¢f scil, occur at
low to high elevations from Fort Gond Hope to Inuvik (66°-69°K),

in worainal silts apd clays, supgorting sedge-lands with some
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open Stuntediforest.‘The ice is found predopinantly at shallow

depths of 1.8 to 4.0 m (6-1%5 ft). The most ice, 3 to 11 times

the weight of soil, occur in layered organic, silty or clayey

sediments at mid-elevations of 122 to 213 m (400-700 ft), at

pid-latitudes ibout Fort Norman and Nofnan Wells (659-669R),

heneath open stunted spruce-lichen forest or lichen vegetation,

on jently sloping northeast facing ground. The ice is close to

the surface but cccurs especially at 4.9-6.1 a (16-20 f£t)..

Crampton notes a number of pcints of particular interest.
lLarge accuszulation of ice jﬁsf belov the surface, decreésing
with depth. However, at about 5.5 & (13 ft) a concentration
of ice may occur associated with organics and some silts and-
clays. Ice cohtent increases with increas;d'elevation to
abont 198 & (65C £t) and then decreases sharrly to the
hijhest elevations of 260 » (850 ft).

Mmackay (1972) reports inéreasing iéé with elevaticn except
beneafh the supmEits cf ranges. J

High ice content of organic silts and clays, and low amounts
of ice 1in sands and gravels is a well docuamerted
relationship (Brown and Johroston, 1964).

Large amounts cf ice beneath 1lichen cover, and less beneath
fores& cover is also dccumented (Craampton, 1975). |
Sediments around Norman Wells and Fort Narman (659 669N) can

N
contain more ice than those to the north and south.

Analyzing the distribution of ice in the profile (as

Heginbottom et al. did), Cramptcn found that the least ice
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pccurs-in sandy‘addrgrdvelly acrainal Sedinénts in lower
latitudes (60°-63°N), at high elevations about a southﬁesterﬁ
aspect. Hoderate ascurts of ice, "distributed as scattered ice
crystals or inclusicms, occur in silty or élayey, bouidery or
cobbply, vater re-vorked alluvial-tills or in peat plateaus at
mid latitudes (63°-66°N) and mid-elevations (122-213 m) . (400-700
fty. The most ice (3-7 times thé veight of s0il) distrituted as
lenticular or solid iée bodies cccurs in layered, silty and
clayey deltaic sediments pelow sandy and gravelly sédineﬂls, on
northeast facing slopes of higher latitudes (669-699%4) and low
elevations {0-122 8) (0-400 ft).

Strang (1973) .and ﬁapkay)(1972) dalso observed large
accumulations of ice along interfaces of sandy over silty
sediments throughout the dackenzie Valley. Crampton's resalts
alsc show that the ®ost rapid increase in ice content with
increasing latitude occurs a;ound Fort Norsan and Norman Wells
(659-6F0 N). This confiras his inpres;ions from field work that
there is a ragpid transition frce discontinuous to continuous
permafrost (Crampton, 1981), and supports Heginbctton et él.
(1977) 1in their tindings that permafrost does not increase

consistently with latitude.
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' Summary

c
—

Terrain evaluations of the proposed Mackenzie Valley Gas’
Pipeline, énd r:hte aprraisals for the proposed Alaska Highway
and Lempster Lateral Pipelines have been undertaken b} enpioying
air-photo analysis and field sagpling procedures. 5ore rapid and
less expehsive\qeophysical‘feidte sensing procedures’ for terrain
surveyinqg of permafrost iconditions are beinJ actively
invesfigated but, to date, po adequate system exists. The above
sufveys, however, have provided a large data hase for subséquent
analyéig. Thus, detailed investigations into the relaticnships
btetween specific aspects of the epvironment and permafrost have
béén carried out, providing insights into the distribution Of,
peraafrost ind the variables associated with permafrost and its
ice content,

Few multi-variate studies exist on the distribution and
fore of permafrost. Lau and Lawrence (1376) and Heginbottom et
al. (1977) ¢found thatrpersafrost generally increases in extent
from south to north, but does not 40 s0 in a consistent manner
with latitude. Cramptor (1931) fcuni the greatest change in ice
accusulation betweer 65° and 67°N in the Mackenzie Valley. The
exact reascus for th%} are unkncwn, but it is interesting to

,( > .
note trnat tnis ccingﬁdes with the boundary between the

Toptinuous Peraafrost and Discontinunus Permafrost Zones as

proposed bty Brown (1967 .



III. RESEARCH DESIGE

The objective of this work is to assess a variety of
metnods which investigate the.interactions of a complex of
variables with the occurrence of pe;mafrost and its ice content
in the Canadian northvest.

To operationalize the objective a research design was
devised (Fig. 4). Froa the Qﬁesticn QE prediction of peglafrost
there follows ;he technigjues of analysis and the choice cof
variables to be erployed. There is the data tase to construct
and toe actual apalysis to compute at 1ts various levels. The
re@cults 4are then gathered, interpreted and the conclusions drawn
in light of the original guestion and ctjectives. This chapter
looks at the process in detail; firstly the selection of
variables are discussed then the data Lase, the coding

structures for the variables follows and lastly the anmalytical

procedur=s are outlined.

Identifying the Variables for Aralysis

The studies teffg:gg\fﬁ\the Frevious chagter reveal soame of
the important variables for apalysis vhile others may be
‘identified by a review of the energy balance. The key points of

the latter approach are owntlined here.
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et raliation at the surface 1s the sum of the difference

between incoming and outgoing long- and shortwave radiation.

<* T (K = KN +~(Ly - LT

where 2% is*net radiaticn, .
¥y 15 1ncoainyg shortwave radiation;
¥t is outgeing shortwave radiation,
L} 15 incoaming lcngwave radiation

ard LT 1s out*tgoing lcngvave radiaticnh. :

3ut Ly - L?) 1s small for northern latitudes and K1 is a
functinn or altedo. Thus 2% = t (K}, albedo) but
¥y = f{la*itule, Jeclinaticn of the sun, slofpe, elevation,

clcud cover, time of day and year).
These then ire some of the variatbtles to consider for analysis.

In =2nerqgy balance terms, at the surface
J* = I(le, H, Y3 and Gthers)

uhe:e_Le is latent heat ot vaporization,
% is sensible heating of the air, these two
are the largest teres in tﬁe equation. Also
2y 1s tle energy left cver for soil warming,
and Jthers irclude terms asounting to less than 5%

17 the eguatior.
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Thus Qg representing heat transfer in the profile is. the term

of intere;t.

Qg = f(soil moisture, soil tgxture, unfrozen and frozen phase )
changes).

For a site specific study these variableé cohprising”Qg
might be readiiy available but for studies such as the present
one uhére the data base covers the length of the Mackenzie
Valley ahd th; Yukon Territory such is not the case. Informationm
is availatle, hovever, on derived expressions>i?,¢he 1andscape
such as landforms, topogfaphy and vegetation egé., and while the
broad controls over permafrost formation and distributicn are
climatic in nature, local variations are determined by a variéty
of terrain and other f&étors. The effects of relief and aspect
are important as are the pnature and éhysical properties of the
soil, and the controls exerted by vegetation, snowcover,
drainage and fire though more complex (French, 1976) are

nonetheless significant. So Qg may be inferred by secondary

factors-and re-written;
Qg = f(geology, landform, slope, elevation, aspect,

soil textures, vegetaticn, snowcover, drainage and

fire history).
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Thus with reference tc the literature on site specific
studies and beiny cognisant of Qg, it‘is possible to employ
environmental variables to issess and predict the distributioﬁ
of permafrost énd its ice content. The data évailablegfrou
alignment sheets fcr the prcposed pipelineé in the Mackenzie

Valley and Dempster Corridor are ice content and structure of

~the permafrost, latitude, elevation, aspect, slope, landfors,

.surticial geolcyy, deptis to the sample textures througk the

protile and veqgetation cover. .

=]
1=
D
[

atatase

There Aare almcst 4 1/2 thousani site chservations in the
data base, divided intc three sections. The first section is the
Mackenzie Valley 1ata set, the second i1s data for the Dempster .

@

Corridor and *he third is fros the Dempster anrnd Klondike

Bighways of the Yukon Territory. ?;

1. The Mackenzie Valley Cata: .

The data “were taken from the alignment sheets published by
Foothills Pipe Lines Ltd. (1973) and by the Canadian Arctic Gas
Pipelines Ltd. (1973) 1in their proposals tc¢ build jas pipélinés
over the Canadian north. The aligrnment sheets give lcgs c¢f ‘the
dril;ing holes alcng the routes. Thus, each datum is a record of

the ice content and the associated yecmorphic parameters for
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- positions in the cored profile. The routes most often follow the

) . . : . .
————————valley bottoms and so the core sites are biased areal estimates

of the terrain. If the data set is copsidered as a transect from

I3

north to south, and not as an areal disg;ibutipn of points, then

the tias may be iargely,ignored. o . A5

,2-4Ihemuegp5ten,Co;ridocwnaxa-,uﬁ,,WwaLJMW,frﬁﬂﬂw;fm”wmfﬂﬁw, e i

.-

Tte Dempster Corridor set was also taken from FPoothills
v 4
alignsent sheets (1977). Geomorghic bias is small here as the

_right-of'way'follovéd a corridcr traversing ,highly divers%ﬁied.-
. - 4 - . R

terrain, howvever, the_trénsect concept of the route is retained.

3. The Dempster-Klondike Highways Data:

The data were collected by the author in the summer of
1979. The field work covered,the,nelpsterrfronfthercﬁtoff—atrkl -

0, to the Peel Ri;er crossing at ka 542 (aile 337) in the

..

N.W.T.. It could nct be extended into the Delta area as the
ferry 4id not come into operaticn until late August. Though

concentrated along the bighway, data are also included froa the

Klondike Highway; Dawson City to Carmacks, the Robert Campbell

—--- - = --—-Highway; Carmacks to Tuchitua, and the North Cancl Road; Ross

.

B - X i 1+ Pace; i = el

transects over the rorthwestern Yukon. Sites were saipled~alongy
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__the location.

S . - : - - » : -

”tgé;gijhway,'thelr choice being limited by the rou&gglav. '

‘Bowever, the rovtes prcposed by the pipeline conpanxes lostly

N
,

follow the nghuay so this 1is nect a llnltatlon as much as an

advantage. Each site vas chosen at fairly régular‘intefvaIS'of

about 2.5 km (& siles) and the cores were exttactéd at least 15

‘m (50 ft) froma roadsxde so as to avoid any nolllfyxng Lnfluences

o the'periafrost table by tﬁé presence;of Ehe rcad Bhere the

road had teen retuilt and the cld scar was ev1dent, no .

measurenents vere taken, Houever, where dlffecances in

iqutaftaafeg—ia%ﬁ%@%arﬁmﬁerW%ﬁfm%f‘a*sftﬁwfﬁﬁﬁﬁﬁfﬂﬁﬁf%ﬁﬁﬂitm**‘4‘4‘*

3. {a) *ield Procedure

14

Haﬁing selected a site the field procedure was to record

3 ® . . .

and the trck's mileage was reccrded in the dgily[diary. Thé
surface ch -acteris!icé of Veéetatioﬁ,,teliéf;'iahdfbr; and %
draxnage vere noted. Aspect and slope were determined by Brunton
CORTass. The perlafrost table was then probed using a 1/4 in&h .
(0.063 cm) dlaleter ty six foot (1 S m) lonq steel probe, on

‘encnunterlngAthe rermafrost tatle, the depth of'active‘layerrués

recorded. The unfrozen active layer was auqeted‘and the soil

‘textures determined with depth in the profile. Permafrost cores

vere retrieved by seans of a 1 1/2 inch (3.8 cas) inside
. . (‘ - ~ 1
diameter corer-bit normally used tor concrete, attachable to

heavy steel rois. Im this way 6 inch (15 cas) secticns of Frozen
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core were extracted at a tige. Each section was exh;ined'Aﬁd
sampled ;nneﬁlately. Therfrozgn ééf;aftost,sttucfﬁresrvére;
recorded aéa ﬁhé sé;ple tagged ﬁealed‘and_ueighed. Thus it vas
.possiﬁle te iocugent‘fﬁé pfofile to a depth of akout five feet-
‘ ip~soils ranging'ffog Ci&f'gextﬁfes.gébsilfs’and sandsi'ﬂouevet, *,t;1~
)wheré there were scre granular lateriais present, cuts in the
;ff . roadside were- qeneralzzed'anﬂ tonsrdered~representatjve bf‘the"““*"”*“*

protxle. Aftenpts tc excavate pits proved fruxtless as the

bonding’strengtb of tbe ice in the petlafrost was generally toco

S~ - great. ' e

s . o

3.(c) Latoratory Procedure

The Sealed salplés were analyzed in the Geomorphology

Labdratory at Simon Fraser University. They were re-wveighed to

check cn any hciéture loss'during trans?o:ﬁation from theafieid.
Oﬁly eight samples proved to'hﬂve;lostZSigh?ficéntwloi$ture;,Thew : i]f
samrles were then dciéd at:115—;}006 re-veiqbéd and the raff&h;“ ’f.
of moisture to material caiculated as. a- percentage of dry IELth

‘ (Foothllls, 1979; MacFarlane ed., 1969). Thus 100% would leap

equal amounts of moisture and material. It vas assumed that all

moistyre was initially frozes. To develop a field procedure that

"would account for unfrozen moisture would be difficult anﬂ'it is

&Uuttfui‘tﬁat‘tﬁ@‘iﬁf‘fiatlon Jained uould be worth the extra T
_time,apd effort. The volume of Roisture below 09C in theri

saaples, in retrosgect, was always very Siat%;'ﬁinaiiyj +he
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%

ST drxed sanples uere checked ajalnst the field records for thelr

textures.

Coding structures for the Variables

The progran ANECSY regulres that the input data be coded.‘
_The dependent varlahle,nay haxe,any nunher ofgclassesT but Lhefﬁf~ﬂ¥WW
Lndependent varxables must each have'the same nulber of gpssible o
categories for the amalysis. Crampton {1981) devised a systei “of

codlnqs for the Mackenzie Val1elgda;a+41h1gh_1grggjgsilggggggggggkﬁgggf

lodlfled for use u1th the data from the Delpster. Thouqh these
revisions were extensive in places, the b551c formats vere
retiined. The independent variaktles were each coded into six

categories and the dependent‘variable.spans about 25 to 30

classes.

1. Ice Content: , . e

in the laroratory, ice content is measured in terams of

ol sture content as a percentage of dry ve{qht {({Foothills,

i1979). Tce content is the dependent variable and the values

- . @ N .
s rarge fros zerc percent, or unfrozen, toc 2,500%, cr 25 times the

***** - wvelight—of 1ce cver material in the sa;ple; Lov ice ‘content soils

e T ﬂ%@—fﬁgﬁ{éed4&5—%h££e—h&JiﬁQ4i€€4€eﬁteﬂfS4%ESs4thﬂngsﬁﬂ;ihiiﬂﬁggggggggf
™ hlgb ice content scils range qenerdly above 100%. It should bpe-

poted here thﬂt there i= a hilghi,d;fiexencef1nthe~leasngesentf e
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of ice content betueen Poothllls' fleld procedure and that for

the cenpster-xlondxke data set. Foothills saaples uere larger.
1nclud\fg a coaplete sectlon of each textnral stratul o '
encountered in the prof11e, ‘whereas, salples #or the
Delpster Klondike: uere taken uxthln each textural stratulv
encountered. In effect therq is an avgragxng,procéss in

© Poothills computations of ice content that is absent in

lab0rafb;y'analysig“héré,Eﬁ&mthiS’IipIies a‘generaIIY‘IﬁiérWA“m“

value in ice ccntept fcr Foothills.

1 0 (unfrozen) 0
2 1 -5 ' 5
3 =15 .10
4 - 30 o 15
5 : . = 50 20 ;;
6 » --15 25 -
\ 7 ( - tes . > 30
3 - 140 - : 35
9 - 180, .. o400
10 - 225 ~ 48
11 : - 275. - 50
12 - - 330 - 55
13 - - 390 - . 80
14 ~ 855 . 7 g 7
15 - 525 _ . .70
16 - 600 75
17 : : - 680 80
13 , - 765 85
19 - : - 855 9:0
22 : .= 950 S 35

21 ' T -71050 100 etc.

Table 2: Cddes and Ranges for Ice conienf-_

-

0f concern to this thesis are the-bypotheticalfcntoff

points Letween large values of l&SSlve ice vhere surface

N e :

e
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Tree

dlsturbance of v1rtually any k1nd or lntenSIty could. Iell“lead

:»‘.?M

r
3

to grave erosion problens, and 1e55er anounts of 1ce
degree of dxsturbance is 1Iportant to the in1t1ation of

Ccorrective or contalnlng operatlons. Por exalple, the Northern

.Pxpel1ne Agency suggests av01dance of frozen 50115 with 20; or~5

greater ice content. Sene nethod of codlnq strnctnres is needed

: that vould spread tbe data 1n such a wvay that nany categorles

'nhere the

RN

o

- for the lower wvalues of*rce content could exist and féiér

categorles tor the hxgh values. Such a spread of data categories

can Le devxsed ns1ng a pouer or trlgoncnetrlc transforlatlon, -

but -a far 51npler methed is to use an 1ncreasxng d1fference

betueen the high and low values in each category (Table 2). In

_this case an increase in ice content cf 5% per category was

elployed. fé
2. Latitude: - . - | .%

: . é‘

: . e - . - A
) ‘Por the variable latitude, a ;atiety of\codinq structures %
vere examined. Hovever tbe simplest proved the .bst etfectivefi %
one code for each degree of latitude. Inegqualities lay“atise %
fros uorking vith different nnp.;;ojections, but the data run g
fros 605 to467°u and errors gEnerated in this range are of %

‘little GQL§QgQQQQ@Lmj;ﬁlgﬂlilgﬁﬂﬁglgLﬂLliﬂﬁQgﬁﬂdﬁﬂ4b¥fﬁgﬂjplggggggggg;ggég;
| (1991) is used for the Nackenzie Valley data set % o ' =

{Table 3).

e
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CCODE.  LATITODE ' LATITUDE (Mackenzie)

1 - 61° to 62°N 619, 62°N :
2 62° to 630K 638 | ’ .
3 63° to 64°N . - - 640
4 64° to 659N 659
5 659 to 660N 66° .
.6 . - 669 to 679N 679, 68ON. ;

- Table*it”Codéstdtfthe”Yﬁfidhre“hétitude; e T

For the variable Flevation, a frequency distributicn of the ]
daga was plotted and the clustering noted. A 500 fodt'(152 R) ?
interval for each category vas used above a Laseline of 1,000 ft ;

' - ' i
(305 m) as it toth covered the spread of data ané preserved the ;%
. _clusters evidert ip the plot. :
\ ;
CODE  ELEVATION e ;;;1311g1~133ctenzierm*f?7*~* o
1 less than 1500 ft (475 s) ~ 0 - 200 ft (61 m)
2" - 2000 £t (610 m) S - 800 ft (122 »)
3 - 2500 ft (762 m) - 600 ft (183 m)
4 - 3000 £t (914 m) , - 700 ft (213 =)
5 - 3500 ft (1067 m) ' ‘- 800 ft (288 wm)
b over 3500 ft S .

- 900 ft (274 wm).

e ——

-

; Table 4: Codes for the Variableizleyatioh.

This defihition.of'cgtegdfie§~is different from Crampton's since

elevations in the ‘Mackenzie .Valley vary sych less than along the

*

Dempster route which crosses msountairt ranges, river valleys and
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a qreat upl

(»1.5;9 m) . (Table u)., T T T

4. Kspectf

4
N

Agpect 15 known to be an 1lportant vatlable 1nf1ueuc1n["

'présenCE‘of*perlafIUst for it~ intlnences.the aiount"df Qélif““w’”””‘”
radiaiidn received at the'=ur£ace. It can happea that frozen

ground exists on northly slopes uhlle the opposinq southerly

slopes are free of- pe:lafrcst (B:ovn,,197QL due to the

insolation potential of either siope. Aspéct udshdeterlined'on
site with a4 compass, adjusteil for dncllnation, ard recorded. The

problem of cod1ng thxsglnforlatxon is t4 plafe the elqht lajot

<

poxnts of the coupass in a sirx. fcld catkgory systel. Tables of

assgmes’ constant of at least a s1lxlar moisture conditlons at’ '»‘ N
the surface througbout the day, but dgu, forl%d in the cool of

“the nxqbt, must be Lurned off in the lornxng al ﬂ S0 there LS ‘ .

= ~-less radiant energy avaxlable to heat the groun than later in -, ,\;i%

’the day. The dlfference is cnly slxght bat 1t 1§ sugqested that , f\ %

it is enough to pprnxt a non-sy:letrxcal codxng of tha northuesi : "\'?

~and northeast true COBEASS points (?&ble 5) . Aspﬁct is coded loi' B j\:

 to high v1th more fregueguent 1nc1dence qﬁ perlafgost, as. 3-j ,1 f L \3

Indlcatéﬂ in the Iiter‘fufe. Cfalpton's code” structure is used S ﬁT

S
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%.  Slope:

. , The Mackenzie data are coded, one degree of slcpe for each

c‘ass, Ulth ciass six being any slcpe greater than six deg;g S.

_ Th;s proved hxghly successful for this terraxn' a broad flat .

Sl veatheotn s ek Hhicinabt, £ i

valley. Howeter; t he- Betpster is- luch sore &1'6tstfied i
| celief. FE ‘ o ' ' N ' | ’ :
CODE DEGREES GF SLOPE  SLOPE (Mackenzie) . 3
| 0 - 2 | EEERTYd | :
, - Il -6 . 20 ' | :
7 -9 S 1 Jo

10 - 12 4o . .
13 - 21 : 50 ... | -
22 and over - 6° ‘ ‘

T E W -

— e -— e

ey e pr— ——

“;‘1—_4//‘/;;' el e P

Table 6: Codes for the Variable Slopge.

66




The,liierature cites three degrees of slope to.be'iiﬁortant for

rflﬁ!,,10 to_ 201 as_ ledxul and over’ 20! as stegpieﬁxxheehgse

®

the 1n1t1at10n of doanslope lovelent (Brovn and Gtave,\1978-'
S
CStrang, 1973; U.S. Dept. Interior, 1976), elght-degrees is

\ _
f\suggested by Zoltai and Pettapiece (1973) , while Code (1973)

A‘c1tes 1nsfances of flou on f1re danaged slopes of fout degrees.
Nthn Leonoff Ltd. (1979) cons1der 0 to 3% as flat 3 to 10% as \\

fi@ures in nlnd and havxng plotted ;renquency table= of the 0

data, the above code structure Was assigned.

\ |
i

6. LSpdforl Genesis:
' Léndforl’genesis, as it is conceived bere, should te

tre'atedf\}as an areal descriptor cf the surrounding locale. It is

the sum of the issediately perceptinle tdpogréphy,'and a qtoséd;

< 2 - . ‘ ) . ]
estimate of the genesis of the substrate saterial. The class
. ’ \\ R

v‘3o:gan1cf_desc:ibes peat plateaus and”shefﬁe[ed,hugloqkz:"

terrains with Jeep crganic ldyvrs:and pinggds. 'Glacial

la'‘custrine' encompases valley Lottoas of fi(e materials, and N\ e
\) . .

*glacio-fluvial!’ iuﬁliesAvalfey sides of river terrace sandy

i

materials. 'Horainalf“dncludes'siteq of granular material on

vvalley Sides, 1nd hullacky terrain of open ‘and exposed areas

S
.

| V&%ﬁmfpﬁﬂ%%aﬁf“%hiﬁ4ﬁfqaﬁi64hﬁf110nS"4ttﬂEﬁtEﬁ‘SiUPES*TIHCiﬂﬁE‘*“““*

\ ~ . ? 4

-/% CT - ) . [ ) ' Y
{<atefials on the slopes. o . L

s
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N o B \ | B | , Lo
. : . - [ - - S [ e s\ s
E_@E‘Dﬂzﬁgm' LENDFORE .
- \ - DR »
— _ -— ——— 4;777;7 - : 3 . 3 ! =~ FE ,: ‘. : . — - . : = "—“ ’
S deep organxcs, -gingos. - LT e
2 Glac1al Lacustrine - valley bottons,. oo Alluwial- -
, fines. , : Lacustrine
3 Glacio—-fluvial - valley sxdes, tetraces, Deltaic '
B candy materials. o : , -
4 ﬂo:ainal°— valley sides, open hummocks, = Morainal B =
: - gravels, thir organics.:-% S oo
5 Llneated Slopes - large relief, sorting, Slopes ‘ Co T
' ‘surface gravels. - ‘ ' , : -
6 Till venere over bedrock. o ‘Till. o

Table 7: Codes for the Variables Landfors Genesis and :
Landforl (ﬂackenzle). o . -

. . v

The firal class includes areas of bérren rock and open, exposed
divides vith a thin ¢cver cf open tussocks.over coarse

materials. The cedings by-Cralpton {(1981) were used as a base , . =

vl

for the preéent structure. Changes were lade to acconlodate the

»
RN N

diversity ot terrain in the Yukcn‘traverses‘and'fac111tate and

R

i i Ex £ - . ——
S staplify the fielkl works I

whi v

e 5

7. Cepth:- : ' | ol ,.' A -

\
=3
o
EEATPITS TIPS RIU SR
;

1 : Y A

Depth to the sample, below the surface, was coded in éix

el g

inch (15.2 cu) increnents (Table 8). It was v1rtually LlpOSSlble

a

to hand-auger bevond five feet (1.5 n) in even the llghtest'of

60 Sites sélpied in the Delpsterfxlppdike set'uere‘found‘to4' ;
' have active layers between three and five feet thick. Because e

. 13 ) ‘r'i~
& 68




- were_ used for the Delpcter-Klondlke H)ghuays data set, ajnd 1n

uffiéwéajpling,vas conducted in July and August it is assumed that

the active layer depth was close to its maximum.

CODE DEPTH (Dempster-kKlondike) DEPTH
1 0 - 6 ins (15.2 cas) 0 -5 ft (1.5 m)
2 -, 1 £t (30.5 cas) C - 10 £t (3.0 »m)
3 = 1.5 ft (45.7 cas) - 15 ft (4.5 m).
4 - 2 ft (61.0 cms) : - 20 £t (6.1 m)
Ty 2.5t I?G.Tc.s) =St (7.6
&

“*Uver 205ttt ) ‘ .over 25 fto S

Table &: Codes for the variable Depth

e
P

v

Permatrost at five to six feet was determined by probing only.

The thickness of the permafrost was seldonm deter;inedl;f thicker

than 18 ibchés (QG'CIS), simply because it tock so nu&ﬂ’tile and

Aeffg;t tc core through. However, thln lenses with 1nterspersed

ﬁ_ﬁfgumu_mlﬁli$sglﬁiﬁAndiﬁﬂ+4ln4EnglnEEL1ng4ie£lsT44i4{@Lnaiggstﬁisgﬁgumlggggf

only below two metres then the sxte'ls consldered ‘anfrozen'

>(Klohn Leondff Ltd., 1979). Thus the codes in the first llst

the second list, those devised by Crampton, were used.for_ﬁhe

Mackenzie and Cempster Corridor data sets.

8. Texture:

3

— — . - = Y

Texture of the sample coded lcow to high iith‘increasiﬁgf7

grain size. The classes are sufficiently broad for hanad . c

texturing in tae field t6~be accuragé (Burdick et al.;:1978), .

-

) , 69
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while at the same time concise encugh for gemeral engineering g
purfposes (Assoc. Ccaopm. Soil ard Snow Mechanics, !95§). All
samples wére double checked duringlthé iaboratory analysis. The |
variables texture above and texture below are used.to describe /
the textural changes in the horizcns ofer the prcfile. The

Canadian Soil System or Unified Scale is reported for comparison

and convenlence.

LN

CODE IEXTURE JNIFIED SCALE
1 Crganic soil PT
2 Crganic *silts and clays 0H,/0L
3 ITrorjanic silts and clays ‘ CH/CL
4 Tnoryanic silts and clays with fine sand MA/ML
5 Clayey and =silty sands and gravels SC/GC/SM/GM
o) Sands, Jravels and bedrock SPE/GP/SWH/GR.

Table G: Codes for the Variables Texture, Texture of the
Layer Above and Texture of the Layer Below.

Organic materials at the surface act as an insuvlator and
are particuiarly eftfective in freserving the permafrost fron
atmospheric heat. At the southern fringe of the distribution of

Feraafrost, 1in the Sporidic Zcne, rermafrost is to be found only

a

in reatlands. Thermal conductivity of dry peat is very low so

+

49|

that in suzmer, vhen the tor suvrface is dried, the heat
pengtfatiou below the surface is curtailed resulting in less
seisonal thawing than in nearby non-peatlands. In winter the
reat become3 saturated and no longer Being a great insulator, it

treszes. The soil fbeing relatively warmer than the air, the

h

verticil keat Zlux is in an upward direction and the soil looses /
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heat to the atmosphere. if the enerjy balance is consistently at
3, deficet the tegreratures cf the ground will be negative and
rermaf rost results.

_ Finer textures of waterials redquce the volumes of air
trapped in the scil, the thermal conductivity is larger so that
Fermafirest is gore likely'tc e tcund present in silts than
sands. Thre tiner textured raterials also retain voisture better
ari thersal corductivity is enhancedl by the presence cf moisture

which is sulbsejuently increased wher the roistire forms ice

(Sellers, 1972).

S. Vejetation:

Vegetatiorn has been rejyeatedly considereé as the s1ngle
nost impﬁrtant parareter for predictiny the occurrence of
perpafrest, thcujyn cften’it has froven unreliaple. Hoﬁever,
there 15 ro denyirg the userulness >f vegetatlion as a parameter
in Zomrination Wwith otner variactles for predicticr. The code
structures used here arose from field expgrience and a troad
literature search. It 1is based primarily upon the general
findinjs of permafrost and vegetation associations observed in
air-photo analysis, and intuitive interconpections developed by
fieldwork cn eccsystems by several, but chiefly by Bliss ;
(especially (ed.) 1873 and 1980). The classes prcceei lcw to

high with suspected increases in insidence of’permafrost. The

associated soils ard drainage are reported to help the reader

»
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vi=uaallze tre various envirgnmer+ts, ard therery ewpphisize thne
differentia*tion 140 the Co7irg Struchture.
¢
€L22 JZIGIZIATION 25FIHAGE S¢ILS JEGELATICN
1 palte & Black Struce sell to runiscls Tardwoods
alsamr Foplar rzperfect
TioseZ forect
2 ¥rive 5 opglack Spruce weli 102 Bruanisels Conifers
*1rcn, *0ss irrerfect o
Tien fnrest : " Fegosols
2 Slack Jiruce rrpertect Ficriscls Lichern-
e t o treed
Sisysols
4 _icren well *+o - -Begosnls Lichens
¥0s33 impertect
5 Tall Saruks lmperfecst leysols Sedges-
Drarken Black ESrruce to roor to - treed
Fitriscls
£ TIDMOCKSE © tUSSOCES Lcor sleysols  Sedges.
¥et sedges to
Firriscls

Codes for the Variable Vegetaticn with its
1atione and Vecetaticn (Mackenzie).

_,..
93]
0
Q X

Additinrnal Variatles

OtLer'varidnles were considered for inclusior in the
anaiysis tut not emplcyed. Cne was the depth of thé active
layer, but the various data sets were collected at different
tires, seasons and years énd‘were thus consideredAincompatible.

, There was no simple method of including a time variable, either
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oy,

Lo , 7 . 7 o= /’ P’\ .
’ var;atles.-The rs&cr&s at félpetatUtes, precxpltatlon and uxnd

5 +

'f vf. wege ilspep/pi ovez the area«for a ialuable contrLbutlon to

R % Ty, v e U

Ky 3
e s B e - &

T tho &ﬂﬂlfﬁi@w ome pcfeﬂtxal ct1:at1 'varxabfe 15“1nsolat10n““'
o b ‘
potnqtlaL/ Colputed frog slcpe, 1emqth of day, percent spnllghtv
ya

-
. B : E

;?3 ' per é@x an angular 31<placenent o{ the sun, and presented in

T

‘ b

' unlrs oF énérgy over tame; thxs couId be aipowerful varlable. , \
. / :
; - '1“”War;ous conpuﬁat;ons‘ueré qttqnpted; bu;rall,grqv9d,unv1eLdly

Ty ," B /,/ L -f B . 5
-7 7: v and gﬁégr tnstilléﬁ'a'firn convictiqﬁ that they'added any more

S - 1n/é;ldt10n to the analysls than aspect and slope.’ Snovcover is

EPA ',’1/ -
. 3
el ancther var;able 1nf1uenc1ng local peclafrost var1at10ns for it

/4'ﬁ,nsulated the ;ICULdgjﬂgjlﬂiﬁjglhhlhlilﬂggfxnsigfﬁneitaiign—and—————~——*

'fmf n:eserved latc 1n the- sprlng can also 1lpeed warulng of the

-
‘.‘t

grOJndﬁ Snoﬁfall ;eglne and duratlon on. the ground are lnportant"”

- A -

.

’,factdrs PspeCLally south of the treellne in discontinuocus

g, A

o ~ngmafgpst (Pgench. 19.76) bpt fc; the‘breath of this study such -
data‘afpfdotvdvaifaéle. Draxnage constltutes an lnportant

» >
N R

om15519r from th’?varlety of vanlables used Water bodies
s e
IR +
possess a hlgh spec1£1c beata ;r coptlnpous perrafrqost lakes

- . 1

*that do not freeze to”the bottdz,in vinter have»an throzen

gro End layer beneath It the vater body is 1arge enough an,

‘unfrozen ulndow Ray. ex1st all the uay"through the pernafrost. In

- T a few cases the retults/have 1nd1cate& small aEOﬁnts of ice 1in

R
.y & ‘/ - R

Q. <. / N - ~«

- . o /



what should be ptlle ccndltlopc for hlgh ice content in the

:pgrnafrost, The suspicion is that there is a lack of moisture
present- to form the ice. If there was some measure of available

subsurface drainSge‘this prcblem might -be ex;lainéd aud the

%Pspicions confirned or rejectpd kot 1t has pot been. 90551ble
to undertake the necessary fleli work.

inctber onlss1on 1n thp analy51s is flre hlstory. Muck, if

not all, the study area has beer burned bvar at some .time, to
the extent that tor the Central Yukon mixed stands of black,and.
vhite sprucp can be consxdered the clllax forest for it is

— e — = T e e

unlxkply thaf a4 mono-specific clack spruce stand wxll have

enough tiee to-develor betueen fires (Strang and Johnson, 1981).’
The eftect of fire on peflafrost is dependent’ on .the nature and
\\\dampﬁess'of the vegetation and the speed at which the fire

ﬁasses through the area (French, 1976). Rarid fires in damp

arpis Bay burn only the trees and the eftect on permafrost will

be nedli:iblen Cn the other .hard if the vegetaticn is dry and

the tire‘noves slowly the ice—rich vill thaw ‘thermokarst may 7
P

develop and the active layer will thicken. Other than a recent

parer by Jchnsorn and Strang (1582) there is llttle information

i
on fire history in the Yukon. For the Mackenzie scme studies

vere done but only on a site spec1f1c level (Bliss, 1980).

Taking the lead tron Heglnbotton et al. (1978), strdcture;w

of 1cy permafrost uasxlnltlally input as the dependent variable . =

in fhé”analy51s (Tabié\11). The coding was derived from

T

- Pihlainen and_Johnston\(1963) and their wdrk on types of ice in

N
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because it was lirited in scope due to the ssaller nalber of—

— ‘classes (but see Cramptom, 1981).

CGDE  GROUP  STRUCTURE
1 NE Prozen soil, ice not visible, poorly becnded -
2 Nb . Well tonded, low saturatiom to excess ice-
3 ¥x.  Individual ice crystals or_ 1nc1usxons_,A,,”W”fw,ﬁwvmﬂ_ﬁf
7 4 Ve Ice coatings on farticles L
5 Vr  ‘Pandom or orregularly oriented _ice formationms
6 Vs - Stratified or dictinctly oriented ice
g : formations
7 " ICE - Ice with’'soil inclusions ,
3 ICE Ice vlthout 5011 lnclu510ns. )

e — - —— —— —

Table 11: Codes fcr the vVariakble Structute.

Ranicm numbers from 1 to & were éénéra§eé and used in place

of the variables elevation and aspect when thqgg.variablésfyere , S =

——t——— seen to De seccndary influepces as indicated by ANECSY output.
The reasons for this action were: to test for *garbage in' and

’ ‘ - D Lo S

'gartage out' phencsera in the,p:ogral and to assure recognition z

of srurious relatlcns by havxng an exasmple to go by. oad results

o e

e

were obtained; the sost pouerful predlctor ¥as a two variable

[P T

and not a four variable lnteract;on,as had always been the case

5
o€ R

"for four cycle analysis. The resultant matrices were confusing,

xdentlfylng spurious relations as dominant interactions. In

. L,

addlxlon the check results were erratic. It was conclnded that- . -

the randce number sets identified themselves as meaningless by

presenting such idiosyncrasies.

/'



Revised Cades

Sumaarising, the codes vere based on Cralpton (1981), but

revised and altered in lany ases. Latitude vas chanqed forEthe
Vo

Denpster~Klond1ke data because the data spread farther south andf

not as far north as that of the Mackenzie Valley. Elevat1on and .

- 'sibgé'ibré"alteféﬂ"béééﬁgé"fie’f66155m5£3965éajd§f§ér iﬁythe
aiplitude of relief The lntlnence of aspect on rermafrost is,

Lnterproted slightly dlfferently than by Crampton. Landforn

5 W;%””W*¢ﬂﬁﬁﬁ§7ﬁS’ﬁﬁ%ﬂ?ﬁﬁﬁiffﬁf;ﬁﬁﬁiffIﬁfggifﬁﬁTfo:ﬁﬁ@:fF*

~

pore specific to the Deapster route. Depth of the sahple as a
‘Avaridble vas changed;because of the different field procedure,
and vegetatlon was expanded to make 1t ‘more spec1f1c,'and also-

~ ~ r
to imclude 1nfcrnat10n on assocxatxons (Bllss, 1980).

Techniques of ABQllﬁl.

Inltlally perceiveﬂ ‘as sxlply ‘a uay of gett1ng to knou the'
data sets, the prellnlnary stat1st1ca1 analy51s chne to be an>
integral part of the work, providing a surpr151ng alount of
informatidn. The scattergrals and the correlation flgures
_provided a measure of the 1nterdependence of the var1ab1es, ~and

~ | . 1&1eﬁangﬁxcellgnigxefeLenc£4xhen4ihe4siceﬂgxh4ot4xh94444444—7——g————*———

1nterrelatlonsh1ps Letween the variables in the Frogranm uete‘

analyzed.
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Scattergrass -

Jsing Eelease 8 of the Statlstlcal Package for the Soc1al

& -

Sciences (sPss, 1979) ccattergrals were produced for eacb

'1ndependent varlable on the dependent varmable. 1ce ccntent of_

‘11sually at a varlety of scales in an attelpt to lsolate the-

t re
A

per:afroqt écattergrals vere also produced for each varxable on

every'other varrable. The" resnlts VEIE‘EliiinEﬁ“iHHUKTIY’JHGA' '*ff"f*ﬁ

e
P -

clusterlng and. patterns, and to prevxeu lxnear and non "linear

A

‘Correlations

" K
Tl o - e e e e ey s = ST

-

produced Hlth the Scatterqran Proqrangandas"

i .
-_4n1t1a11y Later Kendall's Tau was conputed as pos51bly am -]

-

approprrate measure.- Kendall‘s Tau'is a technlque for produc ng-
standardlzed coeff1c1ents based on the amount of agreenent

Letween two sets.of ordinal ranklngs. It is used when a,large

mumber of oases‘are olassified'intoba small number of o

“
e ?

categories. The absolute value of tau generally tends to be legs

than Pearson's R coefflcent The 51gn1fxgance of tau is \ - o
S e _ \c | .
deternlned by comparxng tau to a norlal dxstrxbutxon Hlth : :\ T

'Stanoara deviation. x tvo-tailed test ot 51gn1f1cance vas used.;\ R

L]

The standard error of the estimate is equivalent to the standard

x

dev1at10n of the resxduals. For the couputationai fornuiae*of e

P ; »

X s . ER
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these statistic

- as expected;jslx htly snallgr in abqolute value than Pearson's.’

In terms of direction and éignificanée btoth colputatiOns broved» P
virtvally the sanwme, ! .
it = . .

’téétswof significahce, standard érror,,intercept and,slope of

the line; %one of these are repcrtod for each of the data sets.

In the codlng for ice content, code 1 represents anfrozen '

a >

i;.'"‘, . ., . - - M
. “material. In order to see hov the correlation coefficients - - = = s

- - 7-react, all ﬂnfrOZEn sites vereAexcluded.1n a seccnd computer rum . - °

of thé;data. The. ratxcnale'for this‘actlon was to focus. nore ' , :

closely 0N the ice content ratber than the dlstrlbutlon of the , :

"u:“ o permafrost. By exclud1ng those unfrozen 51tes the regressron

equation becane a predlctlve model of the c0nd1t10n hat - .(f?

?

prenote hxgher ice contents in peruafrost. Tpese resullts are

alsa reparted. T ’ : o N ' -

¥ - R = - . N " -

7USlﬂq the»SPSS,prograns once?again,'a nultlple 11neat | ' o

© .

S ’regr9551on ¥as rum. All ten of the 1ndependent varxables wgre R

S regressed upon ice canent in a-srepu1se fashlon. T L {

- e : : ' L T T s _
- - Because regressxon analysxs requ1res a higher order of l

< neasurelent than’the coded var;ables, du.my varlables were '

- ot [ S

- created for a second nultlple regre551on procedure. Dunly ’ =
* ST B /~’ . ¥ o . N\ ¢ . .-

= p - ! . e~ e A
- - 4 - R ~
» Y y <

. - i - -
Y - - : - [
= f < . . 8 . - - .
[ . . 7 - . e
. . t . K



o \\.

variraibles are created cy treatiny eich*category of tﬁe nomina;
variable as a2 lummy variaople and assigning scores for all cases
dependirj cnp their f[resence of absence 1in each of thé categories
(Kie, 1930). Since dummy variatles have Qrbitrary metrié’valﬁes
of 9 and 1 iﬁ each category, they‘are dichotcerous and may be
tredated 15 int=rval variaples and thereby inserted in the
recression o4uation by way of a qategory ver sus variable matrix
(hrarer ind Switn, 1966). 1t i1s necessary however to impoée
addi+tional éonstraints on the parameters of the régreésioﬂ
equition otperwise it would be unsolvable, the last dumry
variable belng ccapletely deterpined by the rest. Among the

. possible constraints the -most usefaul are; to set the constant
terz of the ejuation to zero or tc omit one of the dummies fros
thé the cgyuaticn. If =everal systems of mnlti-catejoried

variibles are invalved *the lest procedure is to delete one dummy

“4

variiable froam each system ({Suits, 19575. The'excluded category
1ces not mean a4 loss in information as each category is
rerreserted by a uniquefcomtinatiop of fhé Ausmy variables. The
excluded category 1t rererted tc as tbé refepence category (Nie,
19R83), in *this case, cateégory b for each variable. Suits (1957)
declares 1hat there 1s nothing artificial abcut the creation of
such vartiatles. He suggests that they nmay, in_some sen;e; be
more p%opérly scaled than otherwise conventionally measured
va;iables for in the e#Zné of curvature the use c¢f lineat

regresion yields bilased estimates. By dividing variables into a

set of dummy variatles, unbiased estimates are olktained since



the regrwssion coefficéents cf the dummies conform tc the
. - .

El

curvature.
In an effnrt to keep this part of the aralysis under some

control the prccedure was as fcollows: all the dummies were
regressegd upon ice content, then the variatle whese Jumries
contribute ie{st was excluded. Thé remaining dummies Were
regrassel Upon ice conternt and again ghe least centributor
i?entific1EVin essence 1 stepwlse regressicn in a backward
dirsstion. Tt was continwed until the regression equatfcn proved

Sigaificant in F-value at-the 0.001 level. CnLy the final

outouts ire reported apnd discussed.

Analysis ot Ecological Systeas

The‘zinai staje in the analysis is ANB®CSY. Tt is a
"statistical program based on'bultiple regression cf dummy
v1riables tut novel tc s;ch an analvtical approach is the
processira of +the jataran@‘cpegfion cf compination variables or
surrcogates. Thé ;rocedufé.iﬁ outlined below.

On inputting the data a percentage of sites is deleted rrom
the workinq cody of the data. This 1s the check sample and\is
kept separate fcr later use, its size and seléction procedure

: se
are user—-defined. .
.Each inderendent variable has been claésified into:the same

nurber of discreet categories, six in this case, to allcw for

their @qditable treatment within the analysis. The average of
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a tvo-dimensional, 6 6 matrix, i# constthcted' elbracxng all
combinaticns of thei \categpries. The neasured ice contents are-
: ‘ . X \\ \:,

\recorded in the ‘approgriate€ cell of the nattlx—repkesenﬁlng the

1

x X ' G >

R . . . . v . . N . E . - .
particular conditions lat each site. The large data base assures
\“ . ‘: “\‘ < ) N .

| @ SR . e o e

hare comguted ror eacb cAil and are tanked and d1v1ded lnto six.

7classeq &f ice contént The cells are nulbered 1 to. 6 accordx@g
- ’ B
to the1r\$ew cla551f1cat10n creatianj a sutrogate value. Thus the

¥

pafegdryvcomblnatlcns or matrix cells for ‘each two-variable

i
i

combinat{dn’are equated with a‘flass of ice content. This type

of "e—qcallng procedure 1s. a practical way. of deflnlng a

\

surrogata variatle ‘acting for t%e tuo lndependent variatles and

aVOldS the prdblea of the expone%tidlly expanding nunber of

cellé in the interacting varlablé matrices. Categorxzed ‘into six .

claqses of Lce contnnt the surro&ates serve as lnput into the

analy51s in additicn to the 51nglé variables,

For each possible.combination of three variables a similar
rohtiné>is adapted as for the fué;vériable ccembinations. And ‘ ’
again a 61616x5 patrix is‘ccnstructéd fof each pgssiblé
four—varfable‘conbination,,to Fersit calculation of surrogates
classified in ﬁecns of six categories of ice content for \

**@processiuq4iith4sinqie7‘tjU=‘and‘thréé:vari3hié‘snrrvqéﬁéST;““f‘*‘*

(o7
2]

multi-variable combinations, it has- been fdund from earlier

81 | ) o



~trials during the developngxx__A&LL.Jbg&_tbLfMuble
analysi's is clcse to  the opt;lul for xnterpretatlon. ngher'

.poversvbécome tco abstract and convoluted. Othe: problews of

computer time and storage ccme intdWeffect'at'tbis pd;nt

reduc1ng the efflcency.

In the analysis the surrogatescof éachgvariablé and
'Véfiaﬁﬂé'COmbiﬂafIcﬂ aTe regressed ‘in dummy fashion on the IR

s

~ : - : -

denendent variable ice content. All surrogates are input into

thp ana1y51s SLmultaneonsly but the best predlctxve nodel, 1n

7“—475 PR te;a*s—ér‘ WW%MWW

'four-varlatle 1nteract1ons° The three most significant

'lnteractlous‘are_reported tor each data set.

The check sampie is .then emarloyed to evaluate the results.-
Prejiction of 1ce content 1is based.on'the calculation of the

best fit foi the environmental character of a site in the check

sample and the anaiysis results. The streagth of association

betueen ice content of the particular site_in the check saIple
and that predicted by the results is then reported. The search

for an analytl al tool capatle ctf elploylng ccnblnatlon

varidbles is an ongoing process: ANECSY continues to evclve and

'deielop.

[
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The Assumptions of Classical Regression Hodels

v B .
T he asgunp%iéns of the classf&ilinéa? keﬁféssibfﬁ&léﬁ;_s~
are; | ‘
1. No measurement error in the values of thé'dependent and
o indépendedt vériables, ; )
7H=2:V;Th9 relatxcﬂshxpsfbetween*the*ﬁependent amﬂ*every*W“””ﬂ ””i“”W”*?“
lndepesdenf varlable are llnear, o ' ":la;“”‘“ “ o

r

3. Fach conditional condltzonal dlStIlbUtlon of\the dlsturbauce

a . Al S . ¢

- t&a;;gtf4£agaffafgatfgigkg£tiffzgeszgkrf Aggggggfgﬁfgféfilmf -
4. The variance of ‘the condi tional distribution of the

e

disturtance term 1is conétant for all such. ils%rlbutlons, de.’
Fomeosceda=t1c1ty assunptlcn,
5. Hhe values of the disturbarnce term are serially independent,

. .

te. Autocorrelation assumption,

€. Th; variahles are indepéndéntQOf cne another, ie. : : o -
Hultlcollnearxty assumrption,
A , , , : )
7. They cend 1txcna1 and uarqléal d1Qtr1butxons of each variable
are normal. |

'

{after Poole-anﬁ O'Ffarrell, 1971

\f“
%

G

For the !acken21e Valley ‘and Dempster Corridor data sets T4

* »

Vphe‘neasurement errors in the dependent variable were kept to a

minimun Ey setting a standardized uethoa of computing ice

content of the frozen samples. For the independent variables one

’

can only depend on the expertise of the workérs in the field.
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The nempéter—xlondike data set has the advantage of having been
collectel Lty ouly ore individual and the sampling procedure was
outlined prior tc field reccnpnaissance. It should be noted

however, that measurement error in regression can be ignored if

Q
)

the sole objective of the regression analysis is to predict the

- values ot Y to a Jiven set cf X values.

The linearity assumpticns in points two and six are the

e

jreitest problems associated with tue use of regression analysis
for environmental studies. The relationships outlined later in
the scatferilots (Figs. 6 to 12), are not linear and some of .
those‘réporged in the tables ot correlation coefficents (Tables
12 to Q) ind;cate their non-linear nature by large standard
errnrs. Such 1s cenerally the case for environmental data. But
*Fe coilnt ot p%eéenting the resuits of this analysis is to .show

the —roblen of ncn-lirearity cf interrelationships and to offer

sore solutions, for dummy variables do not require a linearity

Cassurptior in rejressiocn (Suits, 1957). ~

2o1nts 3, U and 5 all involve the pattern of disturkances.

T

(hd

1s imrossible to test directly the vali@ity of the
assumptions of the characteristicé of the disturkances és t he
disturbarces are unobservable (Pcole and 0'Farrell, 1971). Tests
mav, however, re carried cut cn the pattern of residuals in an
attempt to estimate the pattern of disturbances (Draper and
Saith, 1966). 3PSS facilitates plotting the residual (ie. the
differences between the observed values with the corresponding

predicted values obtained from the regression equation) versus
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B

. the pred1cted values obtained fro- the regte551on equatlon. A

‘horizontal band* about the predlcted Y values 1nd1cates no
. . B e . . - . 2 .
abnorlality and this was the case for most of the residval -

.plot , o 1 ‘ S N

The assumpticn of nornallty in the condxtlonal and nargxnal

dlstrlbutlons of each varlable is Dot binding if the data sets

,are large. On the cther hand large sanple sets create ptoblens'

, .
theaselves of spurious correlatlons and statistical versus

practical 51gn1f1cance (Drarper, 1968). The problem of bccurtence

" of spurious relations depends or the nuaber of independent

variables and their interco:relationsﬂ4ﬂith ten uncorrelated

LY

fndependent‘variables:the probability_of obtaining at least Qné

spurious correlation is approximately the probability of a type

1 error times 10. If we set the test statistic at 0.01 the

probability is 0.1, or with a test statistic of 0.001 the -
probabiif%y is 0.01. Wheté'thére"i%"ideEC6ffeldtidn'béfiééﬁ the

independent variables the probability is less but still
con51derab1y larger than the test statistic (Draper, 1968) . Thus (
the test. statistic nust be kept stringent wherever possihle.

With regard to the ‘seccnd problem, the lagnituderof the . ‘f ¢

i

correlation required for statistical significance, tbls depends

dlrecgly or the samfple size. The ptobablllty of obtainping a.

statistically sxgnxflcant sanple correlatlcn coefflcent vhen in

fact two variables are uncorrelated,relains ccnstant Ulth‘

increasing samrle size, but the nagnltude of the correlatlon

considered to be statlstlcally significant decreases. Thus in an
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attempt to avoid type 2 errors a harsh cutoff of ¢ greater than

of equal to 0. 20 vas used for 1ntervar1ate correlatxons hefore ' ,\;
belng considered to have potent1al practical 51gn1f1cance, and .
this was increases to 0.30 for 1nter-dunny var1ab1e.
correlat1ons. ¥ith con51stent appllcat1on o} these indicators
confidence in the correlaticns can be -dint;iheg.;

A last point should be made here, this in regard to
analysis of variance. Alrhough analysis of,variance'aﬂq nultiplefy
regressidn anarysis are interchangable in: the caée_pf |
' categorical independent variables, multipie regression apalysi§ 
is superior or the only appropriate method of anaiysis vhen, as
applies to this thesis; (a) the indepe;eent variables are both
continuous and categorical; (byvuhen'cellﬁfrequencieshare
unequdl and diéprpportionate'and {c)- vhen studyihg frends in
‘data, linee;, quadratié‘and:so on (froa Kerlinger apq%Pedhazur,'

1973, pp.11#-5§ Cohen and Cohen, 1975, ppa186—8y< " — -~y

On the Use of Regressicn

It vas found most difficult to interpret,the output of a
four-variatle interaction from ANECSY without sosme indicqtor of

the dynamics of the interrelationships involved. The R .

scattergrans vere’ elployed to search for recognlsable trends

. Y

betveen the variables. Correlatlcn coeffic1ents vere employed

77777 R

for 1nd1cat1nq strength and 51gn1f1cance of the relat1ons.

)
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Still there was a *'gap' evidenibhé een intercorrelations

.

"of varxablts by twes and the four var1able 1nteract1Ve output.

o

In an attempt to f111 such a v01d and galn 1n51ght into the

+

trends of the relatlon-hlps the regress;ons were elployed.

‘ Multiple regression ua= perce1ved prlnarxly as an 1nd1cator of

- the relative dcnlnance of the varlables in potentlal explanatlon
of the distribution of ic perlafrost.’It was: recognlsed that . :%
the levels of neasurelent of the varxables was Lnadequate and so

the dunny varlables vere created, The results of the regre551on
>

.

jvana1y51s are never the less pre;en;ed fon'they fulfill the F?qu

for directjon in tranS}ating the ANECSY output iatrices. It is"

hoped that the regression,results are accebted for‘vhat*tﬁey are

meant to be; exploratory. S o - -

2

The Analysis Procedure in Qutline

For convenience a flow chart*ofﬂthemahaiyticaimptocedﬁre'*W;”"'
has been drawn up (fig..S). There are three data sets. Each»

datus is a record of the ice content and’ the ten associated ¥

L 4

variables for a sanple, Each of -the independent variables is
coded from one to six. In addition each data set has a sub-set

comprising only those sites that are frozen. This is a modified

dependent variable and is termed CDICE(1). Scattergrams and

correlations were conputed for the dependent variable'and'thev»

. nodlfled variable agaxnst each 1hdependent var1ah1e« Then each

" 1ndependent varlable ‘was run with every othet independent

variable. Kendall's Tau rank'éorrelations vere computed and are

i
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' Scattergrams uitQCDIC£(1)'ueré visually no more
inforlative'thﬁu‘the origihals and are,@he;eforejnot.geportédc
Liﬁeaf;and hhltiple regressions ﬁefe computed with both CDICE

v E o -
‘and CDICE(1) as dependent variables. Other variaktles were not

»

used as dependent variables 'in turn hecause
- the focus of this thesis is pernafibgt and ice content and_

- the dgta is in coded form, ordinal levei, and is inapplicahie

R |

for regression analysis, and

- the regressions were done to fill an information gap to be

used very tentatively as indicators of tremnds and not to
iderntify causal relationshifgs. oo
;At:this point the data were revieved once more and modified.

.Dummy variables of the independent variables were created as

described earlier o as to increase the level of measurement.
Correlaticn éoefficiehts and ihltipleA:egréssioﬁs vere computed
once more. Final;y the Analysis of EcoLogical Sysfgls prj:él

was rﬁn for the tiree initial data sgtg-dnly. The fesulté:;erev
compared to the other statistical ;;ocednres,'pfilatyjand |

secondary interactions identified and possible occurrences of

synergy outlined.

~

[

@
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3

The data cover three areas; the Nackenzie River Viliey Qf‘i5
-estern q.H. T., the De-pgter Cofridot’anq the,Delpstet-Klondiké '
hlghvays éf the Yukon Terrxtory. The latter sét,uas collec;ed
spec;flcally for this uork, vhereas, the others uete adapted
froa aligﬁnent sheetsrof thé,proposed gas pipeliﬁewrodyes.,. , R

variables used in the analysxs uete?hiatitudé, elevation,

aspect, slope, landfora qenesxs, depth to “the salple, texture of

'ﬁé';m" aYuw above, Ye

of the sdWpie, fexinre*of*fﬁe Sirtturfﬁfgﬁgim

w

below and, .lastly, vegetation. The dependent variable vas ice

i

content of the permaffost. Other variatles vere tried, but
rejected. The coding structures vere Based on thcese of Crampton
and a review of the literature. In many cases the codes were

3

designed to fit the situations involved, to be extractable frol

the field data énd,'inpogtantly, to be leanxngful to prospectlve

ysers.

'

The oposed stat15t1cal frocedures to. be elployed and

correlabﬂons, lxnear regresstans,flultxple

_regreséions vith and'uithontrdhili varlahles and fxnally

Analysis of Ecological Systeas. N
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S ;A f o
= S S R
~DATA SETS -~ ANALYTICAL PBOCEDURES
Baékenzié Valley Scattergrass CDICE vs each var
N=2322 Intervariable
N(1)=2032 . -
a. N .
Dempster Corridor . Correlations CDICE wvs each var
¥=1700 ' L Intecrvariable .
N(1)=1369 CDICE(1) vs each var,
Intervariable N (1)
Denpster-rlondxke ,
N=434 , @
N(1)=154 Linear - {CDICE vs each var
Regression CDICE(1) vs each var
~ multiple ~ JCDICE vs jall vars
R’éﬁféfsiﬁﬁ”" "\CDICE({1) vs all vars
Dumay Variables
" Correlations CDICE vs each dnnny,
Interdummies
- [CDICE{1) vs each duvmsay
Interdunmmies 1(1)
~Mdultiple Evs ilfthrrlres T e
Regression CDICE(l) vs all dumsamies
ANECSY
[ ‘ ) ANECSY Four-variable
' : combination
Pig. 5: Outline of the Analysis.Procedure.
.
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IV, BRSOLES. . R o T :

. The results of eaCh Step in the analysis, at%'presented in

this chapter. ?1:stly the scattergrans are outllned fou selectedf

'interactions. The 1ntervariate correlat1ons are: reported next

with a d1s¢0551on on -those’ prOVInq sxgngficant. The lultlple -

reqre551ons aEe then presented. The QLScuSSLOB‘then proceeds

L
»

.Ilfh creation ‘of the dua-y vatlables and a. reviev of thexr

1ntetact10ns. Then the lultlple reqr25510ns e-ploy1ng the dully

varlables ate presented Fxnally the Analys1s of Ecokogxcal
Systels proqral ‘results are tabulated and d1scu;;ed.

Scattergrams

. Uslng the SBbrontlne Scattetgtal'of‘spss Release 8 (Hie,;'
1975) ., eleven variables vege plotted agalnst one another, and<
for each plot, 51lple statlstlcs vere obtalned These ccaprised
Kendall's Tau, its slgnlfzcance test, the standatd error of the
estimate and the coeffic1ents a and b in the linear tEQIESSLOn

equatlon. A tuo—ta11ed‘test of 51gn1f1cance wvas selected.

standatd error of the estimate is also known ‘as the standard

'ﬁdeviatlon of the resxduals. For lore detalls and the

conputationel formulae of these‘statlstlcs see Nie (1975).
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Por the Hackenzxe Valley

(a)Ice Content ys Texture (?fg. 6) e e
Ice content ranges - -from 1 througb 21, and texture, 1
© through 6 1nc1u51ve..Tau = -0.372 51qn1f1cant at the 0.1% level

L

and standard error. of 2.329. Ice content is inveféeiy related to

texture. Both the’ plot and correlatan coefficent saggest there

' ts an ;nverse relatxon‘betveen xce”contgnp'and'tetture; that is

x

ice conten{lof pe#lafrostwincfeases ui;h Finerztexturés, though
. the plot5also indicates the relatiénship is only somewhat lipear-
31:;gsleIﬁfihgfl;;g£a;n£&;igén&;yggqg&gg;hax:ianzenTQLQAAigs;;;:::%j;
-and tine textured soils such as silts and élays often contain
hiqh'érbéortions of’iée in periafrost and that saﬁd} latgrials

are less susceptxble to ice accunulatlon. But novhere is it

suggested that thxs relatxon is purly llnear in nature. It is-

even possible that the relation betleeu lgp aqcnnulatlon‘and_:

texture of the Soil is not continuous over the full rande of

possible textures. It is not possible to verify this speculation

‘in this analysis, however, due‘;otthe'lilited nomber of

categories in the variable.

(b) Ice Content ys Latitude (Fig. . 7)
With Tau = 0.186,‘significant at better than 1% and. é'

standard error of 2. 610 the. 1nd1cat1ons are of a sxgn1f1cant

but veak 11near telatxonsh;p. Investxgatlng the plot in the'

dppet values of ice content 1t nay be seen that lat1tude 1 and &

have few occurrences o( hlgh ice uhereas in latltndes 3 and 6
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Then there begins a gradual fall off once nore. This is

T, - i ’**"r;"‘%’*v R
-

they‘&te iOre frequent anHiSEIII'iéféTtrequent irm Iatifﬁ&éS”Z‘hf”ff

and 5. So a change in ice contents from low to high latxtndes
-xght rpad as fglloes:ran area of lov 1ce contents at 60° to
61°N, cllnblng to a peak of hlgh ice content at 62° to 63°N.

Proa here there is a steep decline, :xnxnlzxng at 63° to 649N,

L 4
s

whereupon there is another rapid rise to 4 bhigh at 6u° to 65°K.

+

-

definitely not a linear relatlonshlp and because the curve. shous

tvo maximum and one minimunm 901nts the sxnplest curve that could
* 2

fit is a fourth order curve\icf. Fij. 13).‘ K

(c) Latitude vs Blevation (Fig. B8)
¥ i &

[ S ) - .
With only six categories to each variable and such a large

saiple, populaticn~¢éils are mostly oqérfilled._This situation

" occurs often under such a graphing procedure and very little .

information of value can be de tected within the visual coiponent
of the scatterqrai.‘Otheruise Tau = -0,138, significant at betﬁer' 
than 1%, so high latitudes are associated with low elevations;
Bécadse‘&ﬁé ndckenzie Valley trends northward this is no more

than one would expect.

For the Deapsteg Corridor -

(a) Ice Content s Vegetatlon (Plg. 9)

In this data set there occurs some of the highest ice

cqntents-pecorded,'code'2u or71165 to 1283% by weight. The

inverse relatiopship is very weak but significant at the 1%

95
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level. The highest ice contentsfoccurrmost frequently urder

biié?éspruce-iith mcss.covered’fioors (vegetatioﬂ’3);>anﬂ -

~beneath thick lichen and moss covers (vegetatxon 4). Fron_g}eld

experlence these are the expected cases. The thlck uosc covers.
<¢>

are often lndlcatatlve, though not aluays, of shallow icy

‘ o e L
permafrost in the North. The moSs tends to‘ﬁgsulate the ground:

teneath thus promotlng and preserv1ng 1ce tormatlon.

Mono- sPec1es stands of tlack spruce take a long tlme hetueen

fige damage to develop (Strang, 1982y and possxbly-this extended1

undisturbed period aids in,the‘developmenf of icy pereefroSt,

(b) Aspect ¥s Vegetation (Flg. 10) ol

Though the relatxonshlp is 51gn1f1cant, less than 3% of ther

variance is explained. Aspect was coded lov to high with

suspected permafrost occurrence as indicated in the literature

”of previous studles,jl.e. northerly fac1ng slopes contain

permafrost dore oﬁten.then southerly slopes. Vegetation was -
coded on similar basis, i.e. the hummocks and tussooks and sedge
lands often poorly drained"ere>5uspected of codteiniﬁg
permafrost more often than forests of white and black spruce and
oalsam poplar. So the éxpected relatlonshlp between aspect ‘and

vegetation, being coded in this way,. 1c a p051t1ve correlation
!

with northerly slopes related to the occurrence of‘hummocks and

" tussocks. But such is not the case here. The null relationship

between ice content and aspect and the small relatioo between

98
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icé content and vegetagiOR belie the assaﬂptieﬁs—eﬁtliaed—aﬂxﬂua:
and’ leave expectatlons on the 1ntervar1ab1e level unfulfllled..
On the other hand it is p0551ble that b1as in the site qelectlon
is helng indicated here. The;01l companies gathered data‘along

the proposed pipeline route which had major constfaintS‘imppSed

upon it during'planning. The Denpster Laier&l ;odﬁe_vgs“situated’
along the upper dry parts of ridges and avoided low-iyihg wet
areast Rebource to the original data is required to’aésess if

. this bias exists in fact. ¢

s

For the Dempséer-Klondike Hijhuays
‘ s
(a) Tce Contepnt (modified) vs Depth (Fig. 11) : b

With Tau = -0.303, significant at 0.001, this is the
strongest felaticnship after the textural variables. Compﬁtinq
category means (1H 5, 11.8, 8.2, 7.8, 8.6 and 7. 1) reveals a
logarithmic type curve for Jthh the regression line proves to
be a good apprcximatign'for the lov and mid values of depth.
Froa the plot it is evident‘fhat frozen ground iS~u6}e
predominant at shaliov depths, i.?. the active iafer is nost
oftgn ;hallou, with the-ice content'greatef‘af'or nearrthe top

of the permdfrost.

(by Landfora Genesis vs Vegetation (Fig. 12)

The correlation is weak and not significant. Beéause_of‘the_},

empty areas in the plot, one is tempted to speéulate that there

are relaticnships here. Only black spruce with moss and hummocks

100 -
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e

or tussocks are to be found on lineated slopes' lichen and noss\

covers are llmlted to,mo:alual and till landfcrms. Such nutually!.j’
) eaclusiVe, non-graduated relationships are not vell repfe$§htéd
in these statistical forna{s. |

In general: scattergrans prbv1de a - useful dlsplay of the R
data- at the 1n1t1al stages, clustered and dlspersed data are b
discernible and a visual estllatelafhthe.llnearlgyloup
non-linearity is soietiues‘possiﬁle; In ‘the cases presented ﬁefe
it can be seen that textuue, latltude, vegetatlon and landforl
. genesis each have a per,t'is:;ul,a,r, r,e,,la,;,t,mn, to,,;c,e ccntent and they
are by‘no'neané siuple liﬁiar curves. Though' the trends are not
defined specifically in térmslof tﬁe‘besi fitting»cutue'fhepe
are iudiCationé of the typerof ttendé existingé%etween the _::-~
independent variables; Relations a;t sometines 5urprisfng; whete‘
a p051t1ve relation would be expected betueen asPect and

"vegetatlon this proved not to be the case. But fbfwthls, at

least, the constralnts on data gatherlng_are suspect.

«

Inter-Variate Correlations
Descriptive statistics, correlation coefficients, =

o tuo—tailed tests of signitficance and standard errors of the

estlnate were 3ssenb1ed in tabular form (Tables 12 13, 14) for

each of the data sets.
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To study these coefficients noreiclosely Ketdall's Tau is

reported vhere the abcclute value of Tau 1s'greater than or:
equal to 0.19 and the s;gnlflcance is better than 0. 1! (Tables ‘ o

15, 16, 17). Across the tbree data sets the najor common

v

relations are depth-vVersus texture‘abOVe, texture of the sanple

versus.texture,abqve, texture of the sample versus texture belor -

and textiure abovelversus texture beloi. Th@s there appears to be
strong 1nterrelat10n=h1ps betveeﬂ the textural varlables and

depth in the proflle. ‘%here 501ﬂs are. shallou the proflle is

P,

. generally con51stent- organlcally charged naterlals over-‘
bedrock. Where 501ls are. deep, as in valley bottoms the pf@illes
are characterized by organlc naterlals gradlng.to silts and flne_

isands‘belou. Because the prcflles are pred;ctlble in thls way,

depth should snow correlatlon Hlth textures. 4' = i

Latltude and elevatlon are 1nverse1y related for all date//N\\I
too- The relaticn is- part1cularl¥ strong for the- Hackenzze | v
Valley es expected, hovever, the same‘e;planatlon {(valley trend)
‘may not ée Eﬁuenced for the Yukon because.the tran51tsfcross h

)

varying terrains with differing valley orientations. On the.

other hahd,tye correlaticus represent only about 6% explanation

" H A . -
LI ' , e

of the variance-which might vell be accounted for by simply
moving northvard to the coast. ‘ R , o ,
Investlgatlons of 1ntervar1able 1ndependence by study1ng

sxgn1f1cant but-null reIatlons, 1.e. absolute Tau 1ess than 0.10

-

N

.
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-RELATION R RELATION _ R
CDICE lat 0.19  CDICE(1) depth =0.26
CDICE depth - -0.19 CDICE(1) text -0.41
‘CDICE text =0.37 CDICE (1) texta -0.42
CDICE  texta -0.37  CDICE(1) ‘textb =-0.33 '
- CDICE ,textb -0.37" . - ,
. lat elev -0.38 lat - elev - ~0.37
lat aspect -0.19 ‘lat . . aspect -0.21
lat- . 1ndfam 0.19, lat . 1lndfm 0.19 .
elev.  text - -0.19 elev .- slope -0.19 .
elev  textb  -0.19  elev text | -0.21
slope veq 0.26 - elev - - texta -0.19 ¢
- depth texta 0.25 elev . textb -0.21
" text texta =  0.72 slope . veg 0.29
text  textb. 0.80 .. depth . texta 0.27
texta - textb 0.60 text texta 0.69
o . text textb 0.78 L

-

“texta textb 0.58

vy
i

IS

Table 15: Kendall Tau, where R is greater thah the
absolute value of 0.20 and a significance of
" better than 0.1%, for the Mackenzie River Valley.

-

v

RELATION " "R -~ TRELATIORN I G
o . . . . .
CDICE depth --0.2 CDICE (1) depth -0.40.
" CDICE  text ~-0.49 CDICE(1)  text} -0.671
CDICE , texta  -0.44  ~ CDICE(1) texta ~0.57
"CDICE textb -0.45 SDICB(1) ‘textb -0.54
lat = elev -0.22 ‘lat elev -0.35
~slope lpdfum 0.22-  depth ‘text - 0.31
-~ depth = teéxt 0.28 depth texta 0.43
depth texta - 0.40 depth textb 0.28
depth - textb ~  0.22 text - texta 0.66
text texta 0.68 text texthb 0.81
text textb 0.80 . texta textb 0.67 ™

texta “4textb 0.59

Iable»16: Kendall Tau, yhete R is gfeater than the
-absolute value of 0.20 and a significance of .
"t better than 0.1%, for the Dempster Corridor.

3

108



RELATION R RELATION

-

=¢]

CDICE  textbh ~0.20 * .CDICE(1) depth =0.30

) ' CDICE(Y) text -0.5%2
CDICE (1) texta -0.31
CDICE(1)  textb =0.38

lat  elev -0.25  lat  elev =-0.37

elev slope - 0.21 - lat ‘aspect =-0.22
elev veg 0.20 lat depth -0.23
aspect slope 0.24 elev slope 0.19
lndfm  textb 0.20. aspect slope 0.31
depth  text =~ 0.47 lndfm textb 0.20
depth  texta ‘0.41  depth ~ text 0.28
depth textb  0.31 depth texta 0.35
text texta 0.48  depth ~ textb 0.3
text textb 0.50 depth ~veg -0. 24
texta textb 0.42 text " texta = 0.45
' ' ‘ text - textb 0.59
text veg -0.22
texta ~ textb 0.43
texta - - veg ~-0.25
textb veg ~-0.22

Table 17: Kendall Tau, where K is greater than the
absolute value of 0.20 -and a significance of
hetter than 0.1% for the Dempster-Klondike
Highways. ‘
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RELATION

CDICE elev
CDICE veg
lat depth
lat text
lat texta”
lat texth
lat veqg
elev aspect
elev 1nd fm
aspect 1lndfm
aspect text
aspect texta
aspect textb
slope text
-slope texta
slope textb
lndfm veg
depth textb
depth veg

IR

20.05

-0.08

-0.06
~-0.06
-0.06
-0.05
~0.10
0.05
0.05
0.04
-0.06

-0.05

-0.05

0.06

0.05
0.05
-0.05

0.07

0.07

»

CDICE.(1)

lat
1at
lat
lat
lat
elev.
“slope
- slppe
dfm
epth

depth
®

"

»slopé_

depth

"text

texta-

texthb

\

veg
lndfm

texta.

texthb
texta
texthb
veg

R

+=0.09

-0.05
-0.05

-=D.05

0.05
0.08

.. 0.09

-0.05
0.08

- 0,07

Table 18: Kendall Tau where R is less than.the

absolute value of 0.10 and a significance of 1%,

for the Mackenzie Valley.
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BELATICN RELATION

E

CDICE{(1) - 1lat

CDICE{1) - veg
lat slope -0.09  lat . depth
lat 1ndfm -0.06 - lat . ; texta
lat text - 0.05 = elev - slope
elev . slope 0.07 . elev depth
elev veg -0.06 elev : text
aspect textb 0.06 . elev texta
slope  texta 0.06 aspect depth .
Indfm depth -0.09 aspect - text
Indfm text 0.06 aspect textb
Indfm texthb 0.07. -  slope text
depth » veg - 0.07 slope - textb
textb veg 0.10 lndfm depth

: lndfm - textb
Indfm veg

depth - Veg

)

-0.08
-0.08

0.09
0.10

0110

-0.07

-0.07

-0.07
-0.10
0.07
0.07
0.09

0.09.

-0.07
0.07

20,07

0.07

Table 19: Kendall Tau, where R is less that the
absolute value of 0.10 and a SLgnlflcance of 1%,

for the Dempster Corridor.

RELATICK * : ~ RELATION

R

elev aspect
aspect Indfm
. lndfa slope

N

o |

0.10
0.10
0. 10

i

Table 20: Kendall Tau, where R is less than the
absolute value of 0.10 and a significance of 1%,

for the Dempster-Klondike nghuays.
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and significance better than 1%, proved fru1tless as there fis"

no common- thcead to the relat10ns amongst all data sets (Tables

18; 19, 20). Hovever v1th1n the separate data sets some po1nts

are of note. Fot the Hacken21e, degth and the textural var&ablesi

‘are 1ndependent of 1at1tude, aepect and slope. Vegetatlon is

1ndependent of latitude, landform genesis and depth Alonq the |

Denpstet Corridor 1nd1catlcns of 1ndependence are less clear.
wagetat1on is 1ndependent of elevatlon, depth and: texture belou.
That vegetatlon is independent of so manyAvarlables in the
differingy situations is surpriSingias some relaticn to,latitude

~

and elevatlon is to be expected The lack of relation to depth

NS

is a ‘function of the latter s mode of neasurenent becauee

obviously rer'a series of samples thtough»one site proflle‘the

depth vill change but not the Vegefa tngat the surface. This is

true for depth and all the surface features. .

Under the constralnts of a lodlfled data set the:sdtﬁat1ons
fet latltude andndepth remaln the sale‘for the Hackenzte,tt
hovever, for aspect tte telatiens:becomeinon—signifieant.eFor
the Deapster Corridet the-laudscapé variaaiee of elevatien,
aspect slope and landform genesxs show anreased lndependence
of the textural and depth varlables. |

-For the Mackenzie and Denpster Corr1dor, ice content 1s
51gn1f1cantly inversely related to depth and all three textural

variables (rables 15, 16, 17). The 1nterest1ng part is the case

for the third data set. Here, ice content is related only to

o

texture of the layer belcw. The relation to depth is just beyond



the limits set for Tau, but is minor and non-significant for - .
P .

texture and texture above. However, when ice content is modified

by assigning unfrozen cases as missing,’then all four variables

become significant and are strongly inversely related. The
results now complement each other for all three data sets.

lLatitude is the only other variable with a relation to ice

note thét it beconesvlost yhenyice content is hodified.‘This

indicates a nén-iinéar changé in ice with movement nbrthyardst
?indiﬁg siéﬂifiéant'ﬁuli‘or iadepende§t re1atibnS to ice
content proved difficult kTables 18, 19; 26).‘0n1y7e1evation and
veéetationléppéared f&r»the Mackénzie_and none appeared‘for b‘”
either of the other dété sets. ﬁ@i-the modified iee content,
slope vas-indidéled inﬂfhé Hackénzie, latitude and vegeéétion
for the Dempstet-Cor:idor and once again Dempster-Klondike had

none reported.

Multiple Regressions

Multiple regression statistics were obtained uéing the
subroutine: Regression,. from ‘the programs in SPSS8. The ten

variables were regressed upon ice content. Exp%ahation'potential

for the distribution of ice content varied from 44% for the

Dempster Corridor, thrcugh 29% for the Mackenzie Valxg!lrgpﬁjZ[j

for the Dempster-Klondike Highway (Tables 21, 22, 23).

Fl
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YARIABLE MOLT R . R2
text - 0.482  0.232
lat 0.501 0.251 °
texta 0.518 0.268
aspect 0.532 0.283
veg 0.536 0.287
F=]55.52Q

- cd B2

0.232 -0.482
"0.015 0.189
0.017 -0.439
0.009 ~-0.207
0.006  0.067

© 0.004  -0.049
F Sig=0.001

B EsSig . ol
-0.767  0.001

0.258 * 0.001
-0.283  0.001
-0.215  0.001

0.156  0.001

0.121 _0.001

6.747

Table 21: Summary table,
~ Mackenzie Valley data.

ABLE MULT F
0.602 0.363
m 0.625 0.390
0.643 D.413
b 0.658 0.424
a 0.663 0.432
0.664 0.439
F=220.828

€ B2
0.363
0.028
0.023

0.011. -
0.008

0.007

P Sig=0.001

o

-0.902
0.u81
0.430

-0.426

-0.313
0.199
7.694

multiple regression of the

F Sig

0.001
0.001
0.001
- 0.001
0. 001
0.001

Table 22: Sumsary table, multiple regression of the

Nempster Corridor data.

VARIABLE HULT R

textb . 0.301
depth & 0.3u6
veg . 0.363
slope 0.376
elev 0.384 -

F=21.797

€H 22
0.090
0. 029
0.012
0.C09
0. 006

Y

PEARSON

-0.301
0.028
0.157

-0.083

-0.043

F 519=0.001

~

Table 23: Summary table, multiple regression of the .-
Dempster-Klondike Highways data.
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A stepwise reyression procedure was employed. The inclusion
I T e e - - -

criteriaLgere, F score betterlphqn 0.0j and tplerance of eFm
least,0.001{(Nie, i975). These~we£e purposefuily‘kept;
non-:estrictive 'so as to permit as manY'veriablee to enter the
equatior as possible fo:,'AQ indicated eaflier, the purpose’of
the regression procedere was to gain insight into tﬁe dynamics
betveen ice content of the permafrost and the environment and
.not in obtflnlng an qQptimum predlctlve egd%tlon. Once
“computatlons are conpleted a return to a strict F test of 0.001
is made in Eeportingithe results. The ratigﬁaieefeewthis actieﬁféﬂif¢m

is to allow freedox in analysis while keerping control over type

1 and type 2 errors within the results. It ;E an attempt to
balance the 1ncent1ve for 1dent1fy1ng secondary 1nfluences

a

aga%nst the possibility of ecqu1r1ng j insignificant and cpurlous
relatlonships. o

An explanatxon potemtlal of aroundv29i in six varlables wasrﬁww
found for the Hacken21e, beyond this partlal ¥ was not:
signif;cant at 0.001 for new variables. Texture dominates the
~equation but latitude proves important too. For the_DenpSfer‘
Corridor the explanation potential is iuch higher, at about 44%.

This is again”in six variables with texture predominant but with

landform-genesisféeccnd._Denpster—xlondike'has the léast

explanation potent1a1 of 12% but in only tuo 51gn1f1cant

' varlables' texture belcw and depth.

Comparing the Pearson R with the Kendall Tau (Tables 12,

13, 1&),correlations for the variables in the regression it can
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. be seenethat there‘are differences in the'absoldte values as

indicated'earliet° the Peatson coeff1c1ents belng the latger.n o .
Notlce that the hlgh correlatlon scores do not guarantee | :
1nc1usxon in the regress;on. Once textn;e ‘is included the

possibility of substantlally addlng to the explanation potential -

- is siight for the variables texture‘abeve'ana texture below. So

the secondary influences on ice content are Qeginind to be

identified here. Thiq is 'a maidr chenge from the study of

correlations aone. However, from the change in4§2, the results

show that the addition ,of; these secondary influences into the .. .. _
stepwise regression over and above the initial incluéion of the
textural variable accomplishesvlittle in explaining the variance

associated with ice content. Therefore though the Secondary

influences might be begining to be'identified they are not given

much weight an 4 thefe is no consideration of cumulative - S
influences in the epvironment. Textural and to Some extent
locatioral variables are being presented as all—iupe;tant‘for
predicting ice content of pernaftest with biologicei ane
' geomorphological variables of lesser importance.

Ice co;thnt was modified by e;cluding unfrozenvsites and
the multiple stepwise regression wasragain calculated; The -

_changes were quite dramatic (Tables 24, 25, 26). The explanation

of the varlance 1ncreaced in every case' dranatlcally so for the

VDempster Corrldor. 0bv1ously the unfrozen sites in thls data set

are obscurxng the dynanlcs between pernafrost and 1ts

environment. In all data sets texture and depth proved to be the

Fs - —
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YARIABLE - MULT B- B2  CH R2 DPEARSON B P sig e
text 0.513 0.263 0.263 -0.513  -0.845 0. 001
depth 0.542 - 0.29¢ - 0.031 -0.262 -0.271  0.00
elev 0.555 ~0.307 0.013  0.013 -0.264 0.001
texta 0.567 - 0.320 - 0.013 -0.467 -0.296 0.001
Indfn 0.573 0.328 0.008 0.127 0.136 " 0.001
- - . - 10.008
F=198.174" F 'Sig=0.001
. Table 24: Suuhary table; sultiple regression of the
modified- Mackenzie Valley data.
/ -
- VARIABLE MULT B B2  Cd CH B2 PEARSON B ESig .
text 0.672 0.452 0.u52 ~0.672 -1.131 0.001
depth 0.692 0.479 0.027 ~0.403 -0.256 0.001
l1ndfm 0.703 0.494 0.015 - 0.101 0.295 0. 001
elev 0.7M 0.506 ~ 0.0M11 0.152 - 0.222 - 0.001
texta- 0.718 0.516 0.011 -0.600 -0.342 0.001 -
. - 10,230
F=290.705% F . 5ig=0.001 ‘ *
__ o _ _ - __ 4 _ o ___ ot
Table 25: Summary table, multiple regressxon ‘of the
nodified Dempster Corridor data.
VARIABLE' MULT'B  R2 . CH B2 REMRSON B F Sig
text 0.562 0.316 0.316 ~0.562 -2.809 0. 001
depth 0.583 0.339 0.024 -0.323 0.010
textb 0.588 0.345  0.006 -0.441
¢ ' 17.149
F=70.151 F'sig=%.001
Table 26: Summary table, wultiple regression of the ‘

-

A
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prlnary lnfluences (though depth was not 51gn1f1can% at the

0 001 level in partial F for the Dempster Klondike it is Stlll
reported). Note too‘that the slgnlfxcant varlables conprlslng |
the egquations for the Hacke921e and. 9§npster Corrldor are the

same albelt in a dlfferent order.’ Elevatlon, landform ggge51s.

and texture above are proposed as the secondary influences and a.

gghetalsmodel'is,appearing.

Creation of Duzmmy Variables

L TP —p— P -

.4 - - ,
. © Regression assumes that the effects of the independent

variapies are additive, that ié, the relationshir betveen
deprendent and independent variables is the sahéyacross ail
“ values of the reiainiqg independent variables. This has
conSequence for the level o£>ieasurement of'the vafiables and
the linearity of the relationships. While the latter is
considered beyond the scope of this study the former can be
relieved quite quickly by £he_development of dumnmy yariables. As -
,statéd earlier dummy variables may have atbitiarz,metric'values
of 0 apd 1 and can therefore bé treated as interval level
vari?ples and inserted in a regression equation remgmbering that

it is necessary to exclude one of the dummies for each variable

,'.‘, . AL

by creafing a reference category.

e

For.all 10 1ndependent varlables, dumnies were created,

i.e. fop latitude: lat 1, lat 2, lat 3, lat 4 and lat 5 were

created. Each dupmy vas’given’the value 1 wvhere it appeared.

118
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. Thus if a site had 1afitude.of 3 then the dummies for that site

y all sc@;e 0 except lat 3 which scores 1.

Duamy Variable Interactions

o . ot <P e

Means are computed in the frocess of finding correlatiomns
but these means represent the ,proportion of cases recording the
presence of that particular dummy variable. So latl has a mean

of10.2u16;<or,2u.16!‘of4the 2322 cases inwthe the Mackenzie

Valley data set, i.e. there are'561 sitesfhetween—699~ézﬂﬂ;vThié'

information Oﬁ,f%eguéncies uas_foﬁnd useful in judging the

relative importance of relationships in the correlation matrices

and are reported here (Tables 27, 31).

'\\ Pearson correlation"coefficénts'veré computed for each
)duhmy variable’uiéhvevery other dummy variable prior to thé
regression. Where tw6 d@mhieémotigiﬂdtéﬂfroﬁwfhé“ég;éiiétiébiéT
their coefficents are negatiée. This ié but a ﬂeasurevof their
mutual exclusion and therefore Ea‘s'We”’inte’rest here. BeiOw
are reportéd ghe correlati%n'coeféicents greater than an |
AbSolute value of 0.30 forrall data (Tables. 28, 29 anﬁ 30) 5nd‘
the mumber of records tc each cell is also reported'aé a Source
ofvevaluatibn. Theré,are no significance tests computed by SPSS
fof‘the'Pearspn9éorre1atiqn cqeffiggnts«ip,ghié,g@§gtfﬂgggger

knowing R and N, én F test }s available byrqgiyqr:”hrﬁlﬁm;;;ﬂﬁﬂ

F = __R2__ (§-2)
1, -2 1-R2 ' \\\

ENEE
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Duany .
Variable Cases
lat1 - 561
2 56¢6
3 S .. k07
4 © . 143
: S - 477
laté - 168
elevl = 65
2 755
3 815
4 T 371
5 182
elevb ' 134
aspect? 173
-2 98 .
3 49
TR 467
5 698
aspectb 846
slopel 1221
2 729
3 252
: 4 60
“ 5 9
. Slorpeb - 59
Indfa1 . 822
: 2 = 209
3 392
4 - 355
5 439
lpdfa6 106
- text1 119
2 66
.3 1083
4 475
5 361
textb: 213

A\

Mean

0.2416

0.2438

0.1753
0.0616

C.2054
0.0724
€.0280
0.32%2
0.3510
0.1598
0.0784

0.0577

0.0745
0.0422
0.0172
0.2011
0.3006
2.3643

0.5258
0.3105
0.1085
0.0258
0.0039
0.0254

0.3540
0.0900
0.1688
0.1525
0.1891
0.0457

0.0512
0.0284
0.4664
0.2046
0.1555
0.0839

"~ Cases

.,

T 277
- %65
260
601
L 154
143

160
96

229 .

456
113
645

362
- 100
247

367

435

Mean
0.1629
0. 1559
0.1529
0.3535
0.09006

-0.0841

0.0941
0.0565

0.1347.
0.2682°

0.0665

0.3794

0.2129
0.0588

., 0.1453

189
//\

674

792

162

B

0

673
135
332
242
192
125

121
316
313
466

« 196

.288

0.2159
0.2559
0.1112

0.3965
0.4659
0.0953

0.0306 -

0.0118
0.0

0.3959
0.0794
0.1953
0. 1424
0.1135
0.0735

0.0712
0.1859
0.1841

0.1183
0.1694

Cases

132
95

49

42

51
65

- 54
60

70
124

55
71

36
100
113

57

76

52

5%
102
103
84

62
29 .

“ 43

125
104
111

a4y

165
76

17

43

41

32

NACKENZIE YALLEY DEMPSTER CORKIDOR DEMPSTER-KLONDIKE -

Mean

0.3041

' 0.2189

0..1129

0.0968
0.1175
0-1489

0.1244
0.1382
0.1613
0. 2857
0.1267

- 0.1636

0.0829

0.2304

0.2604
0.1313
0.1751

?.1198

0.1264

0.2350
0.2373
0.1935

0.1429 .

0.0668

0.0991
0.2880
0.2396
0.2558
0.0161
0.1014

0.3802
" 0.1751
0.1774

0.0991

0.0945

0.0737

Table 27: Cases and'néané fer Dumay Variables.
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DEMPSTER~RLONDIKE

» MACKENZI® VALLEY DEMPSTER CORRIDOR
Dumzy B o . - B ' S
Variable Cases = Mean. Cases ‘Mean © Cases ., Mean
‘textal © 307 - 0.1322 320 0.1882 301 0.6935
2 62 - 0.0267 305 0.1794 41 0.0945
.3 975 © 0.4199 283 | 0.1665 - 50  0.1152
4 444 0.1912 . 391...0.2300 20 0.0461
: 5 '339 . 0.1460 166 0.0976 - 19 0.0438
textaé 195 0.0840 235 0.1382 3 0.0069
textki 61 0.0263 - 91 . 0.0535 43-  0.0991
L2 55 0.0237 289 0.1700 94 0.2166
3 ‘1119 0.4819 315 0.1853 . 1086 0.2442
4 479 0.2063 436  0.2565 47 - 0.1083
5 363 0.1563 220 0.1294 63 0.1452
texthé 445  0.1055 348 0.2047 81 0. 1866
vegl 195  0.0840 157  0.0924 - 42 0.0968
2 299 0.1288 127 0.0747 " 135 0.3111
3 404  0.1740 492, 0.2894 . 39 0.0899
4 668  0.2877 . 659 . 0.3876 7 0.0161
5 462 0.1990 - " .. 176 0.1035 - 154 0.3548
vego 294 0.1266 . 85 0.0500 - 57 0.1313

Table 27 (cont.): Cases and
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RELATION
CDICE text1
CDICE textal

. CDICE textb1
. lat1 elev2
lat1 elevy
lat 1 elevb
“lat1 veg1
lat?2 vegb
laty “1ndfm3
lat6 - elev1
slopel Indfey
slope? Irdfm4
~S8lopeb Indfm3.
slopeb vegs
lndfmld  vegl .
Indfm2 text6
indfm2 textasb
Indfmd ~ vegl
‘1lndfm5. veg3 |
‘1ndfmb6  textd
Indfmb texthbhb
depth1 text1
depthi textal
text1 textal
text1 textbh1
text?2 * textal
text?2 textb2

B CELL
0.59 119
0.47 -307
0.45 61

-0.38 5
0.37 224
0.31 127
0.33 137
0.32 177
0.42 111
0.54. 58

-0.30 60
0.39. 261
0.32 54
0.32 59

-0.34 68
0.32 82
0.33 79
0.48 282
0.34 192
0.36- 61
0.40 70
0.31 101
0.51 255
0.55 111
0.49 43
0.63 41
0.71 43

text3  texta3
text3 textadl
text3d  textad
text3 texth3
text3 texthbd
text3 texthd
‘textd texta3
textd "textald
texty ~ texth3
texty texthy
text5 texta3
text5 . texta$
texts texth3
text5 textb5
texté textab
textb texthé6
textal texth1
texta? textb2
textal textb3
textal “textbi
textal textb5
textal texthb3
textal textbd
textas textb3
textab texthd
textao

RELATION

textbb

N CELL -

R
0.78 902
-0.34 53
-0.33 22
0.84 1011
-0.40 35
-0.37 11
' -0.37 32
' 0.75 367
-0.40 43
 0.80 400
=0.32 - 17
0.77 281
-0.38 13
0.85 315
0.78 165
0.84 197
0.33 49
0.52 31
0.70 872
-0.34 44
-0.31 23
-0.31 72
0.63 325
-0.33 27
0.68 256
0.69 157

Table 28: List of the correlation coefficents for dummy
variables in-the Mackenzie Valley data set.
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A

RELATION =
CDICE lndfm5
CDICE text1
CDICE fext?
CDICE texta?
CDICE textb1
CDICE textb2
lat1 elev3
lat1 veg?2
lat3 elevé
lat3 vegl
laty elevy
laty depth6
lats vegl
lats elevl
laté elev?
elevi slope3

elevl lndfmu
elevy texto
elevy textact
elevb aspectb
aspect3 depthb
aspectS slope?
aspect5S vegl
Table 29:

B

0.39
0.56
0.32
0.42

0.51

0.33

0.65.

0.41
0.45
0.36
0.51
0.38
0.32
0.66
0.72
0.31
0.31
0.31
0.31
.31
0.47
0.31
0.34

CELL

192
121
316
320

91
289
176

89
232
87

344

162
361
108

87
112
148
164
143
275
115
319
113

RELATION
1ndfm4 vegi
lndftmb5 text1
anﬁmS texthbil
depth1 textal .
text1 textal
text1 textb1
text?2 texta?
text?2 textb?2
text3 textal
text3 texthb3
texty textad
texty texthi
textS textab
texts textb5
textb textaéb
text6 texthé
textal textbl
texta? textb?2
textal textb3
textad textbd
textab texthb5
textab texthbé

=

0.46
0.38
0.38

0.u44
0.50

0.70

1 0.69
0. 86
0.69

0.79

0.66, .
0.79

0.67

0.81

0.84
0.43 -~

0. 64

0.61
. 0.59
0. 5%

0.72
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KELATION
lat1 elevy
lat1 lndfm3
laty vegbd
latb elevl

_laté Indfn5
1até6 lndfmé
elevy lndfm3
elev5 vegS
elevé6. Indfmy

1ndfm3 veg3
depthl text?l

{[=>]

0.37
0.33
0.33
0.41
0.31
0.50
0.35
0.35
0.33

0.3%v

0.52

RELATION
depthi textai
depth6 textal
text1 texta?l
text2 textb2
texty textbd
text6 textab
textb textbb
textal textb?2
textal textbé
textab

texthé6

B

0. 34

-o. 32-

0.42
10.30
0. 31
0. 41
0.54
0. 30

-0.37

0.36

155

30
90
27
16

Table 30: List of the correlation coefficents for dunmy
variables in the .Dempster-Klondike Highways data set.
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‘But for F(1,N-2) to be significant at theVS.TX leveij’where N is
greater than 122, it must Le greater than 1@,83. Thérefore,
,uorking the fotnulé Baékuardé, for the Hatkgnzie>Va11ey, with
N=2320, R will be significant when it is greater than an
abéolute value of 0.07 and for the modified versicn of the -data
set, with N=2032, R must also be greater than an absoluté‘vaiue
of 0.07. For the Dempéter Corridor the cutoff values of R are
0.08 (whefe.N=1700§ and 0.09 (vhére N=1369) . Likewise the values
of R for the Demgsteerlondike; 0.16 (where N=434) and 0.26 .
(vhere N¥=154) will be significant at the 0.001 level.

For the Mackenzie Valley the correlations indicate those
relations that would be expected by virtue ofithe fielduork.*Lo;
latitudes of 60°-62°N are aséqciat§d yith the higher elevations |
and not with the loﬁer elevations. ihich is as one would expect

considering it is a valléy”trendingbfrom 'south tc north. High

latitudes ofx6;b—68°N are stronglyuassociatéd with the low

elevations. Glacio-fluvial landforms are 'comsmon at mid-latitudes "

and are characterized by steep sloges, oftem such slopes are
covered in}tall shrubs and dwarfed black spruce. ﬂorainai
materials have lovtslopes and are generally covered .by lichen
and mosses. Not surprising, tills near tedrock are characterized
by t;xtpres of sands and gravels but go—are glacial-lacustrcine
landforms, which is surprising. Organics occur near the surface
and among the centcrted interrelationships of textural dummy

variables there aprears to be cnly one distinct statement; that

the spils are terxturally consistent froa site to site or

B
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'komcgénoas throwgh the profiles.

TberDempster Corfidor, in its éouthérp‘ic%t part, 1is
categorized bjkmid-elevaticns coverea'bi-yhite,and Qlack spruce
"with birch in open canopy forests-and moss dovered floé;sf
Moving north;ardﬁto 63°—éu°N elevations are higher and white and
black SEruce forests wvith clasea canopies are to be found,on
-gentle norfheasterly slopes. Around 640-65°N qorainal landforas
composed primarily of sands and dravels are found vith moderate
slopes at mid-elevations and are oftén'covered byilichens and
mosses. Further north again and the elevations decrease tovards
the Mackenzie Delta.

The Dempsfér-xlondike Highways’study Area at low latitudes
is characteri%ed by mid-elevations and glacib-fluviai'lapdforns‘
covered by black spruce and mosses. In the northern périion
elevations are low and lineated slopes and thin tilis
predOminate. Where glacio-fluvial landforhs are found at
Eideelevations, at higher elefations landfores ére.often
morainal. »

Froe dn;overall pérspecfive coefficents greéter thah an
absolute value of 0.30 are positive, few are negative. This.

‘ indicates_that cne may tfind 'a little of everything?® thfoughout
the aéeas~ The absence of a characteristic is less definiéive
thap its presence. -

On modifying the data bases,‘in the Mackenzie the situation
rremlins‘much the same. Thus the“conjitions for the formation of
peraafrost are notAdranaticalLy.different frbé those
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characterizing unfrozen sites.

In the Dempster Co:ridor énalysis small changes occur'such
_as lineated slcpes being cosmon at low latitudes or quainal
landfores at higH elevations beipq aésociated with mid~latitude
sregions. But néu%interrelations;hétueen mid-latitudes ang
mid-elé&afions and textures are evident. It appears that frozen.
soils composed of ihb:ganic silts and claysji;th fine sands do
nof:occur in these regions and that sands, gravels and bgdrock
are more frequentﬁipossibl; %he‘general tendency in this érea is
for gﬁound ﬁaterials tc be unfrozen except wﬁere the sdils are
shallow. 1 ‘ |

The}f%lationships'in the Dempster-Klondike change s
dramaticaii}.'ﬂecause the sé;ple size has shrunk so much, from
434 to 15u,lthe frequency ¢t occurrences iithip‘each cell is
small. Some cells of the 6Xb matrices muét, e1én in the best of
'circugstances,:géﬂe,an expected ftgquenﬁy of leéé thaﬁ five
fheréﬁy questioning the vaLidity.of'the inter-dummy variable
correlations. Empty cells are a fact of trends in the ecoéystea
analysis for there will always be nathénatically defined
§ituations that do not exist in the field. However, with lafge
populations it is acceptaﬁle to have some cells empty because
the trends are evideut, but for sna;l.populations the“trendé'ére'
less obvious. . | | |

To summarize then, thévdummy vafiables,g§sociated with ice
confent in the Mackenzie are textural, i.e. organic material at-
all levels in the ;tdfile. For the modified data set the

<
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aséociatMns with fine textures prove stronger and. in Addlilon
depth bécomes‘ilportanf so that fhe tendencj is for icy
pernéfrost t6 develop at shallow depths.

For thé'Denpsiér Corridbr the situation is more coaplex.

' The associatioh of_permagfosf with organics is’hrgadef includiﬁg
orgénic silts)aﬁd clays ever ai depth. Lingated slﬁpes are also
indicated as béing susdeptﬁble tc pernafrﬁst accumulation. In

_the modified data base the situation is similar. New are the

-‘relations to latifude, derth and souwe textures. Icy pérmaffoét”

is most prevalent ‘between 639-649K, occurs lost'ofteﬂ at shallow

depths and is rarely encountered in sands and gravels.

For the Dempster-Klcndike there ére no significant
relationships between dummy variables énd ice content. However
icy pef-afrost ié related to organic textures throuéhout thé
protile and not to inorddnic silts and claygnnith fine sandsf

*

umay

: ’ : . &
Note that because there are no occurences of dummy variable

"slope6 in the Dempster Corridor, slope5 must be excluded-in the

-

& ' . g -~
multiple regression of dumsy variables to become the reference
category. Both must be excluded where the modified data set {sl
employed, as must texta5 and textaé in the modified data set of

the Dempster-Klondike.

s

The dummies were used as input for the stepwise multiple

regression procedure. The least contributing variable was

-
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identified and its dummies extrécteafg;ggwthe'regfession.fThe‘ -
least contributor Qas defined as the'vafiable uhose dummies vere
inputed after all other variables had at 1east one dully already'
in the ejuation. The process vas repeated untll the F stat;stlc
"for the regression equation-was:signifibanf-at,the‘0.0b1 level.

Though the B cqefficlents are repdrted they do‘pof
represeht a one to one correspondence‘uith their companion dummy
variable. The cbefficients represent a complexrnatrix of dummy
variable combinétionsr(xie, 1975; Blﬁiock, 1966; Drapef'énd;/‘
Smith, 1966) . Because there are se'maﬁy dusay r&riaﬁies in the
regression[ breaking down the :esults fhrther_is beyond tﬁel
scope.of this werk. Fos similar reasons- the partial\F statistic
fdr_;he ?umﬁy‘variab}es §s meeningiess at this staée and se it
too is‘ngt reperted. The emphasis is on the.final R2 as an
indicafqr of expla;aticn potential. L |

The dummy variable multiple regressions (Tables 32, 33, 3u)
are 51n11ar to the earlier regre551on (Tables 21, 22, 23) in
that the F Statlstlc is 51gn1f1cant where the dunnles of the
same varlables are ;npvt.'That is, tor the Mackenzie data the F
statlst1c is 51gn1t1cant for a equat1on vith dummies of the six-
varlables 1nput and is not. slgnlflcant vhen the dumaies of the

seventh are added (Table 32). So the same variables are

identified as important. The major ﬁgu item is the level of

o]
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ACKENZIE VALLEY DEMPSTER CORRIDOE DENPSTER-KLONDIKE

Dumnmy , :
Variable Cases Mean Cases ~ Mean ] Cases Mean’
lat1 = 472 0.2323 164  0.1193 42 0.2727
2 452 0.2224 " 164 - 0.1198 - 32 0.2078 .
3 360 0.1772 227  0.1658 1 0.0714
4. © 128 0.0630 520 0.3798 16 0.1039
.5 452 0.2224 151 0.1103 C23 0.1494
laté 168 0.0827 143 0.1045 ‘ 30 “0.1948
elevl. 65  0.0320 157  0.1147 20 0.1299
2 700 0.3445 90  0.0657 20  0.1299
3 663 0.3263 154  0.1125. . 29  0.1883 .
4 305 0.1501 404  0.2951- 45 0.2922 t
s B - 1 TE 0,086 T vz 0.0745 23 0ese
elevé 124 0.0610 ‘462 0.3375 17 0.1104
aspect1 148  0.0728 300 0.2191 10. 0.0649
2. . 86 0.0423° . 96 0.0701 29  0.1883
-3 “18 ' 0.0089 - 149 0.1088 -39 0.2532
4 407  0.2003 327 0.2389 : 23 0.1494
5 608 0.2992 361 0.2637 30 0.1948
aspecté 765 0.3765 136 0.0993 23 0.1498
. ‘ N :
slopel 1046 0.5148 545  0.3981 17 0.1104
2 - 637 0.3135 651  0.4755 35 0.2273
3 227 0.1117 - 126 0.0920 35 0.2273
4 55 - 0.0271 43 0.0314 - 35 0.2273
5 9  0.0044 4 -9.0029 19 0.1234
slopeéb 58 0.0285 0 0.0 13 0.0844 -
lndfe 731 0.3597 : 549 0.4010 22 . 0.1429
: 2 165 - 0.0812 . 71 0.0519 57 °0.3701
3 352 0.1732- 237 0.1 - 28 0.1818.
4 295 0.1452 230  0.1680 26 0.1688
: 5 403 0.1983 1350 0.1388 2 0.0130 :
lndfmé 86 0.0423 92  0.0672 . 19  0.1234 -
text? 109 0.0536 112 0.0818 34 0.2208
2 64 0.0315 296  0.2162 - 51 0.3312
3 . 986 0.4852 245  0.1790 35 0.2273
4 ° 405 0.1993 369  0.2695 20  0.1299
5 308 0.1516" 124 0. 0906 1M1 0.0714 !
text6 160 0.0787 223 0.1629 ‘ 3 0.0195

Table 31: Cases and means for dunly varlables v1th
rodified ice content.
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Table 31(cont.):zcéées\aﬁd
modified ice ccntent.

-

Dummy . : .
Variable Cases  Mean
textal 281 0.1383
‘ 2 61 -0.0300
.3 875 0. 4306
4 . 382 0.1880
5 292 0.1437
textab - 141  "0.0694
textbl 56 . 0.027e6
2 54 0.0266
3 1023 0.5034
4 809- 0.2013
| -5 310 0.1526
-~ —texth6 - — 180— 0.0886 - -
vegl 160 0.0787
2 237 O. 1166
3 389 0.1914
4 610 0.3002
5 3990 0.1919
246 0.1211

MACKENZIE VALLEY DEMPSIER

Cases

CORRIDOR

Mean

269 . 0.1965
290
216
314
100

180 .

89
270

258
351

1

1

38

263 -

17
73

481
571

1

00
27

0.2118"
0.1578
0.2294
0.0730
0.1314

0.0650
*0.1982

0.1885

- 0.2564

0.1008

0.1921
—

0.0855
0.0533
0.3514
0.4171

0.0730

0.0197

DEMPSTER-KLONDIK

1

Cases

102

22
16

8

6

O .

23
40

37 .

19
14

21

8
48
1
1
- 59
27

0.1039

0.0519

0.0390
0.0

0.1494

- 0.2597

0.2403
0.1234
0.0909

- 0.0519

0.3117
0.0714
0.0065
0.3831
0.1753
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" YARIABLE - HMILT R R B

text1  0.586  0.344 ° 6.802

textal . 0.613 €.375 1.212
lats = 0.635 0.403 -0.433
text2  0.645 0.417 3.263
vegl - 0.654 . 0.u428 0.383
aspect3  0.661 = (C.438  -2.427.
text3 < 0.666 0.444 1.275
texty 0.675 ~ 0.456 °  1.158
laty 0.678 0.460 -1.901
vegZ D.680" 0.463 -0.573
lat1. 0.682 0.466 -1.513
texts 0.684 0.468 0.562
lat2 0.685 0.470 -1.408
- latld . 0:692 0.478  =1.411
aspect 0.693 0.480 -0.755
aspectb 0.695 c.u83 -0.477 .
aspects 0.695 - 0.485 -0 443
aspect? 0.697 0.485 -0.465
depth5 0.698 0.486 0.101
depth3 . 0.698 0.487  -0.449
depthy 0.698 . 0.488 -0.418
texta2- 0.699 0.438 -0.526
texta3 0.699 0.489 ~ -0.14b
depth?2 0.699 0.489 -0.292
. 'depth1 - 0.699 0.489 -0.193
vegl 0.699 0.489 -0.236
vegl - 0.699 0.489 -0.164
vegs 0.700. 0.489 -0.131. _
textad - 0.700. 0. 489 0.026
' 4.833.
F=75.759 F 5i3=0.001

— e -— —— — — — e - ————

Table 32: Summary table, duamy regression of
the Mackenzie Valley data.
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VARIABLE  MOLT R~ R2 B-

9 " 6.312  5.639°

©

text1 .55
‘text 2 0.683 - 0.467 1.923
latl | 0.704 - 0.496 -3.190
_lndfm5 0.731  0.534 1.871
textb1 0.742° . 0.550 3.214
1at2 0.750 - 0.562 -1.991
laty 0.759 0.576  -1.835
textaS. | 0.764° 0.584  -0.091
textb?2 0.768 = 0.589 1.474
textbid 0.771 0.594 0.832
~textb3 ° - 0.775 0.600 0.469
_<levs  0.778 0.606 _ 1.854 -
elevid 0.781 . 0.610 0.923
lndfe?2 0.784 0.615 -0.802
texta? 0.736 . 0.618 1.050
textal . 0.789 C.622. 0.784 :
‘1ndfmy 0.790 0.624 0.593
text3 0.791  0.625 0.858
texty 0.791 0.626 0.608
elev3 0.791 0.62¢ * 0.395
taxts 5.792 0.627 7 0.379
1at3 0.792 0.627 -0.308 -
textal - 0D.792 0.627 -0.156 .
1ndfm3 0.792  0.627 0. 144
elevi 0.792 0.627 -0.5084"
elev? 0.792 0.628 -0.587
1at5 0.792 0.628  -0.186
Indfm1 0.792  0.628 0.036
3.948
‘P=104.378 © P 'Si3=0.001"

Table 33: Summary table, duemy regression of
the Dempster Corridor data. o "
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VARIABLE MULT R2 ‘B
texthl 0.259  0.067 6.923
deptH1- 0.329 = 0.108 -1.785
textb2 - 0.395 0.156 4.064
textb3  0.432 : 0.187 2.611
depth3 0.437 0.191  2.294
deptht 0.440 0.193 _ 2.166
depth?2  0.442 0.195  1.368
depthS 0.445 0.198 1.636
textby 0.445 0.198 0.185

o 1.615
F=11.618 - . F Sig=0.001
2

Table 34: Summary table, dumey regression of
the Dempster-Klondike Highway datas

134



~ YARIABLEZ MULT R R2 B
text! 0.682 0.465 °  6.943
textal 0.7107 0.504 " ° 1.129
text2 - 0.725 0.526 3.132
texts 0.732 C.536a 0.106
lndfns 0.737  0.544 ‘t.224
elevi 0.740 0.547 1.267
lndfm? 0.742 0.551 0.709
elev? 0.745 - 0.555 o 0.494
depthl 0.747  0.558 0.319
dAepth?2 0.748 0.560 0.156
1ndfm3 o 0.749 0.562 0.535
elevi. 0,750 0.564 0.347
text3 0.751 0.571 0.922
textd ' 0.756 0.573 0.932
1ndfax2 0.757 0.574 0.645
textaz 0.757 Q.57 -0.692
1ndfmy 0.758 0.57 0.322-
depth5 0.758 0.575 0.167
depthy 0.758 ° 0.575 -0.176
textaS 0.758 0.575 -0.131
depth3 0.758 0.575 - -0.117
textal 0.758 0.575 -0.177

- 2.536

F=129.407 . P Sig=0.001

Table 35: Summary tatle, dummy regression of
the modified Mackenzie Valley data.
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VARIABLE MULT & R2 8

)

textl = 0,645 ~ 0.416 7.854
text2 0.746 0.571 3.227
textal 0.774 0.598 1.532"
texty 0.782 0.612 1.576
textd © 0.793 0.629 1.519
1lndfmb 0.798 0.636 1.598
elev3 0.802 0.6u44 -1.1656
texta? - 0.806  0.650 0.887
elevs 0.808 0.653 0.754
lndfm3 0.809 0. 655 0.595
" 1ndfmiy 0.811 0.658 0.864
text5 0.812 0.659 0.557
elev? 0.813 0.661 =0.670
1nAfm?2 0.813 0.661 -0.252
elevl 0.814 0.662 -0.484
elevi 0.814 0.663 -0.296
depth1 0.815 0.664 0.734
depth?2 0.815 0.665 0.586 .
depth3 0.816 - 0.665 0.441 L0
depthi 0.816 0.666 ~ 0.371
1ndfm 1 0.816 0.666 0.290
" textal 0.816 0.666 0.102
depth5s 0.816 0.666 0.119 -
" texta’s 0.816 0.666 -0.065
o 2.786
F=129.407 : F Sig=0.001"

o«

‘Table 36: Summary table, dummy regression of
the modified Mackenzie Valley data.

-

ARIABLE MULT R R2 B
text1 0.487 0.237  8.765
text? 0.594 0.353 4.157
text3 0.606 0.367 0.343
texty 0.606 0.367 -2.100
textS . 0.608 . 0.369 -2.182
7.000
F=17.317 , F 5ig=0.001

——

Table 37: Summary table, dummy régresSion of
the modified Dempster-Klondike Highway data.
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expiained variance. For the Mackenzie the pptential explanation
rises to ué% u&th‘duﬁmies, 63% for the Dempster Corridor {Table
33) and 20% for the'Dempster-Kloﬁdike (Table 34) . This indicates
fhat the regression by Aummies is adding substantially to‘the;
power of explanatiocn,

Once again the dependent variable was quified and the
regresgion with dummy variatles computed (Tables 35,‘36,,37).
The significant dﬁmmies na tched the variables of the earlier
stepwise regressiorn (cf. Tébles 24, 25, 26). The highest
explanation potentials thus far ﬁere cbtained: 58% for the
Mackenzie, £8% for the Dempster Corcidor, and 37% for the
Dempster-Klondike Highways.

By way of summary then, throughout the levels o£ analysis,
textﬁral variatles predominate, particularly texture of the
sample, Aé the type of analysis becomes more refined there are
four points to note:

1. The prediction equation becomes more consistent.

In the final regression both texture(and depth,ére the most

imporﬁant variables.h
2. Depth below surface, as a variable, is identified as the

major secqndary influence of the ice content of permafrost.

after texture (Tables 24, 25, 26).

It seems that high ice content permafrost is generally

formed close to the surface. Explanaticns of this may centre

Rarourd hydrolcgical aspects of the environmental factofs

either in terms of availability of moisture to foram ice or a

137



¢

combination of moisture retention by organics (Tables 35,

36, 37) vand impermeability of the frozen substrate

inhiviting infiltration. These indications are consistent

with the imfressions gained during field work in the
Cempster and Klondike areas.

Othér secondary influences become morevéép;fent.

Tnlike texture and depth nc other single variable is conmod
to all regression eguations at one level ot analysis.
Va;ious inzlpences appear at different levels in the : o
analysis and for differing data sets. Elevationvand

landform-gengsis are significant variabiés in”the Hackehzie‘

and Dempste[ACcrridot as 1s another textural variable |

(Takles 24. 25). .
. Ne—

The level ot explanation increases consistently but the . -
fieid applicability does not. '
Single variables at best explain 138% of the ;ariance in the

ice coutent of fermatrost in the Mackenzie Valley, 37%in

the Deapster Corridor and 26% in the Dempstet-Kloﬁdike area.

Mpultiple regressiom with dummy variables, on the'other hand,
explains 53%, ©7% and 40% respepfivel}. However with texture
and deoth lominating the Eegression ejuations the models are

not applicable to alternative data sources: ground'core

sampling continues as a prerequisf{e to route evaluation.
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Analysis of Ecol

ggiéa; Systens
With ten indefendent and 375 computed surrogate variabléé

and ice content as the dependert ;aridble, the aﬂalySis vere fun
to ‘determine the uosg irportant preilictor of 1ice in the |
Hackéhzié Tiver Valley, the Despster Corridor and the
Dempster-xlondikq_ﬁighuays. The results are presented in the
tables relow,. | |

-A coabined four-variable 1interaction consistently rroved
por< powertul as a predictor, thanp one-, two- or +hree?var1abie
interactions, so that eachk analysis regnrts a four-variable
Vinteractionf In the tables, N/Cell 1ndicates the nuamber of{@a};
poiats in the particular matrix cell. There are K daté points;ﬁ
Na was used ié the apalysis apd Nch was ﬁsed 11 the cééck' ’
procedur=. Ut course N = Na + Nct. There are ten Primary
variables, 45 Secondary surrojgates ('%i), thagnis *he
tqé-variable c%éﬁindticns, and sc tortn, with three and
four-variatle cZombinations g¢iving a total of 385 input variables;
for the analysis. Each variable has six categories. Thé
preiicted~ice'content is given in the forn of .an intercept,

which méy then be translated back to a percentage of total

weljht (Table 2).
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"Mac«enzie Rlver Valley Analysis

In the Mackenzie Valley (Table 38) the asi ice couteng,
less tﬁan 57 by welqht of soil, ocburs ip.uell drained sandsi;nd
gravels of unsorted and ggderately éorted ioraxnai and fiii
landifores, having ncrtbéﬁgﬁerly aspects beneath tlack spruce and
goss covered floors, arpd 1n coarse—jrained'ii%eated northwest
é;king slores anier a lichen CcveﬁQ- “

Lar;e,énounts of ice, 3;5'to e.timesrthe veight of soil,
occur ir Jrjanic gcils ot south sputherly facing peat plateaus
with a cover o: éali shrutbs a@d}ﬁdrunken" black spruce, or in
or;ini¢aliy charg%d silts anﬂjélafs'of norkh'tacinq
3glacio-ligustrine sedilentslﬁith,an opép cﬁnopy/?oresf cover of
Elack and wnlte spfuce, bicch and_boplar.

wﬁilo rodcrate aacunts of ice, are to 'be found in in finpe
inorjacic silts“;pd clays berched on coarse fills or bedrock
where tﬁe slopes face west or_east ani have ; clcsed canopy
forest cohver ot Spruée and poplar or taey are to be found in
fire to sanliy ;lacia—fluvidl dep;éits kpossibly'IAyered) with

southerly aspects and exposed humaocks and tussocks.

>
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10.27

12.45

15. 35

LANDFORE

TEXTURE -

lacustrine

LA » ASPELT
4 -5 6
Morainal NE Sand,
g Gravel &
Bedrock
5 y 5
Lineated NN Clay/Silt
Slopes Sands &
.. Gravels
3 1 4
- 3lacio- s Inorganic
flivial Silt/Clay
: v Sand
6 ‘ 3 3
Till on- w/% Inorganic
3edrock Silts &
Clays
1 6 2
Orjarics N Oorganic
S1lts §
Clays
2 2 1
Glacio- 59/SE Organic

Four varvratle analysis of 385 variables;

45 seconlary,
Na=18519,

N=2322,
R2=0.657

120 tertiary and 210 Juater
Nch=464.

1x4 variatkle cycle. )
R2=2.402 on 1x4 variable check samrle (20%).

%3

4

6

1

5

2

A

VEGETATION N/CELL.

Black
Spruce &
Moss

- Lichen §
Moss

Hummocks
and
Tussocks

Closed
Spruce §
Poplar

Shrutks & .
drunken
Bl. Spruce

Open;

" Spruce &

Moss

-

Birch

1965

774

47

29

25

10 primary vartiables,
nary surrodgates.
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Inmportant points to note are: ‘ , _ N -

d.

o : . ) .

¢

T,

ice content increases with finer textures.

This relatiohéhf;, betweén higher ice contents and the
ﬁine—téxiured soils of the subStratelih the Mackenzie

Valley is well documented (Brown and Grave, 1978: Brown '
and Johnston, 1964). )

lacio-lacustrine deg?sits cntain the‘g;eatest agounts

2f ice. |

It hasvbeen'fouhd for‘the nérthern Hackeniie'Valley

(Dome Petroleup Ltd. et al., 1982)’that |

glacio—lécustrine silts and clays usually contain ué to

SOi,ice by volume.vihe;e ground is ﬁoderate to well

drained the soils are hegosols to BrUniEOIs and the

vegetation consists of back spruce and feather ross, b&t

<hen drainage is poor to imperfect gleysols ate most an” T/
the cover 1s of open black spruce Hifh'sedges abd moOSS.

In varved clay deposits ice typically occus as unifore - b

‘ldvers between successive layers. -

“elther aspect nor vegetaion seem to have a consiétent
vattern with ice contert of permafrost.

Aspect has heep widely studied and'it has been cited as
4n ajert influencingrpermatrost>presénce. It is repofted

ttat north facing slopes hdave, in general, more ice than

those racing scuth (Brown, 196%bs4ﬂaffis, 1931} . This ' ' —

-

3nalyéis shows northern slopes as having ice but no more

than on cther aspects. Possibly, sowtherly aspects _

~

’f
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promote availibility of moisture to form ice im the

Substrate with melting of the first lightrsnoﬁfalls in

the Fall. ‘ Y

Though vegetation alone is not completely
as a predictor (Roberts-?ichette, 1973), nevérthlless it
has a strong ihfiuence on the formation of permaffost.
It is no surprise, :then, to see the variabie vegetation
6ccuring in the interactions; equally, it is not

-

surprising to see that vegetation types within the

results show no cornsistent pafterning with ice content.

The presence of ice in peimafrost incteaseé in deep
soils of fine or organicikéfﬁured landforms, but
moderate amounts of ice are to,bévfound in thinr shallow
org4anic soils cn bedrock.

Code (1973), nc§6bert5'aﬁd Horgensiern (1973) and Strang
(1973) observed in the Mackenzie Valley the occurrence

of lacustrine sands overlying clays and silts. They |

found that ice lenses tended to develop at the

interfaces. If there has been any disturbance, allowing
the ice lens to melt, then because of the large amounts
of moisture réleaséd/the soil exceeded its liquid iinit
and began to flow ox slopéé as iov as one degree. |
deadward erosicn and mass I0i3385£’ééﬂ berself—éfOlotiﬂq
in such sitwations. Such areas areﬁthengﬁore cdnside;ed

ni;hly sensitive to disturbahce. Crasptor (1981)

X

letermined that the i1nterface was generally to be found

-~

143




-

r

“at thé 5.5 m (18 ft) mal:k in the étofile;

The variable latitudé,ié conspicuous by its absehbe; In the_‘
literature noﬁtherl}_poﬁitiqn is considered a major influence on®
permafrost asrit is so tied with teiperatupe. A portion of the
results produced.by thiS dnalysis is &'listihg of the
intgractibﬁs in the order»ofvtheir cofrélation value. From th}s
listing the first mention of latitude in a four-variable |
interaction is}'iatjtude,‘landform,’féxture and‘végéfation; The
SUrgrisihg fact.is that it comes in 28th place with an R=0.582.

Intercsting as ;He,single'vagi;bies are, within the;
four-variable interaction and conceding that isolating a single
variab;@;uithin an interaction is the.conventional getbbd_of
studyiﬁgcfhe interactions and‘relafionships,‘nevertheless‘it
must ‘be remembered that the behavi;htiﬁf the compcnents does not

predict the character of a synergistic interactive aulti-member

surfogate variable. To separate a component part froma — -

-

synergistic interactive is to divest the multi-fariable of some,

possibly all, of its potential for explaining the distribution;

of the dependent variable.

The Dempéter Corridor Analysis R

e

-The Dempster Corridor results {Tables 39) indicate that

~N .
unfrozer and low 1ce ccnditions occur in sands and gravels, on

low slopes. with predomipantly soufherly aspects, cavered by

closed cancpy forests composed of spruce and poplar. low ice

iug
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.

“'conditions; leés than 20% by veighi, are to be found ;q‘coafsé ;
tpxturedrscils é£ loderafe slopes and east or wvest aépeéts‘uitp
a cover of moss and black sﬁiuée.

Highvicé bonients, ranging-from fbur'timesﬁthe wéight of
soil to ice features that may reach seven times the weight of
soi?l, aré foﬁnd in organicvsoils«with steep northefly slopes
coveréd by open birch and spruce with a thiék ;oss floor;vﬂigh
ice'confeﬁts;nay be found in orgaﬂiCally—eﬁafged s£L£sfan@4§;g¥sff
uith steep southeastetly and southvestérly'slopes énd covered by
'a "drunken" black spruce forest. Hodérate amount s of ice, upuéé
twice the weighf of soil may be found in scils of inorganic
silts and clays,rsome vith tine sands present, beneath loi'and:'
moderafe Slopes[of“hortherly asfpects cdvered in:a low level
vegetation of lickens or mosses or hummocks and tussocks.

'The results once again i1ndicate the preddh;nance of texture-
ALn_;gﬁiuducihgﬁtheminLliiianﬂdf icegandﬂpe;mafnggtugnd,th@L,,

orcanics and fine textured soils promote greater‘ice contents.

Slope is significant, the higher slopes associated with. the most

"

ice. Aspect too is important. The most ice is tornéd with
northeasterly aspects, and slightly less under south-eastern and
southfuestern-asyects. It 1< possible that the availability of

moisture for the ice formatior is in question again, for

irainage and snow cover have been cited as 1mportant influences

(Brown, 1674) .
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N

INTERCEPT ASPECT SLOFE - TIEXTURE VEGETATION N/CELL
0.23 1 26 o 1
S 29 'sand, Closed 454
- Gravel & Spruce §& ‘
Bedrock Poplar
3.64  ~ 3 4 -5 3 o
W/E yo Clay/Silt Black 300
E Sand & = . Spruce &
Gravels Moss
S ’ .
6.69 - 4 o 4 6 L
© NW 19 °  Inorganic Hummocks - 307
- - Silt/Clay and :
w Sand Tussocks .\/
10.10 6 33 4
. N . 30 Inorganic  Lichen & 196
é Silts & Moss
Clays
13. 34 2 5. 2 5 |
SE/SW 50 Organic Shrubs & 88
: Silts & drunken '
Clays Bl. Spryce
17.05 5 6 1 . 2
: NE 69 Crganic Open; Birch 15
‘ ) ‘ Spruce &
Moss

N=1700, H¥a=1360, Nch=340,
R2=0.755 on 1x4 variable cycle.
R2=0.581 or 1x4 variable check sample (20%). . s

-

——— ey s — e e s e - ——mn —— e, s e g e

Taﬁlg_JQ: ANECSY; Dempster Corridor.

&&~ ’ . -
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The Dempsteerlondikefﬁighways Analysis

rLow'ice‘contént cohditions in permafr§st in the
DempSteerlondike*region (Tables 40) are“féund iq‘latitudés
'619-620N and 649-650N, at mid-elevations 475-762 m (1500-2500
ft) at depth of 30.5-60 cms (1-2 ft). High ice, 5;5 to 9 times

. - ~
the weight of soil, may be found at 62\363°N and 65°-66°N, in

+

piddle aﬁd upper elevatibns (762~-1067 m) (2500-3000 ft) of-
northeasterly and scutherly aspects; The ice is formed af v?ry
shallow deptgs or'alternhtively at depth and, beﬁause the ice
content can be so large, lensés bf;virtUaliy pure ice ;ay exist.
Modrate amounts of ice, of less than three.times the weight of
soil, are present at latitudes 63°-64°N at either the highest
(over 1067 ) (over4§§00 tt) cr the lowest (l;ss than 475 m)
A(less’than 1500 ft) elevations on northerly t?'northwesterlj
slopes at either very shallow degths or greatér dépths;
The results suggest that latitudé @as a strong influence on

’iée content., Hnowever, it doé; So in 4 non—-linear fashionv(fié.'
13) . The greatest ice is tound betueén‘65° and 66°N, or arﬁund‘r
the Ogilvie River area,rand a secondary peak occurs about 63990 .
642 or around Carmacks. icerthen iacreases to the QGrth arnd
south of edch irea. The gyreatest rate of ice accumulation QCCUrs
immediatcely to the soutn of the plotted peaks or maxima points.

Rehaviour like this may indicate transitions fromr one

~environmental rattern of permafrost to another: at around 629N,
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permafrost changes from scatteredrbodies to a1§15c6htiﬁdousr
distribution, and at about 65°N it is~60ntinuous.<TQis is in
fair aareement with the an;lySis of the Mackemzie Valley
{Crampton, 1981)., In the Mackenzie £he transition is situated
- '
~between Norman Wells and Fort Ncrman (649-659N), and the
discontinuous prermatrost dissipates to écattered‘occurrgnces
'arduni Fort Simpson (€19-62°N). |

There appears ho obhvicus rattern to.aspect. I* is not a
direct or simple relationship to ice content of perﬁafrost.'Fof
7§levat;on,‘§odera;e ice contents a;é present at either the lower )
cr the higher Qalues while less icy Fermatrost is to be :ouﬁd at
the low to middle range. It 1is the niddle to upper elevationé
'uhere the highost)ice contents are ;ndlcated. Such conditions
may ke related to valley forms‘but the diesected nature of the
terrain may be obscuring the relationship. The data were ..
collected alonj 1 transit that is liamited by road:acceés. A bias
is included then, fer the roads are positiéped alcnjy ridges.
While this is an advantage rqr“}ork on pigpelirpe Loutin}s'for

they will follow very sisilar routes, it is a disadvahtage for

4 ]

speculation on causality and interrelationships with ice
formsation ir permafrost. To deteraine the full effects of this
bias requires further investigation and aore extensive fieldwork

than 1s possible 1in this study.

-

Le results otherwvise indicate that the highest ice

contents 4are t< te tcund neir the surface and decrease with

derth, however high ice content permdfrost may alsq\gi\‘
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encountered at about 60 cms (2lft). The shallow icylperiafroSt

is probably related to the presence of organics. Thervalidity of

the second peak in ice content is open'to queStion,qhoveveF,

beaause the variable h;;\a very shallkrapge. It islunfottdnate

tha*t hand augering pro;ei so difficult when gathering the data.
This is tae firgt sodel presented that does not include the

variable texture. The reguired data input can be obtained froa

maps and aifgphctcgmqphs and the model may be'sucéessfully -

emplcy=d as a first level investigation indicating areas of high

B

ice cogteﬁtwperg@frost,where further detailed work is necessary.

LI

g
SumAary oI

(T2

the Levels of Apalysis

Scattergraes, Jcrrelations and Linear Regressions

Scattefgrams and linear regression statistics indicate few
of the‘intqrrelations tetween the environmental variables are
linear in *orz. The plcte it some Cases indicate a closer |
approximation to the.true fore. éecagse of the codings, the
larje %ata base ind the limitations of the program the Qisual =
comrornent 15 obscured by the overtilled cells. The couputatidns
0f zorrelation coetficdents contirm that there are
-interrelationshifs between the factors comprising thé ecosysteas
in north~rr Canada. 'Intervariate dorrelations showed the

textural variatles and depth tc be tijhtly 1nterdependent.
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IRTERCEPT LATITUDE ASPECT ELEVATION DERTH FZCELQ'

0.13 1 3 2 Y
610-62°N -R/E 15¢0-2000 1.5-2 225
Whitehorse » feet -~ feet ot

5.17 . 4 2 3 , 3 o

- 6Uo-E50N SW/SE  2001-2500 1-1.5 47

Dawson feet . feet .
City '

7.76 3 _ 4 ’ 6 6 )
639-640°N NW over 3500 2.5 ft 29
Stewart ' feet - and
Crossing : deeper

10.72 6 6 1 2
66°-67°N N less than 0.5~1 23
Eagle 1500 feet o
Plains feet

15.22 2 1 5 r 5 v
629-639N 5 . 3001-3500 2-2.5% - 17
Carmacks feet feet

19.65 5 5 4 1
65°%-66°N o NE 2501-3000 0-0.5 ()
Ogilvie feet feet '
River ‘

N=430, Na=347, Nch=87.
R2=0).712 on 1x4 variable cycle.
~R2=0,429 or 1x4 variable check sample (20%).

Table 40: ANECSY; Dempster-Klondike Highways.
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Fig. 13: Ice Content vs. Latitude for the Dempster-Klondike.



»

With modifications to the data set these same interdependenciés

=

oCcurre& but ihealandscapefvariables.beéane lbfe inﬂependéht"of'

the textural group. The ﬁsefulnesc of such Lnforlatlon 11es 1n

4

asse551ng the valldlty of the regress1on assu-ptlons in . later

- 2 . = i P ) o

procedures ra€ﬁer tban in lcdelxng 1tself.

+

The regre5510n of s1ngle varxables on ice content of

EI Y

'fpeznafrost.provesWtosbeAiev~Lﬂ»explaﬂa%ieﬂ~poteﬂt1&i;~4h11e? ‘ e —

r Drgrio s Tamou n smos ool e Yo L U P VUL, PR OV SO

expiaﬂatlon potent1a1 1ncrease< Hlth lodlflcatlon ofAthe data

*®

sets, it 1s st1ll not very blgh that is tc- say not’ reachlng a : B

2

preferrei gQLni&QI,5Qj4explana11nn4gf41heglazlance*gihezig;;gg;

"is 37% fOf‘CDILE(1) and- texture 1n the Deupster corrldor.

h %

Texture o‘ tne substrate is the least useful nodel for the: _ :

J‘predlct1en ‘of. pernar:oct in the field as it re]ulros slte

- - -
= 3

spec1f1c analybls<and/or drl;llng. In the uackenZLe'valley data'

set thp only altetnate’ls the varlable 1at1tude but for thls,

I
i

-

explanatlor is anly 3 6% naklng it v1rtually

-r

B - s —

."

Multipre Fejression ’ o . E

""SQCquary 1nfiﬁénces. bxpxanatlon potent;a; increases with this

;,}, Textures agaxn conprxse the prlne varlables in the models.

T
Y

Latltude is lhpontant 1n the Backen21e, 1andforn~gen951= in the L=

Dempster Corrldor ‘and depth in the Delpster Xlondike Highway as

-

dorinarice of textural variables. Though explanmation imcreased

over single vaﬁihle;ana.i};sis the incremental additions to k2 . R

4 .

7
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wlth thie 1nclusion of seconddry varlables are suall indicatind”'

~

how unsynpatﬁetlc regression ls to thls env;xonlental 51tuat10n.,

-0n modlfyxng the data sets a general lodel of texture and

depth appeared ‘con51stent across all data sétsr for the first—'

time. The explandtlcn ;otentlal touched the SOX.lark for the

Dempster Corrlior. But -the criticisa of fleld ap }1c1b111ty

__remains.

e %,

Multiple PegresSiqn with DUIIYGVariables

N

3
Yoo <

R
S
K ot

@ . ) -

For both the normal and the modified data sets thé’sale

variables provea to be significant dS‘lﬂ the lultlple regressxon

analysis without' dumsmy variables. The dlfference is in the power

of the explamnation. Use of the dunny variables aleviates, to

sose extent,

the prcbleas of assuming linear.relafiqnships

~between the

higher explanation fotentials.

depenient ard independent variables resulting in .

Sigvle regression statistics and correlation Coéfficients

‘indleatei thiat the ice content is inversely correlated with

vrather than at depth. The cr1t1c1SI of the results lles lalnly

4

texture,- ani that ice structures are formei tovards the surface

-
4

1n their 1nab111ty +o l%olate the spcondary 1nflﬁences. Multiple

7_re9555549445Lﬂd;e£44£94al£

of texture as a grime pre@xctor. It appears’that depth and

T

-

'latiEQ1e are tne nerxt most powerful préjictocs; but this is not

conclusive.

The criticicsa of these studies centre ab?ut their
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lack. of fleld app11c1b111ty and nsec or1entat1on--the q/greSSLOn

lodels requxre dr1111ng. Though*the requ1relents for*an 1deal

method oF analysxs are not fulfxlled the contxnual 1ncrease 1n'

Analysis of Ecological Systess

-
»
ol .

explanatlonvu1th each step is cc;ﬁortxng. ’

g ’ L‘

¢

In assessxng the nodels producpd by ANECSY, 1t .can be seen

that they are conplex and d1ff1cult to sunlarxze, hOvever,'thej

do pEEdlct the occurrence of perlafroct outllne the pr1laty

~

”varlables and lndxcate thoce cf lesser pover, all vith a

Tespectible degree of accuracy and confidence. Te;ture ngni so
dominant no real advances in sdlviug the econosic probleas of

~northern route appraleal have been made: the regression model.

arllllnq. Eut ANECS! alevxates tbe ptoblel by provxdlng

. Ll
‘e cf wodels Hlth varyln; confldence lxnxts as lndlcated

by the P2 Lt ts tbereforg possxble to choose a-model. suitable flee e

o

ito the‘usor 5 data rase.’ ANECSY is capable of provxdxng

plannlnq focus fronm one of pure econonxcs to one BOLE
ecologlca;ly based It may dlaO be seen tbat AEBCSI can fxt

eastily intc the present Lranevork cf envxrannental leglxslatlon.

'”"'“ﬁiﬁﬁfﬁdﬁ"ﬁnfy*taﬁftﬁsz! aig xh €arly routé selection, field

P

features 1t uayraISO be used to ddvanbage in predxctan the .

posslhle QutﬁﬂlﬁsrDi,llllqailﬂn,Dlocednxesiul13C544p{odng854W4ﬁ7u444445
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“Wulti-variate aodels, and indicates those areas where

synergistic forces may be at'notk;

FrQi the results of e Dempster~Klondike Analysis the

zones of each distribution type of permafrost becomés evident'

(Fig. 13).}Hithiu the¢e zones the transition belts ate

Ps

dlstlnctlve as the areas of gredtest change in. Lce accunnlatlon

S andudeclxae;‘62°u and GSDN respectxvely; It ds pestﬂ%atfd ~that-- S
‘these areas are chc1ce for cynerglstlc-type processes. They are

charac+erlzed by thelr tenuons nature and envlronlental

sensit1v1ty. Any enforced alteratlon-herg can have'drgnq}ic 
consequénces, so development Bust hevdoﬂé slowly and with care.
lv'The models pfoduce&larevpoteniiallj adapt;ble'to'any7datgr
- bases dvaiiablé.lThey are€ user-oriented for both field wecrk and

enginéering.plahning. They are adaptable tc the varxous northern

proijects; pipe1ines, whether qas or 011 pa;e:-lxne toutes.'

rpads:etc;, thoéé,prOJects characterlzed by ihéir extended

<_lineat‘ nature. - - R o S P S S
o It 1s suggegted that the program is cosf?efficent; It lay

be used at 1 vafiety.of leyelsAﬁf analysis for reconnaissance

and plannlng and it may :esult xn 1ess fxeld drllllng than the

_nethods Dresently avallable. B1th adaptxon to a personal

"conputpr the- pcogtal uxll be a lOblle tool-of dnalySLS and the L

adﬁitlon of a 1applng package nould iake handllng thE!{anltS

——— 77—77m ha=s the PGtentlal Ot DEIBQ a 'er’ Po'eftul B

tool of analysxs ulth very p051t1ve consequences for

- envitonmental ﬂ%ﬂﬁﬂfﬁ**v * -
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v. coscLusioms R

Dlsturblng frozen Jround ‘can lead ta therlokarst,

subsxdence and slulpxng. The degree of reactlgnftowdlstuthance

Al

_is Lelai!li La the ice. -content of th&%azl&f_rgst,_& ?EeerG%lle—f e

iodél fdfMthe cccurrence of&pérlafrost and 1ts xée éontent is -

requxred by those 1Bvolved inm the developlent of the lorth.

'7 clues to tho peraafrost exist 1n the norpholoqv of the

J

2 B

laniscape, ‘the texture and hydrolcgy of sSoils and ‘the veéetatxon
covér, Most studles have confined their enquxrles to analyzxng
changee xn one vari ble with relatxon to perlafrost But

because of the in rsation .such studxes have provxded, 1t is now

pOSSlblG to look at a unole serxes of varlables coaprxsxng the.

bz

nortnern ecosystea~, their 1nterrelat1onsh1ps and thexr»conb1ned

. relations to permafrost. This thesis is an assessment of a

l‘jethod vaich attempts to do just that. The cesults of»both'the ’

assessment and the frogran 1tselt have consequences for sany

‘aspnctq of- rerlatrost studics in Northenn Canada.

Distribution of Permafrost

It has been suggested that Brown's lqdei of the zones ‘and

coniitions of rermafrost be alte:ed sb that the Backenzie Delta

S

be'included in discontinuous'peridfrost (6111, 1973). The

(

tﬂSUltb here xrdlcate that the Delta should be consxdered an
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'7the Deupatpr area (66°E) of the Yukon (Fxg.VWJ},;uhere the

~just a no:thetl;fexténsian,,rhe,reasnn,iﬁ'théiwsduth,of'thei3”fl§

)

Delta there exxsts a belt of contxnuous petlafrost. The area
betueen Fort Norsan and Norsan Vells (65“!) has the hiqhest ice
content xh the Hackenzxe Valley and then fails off ta the no&th

and south. The same or dt least Sllllat, condxtxons exist for ”

norfherly lat1t011n31 dxsplacelent lxght be explalned\by Pac1£1c' o

Ocear xnfluenges. ‘This indicates such pernafrost cond1t10n5 art==

"*”‘”*“nnt‘a‘ibtﬁi‘phﬁhbienon, but ;nat there ls“contlnnous perlatrost 5o

in 4 belt that isolates the Delta fros soutberr discontinuous

;coniitgons.

The rates ofwchange in ice content are greatest in ‘these . .~

fall-ott areas. Because ¢f the presence of discontinuous

S

periaftoSt‘xn the Delta there is a transifion betieen"

-dxscontlnuous and contxnuous pprn;¥rost northvatd and again to

—

dlscontlnuous geraa‘rost. Nhat lxght an orderl chan e 1s
Y. g€

conctrxcted by the precence of the Delta and the ttan51t10n Ls Qﬁ

forued and thereby lore rapxd Conctricted ttansxtxonsrlxke thlsa

can have a potential fcr change greater than general

expectations. Because of this potential extra care must be

sou;ht'in Flaoning and develapment.
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Ro single'lodel to predict-ice ccntent, 'fot the study areas. o
*°  as ‘a vhole, could be found in thxs analySLS, not, it seens, for

K ‘ the conplete length of a transit. Tnerefore, as has been

sug;estoﬂ in the llterature, it is here concluded that lodels

uust be craated for s:aII Iocallzed sectxons at a ‘time, although

the scaln which’ lxght grove IOSt efﬁlcxent ‘is a: questlon for -

:further_s.udy. . R L

’nodelsluas the textural components. Although the specific Cu 2
textures associated with high ice contents vary sonevhitjiith

environmental conditions it 1s, nonétheless, plainly obvious

that the doninant infiuence on the forlation of icy pernafrost

in the subgtrate is texture. In some rays 1t 1s nnfortunate that

texture 1is so dominant. Pirstly, it has overshadoned the less
\

poverful 1nflnenc95 of other varlablec “*ﬂ, secondly, texturat”
,1nf¢rlatlcn requxrec dfllllnq. But drxlllng‘ac the most |

expen51Ve fxeld surveying lethod apd'flrst 1eve1 pcédlction

'

. using 1ess costly data nould be a real asset to developleni-by

reducan plannxng and exploratxon costs and ultllately, by

]

altering. -the focus to to one of a- lore ecolog1cal v1eup01nt in .

tura reducinq long ters maintainence costs. v -




The progra; ANECSY is contxnnally be1ng updated and
developed" thus 1t is recognised that the present version does
‘have probleas and 11-1tat10ns. Ihe ana1y51s is sensxtxve»to the;

codinq'structuréé; Just how sensitlve is’ unkncvn and lust be> o

ﬂata and varxables should be exercxsed. Varlables should be

given a greater nunbet of classes. Scattergrals vould then

‘”T'T“Wﬁ”"stﬁﬂieﬂ' k*léthvﬁrtal stuﬁy“vnﬂer“CUntrbtiéa‘cﬁﬁﬁitiOﬁE‘af‘bafh ******* -

~

be identified in these plots, as will curvilinear relationships.
The -results of this style of analjsis wonld be enhanced by an

- increase in the nulber of classes so that a way of 'optlng—out"
/
would be avallable. It is susfpected that sometimes classes are

U

forced 1nto thelr latrlx pOSItiﬁn 51lp1y becaUSe there is no

wind T el 1

alternatlve. Als an optlon in the progtal wvhereby true

fre;uenc1e= of varlable cases in natr1x cells could be output is

’fadVLSed as opposed to the present systel uhere they are ' “J‘“ff
computed hy hand Enpty cells could then be readlly Ldentxfled,

"1nd1cat1ng—1nterrupted trends and weakened variables. -

2 . ) : .

SR Large populations cové:ihg'large aréas and many differenf

environs: create quest1onab1e results in tests‘pivefanxf1cance.,
L=

¥ o

This causes problens in evaluatlng cotrelatlon coefflcents.'null“ '

;
=

relatlon 1nd1cators and the 1ndependence of the varlables. Sdle

Zolution should be found, as simgle llnear regre551on

i b b e sty

cOefflcents prov1de the flrst level of 1nforlat10n as to uh;ch
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A L . o .

5|

variables aay ultilately make up -the prEH{é;iie~lodel- 3hete

@

ean;fxcanca of the results is qnestxonable, confxden0e71n the

predictxve lodel vanes.
Scattergrdls and correlatzons are an 1|portant ‘part of the

stndy if only because tbey aid 1nterpretat10n of a more conplex\
. \:

analysxs. The study ot tour~var1able 1ntetactxons is dxfflcult

e Wandﬂthe{efxsua—st{oag499551htlity—e{fef£ef—tﬂ—%atet?fetatton~cff fffff R

M'the output :atnxx. There is then, a need to study tte two- and.>
' three-var;able predxctors sc as to be akle to iec1pher tbe : -
444;444444LigLe;egLde1seQ1aana11s1sL4IL41nn1d4a}sn4be4use£nlgforgeggee————f——————Q

understanding synergism if, in.selected cases, certain variables

-

nere’disPlatedvin favour of others in the higher level

"combinations.
¥ r

A systelAcf priority levels for variables'in the analysis

is required so that different conblnatxons qf dlfferent groups

er types of variables, field or office. oriented, nayrbe

analyzed. With a companion lappxng package the progral could be

e

conbined uxth uap—crxented route analycls and landscape
sen51t1v1ty analy51s. Tbe laps could be adjusted to suxt any
variatle and data block within reason. 77’ g

| There are other passibilitfes for the sjnergistic models

that are worth 1nvestxgatxon. There is the possxb111ty that the

' &

.

analysis could lodel frost” heave potentlal since 1n low ice

content, fxne-graxned 50115 frost suscept1b111ty is probably

-

telated to moisture availibility.

I . : .
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The single variable and nulti~vatiate anélyticaL/techniques -

'presentei in thxs thes;s are lncapable of predicting the '
preaence of pe:laf:cst and its ice content vith as. great an . -
‘expkanatxon of the varxance as the canbxnatlon varxable

SR ~%eehniq&efknalys¢s ef~£eeiegte&1 Systels. {he—notabie—tﬂvantaQESWff4¥*

o* the ANECSY rrogral acre the varxety of predlctzve -odels

\ ; o ' produged +he fxeld appllcabxlly to reconnaxssance and northern

occarrances of synergxstlc xntefdctlous in the env1ronlent._The
renhanced sen51t1v1ty tc vatxous databases allousuflexxblllty in
anut requ1rennnts, thereby reduczng the need for expensive and 
time consunxng core drxlllng and sanpllng in the 1n1t1a1 stages

of anulry.,The‘lodels pxoduced by AHECSY therefore, better'

. provide for the needs of rpute select;on procedures‘ihan those

of conventional methods.
conventy )

i
t /-
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