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The purpose  of t h i s  t h e s i s  is to e v a l ~ a t e  a meth'bd for 
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p r e d i c t i n g  t h e  ,presence OP a b s e n c e  o f '  perm&f~w$ and its ice 

c ~ n , t & - t .  This i n f o r e t i o n  i s  r e q u i r e d  i n  o r d e r t o ,  select the 

l e a s t  expensive and- least damaging routes for  linear d e v e l o p m e n t  

jects: 
1 - 

T W O  of thd'  data s e t s  were taken from the a l i g n m e n t  s h e e t s  - 
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p u b h i s h e ?  for tbe ~ r o ~ o s e d  jag r i p e l i n e s  along <he f lackenzie 
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' \  - R i e r  valley {torthuest Territories) and  t h e  D e w p s t e r  Corridor 

obtaiped by t h q  author fro. the Deopster Bighray and Klondike 
I ,  . ?  ~ 

. Loop (I  a k o n  T e r r i t o r y ) ,  

T h e  d a t a  were a n a l y z e d  i n  o r d e r  to  determine v h i e h  
, - 

e n v i r o n m e n t i t  factors test desk=- ibea  t b q  prebepce of and ice- 

T'roa si mple linear regress ions  t o  stegrise m u l t i ~ l e  regressions 

i d e n t i f i e d  f i v e  ~ a r ~ i a b l e s  a s  the b e s t  'predictors of ice c'ontentz 
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in the Deapster  Corridcr: t e x t u r e ,  d'kptft b e l o u  surf ace, l a n d f o r m  

genes is ,  e lerat ion and t ex ture  of the subst;ate &ore tho  A 5 

saaple.  When 'expanded to t h i r t y  dummy var iables ,  a maximm of 

6 6 .  6%"-'explanat  lon of t b e  variance was obtained. F i n a l l j ,  a -. 

? , 

sul ti-r a r i a b l e s -  A four- v a r i a b l e  in terac t ion  of aspect, slope, 



Eontent  at per8af ros t  e n c o u n t e r e d  in the pempster ~ o r r i d a r .  The , - 

r e s u l t s  suggest tha* prrme e nwironlceu tal,  andi it ions for ice 

forsa t im in permafrost are best & p l a i n i d  in* synergistic terms . 

and t h a t  a n a l y s i s  by ccmbined mult i -rari ,ables  can f a c i l i t a t e  the 

i d e n t i f i c a t i o n  of such  synergy  in the. ecosystem, 
-+ 







PAGE - 
- 

P e s i s t i r i t i e s  a n d  Condacti~rities of S o i l  Types - 

( R l ~ h n  Leonof f Consultants Ltd, ,  1979) , , ,,, ,,-- ,, 4 1 - 
codes a n d  ~ h z q e s  for, Ice Content , , ., , ,, ,,,, , .,, .,,,, , 6 2  7 

- 
Codes for' t h e  V a r ~ b l e  L a t i t u d e  ,,,,,,,.,,,.,,,,,,,,,, 64 - 

C ~ d e s  f 3r t h e  V a r i a b l e  Elevation , .,,, .., ,.., .,. ,,,,;, 64 

Codes fcr ths Variabie Aspect ........................ 66 
- -  - 

codes f o r  t h e  Barla5 l le  S T O ~  ,,.,,.,,,,,, ,,.,,,, , ,,.,, -66 
- 

7 c*es for t ' h e  -l ar ia t l e s  Landf or .  G e n e s i s  and 
eLdndform (Hackenzie )  ,,,,,,-,,,-,,,,,,,,,--- -,,-,- 68 = 

B C o d e s  f b r  t h e  Var iab le  Depth , , ,., , ., , ,, , ,, , , ,,, , I .- 69 

9 Codes for t h e  Variables Texture, Texture of  t h e  
L a y o r  Above and ~ e x t u r e  of t h e  Layer Below , ,,,,,, 7 0  

10 C ~ d e s  f o r  the Variable Vegetation,'  w i t h  i t s  
- h s s o c i a t i o r r s  a n d  mckenzl;ef-r,~r.. , 7 2  - 

. . 
11 C o d e s  f o r  the Variab le  ~'tructnre ,.,,,,-,,,,,,,, ,,,,,, 75  

i 

12 Correlation c o e f f i c e n t s ,  s t a n d a r d  errors of t h e  t % 
S 

est h a t e  and two-tai led s i g n i 2 i c a n c e  test 4 

results f o r  da'ta frop t h e  H a c k e n z i e  R i v e r  1 
Valle9 ,,...,,-..,,,,,,,.,.,~,,.-...,,~,,-,-.,~. 104 -. r 

I 3  c ~ r r e l a t i a q  C o e f f i c e o t s A s t a o d a r d  errors of the 
- - 
5 

e s t i r a t e  a n d  two taifed s i g n i f i c a n c e  tks t  
- 

i? 

results for data frca  t h e  Dempster corridor .-,,. $ 0 5  4 

14 Correlat icn coeff i c e n t s ,  standard errors of t h e  a 3 
4 

estimate a n d  two t a i l e d  s i g n i f i c a n c e  test  
rest+fts f-ef-&atafw*~eqster-R-foaifkk-- q i 

T H i g h w a y s  .,,,,,-,,-,,, . . . , - a . , - . . , . F - . , ,  ,,,--,--, 106 rt 
7 

- - 

1 5  Kecda1,l T a u ,  where B is grea ter  t h a n  the ? . absolute value of 3-20 and a s i g n i f i c a n c e  
of better than 0.15,  for t h e  Hackenzie i 

River V a l i e )  ,.-,,.,,..,,-,, ..,, ,,,,.,,.,,.,,,., 10-8 - - +, 

I 

vii 



- 

K e n d a l l  Tau, vhere  3 is 
--8; 
of better t h a n  0,1%, . 
C o r 1 i 4 0 ~  ...- ,,,., ,.,,,.. .. .,.,.., , .*,. ..,-..-,*, 108 

K e n d a l l  Tau, where R is greater than the I 

a b s o f u t e  value of 0 . 2 0  and a s i g n i f i c a n c e  
of tqtter  t h a n  O,1%, for t h e  
D e n p s t e r - K l o n d i k e  Highways .,,,,,,-.,-...,.. .. *., 109 

K e n d a f l  = ~ a u ,  where R. i s  less t h 4 a  t h e  a b s ~ l o t e  , 
va lue  of 'l), li) and a  significance of I%', f or  ' 

t h e  Backenzie B i v e r  V a l l e y  ,,,,,,,,, 2*..*,*.*.--. 110 

K e n d a l l  T a u ,  where B 1 s  less t h a n  the a b s o l u t e  
v a l u e  of 0.10 a n d  a significance of I S ,  for  
the 3espster Corriaor , , . , , , . , ,, , , , . . , ,, , . ,.. . . . , 11 1 5 

4 
.5r 

K e n d a l l  ~an,-u-hce R is Jess t h a n  the @b_solate - - 

va lue  o f  0.-10 a n d  a  significance of 19, for 
D e ~ p s t e r - K l o n d i k e  Highway ,,,, ;,,, ,. ,;,, ., .. .,,,. 111 

sr~smary tabie, a u l t i ~ l e  regression of the 
n a c k ~ n z i e  Valley data ,.,,. ..,. 114 

dZ sumrary t a o l e ,  a u l t i p l e  r egress i  of the 
Deepster  Corrrdor data .,,,,.,,,,. .,., .,,.-,,..,. 114 

Summary  t a b l e ,  m u l t i p l e  regress ion  5f the 
D e m p s t e r - K l o n d i k e  B i g h v a y s  d a t a  ,, ,,., ,, -,.. ,.,,, - 114 

- - - - - - - - - - - - - - - 

S ~ m m a r y  t a b l ~ ,  r u l t i ~ l e  regression of the 
e o d i f i e d  Yackeczie Valley data ,, . .,.... ,.-. ..,. , 117 

su-mma rp. t a b l e ,  n n l t i p l e  regression of the 
ao3ified Dempster  Corridor d a t a  .,,.,, ,, .- ,. ,..., 117 

Summary table, m u l t i p l e  regression a•’  the . 

aodif i e d  D e a p s t e r - R l a n d i k e  Highuays data  ,,. .,.. . 117 

C3ses  and means f o r  D u m m y  Variab les  ,.,,.,. .. . ,,, ,,'.,, 120 

S i g n i f i c a n t  inter-dummy r e l a t i o n s  tor the 
nackenzie Yallel  data  ,, ..,..,, . .,,,,, .,.,, ,, ,.,.. 122 

- signif scanf  Lat-er-*u~gsrre*ari-*nns d ce-----------i--- - 

Deapster Corridor data ,.~.,,,,l.,,,,,,,,.o-...-,. 123 
~ ~ 

S i g n i f i c a n t  inter-d ntrp r e l a t i c n s  for t h e  
D e n 2 s t e r - R l o n d i k e  Highways  data ,, ., ,, , 124 



- 
33 t a b l e ,  dummy regression of the Derpster 

a . . . . . . . . . . . .  133 - 
I 

34  ,table, dubq regression of' the - 
t D e m p s t e r - E l o n d i k e  B j g h v a y  d a t a  .................. 134 

35 Summ9ry table, dusmy regression of t h e  modified 
aackenzie Ya1,ley data  ,, .,,, ., .,,. ,.,,,. ...,,,.., 135 

@ 

36 - Srltpmry t a b l e ,  duaay regression of th'e modified - 

C - D e m F s t e r  Corridor  data  ,,,,,,,,,.,,,,,,-..,,,.,,, 136 

37 Summary t a b l e ,  d u m ~ y  regression of t h e  modified 
D e a ~ s t e r - K l o n d i k e  Elghways data ,. ,.,.,.',.,. ,,,,, 1 3 6  - 

38 AXECSY; Mackenzie R i , r r e r  Y a l l e y  , ,, , ,;,, ,,,,,,,, ,, ,, 14 1- 

39 ASECSY; Ceapster Corridor ., . , , . . , , ,, . . . , , , , , , , . ,, . , . I46 



FIGURE. PAGE 

k T h e  Yuk~tn  a n d  Hestern N r t h w e s t  Terri tories  .,,.--..-- 16 
. . 

R e l a t i o n s h i p  b ~ t v e e n  t h e  o c c u r r e n c e  of 
, .  p e r m a f r o s t  zohes a n d  f r e e z i n g  and t h a w i n g  

indices for s t a t i o n s  w i t h  u n d e r  50 cas mean , 

- w i n t e r  s n o v  cover (after Harris, '1981) ,,,,, ,.,.,, 24 

Eelattion b e t w e e n  zonal ~ermaf rost  landforms and 
p e r m a f r o s t  zones ( a f t e r  B a r r i s ,  1981) .. ,,,. ,.,,,. 25 

4 F l o w  Diagram of t he  Research D e s i g n - , ,  ,,. ,, ,,.,, ,,,.,, 54 
5 ' O u t l i n e  of t h e  h a l y s i s  Procedure ,,,,,.,,,,,,,,....,, 90 - -- 

6 Ice C o n t e n t  vs. Texture ,.,,..,......,,.,.,,.,,..,,,,. 93 

7 Ice C o n t e n t  vs, ~ a t i t u d e  . ,,, ,, . ,, , , , , . . . , . . , .,, .,-, , .. 94 

9 Tce C o n t e n t  vs, Vegetation . , .,,.. ,...,. .,,.,,,...,.,- 97 

10 Aspect vs. V e g e t a t i o n  , ,, , ,, ,, ,, ., , , . , *. -. . . . . ,. ,. ,. .- 99 

12 Landform Genesis vs. Vegetation .,, ,,,,,..., ,.,. .,, ., 102 
- 

-? - = 1 3  Ice c o n t e n t  vs. Latitude f o r  the ,  
3 e o ~ s t b r - K 1 o n d i k e " B i g h u a y s  ,,...,,,. ,.,.. ,., ,.,., 151 



This t h e s i s  i s  c c n c e r n e d  w i t h  pe rmaf  rost i n  n o r  t h u e s t e r n  

Canada ,  A . i s t o r i c a l l y  ~ e r m a f  r o s t  has b e e n  a bane t o  n o r t h e r n  

d e v e l o p m e n t .  J o s e p h  Robson  a n d  James I s h a m ,  e m p l o y e e s  of t h e  

Hudson R a y  Company sake r e f e r e n c e  t o  t h e a r o b 1 e . s  o f  f r o z e n  

g r o u n d  i n  their d i a r i e s  o f  the 1750's ( i n  L e g g e t ,  1972 ) .  T h e  

m i n e r s  of t h e  R l c n d i k e  G o l d  R u s h  of d e v i s e d  many a 

scheme t o  d e a l  w i t h  t h e  r i g i d  - b e a r i n g  g r a v e l s  t h a t  

h a m p e r e d  t h e i r  f o r t u n e s .  The Canof .  Foad, a i r ~ o r t s  a l o n g  t h e  

Northwest S t a g i n g  Rcute and  the A l a s k a  Highway a l l  came i n t o  

b e i n g  a r o u n d  t h e  time of t h e  S e c o n d  Wor ld  War a n d  e a c h  p r o j e c t  

had  t o  c o n t e n d  with t h e  ~ e r n a f r o s t  t e r r a i n ,  An a w a r e n e s s  of 

p r m a f  r o s t  is n o t  a n e u  y h e n o e e n o n .  C a n a d a  h a s  been a c t i v e  i n  

northern research for aanp y e a r s ,  T h e  Division o f  B u i l d i n g  

Research of  t h e  N a t i o n a l  R e s e a r c h  C o u n c i l  f o z m e d  t h e  P e r m a f r o s t  

s e c t i o n  i~ 1950, and t u o  years later e s t a b l i s h e d  t h e  N o r t h e r n  

R e s e a r c h  S t a t i c n  a t  Norman Yells in the n a c k e n z i e  Piver Valley, 

HI U.T. T h e  e x p e r i e n c e s , g a i n e d  i n  such r e s e a r c h  p e r m i t t e d  t h e  

c o n s t r u c t i o n  of t h e  new northern t o w n  o f  I n u v i k  i n  t h e  early 

1960's. T o d a y  t he r e  i s  a c o t h e r  p r o p o s a l ,  a n o t h e r  d r e a m ,  t o  build 

a g a s  p i p e l i n e  linking t h e  reserves of t h e  Backenzie Delta and 

fru- Ekq oil m d  gas fie* t o  the markets fn the soot3. The 

k e y  e n g i n e e r i n g  ~ r c b l e r  i? d e v e l o p i n g  t h e  N o r t h e r n  l a n d s ,  a s  

a l u p y s ,  is the permfros t .  
% 



~ e r a a f r o s t '  is d e f i n e d  a s  g r o u n d  mater ia l  w i t h  a t e m p e r a t u r e  

of less than O O C  f o r  t w o  or m o r e  c o n s e c u t i v e  w i n t e r s  a n d  a n  

i n t  g r v e n i n g  summer  ( J o h n s t o n ,  198 1) . 
D i s t u r b i n g  t h e  t h e r m a l  b a l a n c e  of the g r o u n d  i n  areas of - 

~ e r m a f  r o s t  c a n  l e a d  t o  problems of s l u m p i n g  a n d  s u b s i d e n c e '  

l e s s e n i n g  t h e  i n t e g r i t y  o f  a p i p e l i n e ,  The e x t e n t  a n d  m a g n i t u d e  
1 

of these problems depend  on t h e  a a o u n t  of ice i n  t h e  underlying 
? 

~ e r m a f r o s t .  A p r e d i c t i v e  model of g r o u f i d  c o n d i r t i c n s  would bg. 
I I 

use 

ass 

c o n  

f u l  

0 SS 

t e n  

s e l e c t i o n .  T h i s  t h e s i s  attempts t o  

p r e d i c t i o n  *f p e r f l a f r o s t  and its ice 

I t  i s  a s t u d y  of t h e  

r e l a t i o n s k i p s  h e t w e e n  p e r m a f r o s t  a n d  i t s  e n v i r o n m e n t  a n d  o f  t h e  
i 

int erre la t i -onsn  i p s  among t h o s e  e n v i r o n m e n t &  f a c t o r s  t h e m s e l v e s -  

P e r m a f r o s t  is of major c o n c e r n  t o  t h o s e  i n v o l v e d  i n  t h e  

c o n s t r u c t i o n  of t h e  A l a s k a  Highway Gas Pipeline b e c a u s e  the 

proposed routes t r a v e r s e  areas known t o  c o n t a i n  pdraafrost.  Our 

a b i l i t y  t o  m o d i f y  t h e  envi ronment  i n c r e a s e s  f a s t e r  than our  

ability t o  fo rsee  t h e  effects of s u c h  a c t i v i t i e s  ( B e l l a  a n d  

D v e r t o n ,  1 9 7 2 )  . T h i s  ~ r e d i c a n e n t  results f r o m  a lack of 

understanding n f  c o m p l e x  o r g a ~ i z e d  e c o s ~ ~ s t e m s ~  A s t u d y  of t h i s  fi 

nature, i t  1s h o p e d ,  vill l e a d  t o  a more e n l i g h t e n e d  a n d  

r e s F c n s f  o l e  d e v e l o ~ c e n t  cf t h e  n o r t h e r n  e c o s y s t e m s  of C a n a d a  by 

o r i e n t i n 3  r~ u t e  s e l e c t i o n  p r o c e d u r e s  t o  a more e c o l o g i c a l  

s t a n d p o i n t .  



I n  a r e g i o n  w h i c h  a c t s  a s  a v a s t  r e f r i g e r a t o r ,  t h e  
n a t u r a l  o p e r a t  i o n s  o f  d e c a y  a n d  r e g e n e r a  t i o n  a r e  s l o w e d  
t o  a  snails p a c e ,  S o i l  k a c t e r i a  d e v e l o p  slovly, 
r e s u l t i n g  i n  an e x t r e m e l y  t h i n  l a y e r  of s o i l ;  a n d  the 
g r o w t h  of v e g e t a t i o n  is many times slower t h a n  t h e  
s o u t h ,  Any a l t e r i n g  of th; p h y s i c a l  e n v i r o n a e n t  c a n  take 
h u n d r e d s  o f  y e a r s  t o  r e d r e s s ,  

(Anon,  1982a) -  
* # 

N o r t h e r n  l a n d s  r e c o v e r  more s l o v l y  f r o m  d i s t u r b a n c e  . t h a n  those 

of t h e  S o u t h .  The r e l a t i v e  i m p a c t s  of d i s t u r b i n g  e v e n t s  a r e  very 

different. W i t h i n  t h e  f i r s t  r e c c v e r y  p e r i o d  of a d i s t u r b e d  

n o r t h e r n  e c o s y s t e m ,  s h o u l d  a n o t h e r  d i s t u r b i n g  a c t i o n  o c c u r  the 

c o m p o u n d e d  e f f e c t  w i l l  b e  f a r  g r e a t e r  t h a n  t h e  f i rst .  The f i r s t  

d i s t u r b a n c e  i n i t i a t e s  a s l o w  n o r t h e r n  r e c o v e r y  r a t e  a n d  
\ 

s u b s e q u e n t  d i s t u r t a n c e s  d e p r e s s  t h e  r a t e  b e y o n d  a n y t h i n g  t h e  

South h a s '  t o  c o n t e n d  u i t h ,  ~ o s s i b l y  b e y o n d  o u r  p e r c e p t i o n s -  I t  

is  e s s e n t i a l  t h e n ,  t o  p r o v i d e  c a r e f u l   re-planning f o r  l a r g e  

l i n e a r - d e v e l o p m e n t  p r o j e c t s ,  

~ e r r n a € r o s <  v a r i e s  u i t h  c h a n g e s  i n  the . n a t u r a l  w e a t h e r  

p a t t e r n ,  b u t  m o r e  d r a m a t i c  a r e  t h e  v a r i a t i o n s  c a u s e d  b y  

m o d i f y i n g  the g r o u n d  c o v e r  o r  i n t r o d u c i n g  a heat source- The ' 

d o m i n a n t  a g e n t  ' f o r  t h e s e  e v e n t s  is man a n d  h i s  a c t i v i t i e s -  Ice 

c o n t a t  o f  t h e  f r o z e n  n o r t h e r n  s o i l s  d e t e r m i n e s  the s r a g n i t u d e  of 

e x a m p l e ,  i n  b u i l d i n g  a road the  ground surface is m o d L f i e L  and 
8 

if t h e  h e a t  balance i s  n o t  m a i n t a i n e d  ky p r o v i d i ~ g  s o r e  

insulation, t h e  ~ e r r a f r o s t  w i l l  uarm, e x c e s s  ice wirl melt and 



11 o c c u r ,  I f  t h e  ice c r y s t a l s  a re  i3isperseb- 

t h r a u g h o u t  t h e  s o i l  a n d  t h e  v o l u m e  of ice is less t h a n  that of 

s o i l  t h e n  the f i n a l  s e t t l e m ~ n t  v i l l  be s m a l l -  However ,  i f  the 

volume o f  ice is l a r g e  r e l a t i v e  t o  t h q t  of t h e  soil t h e  

p o t e n t i a l  sett l e s e n t  increases d r a n a t i c a l l i ,  H e l t i n g  o u t  of ice 

i n  t h e  f r o z e n  g r o u n d  b e n e a t h  a r o a d v a y  can lessen t h e  bearing 

c a p a c i t y ,  and  a p ~ l y i n g  a l o a d  t o  t h e  s u r f a c e  w i l l  c a u s e  

s u b s i d e n c e  a n d  p o s s i b l y  f a i l u r e ,  G r a v e l  e m b a n k m e n t s  1.2 t o  1.8 m 

(4 t o  6 f t )  t h i c E  ~ r o v i d e  t h e  n e c ' e s s a r y  i n s u l a t i c n  f& r o a d s  o i n  
. % p. e 

t h e  continuous g e r a d f r c s t  z o n e .  B u t  f a r t h e r  s o u t h ,  i z  th'e 

9 .  ' 
_ g ~  , d i s c o ~ ~ i n u o u s  g e r a a f r o s t  z o n e ,  t h e  temperature o f  t h e  permafrost 
w 

n e a r s  O•‹C a n d  the t h e r i a l  balance is more tenuous, T h e  h e i g h t  of 

g r a v e l  e ~ b a n k m e n  ts r e q u i r e d  t o  p r e s e r v e  the %armw p e r m a f r o s t  is 

f a r  g r e a t e r ,  O f t e n  such q u a n t i t i e s  of f i l l  c a n n o t  b e  o b t a i n e d  

e c o r r c m i c a l ~ y  s o  a c o n t i n u o u s  m a i n t e n a n c e  of a less t h a n  a d e - a t e  

d e p t h  o f  f i l l  is n e e d e d  u n t i l  a new t h e r m a l  b a l a n c e  i s  k c h i e r e d .  

T h i s  is well d e m o n s t r a t e d  i n  t h e  case of t h e  Alaska Bighway 

n o r t h  of Beaver  Creek w h e r e  t h e  r o a d  m u s t  be c o n t i n u a l l y  

u p g r a d e d  e v e r y  t h r e e  y e a r s  t o  p r e v e n t  i t  from s i n k i n g  below t h e  . '  

l e v e l  of t h e  s u r r o u n d i n g  t e r r a i n  fEAP, 1979)- S i m i l a r l y ,  t h e  - 

f i r s t  f i f t y  miles of t h e  D e a p s t e r  H ighway  b a d  t o  be r e b u i l t ,  

I n i t i a l l y ,  c u t  a n d  f i l l  c o n s t r u c t i o n  rethqds L h a d  been e m p l o y e d ,  

e x p o s i n g  t h e  s u b s u r f a c e  s a t e r i a l s  a n d  permitting heat to 

p e n e t r a t e .    he costs of s u c h  m a i n t e n a n c e  a n d  reconsTrmrra a r e  

extreme, In a d d i t i c n  d e g r a d a t i o n  cf p e r m a f r o s t  i s  o f t e n  

s e l f - p e r p e t u a t i n g ,  i n c r e a s i n q  t h e  c o s t s  t o  governments and 



k n o w l e d g e  of t h e  g r o u n d  i ce  b e c a u s e  d i s t u r b a n c e  o f  t h e  t h e r m a l  
b 

balance i n  h i g h  i c e  c o n t e n t  s o i l s  will q u i c k l y  l e a d  t o  
d 

~ f 

undermined f o u n d a t i o n s  by  s l u a F i n g  a n d  s u b s i d e n c e ,  

R o u t e  S e l e c t i o n  

) ,  
t - V i t h  the p r o p o s a l s  t o  b u i l d  t h e  A l p e s k a  O i l  P i p e l i n e  and 

t h e  B a c k e n z f e  ~ a l l e ~  G& Pipeline there e v o l v e d  a p u b l i c  

avareness o f  e n v i r o n m e n t a l  c o n c e r n s  i n  t h e  H o r t h .  T h e  
r 

G o v e r n m e n t s  r e s ~ o n s e - h a s  b e e n  t o  e n a c t  F e d e r a l  l e g i s l a t i o n  

p e r t a i n i n g  t o  n o r t h e r n  l i n e a r  d e v e l o p a e n t  p r o j e c t s  r e q u i r e ,  

a a o n g s t  other things, s u b m i s s i o n  cf an e n v i r c n m e n t a l  i m p a c t  

assessment sta t e a e n t  t o  the f l i n i s t e r  of t h e  E n v i r o n m e n t .  iihere 

t h e r e  is p o t e n t i a l  f o r  s i g n i f i c a n t  e n v i r o n r e n t a f - e f f e c t s ,  

p r o v i s i o n  f o r  a f o r L m a l  r e v i e w  process is m a d e - u n d e r  t h e  a u s p i c e s  
1 

of t h e  Environmental  Assessment Panel .  

Por example, t h e  ~ n ' v i r o n i e n t a l  l a n d  Use C o m m i t t e e  

r e s p o n s i b l e  f o r  the E n v i r o n m e n t  a n d  L a n d  Use A c t  (1971) i n  

B r i t i s h  C o l u m b i a ,  d e v i s e d  a set of guidelines for t h e  

d e v e l o p m e n t  of m a j o r  l i n e a r  d e v e l o p m e n t  projects s u c h  a s ,  r o a d s ,  

. r a i l w a y s ,  p o v e r l i n e s  a n d  p i p e l i n e s  (ELUC, 1971).  F o r  l a r g e  scale 
- - - 

p r o j e c t s  t r a v e r s i n g  cne or more R e s o u r c e  Management  Regions of 

B r i t i s h  C o l u m b i a ,  or  areas i d e n t i f i e d  a s  p a r t i c u l a r l y  sensitive 

t o  d i s t u r b a h c e ,  f o u r  stages a r e  i d e n t i f i e d  i n  t h e  g u i d e l i n e s :  

S t a g e  I : a  B a u t e  s e l e c t i o n ,  T o  i d e n t i f y  e c o n o m i c ,  





The= _is an a d d i t i o n a l  s t e p  t a t  is important, o m i v t e d  in,  t h e  ' 
' I  L' 

rrbovp but i n t r c - d u c e d ,  i n  the l l a c k e n i i e  V a l l e y  Pipeline Inqairp.  - 

- 'c 
Stage 5: Abandonment. . 

0 

Bbandonnent  program. 

D 9 t a i l e d  ~ i t i g a t i o n  procedure. 

C o s t  r e s p o n s i b i l i t i e s  d e f i n e d ,  
" d 

( a f&er  Berger,b 1977k. t 

a 

* -  It can  be  sedn t h a t  p e r m a f r o s t  d a t a  is r e q u i r e d  a t  a l l  stages of 

4 the e n v i r o n m e n t a l  i d p a c t  a s s e s s m e n t ;  t h e  d e t a i l e d  plans, t h e  w .  
e 

e n v i r o a w n t a f  mama&, ttre e t k g a k k o n  ~ r m & w s  a e  so es, - ,- -L 

Y 

However, p r o b a b l y  most i m p o r t a n t  is ' t o  h a v ~  t h e  n e c e s s a r y  

p e r m a f r o s t  i n f o r m a t i o n  a t  t h e  R o u t e  S e l e c t i o n  stage s o  t h a t  

e c o l o g i c a l l y  s o u n d  .and i n f  orlaed a ~ p r a i s a l s  m a y  b e  made, % 

\ 1 

, A v a r i e t y  o f  methods  for d e t e r r a i n i n g  t h e  * b e s t 1  r o u t e  

e x i s t ,  b u t  some of the a t s t  c o m o n l y  u s e d  for n o r t h e r n  l i n e a r  
- - - - - --- - - - 

d e v e l o p m e n t  p r c  jects are; 1 

1. ~ x p e r t  Commi t t ee  Hethod: A task force o f  e x p e r t s  is' a s s e m b l e d  
F 

and  each i n d i v i d u a l  r e ~ o r t s  o n  a . p a r t i c u l a r  a s p e c t  of t h e  

problem.  d u a a a r y  o r  o v e r v i e w  is written by t h e  cha i rman.  lluch 

of t h e  e a r l y  work f o r  t h e  B a c k o n z i e  R i v e r  va l l ey  Gas  P i p e l i n e  
- 

p r o j e c t  was d o n e  i n  this manner, T h e  c r e d i b i l i t y  of t h e  f i n d i n g s  

i s  who l ly  d e p e n d e n t  on the c r e d i b i i t y  o f  t h e  t a s k  f o r c e  members. 

2 ,  Checklist: m r o a r e n t a l  c d a d i  t i o  cs or  factors to  be r e p o r t e d  

a r e  defined.  A r e v i e w  team c o m p l e t e s  tke c h e c k l i s t  s t u d y  i n  the 

field and  summary r e ~ o r t s  are w r i t t e n .  This- was t h e  b a s i s  f o r  

t h e  w i l d l i f e  s t u d i e s  f o r  t h e  p roposed  N a c k e n z i e  gas pipeline a n d  



, $ the nou completed Alyeska oil ~ i p e l i n e .  However, there is , 
- - - - -  - -  

neither. a l l o w a n c e  for i d e n t i f i c a t i o n  of p o s s i b l e  i m p a c t s  ~ o r  f o r  I.. 

an  e s t i r a t e  of their s e v e r i t y .  
b r  1 

Ei. 
\ 

3. l a t c i r :  T h i s  is l i t t l e  .*re t h a n  a  t w o - d i m e ~ s i c n a l  checklist, 
J r 

w i t h  one  a x i s  b e i n g  causal f a c t o r s  a n d  t h &  other, the selected 

environmental e l e m e n t s  r e p r e s e n t i n g  cond i t ' i on .  a f f e c t e d  by t h e  

act i o n s .  T h e  a d v a n t a g e  here i s  t h a t  E u n c t i o n a l  " 
Yl i -* B 

. i d t e r r e l a t i o n s h i p s  may be identified . ( l e o p o l d  et al., 1971)'- But  

the a n a l y s i s  d o e s  n d t  distinguish between  long a n d  short-ter8- , 
I I 

4' h 

impacts ,  ,. 'ROC is . . a= giiarantee that a l l  .it-iggati Y!? - -- 

e 
% 
,d solutions hare been i d e n t i f i e d ,  

E 

4. ~hree-dim&sional ffatrix &ug&s: i s  t e r m e d  

c a u s e c o n d i t i o n ' - e r t e c t  networks., T h e  method is based bn t h e  
' 

I 

p?eaise  t h a t :  a n  a c t i o n  c a u s i n g  c h a n g e s  i n  one o r  more - 
environmental c o n d i t i o n 5  h a s  one or more t e r n i n a t i o n s ,  T h i s  

e c ~ s y s t e m s ,  b u t  it offers n a - S p l u t i o D t Q & ~ & a  of 

e x p o n e n t i a l l y  incr€as ing  numbers of matrices w i t h  e a c h  s t e p *  

- o t h e r  than t o o c r e a t e *  t h e  a r b i t r a r y  cut  o f f  p o i n t  a f t e r  two 

steps, T h e  net hod h a s  been employed i n  a variety of settings on 

a v a r i e t y  of problems b u t  so f a r  a s  i s  k n o u n ' h e r e ,  i t  h a s  n e y e r  

been t r i e d  on the larg&r northern s e t t i n g .  

a r e a s  t o l e r a n t  o f  deve lopment .  l l a j o r  l a n d s c a p e  t y p e s  are l o c a t e d  
- -- - - - p- 

* 

and combined w i t h  i n f  o r n a t i o n  on  b i o t a  and land use, Land u n i t s  
'@SF 

. 
a r e  r a n k e d  a c c o r d i n g  t o  t h e i r  a b i l i t y  t o  w i t h s t a n d  d i s t u r b a n c e  



a n d  t h e  routes a r e  c a l c u l a t e d  t c  a v o i d  . s e n s i t i r e  .areas- T h e  
* - - -  -- - t 

method is time bonsqaincj  a n d  e x ~ e n s i v e  b e c a u s e *  o f  the amount  of 

f i e l d  work i n v o l v e d .  Bowever, t h e d p r o o e s s  is becc . ing  more 
a B 

r e f i n e d ;  a n  E c o l o g i c a l  Land S u r v e y  vas c a r r i e d  o u t  by Lands 

Directorate of 35, 130 k.2 of the Northern yakon at a sarvey cost , 

( e x c l u d i n g  s a l a c i e s )  a v e r a g i n g  3 1 - 4 3  per. km* ( U i c k e n  .et a l . ,  
I 

I 

198 1 ) .  

9, C a r t o g r a p h i c  Overlays: P i e l d  studies of v a r i o u s  environmenta3 
0 a 

factors-are i n i t i a t e d  a n d  t h e  results a r e  mapped i n d i v i d u a l l y ,  A 

suemary  map is c r e a t e d  b y  o v e r l a y i n g  the s i n g l e  - factor sheets, - - -- 

- - - - - - - -- 

R e g i o n s  h a v i n g  s imi la r  c h a t a c t e r i s t  ics ray t h e n  b e  i d e n t i f i e d  ' , 

and t h e i r  s e n s i t i v i t y  d e t e r m i n e d .  R o u t e s  a g a i n  may b e  o u t l i n e d  

rso a s  t o  a v o i d  areas of s e n s i t i v i t y  as much A s  possible. U i t h  

computers a v a i l a b l e  t h e  d a t a  sets can b e  s t o r e d  and m a n i p u l a t e d  

e a s i l y  and the s a p s  produced q u i c k l y -  However,' the e c o l o g i c a l  

d e f i n e d  a a r u a l l y .  To 4 0  t h i s  r e q u i r e s  e x t e n s i v e  -3 - + 
L 

f i e l d - e x p e r i e n c e d  personnel. T h e  Federa l  Government  b p p l i e d  this + 

a 

$ 
I 

method i n  its Ecological L a n d  C l a s s i f i c a t i o n  S u r r e y  of Canada 
d 

a 

( T B i e  anh I r o n s i d e ,  1 9 7 6 ) .  F o o t h i l l s  and Arctic Gas both 4 
2 

e n p l o y e d  t h i s  pethod i n  p r e p a r i n g  s u b m i s s i o n s  f o r  a p p l i c a t i o n s  3 
$ 

to b u i l d  gas pipelines i n  the North, Ir! this ray t h e y  were able i *2 
t 

to  i d e n t i f y  areas  ~ o p u l a t e d  by  rare s p e c i e s  of birds and animals 4 .. 
- - - -  - - - - - - - - - -- - - - -3 

-. whose numbers would be decreas~d  by i n d u s t r i a l  development. 
- - - - - - - - - 

7. A n a l y s i s :  T h i s  is s i m i l a r  t o  t h e  method outlined a b o v e  .z 

3 

b u t  w i t h  more e x t e n s i r e  a p p l i c a t i o n  t o  c o m p u t e r s ,  The  map a r e a s  I 

, 



a r e  t r o k e n  into cells at' some convenient sca le  and s t a t i s t i c a l  
- - -- - --- - 

. or m a t h p a t i c a l  s i s u l a t i o n s  of t h e ,  e c o s y s t e m  are developed. I n  

t h i s  way s e n s i t i v i t y *  of t h e  a r e a  is d e t e r a i n e d  and a l s o  t h e  
& 

- success of p o s s i b l e  a i t i g a t i r r  measures may be s t u d i e d .  The 

amount of aata r e q u i r e d  f o r  t h i s  type of analysis is p r o h i b i t i v e  
.' 

and a l i  too often n o n - e x i s t e n t  so tqat on ly ,  a v e r y  f e u  p r o j e c t s  

can be analyzed  ia this va y." ,, 

8 - 
8. 3 a t h e a a t i c a  Surfaces: as  above, b u t  with t h e  models  all 

R . 
b a s e d  on .a t h e ~ f t i c a l  ~ a r f a c e s  r e p r e s e n t i n g  highs *and lows i n  

J 
I 

cost3 and/or e n v i r o n m e n t a l  - - - s e n s i t i v i t i e s ,  - -  ~ o n t e s  - are f i t t e d  - - - 
- 

1 . . 
within the t r o u g h s  t o  m i n i r i z e  e x ~ e n d i t u r e  o r  ' d i s t u r b a n c e ,  T h e  

o u t  cut may b e  r"a,de visw l l y  a t t r a c t i v e  and e a s i l y  c o m p r e h e n s i b l e  , 
'T 

h 

- h o v s v e r  ," t h e  p p e r a t i g n a l  Fraresses involved a t  t h e  early  s t a g e s  o 

a r e  quite c o m p l i c a t e d  and f u l l y  u n d e r s t o o d  o n l y  kjr s p e c i a l i s t s .  
0"' 

$ar ge degree of subjec tiditg i n  r a n k i n g  s, r a t i n g s  aqd c c m p a r i s o n  ii 
2 w - 
f 

-4 
of d a t a .  In a d d i ' t i o p ,  t h e y  n e i t h e r  p r o v i d e  a l t e r n a t e  c h o i c e s  in s 

1 3 
r o n t i n g s , '  nor:do th'ey facilitate a s s e s s m e n t  of the p o s s i b l e  f 

'i 

2 
t 

a l t e r n a t i v e s  f A E I S 8 ,  1980; I levkir ic ,  mimeo), 3 
* 4 - 

\ 8ost often pipeline companies hape  used  E c o l o g i c a l  Land (+ 
0 ~ u f r e p s  based on d e s c r i p t i v e  l a n d  u s e  analysis fo r  permafrost \ -C +- - - 

p r e d i c t i o n  along n o r t h e r n  routes. But ' t h e  l i m i t a t i o n s  p r o v e  -" 
- 

- -  - - - - - - - -- - - - - - - 
4 - 

severe; t h e  presence o r  absence of permafrost nay -be idenf  i f  i e d  
- - 

i 
o n l y  a t  s m a l l  scales and t h e r e  a r e  n o ' f a c i l i t i e s  'to i i d i c a t o  t h e  

ice c o n t e n t  i n  o t h e r  t h a n  q u a l i f i e d  "highN or  nlavm estimates, 
- - 



The companies have been f o r c e d  t o  d e c i d e  on the n b e s t w  r o u t e  
- - - - - - - - - - - - -- - 

before adequate e n v i r o n m e n t a l  d a t a  are a v a i l a b l e ,  Thus a n y  

e n v i r o n m e n t a l  c o n s c i o u s n e s s  a p i p e l i n e  conpaoy m i g h t  h a v e  is 

soon frustrated because the r o u t i n g  d e c i s i o n s  c a n  b e  aade o n l y  

on shor t - t ~ r m  econcmic b a s e s ,  

The company must drill and sample t h e  ground t o  d e t e r m i n e  
I r '  

ice content. This is inpractical, tiie c o n s a e a g  and expensire 

for large linear d e v e l o p m e n t  projects at t h e  e a r l y  s t a g e s  of 

route s e l e c t i o n ,  The  Trans Alaska oil p i p e l i n e  route was drilled 

at 15 a [5Q ft) interfids in -ice-rlch peraafrost areas (EAP, - 
1979) , O v e r .  5 , 0 0 0  b o r e h o l e s  were d r i l l e d ,  3,7/km (6 /a i l e )  a l o n g  

, t h e  Alaska Efighuay roate  a t  a cost  of $10,000 per hole, C a n a d i a n  

Arctic Gas Pipelines L t d ,  by 1977 h a d  spent St50 m i l l i o n  (Grey, 

1979)  i n  presenting t h e i r  case to r e g u l a t o r y  forum, much of 

which was spent on enviroam~ntal research, Foothills P i p e l i n e s  ' .  

+ Ltd. spent more t h a n  $20 i i l l i o h  preparing p I a n s  for the Y 

Bactenzie  Project and  to' d a t e ,  over 1200 a i l l i o n  i n  p r e p a r a t i o n  

for t h e  Alaska Highway Gas P i p e l i n e  (Anon., l98Ztf .  Today large 

s6.s are b e i n g  s~ent cn r e s e a k c h \  i n  t h e  B e a n f o r t  Sea: 

Geophysica l  costs for these l arge  s c a l e  pro jec t s  can amount t o  

C 101 of t h e  tot31 e x p l o r a t i o n  b u d g e t  (Brooks, 1980) To minimize I 

s u c h  expenditores ubile, a t  t h e  same time, o b t a i n i n g  the 
/ 

companies, 
- - -  - - - 

In at tempting to r e s o l v e  the p r o b l e m s  i n h e r e n t  i n  t h e  a b o v e  

met hods,. r e s e a r c h e r s  hare began i n v e s t i g a t i n g  compu ter 



t e c h n i q u e s  i n  s t o r i n g  a n d  r e t r i e v a l  of d a t a  (Laurence, 19741, ); 
- - 

r u n n i n g  s t a t i s t i c a l  a n a l y s e s  f ~ a - v ,  1970) and producing b o t h  

s t a t i s t i c a l  an3 cartographic d i s f l a p g .  I n  t h i s  way l a t i t u d e ,  

s o i l  and  t e x t u r e  h a v e  been studied i n  t h e i r  r e l a t i o n s h i p s  t o  t h &  
E 

ice stf u c t u r e s  of  ~ermafrost ( H e g i n b o t t o m  et al., 1978) - 
However, t o  the present time, o n l y  frequency d i s t r i b o t i o n t  

e 

s t u 3 i e  L)• ’  three v a r i a b l e s ,  t a k e n  one a t  a time, hare ,been 
\ 

p u b l i s h e d  for, ~ e r r a f  rost. 

Th& variables u e r e  taken o n l y  o n e  time tecause it was. 

found ax! i m p o s s i b l e  task t o  d e a l  w i t h  a n  + .- e r e 1  expand ing  - ,matr ix  

of i n t e r r e l a t i c n s h i p s  when v a r i a b l e s ,  uere used ic c o m b i n a t i o n s  . 
I 

i n  m u l t i - v a r i a t e  analyses. Crampton [1978a ,  1578b,  1 9 8 1 )  
(. 

s u g ~ e s t e d  a solution to  the problem by re-coding t h e  
0 '? 

m u l t i - v a r i a t e  c o n b i n a t i o n s  back i n t o  t h e  same number of 

categories a s  t h e  i n i t i a l  v a r i a b l e s .  Anal f  sis of E c o l o g i c a l  

S y s  €ems (AxECsY) (Crarpf  on ,  1981) is -a s t a t i s t i c a t  procedo;e 
, 

e m p l o y i n 3  regression a n a l y s i s  of dummy v a r i a b l e s ,  B p  
2 * .  ' 

p r e - p r o c e s s i n g  t h e  ra tr i c i e s  of c c m b i n e d  v a r i a b l e s  i t  cart 
% 

identify an independent s u l t i - v a r i a t e  c o a b i n a t i o n  t h a t  is 

c a p a k l e  b i  greater  = r ~ l a n a t i o n  of t h e  v a r i a n c e  i n  t h e  d e p e n d e n t  
rr 

rar iakle .  By e r p f o y i n g  such c o m b i n a t i o n s  i t  i s  f e a s i b l e  t o  
-< 

i n d i c a t e  sites of  ~ c t e n t i a l  synergism, T h i s  s t u d y  adopts the 

program AHECSP for ase i n  t h e  p r e d i c t i o n  of t h e  presence of 
- - 4 

-- - -- - - - -  

pernafros t  a n 3  its ice  c o n t e n t  t o  d e t e r m i n e  t h e  most efficent 
- - - - - - - -- - - 

m u l t i - v a r i a t e  p r e d i c t o r  combination. 



* 

of n o r t h e r n  p i ~ e l i n e  i n q u i r i e s  t h e r e  e a e r g e d  a c a l l  f o r  

c o n s i d e r a t i o n  of  s y n e r g i s t i c  r e l a t i o n s h i p s  i n  t h e  s t u d i e s  of 

n o r t h e r n  e c o s y s t e a s .  D e f i n i n g  t h r e s h c l d  c o n d i t i o n s  +s a n  ad . jnnc t  . 

t o  l i n e a r  r e l a t i o n s h i p s  w a s  not f o u n d  t o  - a d d  u a d e r s t a n d i n g  of 

t h e  e n v i r c n m e n t  but o n l y  t o  l e s s e n  t h e  a p p l i c a b i l i t j  of fhe "P 
I - 

m o d e l s  i n  u s e  b e c a u s e  of t h e  a d d i t i o n a l  c o n s t r a i n t s  i m p o s e d  i n  b 

p r o p o s i n g  non-con t i n o o a s  v a r i a b l e s .  Work o n  c u r v i l i n e a r  

r e l a t i o n s h i p s  " i t h i n  e c o s y s t e m s  s h o u l d  p r o v e  v a l a a b l c - b u t '  
a 

somewhere the intricacies o r  synergistic a c t i o n s  must be , 

r7 

exae ined .  T h e  move t o  d e v e l o p  ABECSY is i n  a n s v e r  t o  t h e  
@ b 

problems of sub j e c t i v i t p ,  a s s e s s m e n t  of a l t e r n a t e  r b u t i n g s ,  

budgetary c o n s t r a i n t s  and  o v e r l y  s i m p , l i s t i c  l i n e a r  modeling of 

e n v i r o n m e n t a l  r e l a t i o n s ,  

I n  shcrt, dark OII ~ e r n a f r o s t  t o  d a t e  h a s  been r e s t r i c t e d  
- 

1 p r i m a r i l y  t o  site s p e c i f i c  studies uith the a p p l i c a t i o n  of 

single variable a n a l l s e s  ( R o b e r t s - P i c h e t t e ,  1972; Brown a n d  
n 

, <rave, .1978), a f e u  v o r k e r s  h a v e  d o n e  m u l t i - r a r i a t e  a n a l y s e s  

( G i l l ,  1 9 7 3 ) .  h u t  u i t h  the p o s s i t l e  a d d i t i o n  ' o f  t h e -  s t u d y  b y  

Heginbot toa  e t  al, ( I g X I ) ,  qraapton*s (1981) is the o n l y  

m u l t i - v a r i a t e  s t n d p  of a m a c r o - s c a l e  s t u d y  area, 



As a working h y p o t h e s i s  it is s u g g e s t e d  t h a t  t h e  use o f  t h e  

@of  t i - v a r i a t e  a n a l y t i c a l  t c o l ,  Analysis of E c o l o g i c a l  S y s t e m s ,  
r. 4 

p r o v i d e s  a s t r o n g e r  t e c h n i g u e  for predicting t4e * d i s t r i b u t i o n  
\ 

a n d  ice c o n t e n t  of p e r m a f r o s t  o n  a r e g i ~ n a l  ka3ig t h a n  s i n g l e  br 

m u l t i - v a r i a t e  t e c h n i g u e s .  The criteria f o r  assessment a r e  the 

power of s t a t i s t i c a l  e x p l a n a t i o n  and f i e l d  a p p l i c a b i l i t y .  

To assess t h e  program, BNECSY, f o r  m u l t i - v a r i a t e  a n a l y s i s  

of r e g i o n a l  a r e a s  i n  t h e  p r e a i c t i c n  of p e r m a f r o s t  ~ i s f E i b u t w n  - 

a n d  ice c o n t e n t ,  i t  is n e c e s s a r y  t o  begin w i t h  a v e r y  s i m p l e  - 
. . 

a n a l y t i c a l  a p p r o a c h  and t h e n  d e v e l o p ,  step by s t e p ,  t o  m u l t i p l e  

r e g r e s s i o n  w i t h  'dummy v a r i a b l e s .  I n  this way it  can be, s e e n  

v teth'er t h e  s a s e  in t er -var ia te  r e l a t i o n s  a r e  s y k t e m a t i c a l l y  

r e p o r t e d  t h r o u g h o u t  a n d  w h e t h e r  i n f o r m a t i o n  is added  a t  
- - 

p r o g r e s s i v e l y  more coupleg l e v e l s  o f  a n a l y s i s ,  

T b e s f  a r e  four methods t o  c o n s i d e r :  

1, t o  compute  s c a t t e r g r a m s  a n d  c o r r e l a t i o n  coefficents w i t h i n  a 

set of e n v i r o n m e n t a l  v a r i a b l e s  and a s s e s s  t h e  levels of 

interre lat ion,  .-- 
2-  t o  r e g r e s s  the v a r i a b l e s  on t h e  ice c o n t e n t  of p e r ~ a f r o s t  i n  

con fen t  s o  a s  t o  i d e n t i f y  t h e  s e c o n  P e r g  i n f l u e h c e s  cn t h e  
4 

d i s t r i k u t i c n  and ice c a x i t e n t  cf permafrost, 



4. and  f i n a l l y  t o  e m p l o y  Analysis of E c o l o g i c a l  Systems 
> 

0 (AUECSP)  f ( C r a t s ~ t o n ,  198 1) , a m o l t i p l e  r e g r e s s i o n  procedure 
@ 

using d u m m y  v a r i a b l e s  w i t h  d a t a  p r e - p r o c e s s i n ' g  f e a t u r e s ,  t o  

p r e d i c t  t h e  ice c o n t e n t  o f  per 'mafrost a n d  assess i ts  

c a p a b i l i t i e s  r e l a t i v e  t o  t h e  o t h e r  s t a t i s t i c a l  sobs. 
This t h e s i s ,  t h e n ,  is a r e s p o n s e  t o  t h e  i n a d e q u a c i e s  o f '  t h e  

* 
a n a l y t i c a l  p r o c e d u r e s  p r e s e n t l y  i n  u s e  f o r  p r e d i c t i n g  t h e  

o c c u r r e n c e  of ~ e r m a f r c s t ~ a n d  its ice t h e  c o s t s  

i n v o l v e d  i n  d r i l l i n g  o v e r  long  d i s t a n c e s  t / a p p r a i s e  ~ r o p o s e d  
- 

r o u t e - w a y s .  

T h e  r e s e a r c h  was c o n d u c t e d  i n  n o r t h w e s t e r n  Canada  (Pig .  I ) ,  

s p e c i f i c a l l y  t h e  n a c k e n z  ie River V a l l e y ,  R,U.T., from just s o u t h  

of F o r t  simpson a t  a r o u n d  6 1 • ‹ B  t o  R i c h a r d s  I s l q n d  i n  the Delta 

a t  a b o u t  690N a n d  a l s o  the D e m p s t e r  a n d  ~ l o n d i k e  Highways,  Yukon 

T e r r i t o r y ,  f r o m  Whitehorse a t  a b o u t  61•‹N t o  n e a r  P o r t  B a c P h e r s o n  

a t  the territorial b o r d e r  a b o u t  679N. Sites were i n c l u d e d  f r o m  

t h e  Alaska Highway;  frcm K l u a n e  t c  B o u n d a r y  from t h e  R o b e r t  

C a m p b e l l  Highway; ~ r o m  T u p g s t e n  C u t o f f  t o  Carmacks a n d  from t h e  

S o u t h  a n d  H o r t h  C a n a l  Roads froa Jakes corner t o  H a c m i l l a n  Pass- 

F o o t h i l l s ,  P i p e l i n e s  Ltd .  a n d  Arc t i c  Gas P i p e -  L i n e s  L t d .  1 

s u b n i t t e d  alignment sheets t o  t h e  various n o r t h e r n  inquiries a n d  . 

t h e  core logs froa t h e s e  were u s e d  a s  d a t a  f o r  t h e  B a c k e n z i e  

V a l l e y  and  D ~ P F s ~ € ? I  C o r r i d o r  d a t a  sets. I n  a d d i t i o n ,  f i e l d  work 



F i g . . l :  Tie Yuiox 2nd Western Forthwest Territories. 



was d o n e  t o  o b t a i n  c o r e s  t h r o u g h o u t  "- t h e  Yukon a n d  t h e s e  are 

p r e s e n t e d  w i t h i n  the D e m p s t e r - K l o n d i k e  H i g h w a y s  d a t a  set, 

a 

C h a ~ t e r  o u t l i n e  ' -- - --v- 

T h i s  t h e s i s  c o m p r i s e s  f i v e  c h a p t e r s .  T h e  first t w o  c h a p t e r s  

f o c u s  or! t h e  i s s u e s  of pred  i c t i  r g  t h e  d i s t r i b u t i c n  of p e r m a f r o s t  

r' 
an6 its ice c o n t e n t  a n d  r o u t e  s e l e c t i o n  f o r  northern linear 

\ 

4 e v e l o p m e n t  p r 3 j e c t s ,  the t h i r d  f o c n s e s  on rese'arch d e s i g n  w h i l e  

the l a s t  t w o  d i s c u s s  t h e  e r ~ i r i c a l  a s p e c t s  of t h e  s t u d y .  

The s e c o n d  c h a p r  e x p l o r e s  t h e  i s s u e s  i n t r o d u c e d  i n  

c h a p t e t .  one  and examines them i n  g r e a t e r  d e t a i l ,  w i t h  r e f e r e n c e  

to t h e  a p p r o p r i a t e  l i t e r a t u r e ,  The i s s u e s  a r e ;  p e r m a f r o s t  

d i s t r i b u t i o n ,  i d e n t i f i c a t i o n  o f  t h e  v a r i a b l e s  a s s o c i a t e d  w i t h  
\ 

p e r m a f r o s t ,  single a n d  m u l t i -  v a r i a t e  studies, 2 r e d i c t i n g  t h e  ice 
1 

c o n t e n t  of peraafrost a n d  s y n e r g i ~ m  a s  a new v i e u ~ o i n t  f o r  
\ 

e n v i r o n m e n t a l  analysis. C h a p t e r  t h r e e  o u t l i n e s  t h e  r e s e a r c h  'I, 

d e s i g n ;  t h e  d a t a  c o d i n g  s t r u c t u r e s  d n d  t h e  s t a t i s t i c a l  a n a l y s i s  

a s  3 t o  p r e d i c t  ~ e r r n a f  rost a n d  e v a l u a t e  A n a l y s i s  of E c o l o g i c a l  'l 
Systems. T h e  a n a l y s i s  a n d  f i n d i n g s  a r e  p r e s e n t e d  i n  c h a p t e r  four 

a n d  t h e  c o n c l u s i c n s  a r e  d i s c u s s e d  i n  t h e  f i n a l  c h a p t e r .  
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m a t e r i a l s .  I t  is  time d e p e n d e n t  t o  d i s t i n g u i s h  i t  from E o s t  

p e n e t r a t i o n  i n  t h e  u p p e r  p o r t i o n s  of t h e  soil p r o f i l e .  

=am jcs of P e r m a f r o s t  

- P 

P e r m a f r o s t  is i n  a c c o r d  w i t h  its s u r r o u n d i n g s  a n d  is, 

therefore, o n l y  a s  s t a b l e  a s  its e n v i r c n a e n t .  I t  is n o t  

p e r m a n e n t  a s  H u l l e r ' s  (1945) d e f i n i t i o n  w o u l d  s n g g e s t . r ( B r o w n ,  

1979). P e r m a f r o s t  i n c r e a s e s  o r  d e c r e a s e s  v e r t i c a l l y  a n d / o r  

h o r & z o n t a l l y  w i t h  c h a n g e s  i n  t h e  t h e r m a l  r e g i 9 e .  A c h a n g e  of 1• ‹C 
e- 

i n  t h e  mean a n n u a l  a i r  t e a p e r a t u s e  c o u l d  p r o d u c e  o v e r  time a 

c h a n g e  of 1 0 C  i n  t h e  mean a n n u a l  g r o u n d  t e m p e r a t u r e ,  t h e r e b y  . 
a l t e r i n g  ~ e r m a f r a s t  t h i c k h e s s  by ab  t 2 -160 B ( B r o v n  a n d  "LP \ 

J o h n s t o n ,  1964). Change is a  f u n c t i o n  of a l t e r a t i o n  i n :  \\ 

'i 
Climate: temperature, snow c o v e r ,  wind a n d  m i c r o - c l i a a t i c  

c o n d i t i o n s ,  

Geo logy :  the t e x t u r e  a n d  t h e r m a l  p r o p e r t i e s  of t h e  s o i l  a n d  

r o c k  m 3 t e r i a l s  a n d  t h e  geologic h i s t o r y ,  

y d r o l o g y :  d r a i n a g e ,  s o i l  m o i s t u r e  a n d  t h e  size o f  vater B 
b o d i e s ,  

T o p o g r a p h y :  a l t i t u d e ,  s l o p e  a n d  i ts as"pct& a n d  latitude, 
i 

B i o l o g y :  primarily v e g e t a t i v e  c o v e r  a n d  human a c t i v i t y ,  

t h o u g h  large m i g r a t i o n s  of a n i m a l s  h a v e  t h e i r  effect, 

( a f t e r  P e r r a n s  a n d  Hobsoa,  7973J. 
T-, 

Obviously t h e r e  is r u c h  i n t e r r e l a t i o n  a m o n g s t  f a c t o r s  h e r e  and 

changes i n  one ma-y lea'd t o  c h a n g e s  e l s e w h e r e ,  i n  addition t o  



-- - 

m o d , i f i c a t i o n s  t o  t h e ' e x t e n t  of ~e rmaf ros t .  A c h a n g e  i n  o n e  

fea ture  of the g r o u n d  m i g h t  s u b s e q u e n t l y  a l t e r  soil moisture, 

t h e r m a l  c o n d u c t i v i t y  of t h e  soil, v e g e t a t i o n  a n d  m i c r o - c l i m a t e .  

J u s t  a s  p e r m a f r o s t  may b e  a l t e r e d  i n  e x t e n t ,  it c a n  be  a l t  rd 
i n  c o n d i t i o n  o r  ice c o n t e n t ,  Ice c o n t e n t  is m e a s u r e d  a s  a 

p r o p o r t i o n  of t h e  soil moisture e x p r e s s e d  as a p e r c e n t a g e :  

f l a s s  of n o i s t o r g  x 100 -- A 

Bass o f  D r y  S o i l  

f F o o t h i l l  s, 197%) - 

Ice c o n t e n t  c a p  r a n g e  f rom v i r t u a l l y  zero p e r d e n t ,  (e.g, i n  r o c k  - 
mate r i a l ) '  t o  many t h o u s a n d s  of percent where  ~ermaf r o s t  c o n t a i n s  

;-pr 
almost p u r e  ice, T h e  c o n d i t i o n  o r ,  ice c o n t e n t  of p e r m a f r o s t  i s  a 

BOS t i m p o r t a n t  c o n s i d e r a t i o n  f o r  c o n s t r u c t i o n .  ~ h ~ r e  Fe'rnaf r o s t  , 
- 

is uarmed,  e x c e s s  moistore is f o r c e d  o u t  by o v e r k u r d e n  pressure 

or g r a v i t y .  I f  t h i -  'ice c o n t e n t  is h i g h ,  t h e n  t h e  v o i d s  left  

a f t e r  thawing a r e  l a r g e  a n d  s o i l  r e p l a c e a e n t  creates slurping a t  
L 

the surface. This p r o c e s s  is termed s u b s i d e n c e ,  

$: 

A n o t h e r  c o n s i d e r a  t i o n  is f r o s t  heave ( Y o r t h e r n  P i p e l i n e  

Agency,  1 9 7 8 ) -  Ice e x p a n d s  b e t w e e n  00 a n d  -40C. T h e r e a f t e r  i t  

d e c r e a s e s  i n  v o l u m e  with c o o l i c g  a s  i s  n o r m a l  f o r  o t h e r  

compounds, In the expansion phase, if m o i s t u r e  is p-er8jtted >to 

m i g r a t e  t o  a freezing face the r e s u l t a n t  ice w i l l  i n f i l l  - t h e  -- 

s p a c e s  a n d  e x p a n d ,  t h u s  e x a g g e r a t i n g  them. I n  this ray t e l e p h o n e  

p o l e s ,  pilings a n d  e v e n  p i p e l i n e s  h a v e  b e e n  h e a v e d  up r i g h t l o u t  

o f  t h e  ground. T h e  e f f e c t s  of these c r y o g e n i c  p r o c e s & s  a re  



d e p e n d e n t  o n  t h e  arcurr-t o f  ice f o r a e i T  amthemoisture L- 
6 - 

a r a i l i b l e .  The d e g r e e  o P c h a n g e  is a f u n c t i o n  o f  t h e  ice c o n t a d t  . 
B 

o f  the ~ e r m a f r o s t  a n d  t h i s  s t u d y  being i n t e r e s t e d  i n  p r e d i c t i n g  
P 

t h e  p r e s e n c e  o f  p e r m a f r o s t  mast t h e r e f o r e  concern itself v i t h  

,the ice c o n t e n t  o f  ~ e r m a f r o s t  i f  d e r e l c p m e n t  w i t h  a i n i m i ~ e d ~  

damage t o  n o r t h e r n  e n v i r o n s  i s  p r o p o s e d ,  

* .  
P e r a a f  rosg m t r i b u t i o q  

* 

The C a n a d i a n  F e d e r a l  a n d  P r o v i n c i a l  G o v e r n n e n t ~  i n s t i t u t e d  

a n  e n v i r o n m e n t a l  i m p a c t  a s s e s s m e n t  process i n  1970, t o  a i d  w i t h  

d e c i s i o n  making o n  the e n v i r o n m e n t a l  effects o f  major 

c o n s t r u c t i o n  projec t s  . ( P e t e r s o n ,  1974) .  Though t h i s  i s  n o t  a 

s t a t u t o r y  r e q u i r e m e n t ,  i n d u s t r y  has of t e n  c o m p l i e d  v i t h  the 

p r o c e s s  (Yake, 1980) s o  t h a t  of i m p a c t  a s s e s s m e n t s  c a n  b% f o u n d  

f o r  t h e  F l a c k e n z i e  R i v e r  V a l l e y ,  N-YIT-  a n d  t h e  N o r t h  S l o ~ e  of 

t h e  Yukon T e t r i t o r y .  F o r  p i p e l i n e  c o m p a n i e s  with a s p i r a t i o n s  o f  

d e v e l o p i n g  t h e  North i t  h a s  become t h e  a c c e p t e d  r u l e ' t o  h a v e  

i m p a c t  a s s e s s m e n t  studies, accompany t h e i r  i t p p l i c a t i o n s  t o  

g o v e r n m e n t .  T h e  s e n s i t i v i t y  of N o r t h e r n  l a n d s  t o  d i s t u r b a n c e  and 
, 

c o n s e q u e n t  e n v i r o n m e n t a l  i m p a c t  is t i e d  t o  pernafrost a n d  t h e  . 

ice c o n t e n t  of t h e  s o i l s ,  Thus i m p a c t  assessment s t u d i e s  m u s t  a t  

l eas t  o u t l i n e  pe rmaf  r o a  d i s t r i b u t i o n .  

Found a b o u t  t h e  p o l a r  r e g i o n s  o f  €he g m b e - a n d a T - w p - - - -  - 

e l e v a i o n s  e l s e u h e r e ,  permafrost u n d e r l i e s  twenty  p e r c e n t  of t h e  

e a r t h ' s  s u r f a c e ,  Half o f  Canada is i n  perarafrost, The  Permafrost 



# 

- Eaap of cana&a W r m ,  ~ 7 z i - & t t r e . ~  te L - - - 

L 

underlain by a ccntinoous a body of pernafrost, broken on11 w h e r e  - 
-=-- ,- 

water b o d i e s  a r e  large &lough t o  p r e s e r v e  a thaw bulb beneath, - r 

a n d  c a l l e d  the ~ o a t i n t i o u s  P e r m a f r o s t  Zone,  T.Be d e p t h  of f r o z e n  

g r o u n d  i n  this r e g i o n  varies f ram 457 a (1 ,500  it) i n  the n o r t h  

t o  61 m ( 2 0 0  f t )  a t  the s o u t h e r n  b o u n d a r y ,  and t h e  a c t i v e  l a y e r .  

thawing i n  sumaer a n d  freezing in winter, i s  0.5 t o  1 m [ l . S w t o  a 

3 f t )  d e e p  t o  t h e  ~ e r m a f  - r o s t  table. South  lies t h e  D ~ o n t i n u o a s  
JI .- 

P e r a a f  r o s t  Zone ,  t h e .  l i m i t s  of w h i c h  are a p p r o x i m a t e d  by the 
\ i 

S u b - A r c t i c  region. Here t h e  $ermafrost is 61 t o  15 r (200 t o  5 0  
- * 

f Q  thick, w i t h  a n  a c t i v e  l a y e r  o f  3 t o  6 m (10  t o  20 it) o r  
t 

more, I s o l a t e d  b o d i e s  of p e r m a f r o s t  c a n  exist on n o r t h  facing 

slopes a t  t h e  s o u t h e r n  fringe of  t h e  D i s c o n t i n u o u s  P e r m a f r o s t  

Zone ,  o t h e r o i s g  -known as  t h e  S p o r a d i c  P e r a a f  rost Zone, 

P e r m a f r o s t  c a n  occur w i t h '  i n c r e a s e d  e l e v a t i o n  - - - -  s o u t h w a r d .  - - A t  t h e  
* 
49th- p a r a l l e l  i t  may b e  f o u n d  a t  t h e  1,829 t o  2,134 m (6,000 t o  

7 , 0 0 0  f t )  level* 

The f o u n d a t i o n  .for a l l  d i s c u s s i o n s  of p e r n a f  ros t  

d i s t r i b u t i o n  i s  Bsown's  P e r m a f r o s t  Rap of C a n a d a  ( l 9 6 7 a )  - I t  i s  

t h e  c o m p i l a t i o n  of a series of r e p o r t s  (Brown, 1964,  1965a, 

1967b, 1968)  s u r v e y i n g  t h e  s o u t h e r n  fringe of p e r m a f r o s t  i n  
d 

Canada ,  T h e  Rap is based o n  a i r  temperature m e a s u r e m e n t s  and. 

field o b s e r v a t i o n s  with xi ~ i t e & - d r i f  1 i n g  and grotmil temperatomi- - - - 

i 

raeasmem'ertts, 'fhugh it is &eae+h&+ber=: cx+f% - - 

r e l a t i o n s h i p  b e t w e e n  rean a n n u a l  a i r  t e m p e r a t u r e  a n d  mean annual 

grouftd t e m p e r a t u r e  I t  is a b r o a d  r e l a t i o n s h i p ,  f o r  these mean 



* 

c o n s i s t e n t .  Brown's map, t h e n  -is a generalized view af the 
< 

p r e s e n c e  of p e r a a f  r o s t  across C a n a d a ,  Brown (1 970) asserts. t h a t  

w i t h  i n c r e a s e d  field m e a s u ~ e m e n t s ,  a d j u s t m e n t s  i n  t h e  p e r m a f r o s t  

b o u n d a r y  may be made, h o w e v e r ,  these b e  p r e d i c t s ,  will be- 

s l i g h t .  

T h e  d i s t r i b u t i o n  of p e r m a f r o s t  is d i v i d e d  i n t o  a n o r t h e r l y  

C o n ' t i n u o u s  Permafrost Zone uhere  p e r e a f  r o s t  is everywhere  

p r e s e n t ,  e x c e p t  i n  n e w l y  d e p o s i t e d  u n c o n s o l i C a t e d  s e d i m e n t s  

where c l ima t e  has n o t  y e t  f u l l y  i m F o s e d  its influence o n  t h e  

g r o u n d  t h e r m a l  r e g i m e  (Brown, 1970), a n d  the s o u t h e r l y  

~ i s c o n t i n u o o s  P e r n a f r o s t  Z o n e -  In. t h e  D i s c o n t i n o c u s  Zone b o d i e s  

of permafrost 'are s e p a r a t e d  b y  u n f r o z e n  g r o u n d ,  a n d  towards t h e  

southern f r i n g e  t h e y  a r e  v e r y  scat tered a n d  o c c u r  o n l y  u n a e r  

p a r t i c u l a r  c i r c u m s t a n c e s ,  Bsown s e p a r a t e s  the Z o n e s  o n  t h e  bas i s  
- - - - 

o f  t h e  - 5 0 C  i s o t h e r m  of  mean a n n u a l  g r o u n d  t e m p e r a t u r e  m e a s u r e d  

b e n e a t h  the z o n e  of annuarbar ia t ian .  1; is s u s p e c t e h  t h a t  t h e  

', 
1 l 0 . b ~ ~  of such d a t a  p c i n t s  a v a i l a b l e  #cross Canada a r e q r y  few 

1 

and  so t h i s  l i n e ,  r e p r e s e n t a t i n g  t h e  i n t e r f a c e  b e t w e e n  t h e  

C o n t i n u o u s  and  D i s c o n t i n n o u s  P e r m a f r o s t  Z o n e s  is open t o  v a r y i n g  

i n t e r p r e t a t i o n s ,  T h e  s o u t h e r n  l i m i t  o f  d i s c o n t i n u o n s  p r s a f  rost, 

itself, i s  n o t  a well d e f i n e d  l i n e  but a belt of l a n d  several 
b 

h u n d r e d  k i l o m e t r e s  v i d e  w h e r e  p e r m a f r o s t  bodies b e e v e - i o f e -  - - -  

Others have a t t e m p t e d  t o  d e l i n e a t e  t h e  t h e  boundaries, 

Hughes (1969) d i s c u s s e s  the the d i s t r i b u t i o n  of open system 



c h a r a c t e r i s t i c  of the C o n t i n u o u s  Permafrost Zone, i n f e r e n c e s  n ]r 
- - - - - - - - - - - - - 

be made on  the pla'cement of t h e  southern boundary fcf-  J o h n s t o n ,  

1 9 8 2 ,  pp. 184). Harris ( l 9 8 l ) ,  while studying climgtic m e t h o d s  

for p r e d i c t i n g  the d i s t r i b u t i o n  of p e r a a f r o s t ,  suggests there is 

a r e l a t i o n s h i p  b e t w e e n  t h e  zones and f r e e z i n g  and t h a w i n g  

i n d i c e s  f o r  a r e a s  w i t h  low mean a n n u a l  w i n t e r  snow cover ( P i g ,  

0 m w # D O r O O O - ~  , 

lhow Index (OC/dolr //r. 

4 
L 

Pig, 2: B e l a t i o n s h i p  b e t w e e n  t h e  occurrence of permafrost zones 

and freezing a n d  thawing  i n d i c e s  for s t a t i o n s  with u n d e r  50 cms - 

- - -  - - 
mean w i n t e r  snow cover (after Harris, 1 9 8 1 ) , - -  

* 
f u r t h e r  there is a relationship brtween t h e  zonal permafrost 



3m1cfforts a& p?memst 4- ztmes 3j, m v % * t 3 n  

continuous and d i s c o n t i n u o a s  p e r m a f r o s t  i s  thought t o  , 

a p p r o x i s a t e  t h e  s o u t h e r n  linit of a c t i v e  ice wedges b y  P e w  

-, ( 1 9 6 9 1 ,  and t o  a p p r o x i m a t e  piagos by Backay (1972). 

Fig. 3: Relation between z o n a l  ~ e m a f r o s t  lardforms and 
? 

pernaf rost  zones (a2  ter Harris, 198 1) -  

eeraafrost bounaaries are not static; t h e y  advance ani€ 

retreat & R  respe~~e- E- i a w  

act i v e  g e o ~ o r p h i c  grocesses (Gill, 1973) or locally in r e s p o n s e  



t o  fire and  d i s t n r t a n c e ,  T h e  k o u n d a r i e s  are n o t  well d e f i n e d  

f i n e s  b u t  t r a n s i t i c n  zcnes ,  50 t o  100 kes v ide, s imi lar  t o  the 

b i o l o g i c a l  l i a i t  o f  t h e  c ~ n t ~ a u o u s  fores t  a n d  t h e  a b s o l u t e  l i m i t  
5 

of tree s p e c i e s  ( F r e n c h ,  1976).  or  the kampfzone of a t i m b e r l i n e  

e c o t o n e ,  i, e. the t r a n S i t i c n  zcne betui?en the c l o s e d  f o r e s t  

s t a n d s  a n d  the tree 1 i n i . t  ( < r a n q u i l l i n e ,  1 9 7 9 ) .  

G i l l  ( t 9 7 3 ) ,  on t h e  basis of a  s p a t i a l  c o r r e l a t i o n  between 

~ l a n t  d i s t r i q u t i c n  a n d  u n f r o z e n  g r o u n d ,  a r g u e s  t h a t  t h e  southern 

l i ~ i t  o f  of- t h e  ~ o o t i n < o u s  P e r m f r o s t  p zone b e  a o v e d  200 h s  

n o r t h w a r d  t o  i n c l u d e  t h e  Rackenzie l i i v e r  l t a  w i t h i n  the r 
D i s c o r i t i n u o u s  P e r m a f r o s t  Zone. R e i n n e  e t  a l ,  (1978)  o b s e r v e d  

t h a t  the s o u t h e r n  f r i n g e  of d i s c o n t i n a o u s  ~ e r m a f r o s t  extended 

f a r t h e r  s o u t h  t h a n  previously b e l i e v e d ,  e s p e c i a l l y  a loob  t h e  

R a c k e n z i e  V a l l ~ y ,  B c C o ~ s  (1980) s u g g e s t s  t h a t  t h e  r e a l  . 
d i s t r i b u t i o n  Q•’ permafrost in the souf i ern  Pokoe does n o t  match 

w i t h  the t h e o r e t i c a l  n c d e l  b e c a u s e  of v o l c a n i c  ash a c t i n g  a s  a n  . 

i n s u l a t o r .  T h i s  a s h  is t c  b e  f o u n d  i n  two p l u m e s  e n i n a t i n g  f r o m  

t h e  S t ,  E l i a s  Y o u n t a i n s  a n d  s p r e a d  o v e r  a l a r g e  F o r t i o n  o f  t h e  

4+ s o u t h e r n  h a l f  o f  t h e  Yukon. The e r u p t i o n s  a re  receit h a p p e n i n g s  

( a b o u t  4220 8. Po), w i t h  the a s h  v e r y  e v i d e n t  i n  t h e  nFper 

p o r t i c n s  02 the s o i l  y r o f i l e s -  I n  t h e  v a l l e y  b o t t o m s  t h e  

d e p o s i t s  say b e  metres t h i c k ,  c o n c e i v a b l y  p r e s e r v i n g  relic 

Fe&afrost  bodies ( O s r a l d  and &nyk, 1 9 7 7 ) .  

B r o v n  bases t h e  d i t f e r e n t i a t i o n  of c o n  t i n o o u s  a n d  

d i s c o n t i n u o u s  ~ e r m a f r o s t  o n  t h e  mean a n n u a l  a i r  i s o t h e r m  of 

- 8 . 3 O C .  Th-us A k l a v i k  a n d  Tnuvik ia t h e  N.9.T. a r e  v i t h i n  



cant innous  p e r m a t r u t  for their averwe am~ua l  aiz- teqka-t-u-e 

is b e l o w  this v a l u e .  However ,  B a c k a y  (1967) r e p o r t s  t h a t  t h e  
> 

a v e r a g e  annual g r o u n d  t e m p e r a t u r e  a t  a d e p t h  of 15.2 a is -2,U•‹C 
- 

s f o r  I n u v i k  a n d  -3.8OC fo r  A k l a v i k ,  T h i s ,  he  c o n t ~ n d s ,  indicates 

t h a t  t h e  ~e l t a  i s  a o  o u t l i e r  of d i s c o n t ~ n u o u s  p e r m a f r o s t .  Arctic 

Red Q i v e r  is c lose  to t h e  b o u n d a r y  h a v i n g  an average a n n u a l  

ground temperature of -4OC a t  15.2 a, and P o r t  H a c P h e r s o n  is 

w i t h i n  d i s c o n t i n u o u s  ~ ~ r m a f  r o s t  u i t h  -3•‹C a t  15 .2  a d e p t h  

(Saith, 1 9 7 6 ) .  I n  t h e  B e a u f  o r t  Sea P r o d u c t i o n  E n v i r o n m e n t a l  - 

T n p a c t  Statemeqt  {Dome P e t r o l e u m  L i d ,  et al,, 1902) i t  is s t a t e d  
J 

t h a t  the p e r m a f r o s t  i n  t h e  Hackenzie Delta is c c n t i n u o u s ,  

varying i n  t h i c k n 4 s s  from 2 0  t o  60  and  i n c r e a s i n g  t o  600 m t o  

the e a s t  a n d  vest, P e r m a f r o s t  b e c o m e s  d i s c o n t i n u o u s  some 300  kms - 
-- '-- 

south of t h e  c c a s t  cr  P o r t  Good Hope, b , 

// 

B r o u ~ ~ s  map p r o v  n e r a l i z e d  v i e w  of t h e  d i s t r i b u t i o n  

o f  ~ e r m a f t o s t ,  h o u e v e r  t h e r e  d o e s  e x i s t  scme c o n t r o v e r s y  o v e r  

t h e  specific d e t a i l s .  , F o r  p i p e l i n e  c o n s t r u c t i o n  the map is of 

l i m i t e d  v a l u e  because of i t s  sca le  and  lack of d e t a i l e d  . 

i n f o r m a t i o n  u i t h  r e s p e c t  t o  ice content of e n c o u n t e r e d  - 
~ermaf rost, 

Predict i o n  of P e r m a f r o s t  ---- 

A t t e m p t s  have keen l ade  to l a p  pxmaErost a~ h&ses ather 
/ 

than t e m p e r a t u r e .  .Surf i c i a l  f e a t u r e s  of t h e  ' l a n d s c a p e  

characteristic of c o n t i n u o u s  ~ermaf rost have b e e n  d o c u m e n t e d  



{BEOW, t969 and 1970; ~ ) E € % w B  an8 Pt+WSi f973; -ifr. $98%--- - - -  - 

3 

J o h n s t o n ,  1981; ~ t e r n s ,  1966;  Y a s h b u r n ,  1956 a n d  1973). These 

i n c l u d e  the various p a t t e r n e d  g r o u n d  p b e n o ~ e n a  s u c h  a s  p o l y g o n s ,  

circles, n e t s ,  steps a n d  s t r i p e s  a s  well a s  mounds,  p i n g o s ,  
*L 

p a l s a s  a n d  p e a t  p l a t e a u s ,  a n d  * t h e  r e s u l t s  o f  t h e r m o k a r s t  

s u b s i d e n c e ,  B e c a u s e  t h e s e  f e a t u r e s  a r e  o f t e n  i d e n t i f i a b l e  i n  a i r  

p h o t o g r a p h s ,  r e m o t e  s e n s i n g  of t h e  s u r f a c e  u s i n g  b l a c k  and  w h i t e  

a e r i a l  p h o t o g r a p h y  b e c o m e s  most u s e f u l  i n  s u r v e y i n g  t h e  v a s t  

e x p a n s e s  o f  t h e  n o r t h e r n  w i l d e r n e s s  ( F e r r a n s  a n d  Hobson,  1973).  
-- 

a n d  i h  t h e  s u b s e q u e n t  p r e d i c t i o n  o f  t h e  e x i s t e n c e  of p e r m a f r o s t ,  

U n f o r t u n a t e l y  t h i s  is n o t  t h e  case f o r  t h e  d i s c o n t i n u o u s  

p e r m a f r o s t  z o n e .  I n  t h i s  r e g i o n  t h e  c o r r e s p o n d e n c e  b e t w e e n  

s u r f i c i a l  m o r p h o l o g y  a n d  p e r m a f r o s t  c o n d i t i o n s  i s  n o t  a s  well 
C 

defined, Ic addition, B o r e  d e n s e  s o u t h e r n  v e g e - t a t i o n  c o v e r  

o b s c u r e s  the l a n d f o r m s  a n d  h a m p e r s  t h e i r  i d e n t i f i c a t i o n ,  

T h e  B e a u f  c r t  S e a  E n v i r o n m e n t a l  I m p a c t  S t a t e m e n t  (Doae  

P e t r o l e u a  Ltd. e t  a l , ,  1982)  i n d i c a t e s  t h a t  the nature and 

o c c u r r e n c e  of ground ice is r e l a t e d  t o  s u r f i c i a l  materials. T i 1 1  

p l a i n s  a n d  d r u m l i n c i d  m o r a i n e  h a v e  low to medium ice c o n t e n t s  

, f o r m e d  i n  thin seams, 7.5 t o  3 m (3 t o  9 f t )  t h i c k  b u t  

c o m p r i s i n g  less t h a n  25% i c e  by v o l u a e ,  G l a c i o l a c u s t r i n e  silts 

a n d  c lays  c o n t a i f  U F  t c  50% of ice by v o l u m e  i n  a r e t i c u l a t e  

n e t u o r k  of thin l e n s e s  and i n c l u s i o n s  an& as faprst-s- an* -- 

V e g e t a t i o n  a n d  i t s  r e l a t i c n  t o  t h e  p ;esence  o f  p e r m a f r o s t  

has been r e s e a r c h e d  (Bliss, 1980; Brown, 1963; R o b e r t s - P k h e t t e ,  
, 



19'72; T y r t i k o v ,  1959) on t h ~  p r e m i s e  t h a t  d e l i n e a t i n g  t h e  

T b o u n d a r i e s  of v e g e t a t i c n  a s s o c i a t i o n s  wou ld  d e l i m i t  the bodies 

of p e r s a f r o s t ,  Some s u g g e s t e d  t h a t  t h e  d e g r e e  o f  a c c u r a c y  

a t t a i n e d  i n  p r e d i c t i n g  soil f r o s t  c o n d i t i o n s  b y  g r o u n d  

r e c o n n a i s s a n c e  o r  f r o s  p h o t o s  i s  p r o p o r t i o n a t e  t o  t h e  d e g r e e  o f  

u n d e r s t a n d i n g  o f  the i n t e r a c t i o n s  o f  v e g e t a t i o n  a n d  s o i l  f r o s t  , 

( E e n n i n g h o f f ,  1950 and 1952;  S i g a f o o s ,  1950 ) -  I n  t h e  

d i s c o n t i n u o u s  z o n e  v e g e t a t i o n  c h a r a c t e r  i s t i c s  s u c h  a s  h e i g h t  of 
i 

t r e e s ,  s p e c i e s ,  c o r n h i n a t i o n  o f  species, w e t n e s s ,  etc, ,  c a n  b e  

u s e d  a s  e v i d e n c e  f c r  t h e  presence o r  a b s e n c e  of p e r m a f r o s t  i n  a 

g i v e n  l o c a l i t y ,  b u t  c r i t e r i a  f c r  o n e  l o c a l i t y  may n o t  b e  

automatically t r a n s f e r r e d  t o  a n o t h e r ,  I n  a r e a s  o f  c o n t i n u o u s  

p e r m a f r o s t  i t  is n e i t h e r  p o s s i b l e  t o  p r e d i c t  t h e  p r e s e n c e  n o r  

a m o u n t  o f  p e r m a f r o s t ,  n o r  t h e  d e p t h  t o  g r o u n d  i c e  from 

v e g e t a t i c n  p a t t e r n s  a l c n e  ( f i o b e r t s - P i c h e t t e ,  1972). 

Water b o d i e s ,  i f  t h e y  a r e  d e e p  en0ug.h w i l l  n o t  c o m p l e t e l y  

f reeze  ir! winter a n d  w i l l  n o t  h a v e  permaircst b e n e a t h  t h e m ,  T h i s  

r e l 3 t i o n  is a ~a j o r  i n f l u e n c e  cn the d i s t r i b u t i o n  o f  p e r m a f r o s t  

in s u c h  a r e a s  a s  t h e  Yackenz i e  D e l t a .  A s p e c t  o f  t h e  l a n d  

i n f l u e n c e s  t h e  a n o u n t  cf s o l a r  r a d i a t i o n  a v a i l a b l e  -to tbe 

s u r f a c e .  S o u t h  f a c i c g  s lcpes  a re  t h e r e f o r e  warmer  t h a n  n o r t h e r l y  

slopes. A S  o n e  c l i m b s  h i g h s ,  i t  b e c o m e s  c o o l e r  a n d  so  some 

s o u n t a i n  t o p s  have p e r s a f r o s t  where t h e  v a l l e y s  b e l o w  d o  n o t ,  

Snow cover, w i t h  i t s  low thermal c o n d u c t i v i t y ,  i n h i b i t s  freezing 
1 .- 

i n  f a l l  a c d  t h a w i n g  in S p r i n g .  T h e  a l b e d o  o f  t h e  snow l e s s e n s  

t h e  a n o u n t  of solar r a d i a t i o n  r e a c h i n g  t h e  g r o o n d ' s u r f a c e .  Wind 



a l t e r s  the d i s t r i h t i c n  of snowfall, aoving i t  from a r e a s  dev .o id  

o f  v e g e t a t i o n  t o  hollows i n  t e r r a i n  and  a r e a s  of low level 

v e g e t a t i o n .  I n  summer the a reas  of 3 c c u m u l a t e d  s n o w  a re  wetter 

and t h e r e b y  k e p t  c c o l e r  t h a n  e l s e w h e r e .  

L a t i t u d e  is c o n s i d e r e d  i m ~ o r t a n t  f o r  t w - e d i c t i o n  of 

~ e r m a f r o ' s t  o c c u r r e n c e  f o r ,  a s  a general r u l e ,  p e r m a f r o s t  

i n c r e a s e s  f r o u  s o u t h  t o  n o r t h .  
* 

T h e  t e x t u r e  o f  t h e  s o i l  i s  i m p o r t a n t  too. Finer m a t e r i a l s  

s u c h  a s  c l a y s  a n d  si l ts tend t o  h a v e  i c y  p e r m a f r c s t  w h i l e  

c o a r s e r  a a t e r i a l s  s u c h  a s  s a n d  a n d  g r a v e l s  d o  n o t .  T h e  r e a s o n s  

a r e  q u i t e  c o m p l e x  b u t  suffice i t  t o  s a y  h e r e  t h a t  w i t h  f i n e r  
r( 

m a t e r i a l s  t h e  m o i s t u r e  is more  e a s i l y  r e t a i n ~ d  because o f  t h e  

g r e a t e r  s u r f a c e  a r e a  a n d  s m a l l e r  v o i d s  b e t w e e n  t h e  s o i l  

p a r t i c l e s .  R e s e a r c h  i n  t h e  n a c k e n z i e  V a l l e y  c o n c l u d e s  t h a t  ,the 

d e g r e e  of s l o p e  i n f l u e n c e s  t h e  d e p t h  o f  p e r m a f r o s t  (Code,  1,973). 

I n  the f i n a l  a n a l y s i s ,  ground t e m p e r a t u r e  is t h e  c o n t r o l  o n  

the presence or  absence of p e r a a f r c s t ,  b u t  grcund t e m p e r a t u r e  is  

t h e  c u l m i n a t i o n  o f  a v a r i e t y  of e n v i r o n m e n t a l  c o m p o n e n t s  . - 

c o a p r i s i n g  t h e  ecosystem. 

T h e  f o c u s  cf t h e  Fresent s t u d y  i s  t h e  p r e d i c t i o n  o f  t h e  

p r e s e n c e  o r  a b s e n c e  of ~ e r m a f r c s t .  guch o f  t h e  ~ f r a a f r o s t  

e n c o u n t e r e d  t o . j a y  h a s  been  f r o z e n  s i n c e  t h e  P l e i s t o c e n e  (Pewe, 

1 9 6 9 )  b u t  to postulate Ice Ages a s  a n  e x p l a n a t i o n  of t h e  

o c c n r r e n c e  o f  p e r ~ a f r o s t  hides t h e  t r u t h .  Permafrost is a 

product  o f  e q u i l i b r i u r  w i t h  t h e  p r e s e n t  climate ( E u r d i k  e t  a l - ,  

1973) 3ed  is i n  accord w i t h  i t s  s u r r o u n d i n g  gecmorphofagy.  



m i a b l e s  and n e t h c d s  P r e d i c t i o n  

V a r i o u s  s t u d i e s  have  been i a p l e n e n t e d  from a v a r i e t y  o f  

viewpoints t o  gather i n f o r m a t i c a  c n  s p e c i f i c  a s p e c t s  o f  t h e  

p e r m a f r c s t  e n v i r c n m e n t .  J o h n s t o n  e t  a l .  (1963). a t  J ~ o m p s o s ,  

Y a n i t o b a ,  c o n c l u d e s  t h a t ,  

G i v e n  a p a r t i c u l a r  c l imat ic  regime t h a t  i s  c o n d u c i v e  t o  
t h e  existence of ~ermaf  r o s t ,  i t  i s  t h e  t h e r m a l  
c h a r d c t e r i s t i c s  o r  p r o p e r t i e s  i f  t h e  v a r i o u s  s u r f a c e  a n d  
sub-surface t e r r a i n  f e a t u r e s  o p e r a t i n g  s i n g l y  a n d  i n  
c o m b i n a t i o n  t h a t  c o ' n t r o l  t h e  l o ca l  v a r i a t i o n  i n  
~ e r a a f r o s t  c o n d i t i c n s ,  J 

T h e  v a r i a t i o n  i n  p e r m a f r o s t  c o n d i t i o n s  t h a t  a r e  a c o n c e r n  t o  

e n g i n e e r i n g  a n d  d e v e l o ~ m e n t  s r e  f i r s t l y  the F r e s e n c e  of 

p e r m f r o s t  a n d  secondly t h e  i c e  c o n t e n t  of t h a t  ~ e r e t a f r o s t .  

These a r e  often o u t l i n e d  i n  terms of t e r r a i n  s e n s i t i v i t y  a n d  

s u s c e p t  i b i l i t y  t o  d i s t u r k a n c e  b y  c o n s t k u c t i o n  t e c h n i q u e s  in 

develcpment. 

K u r f u r s t  (1973)  i n  Norplan Yells a n d  L a v k u l i c h  ( 1 9 7 3 )  i n  

U r i y l e y ,  N .  F . T . ,  p r e p a r e d  maps of t e r r a i n  s e n s i t i v i t y .  

S u s c e p t i b i l i t y  o f  the terrain t o  h u m a r t - i n d u c e d  d i s t u r b a n c e  i s  

considered b y  Kurf u r s t  t o  b e  a f u n c t i o n  of t h 2  i ce  c o n t e n t  of 

t h e  soil, t h e  type of a a t e r i d l ,  the s l o p e  a n d  rel ief  of t h e  

terrain. !!cSoobrts a n d  Y o r g ~ n s t e r n  (1973 )  studied l a n d s l i d e s  i n  

t h e  v i c i n i t y  o f  t h e  H a c k e n z i e  R i v e r .  C o d e  (1973) looked a t  t h e  

f a c t o r s  i n f l u e n c i n g  t h e  s t a b i l i t y  of n a t u r a l  slopes a n d  f o u n d  

t h a t  f i r e  d a s a ; e d  slopes h a d  a minimum a n g l e  o f  4 degrees f o r  

novement  t o  o c c u r .  I n  a p r o g r e s s  r e p o r t  t o  Arctic L a n d  Use 



- \ b 
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Research ( A L O R )  , B l i s s  a n d  nein ed, ( 1932) reported cm @if i d  

h a b i t a t s  of t h e  n a c k ~ n z i e  r e g i o n ,  S t r a n g  (1973)  discussed case , 
h i s t o r i e s  of i l i s t u r b a n c e  a n d  a p p r a i s e d  t h e  c h a n g e s  o c c u r r i n g -  

Change was deemed  d a m a g i n g  w h e r e  i t s  e f f e c t  extended b e y o n d  the 

initial i m p a c t  a r e a .  ' 

  he Y a c k e n z i e  V a l l e y  i n v e s t i g a t i o n s  b e g a n  i n  t h e  1970's and 

a r e  p u b l i s h e d  a s  g o v e r n m e n t .  r e ~ o r t s  i n  T a s k  F o r c e  o n  B o r t h e r n  

O i l  D e v e l o p m e n t ,  Arctic L a n d  Use R e s e a r c h  a n d  E n v i r o n m e n t a l  

S t u d i e s  Series. !loch o f  t h e  results were c o m p i l e d  t o  p r o d u c e  two 

3 :  1,009,000 t e r r a i n  s e n s i t i v i t y  maps, i n  a r e ~ o r t  of t h e  
- 
E n v i r o n m e n t a l - S o c i a l  coemi ttee on Northern P i p e l i n e s  (1 975) . - 

C 

These maps s h o w  s u r f i c i a l  d e p o s i t s ,  t e r r a i n  s e n s i t i v i t y ,  

d i s t u r b a n c e  l e v e l  3 n d  the t y p e  of r e a c t i o n  e x p e c t e d ,  T e r r a i n  

sensitivity is d r v i d e d  i n t o  classes b a s e d  on t h e  d e g r e e  o f  

r e a c t i o n  t o  d i s t u r b a n c e .  I t  is d e p e n d e n t  upon;  g r o u n d  ice, 

s l o p e ,  material a n 3  i n s u l a t i n g  c o v e r ,  T h e  presence ' o r  a b s e n c e  of 

p e r m a f r o s t  a n d  t h e  t y ~ e  of g r o u n d  i c e  a r e  the t h e  t w o  m o s t  

i a ~ o r t a n t  f a c t o r s ,  Van Eyke a n d  Z o l t a i  (1975) + s t a t e  t h e  a b o v e  

f o r  t h e  Y a c k e n z i e  a n d  H o r t h e r n  Yukon b u t  allege t h a t  

a p p l i c a t  i o n s  of  a r e g i c n a l  s e n s i t i v i t y  c l d s s i f i c a t i o s  f a c e s  t h e  

p r o g l e m  of v a r i a b i l i t y  of t e r r a i n  w i t h i n  the map u n i t s  a n d  

v a r i a t i o n s  i n  local f ac to r s ,  p a r t i c u l a r l y  groun3 ice and water 

coe t e n t ,  a i n e r a f o g p ,  m a t e r i a l  texture, s u r f a c e  mcrfio~bgp, 

e x p a s u r e ,  local r e l i e f ,  a s p x t ,  v e g e t ' a t i o a  a n d  t y p e ,  SGSSQ~ gf 

y e a r ,  d u r a t i o n  a n d  i n t e n s i t y  of t h e  d i s t u r b i n g  process. 



Variagles Iden ti•’ i ~ d  by D i s t u r k a n c e  Studies , 
* 

Specific t y p e s  of d i s t u r b a n c e  have  b e e n  studied; summer 

t r a f f i c  b y  t r a c k G d  vehicles ( R u s k e g  Research I n s t i t u t e ,  1971 ; 

R a d f o r t h ,  1 9 7 3 ) ,  h i g h w a y  c u t s  ( P u f a h l  e t  a l . ,  1974) and  o i l  

s p i l l s  ( H u t c h i n s o n  a n d  S e l l i b u s t ,  1973)  , FIok (1979) s t a  tes t h a t  

t h e  m o s t  i m p o r t a n t  v a r i a b l e  i n  f o r e c a s t i n g  p e r m a f r o s t  
zi. 

d i s t u r b a n c e  is t h e  s e a s o n  of o p e r a t i o n ,  w i t h  summer t h e  u o c s t .  

I n  summer  the d e g r e e  of b l a d i n g ,  d e g r e e  of s l o p e ,  and s u b s t r a t e  

m o i s t u r e  c o n t e n t  arc n e x t  i n  i n ~ o r t a n c e  a n d  a r e  s o  i n t e r r e l a t e d  

t h a t  i t  i s  d i f f i c u l t  t o  d i s c u s s  a n y  one i n  i s o l a t i o n ,  The degree 

of s u r f a c e  d i s t u r b a n c e  d e t e r m i n e s  changes i n  t h e  a i r / s n b s t r a t e  

interface h e a t  n a l a n c c ,  a n d  t h e  s u b s t r a t e  r e s p o n d s  a c c o r d i n g  t o  

i t s  c o m p o s i  'k i o n  u n t i l  a nev e q u i l i b r i u m  i s  r e a c h e d ,  b u t  a 

b a l a n c e  c a n n o t  b e  e s t a b l i s h e d  i f  t h e  s l o p e  is g r e a t  e n o u g h  t o  

t r a n s p o r t  t h e  t h a v e d  mater ia l ,  thus exposing more f r o z e n  

m a t e r i a l .  

W i t h  r e g a r d  t c  g r o u n d  s u r f a c e  o i l  s p i l l s ,  i t  was found t h a t  

t h e  a c t i v e  l ager  i n c r e a s e s  i n  d e p t h  a s  t h e  v e g e t a t i o n  is 

d e s t r o y e d ,  O f t e n  times t h e  spills a r e  b u r n e d  o n  t h e  s u r f a c e  so . 
L 

a s  t o  s t o p  p o l l u t i o n  of t h e  S a t e r  t a b l e ,  but a s  this g r a v e l y  

d a ~ a g e s  t b e  v e g e t a t i v e  c o v e r  t h e  active l a y e r  c a n  i n c r e a s e  even 

Bore. S n c h  f i r e s  h a v e  a p r o f o u n d  e f f e c t  on t h e  p e r t ~ a f  rosk for 

long p e r i o d s  ot time i-e,, 35 t a  50 years ( W l  et aL, 1977; 

F o t e r t s - P i c h e t t e ,  1572).  



F i r e s  i n  the N o r t h  c o n s t i t u t e ,  on a v e r a g e ,  'a h e a l t h y  

e l e m e n t  i n  t h e  e n v i r c n i e n t  a s  a m e c h a n i s m  f o r  c h a n g e ,  b u t  

i n c r e a s e d  i n c i d e n c e  w i t h  t h e  i n t r u s i o n  o f  i n d u s t r ?  m a k e s  f i r e  a n  

erosive f o r c e  t o  be r e c k o n e d  w i t h  ( T y r t i k o v ,  1959) .  S e c o n d a r y  

e f f e c t s  o n  the ~ e r m a f  r o s t  r e s u l t  f r o m  e r o s i o n  a n d  y u l - l y  . 

f o r m a t i o n ,  p a r t i c u l a r l y  w h e r e  such fires a're f o u g h t  by  b l a d i n g  
I. 

, a n d  c l e a r i t g  fire l i n e s  w i t h  b u l l d o z e r s  (Brown a n d  G r a v e ,  1978; 

Evans ed . ,  1976 ,  1 5 7 7 ) .  ! l e g i n b o t t o m  (1973) r e p o r t e d  o n  work  d o n e  

i n  Inuvik a n d  c o n c l u d e d  t h a t  f i r e ,  ~f i t se l f ,  was n c t  a serious 

disturbieq farce, I t  uas t h e  thickening of t h e  a c t i v e  l a y e r  

l e a d i n g  t o  i n c r e a s e d  s l o p e  f a i l u r e  t h a t  was t h e  p r o b l e m .  

S t r i p p i n g  o f  t h e  s u r f a c e  v e g e t a t i o n  h a d  s e r i o u s  c o n s e q u e n c e s ,  

However, r e m o v a l  cf t h e  trdes k i t h  l i t t l e  d a m a g e  t o  t h e  g r o u n d  

f l o r a  h a d  n o  m a r k e d  e f f e c t .  i i e j i n b o t t o m  ' a l s o  commented  t h a t  t h e  

.f 
d e g r e e  oi s e r l o t i s n e s s  was r e l a t e d  t o  the season i n  w h i c h  t h e  

d i s t u r b a n c e  o c c u r r e d ,  w i t h  summer  worst, a n d  t h e  i n t e n s i t y  of 

t h e  i n i t i a l  d i s t a r k a n c e  was i m ~ o r t a n t .  S l o p e s  c o m p l i c a t e d  a l l  

d i s t u r b a n c e  since water v o l u a e s  i p c r e a s e d  w i t h  melting a n d  could 
A ' 

l e a d  t o  increased e r o s i o n ,  F i r e  h a s  v a r y i n g  e f f e c t s  w i t h  s i t e  

h char c te r i s t ics ,  being related t o  t h e  presence o r  absence of a 

h u n u s  layer i n  t h e  a f t e r m a t h ,  t h e  t y p e  of p e r m a f r o s t ,  s l o p e  a n d  

n a t  u r e  of: t h e  s u b s t r a t e  ( C r a i i p t o n ,  1973) , D e c o m p o s i t i o n  of t h e  

l i t t e r  ,is s l o w  and  s o  fire a c t s  t o  r e t u r n  n u t r i e n t s  t o  t h e  soil .  

Causes of fire are d i v i d e d  h a l f  and h a l f  b e t w e e n  l i g h t n i n g  and 

h f ~ a a n  a c t i v i t i e s ,  b u t  l i g h t n i n g  fires b u r n  95% of t h e  t o t a l  area 

b u r n e d  i n  a n y  y e a r  ( Y e t b e r  a n d  Wein,  1974) .  Kelsal l -e t  al. 

C;1. L 



( 1 9 7 7 ) ,  i n  a r e v i e w  of the problem ( c o n t e n d e d  t h a t  t h e .  v e g e t a t i o n  - 

" 

r e - e s t a b l i s h e s  q u i c k l y  a f t e r  fire, b u t  i t  is  unknown how l o n g  

this a c c e l e r a t e d  g r o w t h  las ts  (wein a n d  Webber, 1974) . However ,  

t h e  p i o n e e r  v e g e t a t i o n  i s  a p o o r  i n s u l a t o r  f o r  t h e  p e r a a f  rost 

a n d  thermal  s u h s i d e n c e  o c c u r s  s w h  t h a t  p o n d s  form a n d  t h i s ,  i n  

t u r n ,  l e a d s  t o  i n c r e a s e d  m e l t i n g  ( Z o l t a i  a n d  P e t t a p i e c e ,  1973)-  

B e g i n b o t t c .  (1974)  f o u n d  t h a t  t h e  d e p t h  t o  the icy 

~ e r m a f x o s t  from the s u r f a c e  was i m p o r t a n t  i n  p r e d i c t i n g  t h e  

e f f e c t s  o f  s u r f a c e  d i s t u r b a n c e  s u c h  a s  b u l l d o z i n g  a n d  fire. I f  

the ice is u i t h i a  1 a o f  the fttfface then %he excess ice 

d i s a s p p e a r s ,  w i t h i n  2 D of the s u r f a c e  a n d  there is significant 

change a n d  when b e n e a t h  3 r t b e  s u r f a c e  c o n d i t i o n s  w o u l d  b e  

u n a l t e f e 3 ,  
,q. 

T h e  f a c t o r s  i d e n t i f i e d  i n  s u c h  s t u d i e s  are  d i r e c t l y  r e l a t e d  

t o  c o n s t r u c t i o n  a c t i v i t i e s ,  i, e .  t h e  s e a s o n  of vcrk, d e g r e e  of 
C 

blading, and t h e  c c n s e q u e n c e s  of i n c r e a s e d  i n c i d e n c e  o f  f i r e ,  . 

h o v e v e r ,  there is i n f o r a a t i o n  o n  v a r i a b l e s  f o r  s e n s i t i v i t y  and  
$. 

p r e d i c t  i o n  of frozen g r o u n d ,  

Q 

N o r t h e r n  meys qad D e v e l o p i n q  Predict- Hodels - 
- 

S u r v e y s  of p e r m a f r o s t  c o n d i t i o n s  were  done i n  t h e  B o r t h  

employing a v a r i e t y  of  e n v i  roomental i n d i c a t o r s ,  C r a n p t o n  and  

P u t t e r  (1973) , u s i r g  a i r  p h o t o  a n a l y s i s ,  i d e n t i f i e d  l a n d s c a p e s  

o r  t e r r a i n  types i n  t e r i s  of s u r f i c i a l  g e o l o g y ,  e i c r w r e l i e f  a n d  
0 

v e g e t a t i o n  in a s u r o e p  o f  t h e  d i s c o n t i n u o u s  ~ e r a a f r o s t  of t h e  





/ 
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p a r t  of ground t r u t h i n g  and  v e r i f k a t i . c n  a series of b o r e h o l e s  

were made a t  s e l e c t e d  sites down the l e n g t h  of t h e  valley, 

a v e r a g i n g  s i x  , h o l e =  per. mile (o r  a b o u t  4 per Km) . Sampling by 
i 

- . d r i l l i n g  w a s  n e c e s s a r y  b e c a u s e  t h e  l a n d s c a p e  s t u d i e s  p r e s e n t e d  

t h e i r  r e s u l t s  on  ~ e r a a f r o s t  p r e d i c t i o n  a s  q u a l i f i e d -  estimates 

a n d  n o t  i n  r e a l  e x p e c t e d  v o l u m e s ,  a s  r e q u i r e d  f o r  d e t a i l e d  

engineering. ' - 'T h e  h o l e s  were d r i l l e d  t h r o u g h  t h e  a c t i v e  l a y e r  
A 

i n t o  t h e  ~ e r m a f r o s t  b e n e a t h  a n d  t h e  c o r e s  were l o g g e d  a n d  

s a m ~ l e d  f o r  l a t e r  analysis. T h e  r e l a t i v e  volumes of soil a n d  ice 

v e r e  c o m p u t e d  a n d  t h e  s o i l  t h e r e b y  e v a l u a t e d  f o r  i ts s u i t a b i l i t y  + 

for c o n s t r u c t i o n  purposes. This ~roceedure was time c o n s u m i n g  

an'd c o s t l y  i f  c n l y  because'the study area bas so l a r g e ,  

C o m p r o m i s e s  were s t r u c k  in the number of f i e l d  o b s e r v a t i o n s  and 

d r i l l  ho le s  t a k e n  t o  o b t a i n  a t r u e  pic twe  o f  the u n d e r l y i n g  

permafrost i n  a n  e f f o r t  t o  k e e ~  t h e  c o s t s  in check. B u t  these 

decisions p r o v e i t  n o n e  too s u c c e s s f u l  a n d -  the inadequacy of 

b a s e - l i n e  d a t a  h a s  been c i t e d  often by c r i t i c s  o f  the ~ r o j e c t , '  

f o r  the l o n g - p r o f i l e  of  g e r m a f r o s t  d e p t h s  along t h e  r o u t e  h a d  t o  

b e  i n t e r p o l a t e d  l o n g  d i s t a n c e s ,  

R e m o t e  S e n s i n g  as b i d  t p  e d i c t i g n  --- -- 

I n  a n  a t t e m p t  t o  bring c o s t s  down, a n d  s t r i v i n g  f o r  a s  

r a p i d  a  ~rocedure a s  possible, grea t  s t r i d e s  were made i n  t h e  

f i e l d  o f  a u g a e n t i n g  the l a n d s c a ~ e  a p p r o a c h  t o  s u r v e y i n g  t h e  
k, 
a, 

i n a c c e s s i t l e  expanse of t h e  301th b y  remote sensing.) Pqcm b l a c k  



i .  

a n d  w h i t e  p h o t o g r a p h y  evolved 4 h e  use of c o l o u r  a n d  f a l s e ~ c o l o a r  

i m a g e r y  f o r  i d e n t i f y i n g  such phenomena  as t h e  c h a n g i n g  h e a l t h  i n  

2- p l a n t  s p e c i e s ,  But t h e i r  uses g r o v e d  l i m i t e d ,  , as  d i d  i n f r a - r e d  
-, 

s c a n n i n g  d e v i c e s ,  a n d  s i d e -  l o o k i n g  r a d a r  ( S L A B ) ,  E a c h  t e c h n i q u e  

a n d  d e v e l o p m e n t  h a d  i t s  s p e c i a l t y  u s e s  s u c h  a s  g r e a t e r  p r e c i s i o n  

i n  d e f i n i n g  t e r r a i n  u n i t  a n d  l a n d - w a t e r  b o u n d a r i e s  ( i n f r a - r e d ) ,  

but n c  tool p r c v f d  a s  v e r s a t i l e  and thereby a s  useful f o r  

general F u r p o s e s  a s  t h e  b l a c k  a n d  w h i t e  a i r  p h o t o g r a p h y .  O n l y  a s  
b 

s u p p l e m e n t a r y  i n f o r m a 3 i o n  u s e d  i n  c o n j u n c t i o n  w i t h  c o n v e n t i o n a l  
r: 

I s u r v e y i n g  r o u t e s ,  

F o r  s u r v e y i n g  t h e  e x t e n t  of p e r m a f r o s t  more d i r e c t l y ,  

r a t h e r  t h a n  by i n t e r p o l a t i o n  between d a t a  p o i n t s ,  remote s e n s i n g  

by a c o u s t i c  m e t h o d s  h a v e  b e e n  e s ~ l o y e d ,  The b a s i c  p r e m i s e  i s  

t h a t  f r o k e n  g r c u n d  is more c o n d u c t i v e  t h a n  u n f r o z e n  g r o u n d ,  

because the c o n d u c t i v i t y  of ice is h i g h e r  t h a n  t h a t  of water 

(Scot t  et. ,  1978) -  g o i s t u r e  i n  s o i l  d o e s  n o t  freeze a t  one 
@ 

t e r s ~ e r a t o r ~ .  D e ~ r e s s i o n  i n  the f r e e z i n g  p c i n t  may be  c a u s e d  by; 

d i s o l v e d  solids, i n t e r g r  a n u l a  r f o r c e s  a n d  o v e r b u r d e n  pressure. 

T h e  a m o u n t  o f  ice t h e n  i n c r e a s e s  a s  t h e  temperature decreases, 

I n  t h e  p r e s e n c 6  of a t e m p e r a t u r e  g r a d i e n t  t h e r e  e x i s t s  a seismic 

v e l o c i t y  g r a d i e n t .  So  i t  i s  p o s s i b l e  t o  r e l a t e  seismic 
I 

v e l o c i t i e s  t o  ice forms i n  ~ e r a a f  rost ,  However ,  t h e  seismic 

v e l o c i t y  i s  d e p e n d e n t  n o t  only o n  t e n p e r a t o r e ,  but also o n  t h e  
L 

g r o u n d  m a t e r i a l  a n d  t h e  t h i c k n e s s  of t h e  p e r m a f r o s t ,  a n d  because ' 

. - 
t e m p e r a t u r e  a n  3 F r e s s u r e  a re  r e l a t e d  t h e  seisaic v e l o c i t i e s  v a r y  



w i t h  d e p t h  i n -  t h e  s u b s t r a t e ,  This then l e a d s  t o  a h i g h l y  complex 

set o f  r e l a t i o n s h i ~ s  ahat  a r e  s t i l l  bejng a c t i v e l y  i n v e s t i g a t e d  
@ 

( C a n a d i a n  S y m p o s i u m  o n  Remote Sensing, 1981) C o m p a n i e s  i n v o l v e d  

i n  o i l  e x p l o r a t i c n  i n  t h e  ~ r c t i c  are o n e  of t h e  prime movers of 

t h i s  r e s e a r c h ,  s i n c e  t o  i n t e r p r e t  t h e  seismic l o g s  af o f f s h o r e  

tests t h e  a c o u s t i c  b e h a v i o u r  o f  p e r m a f r o s t  m u s t  b e  known- 

~ e r m a f r o s t ' m a y  e x t e n d  o u t  f r o m  t h e  coast ,  b e n e a t h  t h e  sea, f o r '  

a n y t h i n g  from 100 a ( U e r e n s k i o l d ,  1953) t o  600 m ( L a c h e n b r u c h ,  

1957; Dome P e t r o l e u s  L t d ,  e t  al . ,  1982) and p e r m a f r o s t  h a s  b e e n  
PA 

f o u n d  t o  a d e p t h  of 610 a i n  Bra&hoe Bay, Alaska ( H o w i f t ,  1979; 

N a c k a p ,  1967) , * 
Remote s e n s i n g  u s i n g  e l e c t r i c a l  a e t h c d s  may a l s o  h e l d  o u t  

p r o m i s e  a s  frozen mater ia ls  exhibit d i f f e r e n t  e l e c t r i c a l  

r e s i s t a n c e s  c o m p a r e d  w i t h  u n f r o z e n  materials ( H o e k s t r a  and 

B c i J e i l l ,  1 9 7 3 ) .  It  was p o s t u l a t e d  t h a t  t h e  s o i l  and rock t y p e s  

c o u l d  b e  c h a r a c t e r i z e d  by r e s i s t i v i t i e s  i n  e i t h e r  t e m p e r a t u r e  

s t a t e ,  B u t  a t  t h a t  t ime it was a new f i e l d  a n d  Rackay q1969) 

s u g g e s t e d  t h a t  i t  was impossible a s  there was o v e r l a p  i n  t h e  

r e s i s t i v i t i e s  cf f r o z e n  a n d  u n f r o z e n ,  u n s o r t e d  s e d i n e n t s .  

S e n s i t i v e  i n s t r u  aents f o r  e l e c t r o m a g n e t i c  r e s i s t i v i t y  

m a p p i h g  h a v e  become  c o ~ a e r c i a l l y  a v a i l a b l e  a n d  o n a  s u c h ,  a 

G e o n i c s  Ltd .  Efl31. was tested at C h u . r c h i l l ,  ~ a n i t o b a ,  b y  two 

r e n b ~ r s  of t h e  G e o l o g i c a l  Survey of C a n a d a  in the presence af  

t h e  author d u r i n g  August of 1978, E s s e n t i a l l y ,  t h e  i n s t r u m e n t  
% 

g consists of t w o  coils mounted  a t  e i t h e r  e n d  of a s i x  foot  boom 

w i t h  metering 3 t  t h e  cen.tre. T h e  u h o l e  is encased i n  a t o u g h  b u t  

4. =-. 



l i g h t  p l a s t i c  and' is fitted with shoulder stran-.;, is intefihd 

for u s e  b y  o n e  man. The g r o u n d  survey can be c a r r i e d  o u t  a s  

quickly a s  t h e  p e r s c n  c 3 n  p r o c e e d  a l o n g  t h e  t r a n s i t .  I n  t h i s  

c a s e ,  r e a d i n g s  were t a k e n  a t  seven s i t e s  a n d  a l o n g  two t r a v e r s e s  . 

o v e r  d i s c o n t i n u o u s  ~ e r m a f r o s t  o f  varying a c t i v e  layer d e p t h ,  A t  

e a c h  site the a c t i v e  l a y e r  d e p t h  was p r o b e d  m a h u a l l y  uith a 

steel p r o b e ,  T h e  r e s u l t s  s h o v e d  t h e  r e l a t i o n s h i p  t e t v e e n  t h a w  

d e p t h  a n d  c o n d u c t i v i t y  a s  tco c o m p l e x  t o  allow p r e d i c t i o n .  A 

r e g r e s s i o c  a n a l y s i s  of t h e  p r e d i c t e d  v e r s d s  m e a s u r e d  thaw d . e p t h  

r e s u l t e d  i~ a very  weak correlation f c o r r e l a t i m  coeff icent = 

' 0.18). F a c t a r s  such a s  l o c a l  d r a i n a g e  a n d  t o p o g r a p h y  a p p e a r e d  t o  

b e  c r i t i c a l  ( N i x o n ,  p e r s ,  C O R D . ) .  

4 geophysical survey  f o r  p e r r a f r c s t  d e l i n e a t i o n  was 

c o n d u c t e d  along 200 k m s  of t h e  A l a s k a  H i g h v a y  by K l o h n  L e n o f f  

C o n s u l t a n t s  Ltd, f o r  F o o t h i l l s  a n d  a r e p o r t  c o n p l e t e d  i n  n a r c h  

of 1979. T h e  p u r p o s e  of the s u r v e y  was t o  l oca te  t h e  m o s t  l i k e l y  

a r e a s  of  u n f r o z e n  g r o u n d ,  a n d  t o  d e l i n e a t e  t h e  f r c z e n - u n f r o z e n  - 
+. 

b o u n d a r i e s  a t  stream c r o s s i ~ g s  a n d  o v e r l a n d .  Fo r  t h e  s u r v e y  a 

Geonics E K 3 1  a n d  a n  E!l34-3 were u s e d ,  Both  dperate  a t  h i g h  

f r e q u e n c i e s  of 10 KBz, b u t  h a v e  d i f f e r i c g  c a ~ a b i l i t i e s  i n  t h e  / 
d e ~  t h  of s i g n a l  ~ e c e  t r a t i o o .  S i n c e  t h e  e l e c t r o m a g n e t i c  f i e l d s  

decay rapidly wid? d i s t a n c e  t h e  r e a d i n g s  may b e  ? o n s i d e r e d  a s  

10~31, The major advantage of these instruments over h r i r d i % i ~ a l  

a e t h ~ d s  of m a n u a l  f r o s t  p r o t i n q  i s  t h a t  t h e 1  o p e r a t e  in a 

n c n - c o n t a c t  mole u i t h  the g r o m d  t h e r e b y  a l l o v i n g .  t r a n s i t s  t o  b e  

run a o r e  s p e e d i l y  and ef f i c e n t l p .  T h e  e q u i p m e n t  m e a s u r e s  



c o n l u c t i v i t i e s  i\n r i l l i ~ c h s  per metre and is presentel 

of r e s i s t i v i t y  i n  Ohm-metres, T h e  e l e c t r i c a l  c o n d u c t a n c e  i n  

mi l l im,hos  of a m a t e r i a l  is the inverse of i t s  resistance in O h m s  

to  c u r r e n t  f low.  R e s i s t i v i t y  i$ a. f u n c t i o n  oi p o r o s i t y ,  m o i s t u r e  

con  t e n t ,  e l e c t r o l y t e  c o n c e n t r a t i o n ,  amount a n d  c o m p o s i t i o n  of 

c o l l o i d s ,  t e m p e r a t u r e  and  p h a s e  state of p o r e  water i n  the 

g r o u n d  m a t e r i a l .  T h e  n o b i l i t y  of i o n s  i n  t h e  pore watek 

d e c r e a s e s  iitt t e m p e r a t o r e  and t h e  rksistiritg i n c r e a s e s  (Table 

I ) ,  T h u s  it uas concluded i n  t h e  r e p o r t  t h a t  w i t h  enough \ .  
d r i l l h o l e  i n f o r ~ a t i o n  and o t h e r  g e o l o g i c a l  d a t a  i t  is p o s s i b l e  

1 

I t o  make a r e a s o n a b l e  a c c u r a t e  e s t i m a t i c n  o f  t h e  s u r f a c e  l o c a t i o n  

of t h e  f rozen/unf rozen boundaries, T h i s  method shows promise i n  

~ r o 3 u c i n g  a c o n t i n u o u s  l ~ n ~ - ~ r o f i l e  o f  the p e r m a f r o s t  s u r f a c e  

b e t  ween d r i  l l h o l e s ,  

F r o z e n  Unf rozen  F r o z e h  Unfrozen 

S i l t  5 0 0  50 2 20 
S i l t y  s a n d  50 0 50- 1 C O  2 20-10 1 

S a n d  500-1000 100-200 2-1 10-5 
S a n d  E g r a v e l  1000 150-200 1 6.67-5. 0 
G r  awe1 1000 150-3C0 1 6-67-3. 33 

T a k l e  1: S e s i s t i v i t i e s  a n d  C o n d u c t i v i t i e s  o f  S o i l  Types 
{ K l u h  n Leonof f Cuasuf t a f t t s  Ltd,  , l q f 9 ) .  

P e r r i a n s  a n d  Flobson (1973) i n  a review go i n t o  some detail 

reglrdinj the v a r i o u s  g e o p h y s i c a l  methods  o f  a a p p i n g  a n d  



p r e d i c t i n g  per ma f r o s t  by direc t  means, They c v a u d - e  t h a t  t h e r e  

a r e  aany u n k n o w n s  t o  be  o v e r c o m e  and, a s  yet ,  n o  f u l l y  c o ~ p e t e n t -  

geophysical m e t h o d  t o  d e t e r m i n e  the ice c o n t e n t  of  p e r m a f r o s t  is 

a v a i l a b l e ,  However ,  t h e y  suggest, t h i s  does n o t  d e t r a c t  from the 

urgent- n e e d  f o r  n o r e  ~ e r a a f  rost d a t a ,  W h e t h e r  o b t a i n e d  by 

t r a d i t i o n a l  o r  g e o p h y s i c a l  m e t h o d s ,  o r  a c o m b i n a t i o n  of b o t h ,  

a c c u r a t - e  d e t e r m i n a t i o n s  of t h e  d i s t r i b u t i o n  of p e r m a f r o s t  are 

n e c e s s a r y  t o  d e t e r ~ i n e  t h e  best r o u t e - w a y s  and s i t e s a fo r  

e n g i n e e r i n g  s t r u c t a r e s ,  t h e i r  design i n t e g r i t y  a n d  t h e  

a i n i ~ i z a t i o n  of adverse e n v i r o n s n t a l  iatpacts for an orderly 

d e v e l o p a e n t  of t h e  C a n a d i a n  N o r t h ,  

T o  satisfy t h e  n e e d  f o r  a m e t h o d  o f  p r e d i c t i o n  o f  

~ e r s a f r o s t ,  s t u d i e s  were c a r r i e d  o u t  o n  specific a s p e c t s  of t h e  

e n v i r o n m e n t a l  influences on p e r m a f r o s t ;  v e g e t a t i o n  b e i n g  a p r i p e  

e x a m ~ l e  ( R o b e r t s - P i c h e t t e ,  1972) . Employing b l a c k  a n d  w h i t e  air . 
p h o t o g r a p h y  t h e  l a n d s c a p e  uas d i s s e c t e d  o n  t h e  basis of 

vegetation p a t  terns. T h e n  e a c h  p a t t e r n  v a s  associated uitb the 

p r e s e n c e  o r  a b s e n c e  o f  p e r ~ a f r c s t ,  I n  t h i s  r a p  a list of 

e c o s y s t e m s  v a s  drawn u p ,  each e c o s y s t e m  h a v i n g  a n  association 

w i t h  p e r m a f r o s t ,  U n f o r t u n a t e l y  the presence o f  pemafros t  is not - /" 
a l w a y s  t h e  d e c i d i n g  f a c t c r  i n  t h e  d e v e l o p m e n t  of o n e  or a n o t h e r  

t y p e  of v e g e t a t i o n  (Brown and  Peve, 1 9 7 3 ) .  There a r e  f e w  

v e g e t a t i o n  a s s o c i a t i o n s  d e v e l o p e d  e x c l u s i v e l y  on soils u n d e r l a i n  



t y  ~ e r m a f r o s t .  

F rom i n t e n s i v e  work o n  v e g e t a t i o n  i t  w a s  r e c o g n i s e d  t h a t  

t h e  success r a t e s  cf ~ i n g l e  v a r i a b l e  a n a l y s i s  of t h e  

d i s t r i b u t i s n  o f  ~ e r a a f r o s t .  wou ld  n e v e r  b e  h i g h .  T h u s  it was 

c o n c e e d e d  t h a t  a v a r i e t y  o f  f a c t c r s  c o m p r i s i n g  t h e  l a n d s c a p e  

m u s t  te c g n s i d e r ~ d .  

V h i l e  t h e r €  a r e  d e v e l c ~ m e n t  p r o j e c t s  c o n t i n u i n g  i n  t h e  

N o r t h ,  r e q u i r i a g  p r a c t i c a l  t o o l s  t o  sclve t h e  e n v i r o n m e n t a l  

~ r c b l e n s  of c o ~ s t r u c t i o n ,  r e s e a r c h  i n  m a n y  c a s e s  is o n l y  a t  t h e  

l e v e l  o f  d e f i n i n g  t h e  i n p u t  v a r i a b l e s  f o r  t h e o r e t i c a l  m o d e l s  f o r  

d i s t r i b u t i c n  of F e r e a f r o s t .  O n  t h e  o t h e r  h a n d ,  t h e r e  a r e  a f e u  
-1 

s t u 3 i e s  a c c e p t i n g  the c o m p k x i t y  involved, and a t t e ~ p t i n g  t o  get 

b e y ~ n r l  d i s t r i ~ u t i o n  an! i n t o  t h e  ~ r o b i e r a s  o f  ~ r e d i c  t in7 

F e r r r a f r o s t  i c e  ccn ten t b y  Deans o f  m u l t i - v a r i a t e  s t u d i e s -  L.au 

a 2 3  Lawrenze ( l 9 7 6 ) ,  u s i n g  i n f o r m a t i o n  f r o m  t h e  P a c k e n z i e  V a l l e y  

G e o t e c h n i c a l  D a t a  E a n L  ( L a u r e n c e ,  1 9 7 4 )  , c o m p u t e d  frequency 

~ l o t z  of g c r m a f r c s t  t j p  ( P i h l a i n e n  a n d  J o h n s o n ,  1 9 6 3 )  v e r s u s  

d e p t h  t c  p e r ~ a f r o s t  f o r  a v a r i e t y  of s o i l  g r o u p s .  I t  is 

icteresting t h a t  t h e  t y p e  of ~ e r ~ a f r o s t  s t r u c t u r e  w a s  used a s  a  

v a r i d b l e  s i ~ c e ,  w i t h  s u c h  inf o r s a t i o n ,  g o o d  e s t i m a t e s  ~f i ce  
4 

c 3 n  tent v o l u a e s  could b e  a a d e .  

Lao a n 3  L a u r e c c e ,  fcund the a m o u n t ,  f o r m  a n d  d i s t r i b u t i o n  

o f  j rc l~n.?  ice v a r i c . 3  c c n s i d e r a b l y  w i t h  soil t y p e  a n 3  location' 



( s y n o n y r e o u s  w i t h  l a t i t u d e ) .  T h e y  c o n c l u d e  t h a t  most coarse 

g r a r n e d  s o i l s  i n  t h e  v a l l e y  a r e  frozen i n  w i n t e r ,  v i t h  t h e  t y ~ e  
L 

of i c e  b e i n 7  v a r i a t l e ,  t h o u g h  t h e  q u a n t i t y  of v i s i b l e  ice 

i n c r e a s e d  n o r t h w a r d s  markedly. V i s i b l e  ice i n  g r a v e l s  a c d  sands 

increased a s  t h e  a r o u n t  of fines i ccreased .  It appeared t h a t  t h e  

v i s i t l e  ice is t h e  main t y p e  f o u n d  i n  fine textured s o i l s  a n d ,  

a j a i n ,  the 3 a o u n t s  i c c r e a s e  s o u t h  t o  n o r t h ,  Nearly a l l  the 

o r g 3 n i c  s o i l s  dc.3 Feat+ freeze in w i n t e r ,  a n d  c o ~ t a l n  l a r g e  

Yctglckot tom e t  a l .  ( 1 9 7 5 )  continuel t h i s  work. T h e p  d i v i d e d  

tfe 3 a t a  b y  way o f  t h e  ' i l t i o n a l  T o ~ a g r a p h i c  S y s t e m  map areas and 

c a ? . s i d o r e d  +he ~ r o ~ g r t i o n s  cf f r o z e c  soil w i t h  v i s i b l e  ice,  

frczcn s o i l  w i t h  nc v i z i b l ~  ice arid u n f r ~ z e n  s o i l  i n  t h e  

s a E p l e s .  T k r s  % a s  3 3 n e  f o r  e a c t  o f  the map a r e a s ,  f i r s t  f o r  each 

g e n e t i c  sol1 r l a s s  ?nd t h e n  f o r  each engineering s o i l  qroap, 

fro3 t r :12 tzep fcur , !  o r l p  3 g e n e r a l  i n c r e a s e  i n  t h e  a m o u n t  o f  

f r o z e n  ? r o u n d  1n3 ; r o u n d  Ice f r o e  s o u t h  t o  n o r t h ,  v i t h  sore 

p a r t s  3f t h e  7 ~ ~ e r  13cker.zle  p r @ r l c m l n a n t l y  unfrozen, w h i l e  i n  

tte O e l t l  r e g i c n  f 1 3 z e n  g r o u r d  u a s  u o i q u i t o u s -  T h i s  l a s t  point 

c o r . t r 3 s t s  s i l a r ~ l y  w i t h  t h e  r l n l i n g s  ~f [;ill (1973). u e q i n b o t t o m  

~t 31 .  c?nc133d t h a t  t t e  p r a a f r o s t  c c n d l t i ~ n  does n o t  c h a n g e  

u n i f g r m f y  c o r  c o n s i s t e n t i y  uitr. latitude. In f ~ c t  t h e y  f o u n d  t h e  

g r e a t e s t  C ~ ~ C J F  c ccu r t ed  S e t u e t c  S a r  S a u f t  P a p i d s  f 6 5 O W )  a n d  

? r 3 v s i l l l n t  L a k e  (670N). I t  i s  s u ~ j a s t e d  h e r e  t h a t  t h i s  c o u l d  b e  

tha s o u n 3 a r y  o e t u e e r  t h e  3 i s c c ~ t i n u 3 u s  a n 3  C o n t i ~ u o u s  P e r m a f r o s t  

Z ~ T E S ,  the h i g h  r a t e  9 f  c h a n g e  r n d i c a t i n g  a t r a n s i t i o n .  The 



s i g n i f i c a c t  c o 3 t r o l s  on d i s t r i b u t i o n  f o u n 3  i n  B e g i n b o t t c m  e t  <. 

a l ' s .  study were lccat iorr  ( h t l t u d e ) ,  s o i l  texture, surface 

d r . a i n a g e ,  surf ace 3 i s t u r b a n c e ,  v e g ~ t a t i o u a L s l o p e  aspect- 

S q i l s  of fine t e x t u r e  s u e 3  as c l a y s  a n d  s i l t s  were-found t o  

c 3 n t a i c  mere m3izture a n d  ncre ice t h a ~  s a c d g  a n d  g r a v e l l y  

t e x t u r e 2  s ~ i l s .  A ~ o s i t i v e  r e l a t i c n s h i ~  u a s  ~ c k c a w l e q e d  b e t w e e n  

n a t u r a l  a o r s t u r e  a c 3  engineerin3 f r o p e r t i e s  of f iws. 

S i ~ z e  197e t h i s  work t a s  s t o ~ p e d  ( Y e y i n b a t + c r ,  Fers.  coma,) 

an3 n s l y  m e  p a p e r  has teen p u t l i s h ~ d  u s i n g  t h e  Yackenzie  V a 2 l e y  
9 

C e o t c c i i r . ~ c a l  33t3 S a n k  ( P o l ~ a r d ,  1 9 3 1 ) .  I t  is proposed here t h a t  

C r ? t a ~ + _ o r ' , c  f t A n ~ l y s i s  of S y c e r g y H  is n o t  a r a d i c a l  d e p a r t u r e  from 

. ?!?Q literature, c u t  an d r l e r l y  a d v a n c e  f r c a  flegirtcttcee et al,*s 

war< a ~ l  t o r a i n ;  a r a t u r a l  continuation, C r a o ~ t o n  ( l 9 8 l ) ,  u s i n g  

the r a c ~ e n z i e  F i v e r  V a l l e y  3 s  3 s t u i y  area a t t e m ~ t e d  to increase 

the c n s c e r  3~ v a r i  2 t l e c  in t h e  a c d l y n i s  a c d  i o i t i a t ~  t h ~  u s e  of 

t h o  secailldry influences 3r! t h e  - 3 i s t r i c u t i c n  a? ~ e r n 3 f r o s t  and 

c ~ ~ ; I e x i f y  t k e r e  e v o i v c 3  a different vlew of the o n v ~ r o r a e n t  and 

this is ? i s c u s : ; ~ ?  n e x t .  



rontes f o r  ' p i ? ~ f i n e s ,  i t  zaL b e  appreciate3 that there are 
I 

act lvely opera t i n  j i n t e r r e l a t l c n s  optween t h e  v a r i o u s  components 

of t h e  ecosystem, C f  l a t e  t h e r e  h a s  t e e c  a r e a l i z a t i o n  of t h e  

impor t3nce  of  i n c a r g o r a t i n g  these rn t e r r e l a t i o n s h i p s  w i t h i n  t h e  

a n 3 i j s 1 . c ;  + ~ierei-y p e r m i t t i n g  ~ursuldtive a n d  s y c e r g i s t i c  e f fects  

t 9  k e  e c ~ s i 3 e r e d  f c r  l s ~ a c t  a n d l y s l s  ot aa jor d e v e l o p m e n t  

prcJ&zs?:;  ( C A Y C ,  1 5 7 9 ) .  There  is a n e e d  t o  inc rease  

r n v ~ s t ~ 7 i ? i o r i  i n t o  l o n g -  t e r ~  effects on ecosystems r a t h e r  than 

sncrt-+F;E e f f f c t s  a t  rFEc ies  level (YcComas, 1 9 8 0 )  , 

F i s r e r  ar .3  C d v i e s  ( 1 4 7 3 )  c k s e r v e  t h a t , ;  

-, . 2i1ce t h r e s h c l d s  a r e  exceeded b y  c u m u l a t i v e  
2 e v ~ : o ~ a e n  t s  3 1 s ~ r o f o r  t r o n a  te cds u l a t r  v e  e n v i r o n m e n t a l  
zt .3rL;es a r  3 r n d u c ~ i !  ar.d the e n v i r o n m e n t  is peraanen t l y  
t l f e r~r. 

T h i s  lapar:s t h a t  d s s e s s m e n t  a e t n c d s  -ire r e q u i r e 2  w h i c h  a r e  a b l e  

t3 1 ~ t e c t  a n d  ~ r l ~ c t i f  y s p ~ c i f  ic t h r e s h c l d  c o ~ d i t i o n s .  O s u a l d  a n d  

5er . j . r  f5q77)  s t a t e  t h a t  t k e  t e r r a i r ,  f a c t o r s  w h i c h  i n f l u e n c e  t h e  

I s v - . l ~ _ ; . e : ~ c c  af c e r m a f r o s t  a r e  i n t e r r e l a t e d  a n d  t h e r e f o r e  

4lsc1usqiar  s:  ~ r _ v  c c e  f a c t o r  sust c 3 n s i d e r  the o t h e r s .  I n  

s t u ! y r r .  t : ~  1 7 r f 2  abou+ u s  each c o a ~ o n e n t  s h o u l d  not b e  

c3r ;r l e r ~ 4  r n  1 s a l 3 t  ioc, for t h c c  3 e s t r u c t i o n  of t h e  e n v i r o n m e n t  

t v  ~ c s l ; n l t  l c a r t  1 r i c r ~ f e n t ~  b e c c a e s  a r e a l  ~ o s s i b i l i t  y (ABPP, 

It_ i 3  c e r t ~ i n  t h a t  the tot3.1 e h v i f o n m e n t a l  impact o f  t h e  
p r s - j t :  v i l f  2e j r e t e f  t h a ~  t f i~  sure of the i n 3 i v i d t t a l  
i ~ ~ a z t s  up h l v c .  j t i s t  c o r s i d e r e d  because  the c o m p o n e ~ t s  
3 :  a: e , z ~ s y s t e m  a r e  i n t ~ r r e l a t e d ,  T h i s  ,is, 3r! a c t i o n  
+ h a +  affects one c c m ~ o n e n t  cr t n e  ecosysten c a n  start a 
-- -t j f  r e a c t i a n z  i ~ i  o t h e r  c a a p n e n t s ,  E v e n t u a l l y  one of 

. - k c .  t p i z r l s r s  c c i ~ c u ~ d s  t h e  i n i t i a l  a c t i o n  thereby 



~ r 3  l u c l n g  t m u l t i ~ l i e r  e f f e c t ,  A n  exceedingly s n a  11 
i m p a c t  can ~ v e n t u a l l p  c a u s e  d i s p c q o r t i o ~ t e l  y large 
e n v i r o n m e n t a l  chan5e- I L  this 9 3 n n e ~ ,  any Froject can 
h a v e  3 c y  o v e r a l l  impact ,greater t h a n  t h e  sum of t h e  
i n m e z i a t e  i r ~ a c t s ,  As a r e s u l t ,  i t  is o n l y  p r u d e n t  f o r  
d e v e l o p e r s  t c  ~ r o ~ p o d  w i t h  c a u t i o n ,  a n d  for assessors of 
i m p a c t  t o  e r r  o r  t h e  side of  c a u t i o n ,  ,, 

F 2 c t o r s  o r  y a r i a b l e s  aake U F  t h e  c m ~ o n e n t  parts of  a n  

~ r c s y s t ~ z , , , w h e r e  a v a r i a b l e .  is .a f a c t o r  coded or faeasured in 

r i l a e r i z a i  fsrm. F a c t o r s  i n t e r r e l a t e  w i t h  t h e  e c o s y s t e m  t o  

c h ~ r l c t c r i z e  i t .  T h e  r e l a t i c n c h i ~ s  h a v e  c e r t a i n  f o r m s ,  some of 

u b i c h  t r c  ~ r e d i c t d c l e  an3 h a v e  ~ r e 4 i c t a b i e  c o n s e q u e n c e s .  For 

e x a 3 ~ 1 e  i n c r e a s i n g  t h e  moisture c o c t e n t  o f  a e e d i u m  o r  f i n e  

texture2 s c l l  rakes i t  Bore ~ a l i e a b l e .  T h ~ s  is a l i n e a r  a n d  

333 r t  i v c  r c l a t  i o n s h i p ;  t 5 e  more o l o i s t u r e ,  t h e  a o r e  m a l l e a b l e  t h e  

1 .  :!owever, i f  the ~ ~ i s t u r e  content c o n t i c u e s  t o  increase, a 

~ 3 i n t  i c  r ~ a c h e d  u b ~ r e  a n y  a d d i t i o n a l  nois ture  w i l l  create a n  

i n s t a b i l i t y  a n 3  the s o i l  w i l l  f l c u .  Such c h a n g e s  a c r o s s  b o u n d a r y  

or  cut-of f  p ~ i n t s  3 ~ e  b e p o n d  the l i n e a r i t y  of t h e  r e f a t i o n s h i p .  

T h a t  is t o  S ~ Y ,  t h e  o r i g i n a l  r u l e s  n o  l o n g e r  a p p l y .  B e y o n d  t h e  

b ~ u s d a r y  point t h e  r e l a t i o n s h i k  is g e n e r a l l y  c h a r a c t e r i z e d  by  a n  

e x ~ 2 n e n t i a l  c u r v e  o r  i t  is d i s c c n t i n u o u s .  

I n c j u i r i e s  into e n v i r o n m e n t a l  s e n s i t i v i t y  t o  d e v e l o p m e n t  i n  

+!IF N o r t h  h a v e  focused o n  c u m u l a t i v e  effects o f  d i s t u r b a n c e  

(Berqer, 1977;  E'AP, 1979; Lpsyk, e t  al, , 1977) - Ecol~gists hare 

co t e d  t k a t  t h e  great  c o m p l e x i t y  of an  ecosystem is  n o t  accounted 

f3r i n  l i n e a r  r e l a t i o n s h i p s ,  a n d  h a v e  a p p l i e d  nap-linea r m o d e l s  

w i t h  a o r o  SUCCESS ( G o o d r i c h ,  1 9 7 8 ;  Y e g i n b o t t o m  e t  a l . ,  1 9 7 8 ) -  

E c o s y s t e n s  v i e w e d  a s  a w h o l e ,  a s  a m u l t i - v a r i a t e  e n t i t y ,  e x h i b i t  

t e k a v i o u r  p r e d i c t a b l e  i n  n o n - l i n e a r  curves; e u l t  i ~ l i c a t  i v e ,  



One f o r a  ic particular needs d i s c u s s i o n  here, 

A change in one v a r i a b l e  in a solti-dimensional or 

m u l t i - f a c e t e d  s y s t e a  s u c h  a s  the p h y s i c a l  e n v i r b n ~ e n t  o f  an 

ecosystem can s i n u l t a n w u s l y  a f f e c t  another v a r i a b l e  or a ser ie s  

of v a r i 3 b l e s  a n d  alter it considerably. The system is h i g h l y  

interrelated a c d  s h c u l r l  be e x p e c t e d  to a c t  i n  this f a s h i o n ,  Yhat 

is 3 u r F r i s i r i j  is t h a t  e . c o s y s t e ~ s  a r e  only v e r y  r a r e l y  ccnsidered 

i n  t h i s  way ~y p h p s l k a l  p c g r a t h e r s  and others i n v o l v e d  i n  s u c h  

s t n j i e s .  T h e  c a s c e ~ t  ot s y n e r g y  is re11 k n o u n  to chemists, b u t  

c o t  t 3  qeo3raphers.  

To e x p l a i ?  synergy  let  ~s take  an i l l u s t r a t i v e  e r a a ~ l e  from 

s t e e i  i s  3 ~ f 6 9 x i t a t ~ l y  3 5 L t , S O O  ~ c u n d ~  Fer square i n c h  ( p s i ) ,  

T h i s  is 1CZ,03: p s i  J r e l t e r  than the sum of t h e  t e n s i l e  

s t r e n g t t s  oi e l c k ,  af  a l l  of its a l l o y e d  m e t a l l i c  e l e a e n t z  

( I  1 1 5 7 4 )  , T h i s  i s  3 53% i c c r e a s e  over  t h e  sun of  the 

i n . ! l v i ! u d l  > a r t s ,  not E r ~ d i c t e d  b y  the b e h a v i o u r  of t h e  s e p a r a t e  

c o ~ , ? 7 n * r .  t s ,  Suck c e h a v i a u r  1s t o r a e d  synergy. S y n e r g i s t i c  Y 

r e l r t i 3 c r i ; l ; l s  i ~ r f  a c w l i n e a r  and r n t l a l l p  n o n - p r e d i c t a b l e ,  O t h e r  

n 3 r - l i 3 e a r  relationships a r e  o f t e n  to b e  f o u n d  u i t h i r  a r e a s  of 

instability o r  t r 2 n c i t i a n  Zetueer ecosystems, so it suggested 

t n 3 t  s y w r 5 s s t i c  relatisnsk~ps slso; u s f f  be sost etiihxtt vhere 

t h e  e c o s y s t e ~  i s  in a t e n u o u s  kalance, 4 

4 n o t h e r  p a i c t  to n o t e  r s  t h a t  Linear -add i t  i v e  alterations 

e n c Z r 2 d s s  a n e ; a t i v e  16 t h a t  t h e y  can suppre&s a l t e r a t i o n  as 



e a s i l y  as  a c c e i e r a t i n g  change. It fc tLLa~s ,  then, that s y n e r g y  

may have, Br operate i n ,  a reverse  4 i r e c t i o n .  i n h i b i t i n g  change. 

Crampton  ( 1  9 7 3 )  vcrkecl on e c o l o g i c - a 1  and b i o p h y s i c a l  

l s n ~ ~ s c a p ~  s u r v e y i n  j a n d  l a n d  s e n s i t i v i t y  sapp ing  of t h e  Opper 

a n 4  Cer i t r a l  f iackenzie  Valley, P e c o g n i s i n g  the l i m i t a t i o n s  of map 

overlays, he b e g a n  work cn d P e t b a d  o f  a n a l y s i s  f o r  i d e n t i f y i n g  

p r i ~ a r T  a n d  c o n t r i b u t i n g  secondary i n t e r a c t i n g  i a f I o e n c e s  i n  a n  

ecosvs tern that waul.3 a c c u r a t e l y  p r e d i c t  t h e  effects of i m p o s e d  

a L t . - . r a t i o n s ,  I n  1 9 7 6  a c o m p u t e r  Froqraa entitled: Analysis o f  

4 c o l o g i c a l  Systems ( A Y E C S Y )  , was p r o d u c e d ,  I t  was u u t  t o  a 

v 3 r 1 e t y  of  uses; f crest  p r o d u c t i v i t y  ( l 9 7 7 a )  , b i o - p h y s i c a l  

a n a l y s i s  ( 1 3 7 7 t )  , t e r r a i n  evaluation (1978a)  a n d  t o  d e v i s e  s o i l  

drainage mc-leis ( 7  4 7 9 )  . T h e  a n a l y s i s  was e v a l u a t e d  a n d  ccrapared 

w l t : i  m r m a l  f i e k d  ~ e t h c i l s  (1978b), 

C r 3 a p t o n  ( 1 3 9 1 )  took s e c t i c n s  of t h e  C e n t r a l  a n d  'Jpper , 

?aclrenzlc-. V a l l e y  d a t a  and e v a l u a t e d  t h e  t e r r a i n  sensitivity t o  

d i s t u r b a n c e .  Fzom this a n a l y s i s  h e  found t h a t  the least ice in 

Feraa f  r o s t  occtlrs a t  t h e  h i g h e s t  e l e v a t i o n s ,  G v e r  800  f t  (244 D) 

south o r  Fort J i n p s c n  (600-6306), ' o v e r  b e d r o c k  or where c o n i f e r s  

3 ~ ~ 3 u n t s  af i ce ,  i, e ,  1 t o  3 times t h e  w e i g h t  cf  scil, arrc=u? at 

Lou t 7  h i g h  e l e v a t i o n s  from Fort  G o ~ d  d o p e  t o  I n u v i k  ( 660 -6908 ) ,  

+ 
i n  i a o r a i n a l  silts a n d  clays, su p ~ o r t i n g  s e d g e - L a n d s  with some 



open s t u n t e d  f sres t .  T h e  ice is f o u n d  predaainaatly at s h a l l a n  

d e p t h s  of  1.8 t o  4.6 ( 5 - 1 5  ft). T h e  most ice, 3 t o  11 tiaes 

the weight. of s o i l ,  o c c u r  i n  layered organic, silty or c l a y e y  

s e d i a e n t s  a t  m i d - e l e v a t i o n s  of 122 t o  2 1 3  m (400-700 f t ) ,  a t  

m i d - l a t i t u d e s  + b o u t  F o r t  Norman and Norman Uells (65O-66OR),  
(I 

b e n e a t h  oppn s t u n t e d  s p r  u c e - l i c h e n  forest o r  l i c h e n  v e g e t a t i o n ,  

on ~ e a t l y  s l o p i n g  n o r t h e a s t  facing g r o u n d ,  T h e  ice is close  t o  

t h e  surface b u t  cccurs es~eciallp a t  4.9-6.1 m (16 -20  ft), 

L C r a a p t o n  n o t e s  a n u m b e r  of ~ c i n t s  of p a r t i c u l a r  i n t e r e s t .  

3 ,  tarrye accttrcslatiert ot ice j u s t  below the surface, d e c r e a s i n g  

w i t h  d e p t h .  wouever, a t  about  5.5 6 ( 1 9  f t )  a c o n c e n t r a t i o n  

o f  ice may o c c u r  a s s o c i a t e d  u i t h  organics a n d  some s i l ts  a n d .  

clay:;. Ice c a n t e n t  increases w i t h  i n c r e a s e d  e l e v a t i o n  t o  . 

3 b o o t  1 9 8  & (65C f t )  a n d  t h e n  decreases s h a r p l y  t o  the 

h i ~ j h e s t  e l e v a t i o n s  of 260 8 (850  ft). 

2 .  qackay 1 1 9 7 2 )  r e F o r t s  i n c r e a s i n q  ice w i t h  elevation e x c e p t  
J 

k e n e a t h  t h ~  s u r ~ i t s  cf ranges, 

3. H i g h  ice c o n t e n t  of o r g a n i c  s i l ts  and  c l a y s ,  a n d  low a s o u n t s  

of ice i n  s a n d s  a n d  gravels is a well d o c u a e ~ t e d  

relationship (Brown a n d  J o h c s t o n ,  1964) . 
4. L a r g e  amounts cf ice beneath  lichen c o v e r ,  and less b e n e a t h  

fores t  c o v e r  is a l s o  d c c u m e n t e d  (Crampton, 1975).  

5 .  Sedirnsnts  a r o u n d  Norman Uells a n d  Fort Hsraan (bSo-660N) can 
\ 

c o n t a i n  more ice than t h o s e  t o  t h e  n o r t h  and  s o u t h ,  

Analyzing t h e  d i s t r i b u t i o n  of ice i n  t h e  profile (as 

H e g i n b o t t o m  e t  al, d i d ) ,  Cramptcn f o u n d  t h a t  t ,he  l e a s t  ice 



w 
~ c c u r s  i n  sandy a n d  g r a v e l l y  morainal s e d i a e n t s  i n  lower 

l a t - i t u 3 e s  (60•‹-63*N), a t  h i g h  elevations a k o u t  a southwestern 

aspect. n o d e r a t e  a r c u r t s  .of i c e , - d i s t r i l i u t e d  a s  scattered ice 

c r y s t a l s  or i n c l u s r c n s ,  o c c u r  i n  silty or c l a y e y ,  b o u l d e r y  or 

c o h ~ l y ,  water re-worked a l l u v i a l - t i l l s  or i n  p e a t  plateaus a t  

@ i d  l a t i t u d e s  (6  3 O - 6 b 0 N )  a n d  m i d - e l e v a t i o n s  ( 122 -273  a)  . (400-700  

f t f  . Tke a o s t  ice (3-7 times the w e i g h t  of s o i l )  d i s t r i k u t e d  a s  

l ~ n t i c u l l r  or s o l i d  i c e  bodies occurs i n  l a y e r e d ,  s i l t y  a n d  

cl2 y ~ y  d e l t a i c  s e d i m e n t s    el ow s a n d y  a n d  gravel1  y sediments, on 

n ~ r t h e a s t  f a c i n g  s f o p e s  or h i g h e r  f l t i t u d e s  f&6Q-69•‹3) ;md 101 

e l e v a t i a n s  (0 -122  a) (0-U011 ft), 

S t r ; r n q  ( 1 9 7 3 )  a n d  i a c k a y  ( 1 9 7 2 )  a l s o  o b s e r v e d  l a r g e  

accu rnu l a t  i o n s  of i c e  a l o n g  interfaces o f ,  s a n d y  over s i l t y  

s e d i m e n t s  t h r o a g b o u t  t h e  Yackeczie V a l l e y .  C r a a p t o n l s  r e s u l t s  

a l s o  shou th3t the t o s t  raprd increase i n  ice c o n t e n t  w i t h  

i n c r e a s i ? ?  l a t i t u d e  o c c u r s  a r o u n d  Por t  Norman a n d  Norna n  Yells 

(65•‹-hh0 N). This confirms h i s  i rr~ress ions  f r o m  f i e l d  work that 

t h e r e  i s  a r a p i d  t r a n s i t i o n  f r c r  d i s c o ~ t i n u o u s  t o  c o n t i n u o u s  

p o r s a f r o s t  (Crampton, W 8 I ) ,  a n d  s u p p o r t s  H e q i n b c t t o m  st a l .  

( 1 9 7 7 )  i n  t h e i r  t i n d i n g s  t h a t  permafrost does n o t  increase 

c o c s i s t e n t l y  w i t h  l a t i t u d e .  



T e r r a i n  evaluations of t h e  proposed Hackenzie Valley Gas' 
\ 

P i p e l i n e ,  a n d  r o u t e  a p p r a i s a l s  for the proposed A l a s k a  Highway 
b 

and C e n p s t e r  L a t e r a l  Pipelines h a v e  been u n d k r t a  ken b p  e m p l o y i n g  

a i r - p h o t o  a n a l y s i s  and iielt? s a r c ~ l i n g  procedures. nore r a p i d  a n d  

less e x p e n s i v e  g e o p h y s i c a l  $remote sensing procedures' f o r  t e r r a i n  

s u r v e y i c q  of permafrost d o n d i t i o n s  a r e  being a c t i v e l y  

i n v e s t i g a t e d  b u t ,  t b  d a t e ,  no a d e q u a t e  system exists, The a b o v e  

, - 
a n a l y s i s ,  T h u s ,  detailed i n v e s t i g a t i o n s  i n t o  t h e  r e l a t i c n c h i p s  

h ~ t  ween s p e c i f i c  a s g e c t s  of t h e  environment a n d  ~ermafrost h a v e  

b e e 2  c a r r i e d  o u t ,  ~ r b v i d i n g  i n s i g h t s  i n t o  the d i s t r i b u t i o n  of 

permafrost 2nd t h e  variables a s s o c i a t e d  v i t h  permafrost and its 

ice content, 

F e w  m u l t i - v a r i a t e  s t u d i e s  exist o n  t h e  d i s t r i b u t i o n  a n d  

fcrs 3f F e r s a f r o s t .  t a u  a n d  L a w r e n c e  (1376)  a n d  H e g i n t o t t o a e  et  

a l .  (9977)  f o u n d  e h 3 t  Feraafros t  generally i n c r e a s e s  i n  e x t e n t  

Frc3 solftk. t o  n o r t h ,  b u t  4 0 ~ 2 s  not  A3 SO i n  3 c o n s i s t e n t  manner 

w i t h  1 3 t ~ t u d e .  Cramptor!  ( 1 9 8 1 )  f a u n 3  t h e  greatest change i n  ice  

acc= ' i l ru la t .~on  b e t v e e r .  6 S 0  a n d  6 7 O N  i n  t h e  Y a c k e n z i e  Valley. T h e  

e x a c t  re3scris f o r  t h l $  are unknown, b u t  i t  i s  interesting t o  
r 

a o t ~  t z a t  t n i s  cc incbaes  w i t h  t h e  b 2 u n d a r y  b ~ t r e e a  t h e  

C o c t s n u 3 u s  F e r a a f r o s t  a n d  3 l s c o n t i n u ~ u s  P e r m a f r o s t  Zones a s  



- 
T h e  o t j e c t i v e  o f  t h i s  k o r k  is t o  assess a v a r i e t y  of 

m e t n o d s  'which  i n v e s t i g a t e  t h e  l n t e r a c t l o n s  c ~ f  a c o m p l e x  of 

v a r i a b l e ?  w i t h  the o c c u r r e n c e  o f  ~ e r m a f r o s t  a n d  its ice c o n t e n t  

In t h e  C 3 n 3 d i 3 n  n o r t n u e s t .  

Tn g p e r a t i o n n l i z e  t n e  o b j e c t i v e  a research design was 

devisei! ( P i g .  3 ) .  Prom t h e  cjtlestien of p r e d i c t i o n  o f  permafrost 
e '- 

there f o l l o w s  the t e c b n i g u e s  of a n a l y s i s  a n d  t h e  c h o i c e  of 

v a r i a b l e ;  t a  b e  e n ~ l o y e d .  T h e r e  is t h e  d a t a  kase  t o  construct 

ari-! trte 3 c t u a L  a n a l y s i s  t o  c o m f u t e  a t  its various levels. The 

rbp ~ l t  s , r e  t h e n  g a t h e r e d ,  i n t e r ~ r e t e d  an? the c ~ n c l u s i o n s  drawn 

i n  L i g h t  of t h e  a r i g i n a l  q u e s t i o n  a n d  c k j ~ c t i r e s ,  T b i s  c h a p t e r  

l o o d c  a t  t h e  process if! 2 e t a i i ;  f i r s t l y  the se l ec* iua  of 

v a r i a b l e s  a r e  d i s c u s s e d  t h e n  t h e  d a t a  base ,  t h e  c o d i n g  

s t r ! ~ c t u r e s  for the variables follows a n d  lastly the a n a l y t i c a l  

p r o c e d u r s s  are outlined. 

I 3 e n t i - x  the Variables for A n a m  . k -- 

The s t u 3 i e s  re-he ~ r e v i o u s  chapter r e v e a l  some of 

t h e  isportant v a r i 3 b i e s  f o r  analysis while o t h e r s  map b e  

identified b y  3 review o f  t h e  energy balance .  T h e  k e y  points of 

t h e  l a t t e r  a p p r o a c h  a r e  o u t l i n e d  here, 
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? ie t  r a j l a t i o n  a t  t h e  surface is t h e  s u m  of t h e  difference 

b e t w e e n  inca 'ming a n d  o u t g o i n g  long- and shortwave r a l i a t i o n .  

K J is i n c o m i n g  shortwave r a d i a t i o n ,  

K T  is 3 u t g c i n g  s h c r t w a v e  r a d i a t i o n ,  

L$ 1s i n c o m i n g  ' l c n g  wave r a d i a t i o n  
d 

3 u t  (LJ  - L?,, is s m a l l  f o r  corthern l a t - i t u d e s ,  a n d  K t  is a 

~ h u s  ,7*. = f (KJ, a l b ~ d o )  b u t  

Y4 = F ( i ~ + i t u  1e. l f c l m d t i c n  3f t h e  sun, s l o ~ e ,  e l e v a t i o n ,  

clcud c o v e r ,  tilte or  d a y  a n 3  ye3r). 

F e s a  t h e n  a r e  same of  the v a r i a b l e s  t o  c,onsiller f o r  a n a l ~ s i s ,  

2* = z ( L e ,  3, J 3  Aria O t h e r s )  

v h e r ~  Le is l a t e n t  h a a t  o r  v a p o r i z a t i o n ,  

' J  rs s e n s i b l e  h e a t i n g  of t h e  a i r ,  t h e s e  two 

dre  t h e  l a r g e s t  t e r s s  i n  t h e  equat ion .  A l s o  

2j 1s t t e  e n e r g y  l e f t  c v e r  for s o i l  warming, 

a n d  3thers i r c l u d k  terms a m o ~ ~ n t i n g  t o  less t h a n  5% 

i? t h e  ec iua t ioc .  



Thus Qg r e p r e s e n t i n g  h e a t  t r a n s f e r  i n  t h e  p r o f i l e  is t h e  term 

o f  i n t e r e s t .  

Q g  = f ( s o i l  m o i s t u r e ,  s o i l  t e x t u r e ,  unfrozen and f r o z e n  phAse 

c h a n g e s ) .  

F o r  a s i t e  s p e c i f i c  s t u d y  t h e s e  v a r i a b l e s  c o m p r i s i n g  "Qg  

m i g h t  b e  r e a d i l y  a v a i l a b l e  but f o r  s t u d i e s  s u c h  a s  t h e  present 

o n e  where t h e  d a t a  b a s e  c o v e r s  the l e n g t h  of t h e  M a c k e n z i e  

V a l l e y  a n d  the ,Yukon T e r r i t o r y  s u c h  is not t h e  case. I n f o r m a t i o n  

is a v a i  l a k l e ,  h o w e v e r ,  o n  d e r i v e d  e x p r e s s i o n s  i n  t h e  l a a d s c a p e  
/- 

s u c h  a s  l a n d f o r m s ,  t o p o g r a p h y  a n d  v e g e t a t i o n  eG., and w h i l e  t h e  

b r o a d  c o n t r o l s  o v e r  p e r m a f r o s t  f o r m a t i o n  and  d i s t r i b u t i c n  a r e  

climatic i n  n a t o r e ,  l o c a l  v a r i a t i o n s  a r e  d e t e r m i n e d  by  a  v a r i e t y  

of t e r r a i n  a n d  o t h e r  f a c t o r s ,  The  e f f e c t s  of re l ie f  a n d  a s p e c t  

a re  i n p o r t a n t  a s  a r e  t h e  n a t u r e  a n d  p h y s i c a l  p r o p e r t i e s  of t h e  

soil, a n d  t h e  c o n t r o l s  e x e r t e d  b y  v e g e t a t i o n ,  s n o w c o v e r ,  

d r a i n a g e  a n d  f i r e  t h o u g h  more c o ~ p l e x  ( F r e n c h ,  1976)  a r e  

n o n e t h e l e s s  s i g n i f i c a n t .  S o  Qg map b e  inferred by  s e c o n d a r y  

factors agd r e - w r i t t e n ;  

~g = f ( g e o l o g y ,  landform, s l o p e ,  e l e v a t i o n ,  a s p e c t ,  

s o i l  t e x t u r ~ s ,  v e g e t a t i c n ,  s n o u c o k e r ,  d r a i n a g e  and  

f i r e  h i s t o r y )  - 
'+ 



T h u s  w ~ t h  r e f e r e n c e  tc t h e  l i t e r a t u r e  o n  s l t e  speeific 

studies a n d  b e i n g  c o g n i s a n t  o f  Q g ,  i t  i s  p o s s i b l e  to e a p l o y  

env ironmen t a  1 v a r i a b l e s  t o  i ssess  i l nd  p r e d i c t  t h e  d i s t r  i k u t i o n  

of permafrost  a n d  its ice content. T h e  d a t 4  availab1e.froa 
I 

a l i g n m e n t  sheets f c r  t h e  p r c p o s e d  p i p e l i n e s  in t h e  Yackenz ie  

Valley a n d  D e m ~ s t e r  C ~ r r i d o r  a r e  ice ccntent a n d  s t r u c t u r e  of 

t h e  p e r m a f r o s t ,  l 3 t i t u d e ,  e l e v a t i o n ,  a s ~ e c t ,  slo~e, land for^, 

. s u r t i c i a l  g e o l c j y ,  d e ~ t i , s  h? t h e  s a m p l e  t e x  t u r p e s  t h r o u q k  t h e  

p r o f i l e  ~ n c ?  v e g e t a t i o n  c o v e r ,  

There ? re  a l m c c t  4 1/L t h u u s a n l  site c b s e r v a t i o n s  i n  t h e  

d a t a  base,  ? i v i d c ' i  i ~ t c  three s e c t i ~ n s .  T h e  f i r s t  s e c t i o n  is the 

f l a c k e n z i c  V a l l e y  ? 3 + a  s e t ,  t h e  second. is d a t a  f o r  t h e  D e m p s t e r  , 

C o r r i d o r  a c 3  t h c  t t i r d  i s  from t h e  9empster a n 3  K l o n 4 i k e  

H i g h w a y s  o f  t n e  Y u k o n  T e r r i t o r y .  - : =  

T h e  - l a f a  "were t a k e r !  f r o g  t t e  a l i g n m e n t  s hee t s  p u b l i s h e d  b y  

F o o t h i l l s  P i p e  L i n e s  L t d .  ( 1 9 7 3 )  a n d  L y  t h e  C a n a d i a n  Arctic Gas 

Pipelines L t d ,  ( 7 9 7 3 )  i n  their p r o p o s a l s  t c  b u i l d  gas p i p e l i n e s  

o v e r  the C a n a d i d n  n o r t h ,  T h e  a l i g n m e n t  s h e e t s  ' g i v e  l c g s  cf t h e  

d r l l l i n g  h o l e s  3 l c n g  t h e  r o u t e s .  T h t l s ,  e a c h  d a t u m  i s  a record of 

t h ~  ice c o n t e r t  3 n d " t n e  a s s o c i a t e d  j e c a o r p h i c  p a r a m e t e r s  f o r  



- --- - 
p o s i t i o n s  i ' n t h e c o r e d p r o f i l e .  The  routes most o f t e n  follow t h e  I 

Y b m o m s  and the c 
* 

,S o r e  sites are biased areal estiaates 

of the t e r r a i n .  If  t h e  data  set is c o n s i d e r e d  as a transect from 

north  t o  s o u t h ,  and n o t  a s  an area l  d i s t f i b u t i o n  of p o i n t s ,  then 

t h e  t i a s  may b e  l a r g e l y  ignored,  

2. The D e m p s t e r  catridor D a t a :  

T 

The Dempster Corridor set was also taken from Poothills 
e 

-- 

r i g h t - o f  -way followed a c o r r i d c r  t r a v e r s i n g  ' h i g h l y  diversified , *- 
b 

t e r r a i n ,  however, t h e  transect c o n c e p t  of thg route is retained,  

I 

3 ,  T h e  D e a p s t e r - R l o n d i k e  Highways Data: 

T h e  da ta  were collected by the author  i n  t h e  sumner  of 

1979. The f i e l d  work covered t h e  D e m p s t e r  fro* t h e  cateff & kn 

0, to t h e  Peel River  c r o s s i n g  a t  k e  5 4 2  (mile 3 3 7 )  i n  the 

U . E . T . .  It could n c t  b e  extended i n t o  t h e -  D e l t a  area as the 

f e r r y  3 i l  not come i n t o  operakicn  u n t i l  l a t e  August. T h o u g h  
- 

concentrated a l o n g  t h e  h ighuay ,  data are  a l s o  i n c l u d e d  fror t h e  

K l o n d i k e  S i g h w a y ;  9awson C i t y  t o  Carnacks,  the Robert C a ~ p b e l l  

w a y ~ * d r - r d c a s T u c h i t r r a ,  and the Aorth Cancl Road; Ross 

P i v e r  t o  l a c r i l l a a  ?a:=, a f f e t  thsg L - t e  snb - prallel 
- 

t r a n s e c t s  over t h e  nor t h r e s t e r n  Yukon. Sites were ~ a m ' ~ l e d  a l o n g  



t b e  r d u t e  - wag, t h e  -- - Highway, their choice being l i m i t e d  g p  

R o w e v e r ,  t h e  r o u t e s  ~ r c ~ o s c d  b y  the p i p e l i n e  c o m p a n i e s  mos t ly  
5 

f o l l o w  t h e  H i g h w a y  so t h i s  i s  nct a l i m i t a t i o n  a s  much as an 
, 

advantage .  Each s i t e  was c h o s e n  a t  fairly r e g u l a r  i n t e r v a l s  of 

a b o u t  2 . 5  ka ( 4  miles) and t h e  cares Mere extracted a t  l ~ a s t  75 . 

- a ( 5 0  it) f roa roadside so as t o  avoid any m o l l i f  y i r q  i n f l u e n c e s  
I 

- - 

on tire ~ e r m a f r o s t  table b p - t n e  p r e s e n c e . t o f  € h e - r c a K  U6eie t66- 
- - - 

road  h a d  teen r e k u i l t  a n d  tde c l d  s c a r  uas e v i d e n t ,  no - \ 

measurements were taken. However, u h e r e  d i f f e r e n c e s  i n  

- 

3.  ( a }  T i e l d  Procedure 

H a v i n g  selected a site 
i 

a n d  the t r  c k S s  r i l e a g e  uas 
. ! 

the f l e f d  procedure was t o  record 

on a l : ? , S m - p  &>Be T u b a  ' , -- 

i 3 

, 

r e c c r d e d  i n  the d a i l y ,  d i a r y .  The 

a c t e r i s w i c s  of vegetation, r e l i e f , .  l a n d f o r m  and - 

. drainage were noted. h s p e c t  a n ?  s l o p e  were d e t e r m i n e d  b y  B r u n t o n  

c o m p a s s ,  T h e  permafrost table was then probed u s i n g  a 1 1 4  i n g h  . 
- 

(0 .03  ce) d i a m e t e r  t y  six f o o t  (1.9 m) long s t e e l  probe. On 

. e n c o u n t e r i n g  t b e  permafrost t a t l ~ ,  t h e  d e p t h  of  active l a y e r  u a s  , 

r ~ c o r d e d .  The  unfrozen a c t i v e  layer mas augered and t h e  soil 
- -- - ' .  

textures d P t e r a i n e d  w i t h  depth ic the profile, Permafrast cores - 

were retrieved by means of a 1 1/2 i n c h  ( 3 - 8  c n s )  inside s 

l- 
. 

di3meter corer-bl t  n o r m a l l y  used t o r  c o n c r e t e ,  attachable t o  

- he3vy steel ro-fs. In this way 6 inch ftf c ~ s J  sectians c 3  f r o z e n  



- .  *- 
core uere e x t r a c t e d  a t  a tiise, Each sect ion was e x a m i n e d  and 

- 

7 - 

s a m p l e d  i 'mmediate ly ,  T b e  froz,en permafrost structures were 

recor,ded 3nd t h e  sample k a j g e d  s e a l e d  and w e i g h e d .  Thus it was 

p o s s i b l e  t c  i o c u m e n t  t h e  profi le  t o  a d e p t h  o f  a t o u t  fire feet 
- ,  .--.. 

i n  soils r a n g i n g   fro^ clay t e x t u r e s  to silts a n d  s a n d s ,  However, 
\ 

- I% 

where there were rc re  granular mater ia l s  present,  cuts in t h e  . ,. 

p r o f i l e .  Attempts tc e x c a v a t e  p i t s  proved f r u i t i e s s  a s  t h e  

b g n d i n 3 ' s t r e n g t h  of  t h e  ice i n  t h e  permafrost was generally t o o  

The sea led  s a m ~ l e s  vece analyzed i n  t h e  Geoaorphology 
* 

L a b 3 r a t o r ~  a t  3 i n o n  P r a s e r  U n i v e r s i t y ,  They vere re-weighed t o  
pp - - -- -- - - - -- - 

-- 

., y 
check - c o  a n y  a c i s t u r e  loss d u r i n g  t r a n s ~ o r t a t l o n  from t h e  field, 

o n l y  e i g h t  s a r p f e s  p r o v e d  to hawe lost s i g n i f i c a n t  moisture. ?he . - C .  

samrles uere t h e n  d r i e d  a t ,  115-1 10uC, re-weighed a n d  t h e  ratio 

of moisture t o  material  calculated a s  a -  p e r c e n t a g e  of d r y  ueight 

(Foothills, 1979:  HacFarlane e n , ,  1 9 6 9 ) -  Thos 1009 w o t l l d  8ean 

e q u a l  amounts  of moisture a n d  material. I t  wias a s s u w d  t h a t  a l l  

~ o i s t , u r e  was i n i t s a l l y  t c o z e e ,  To d e v e l o p  a f i e l d  procedure  t h a t  

-- 

oooXiT accouna  f o r  unfrozen moisture vonld  be diff i c u f t  aed t t  is 
- 

d o u h t f o l  t n d t  t h e  inforadtion j a i n e d  would b e  worth t h e  eg tra  .b 

s - * 
% a 

. t i l a e x a n d  s f f o r t ,  T h e  v o l u m e  o f  moisture below OoC i n  t h e  



. - d r i e d  samples  were c h e c k e d  a g a i n s t  the field records Ior t h e i r  
- - - - -  - -- 

. 
t e x t u r e s .  

c o d i q q  Strnctur~s for a g  V a r i a b i e s  --- . . 

L I 

T h e  program ANECSY requires that t h e  i n p u t  data  be coded* 

- - 
i n d e p e n d e n t  variables sust each hare  t h e  same ~ u l b e r  of p s s i b l e  

, 

c a t  ~ g o r i e s  for t h e  a n a l y s i s ,  Crampon 4 3981) d e v i s e d  a spster'of 

- - - -  - - c o d i n q s  - fA_r_ t h e  - - Hackenz ie  - - -- - Val ley  -- data,  u h i c b y e f e  mostly 

mgdified fo r  ;se w i t h  the data  from t h e  Dempster .  Though t h e s e  

revisions were extensive in p l a c e s ,  t h e  basic f ormats vere 

r e t a i n e d .  T h e  i n d e p e n d e n t  v a r i a t l e s  vere  each coded into s i x  

categories and t h e  d e ~ e n d e n t  variable spans a b o u t  2 5  t o  30 

1, ice Content :  

i n  t b e  l a k o r a t o r y ,  ice content i s  measured i n  terms of 

roicture c o n t e n t  a s  a percentage of d r y  u e l g h t  ( F o o t h i l l s ,  

t O 7 9 )  , Tce c o n t e n t  i s  t h ~  d e p e n d e n t  var iab l e  and  the v a l u e s  
6 

ra t3e  from zerc ~ e r c e n t ,  or unfrozen, to 2,5001, cr 2 5  times the 

w r ~ M  or  rcc c ~r i i n  t h e  salcple. LOW ice 'centeat s o i l s  

h 1 3 h  ice c o n t e n t  s c i l s  range g e n e r a l y  above 1001. It s h o u l d  ile. 

n o t e d  here  that t h e  a kf -aiffPrPnrP-- 



6f ice c o n t e n t  between F o o t h i i l s o  field procedure and t h a t  dot 
P 

- .  
- -  - L 

t h e  s e m p s t e r - ~ l o n d i k e  data set. F o o t h i l l s  samples were larger, ' 

i n c l u d ' n g '  a c o m p l e t e  section of each teqtural  stratum 
1 

encoontered i n  t h e  p r o f i l e ,  whereas, s a a p l e s  for  the 
1 

Dempster-Klondike were taken w i t h i n  each - t e x t u r a l  strattml 

encountered, I n  effect  there is  an averaging process in 
I 

-- L -  

l a b a r a t o r p  a n = l y s i s L - h e r e  and-this i m p l i e s  a generax ly  Iouer 
/ - 

v a l u e  in Ice c c p t e n t  f c r  F o o t h i l l s .  
( 1 

* 

- - - -- - -- - 
- - =--v I I a r I f  - - - 

t 0 (unfrozen) 0 
2 1 - 5  5 
3 - 15 10 
4 - 3 0  15 
5 - 5 0  
6 - 75 L 

j ? 2 5 
, f - 105  30 

S - 140 35 
9 - 180, b c  0 0  1 

- tn- - - * 'j -f- 

1 1  - 2 7 5  5 0  . A 
1 2  - 3 3 0  5 5  - 
1 3  - 396 
14 - &55 6 o  A. 

6 5  
I 5  - 5 2 5  - 7 0  
16 - 600 7 5  
I ?  - 6 8 0  80 
1 5  - 7 6 5  95  
19  - 855 98) 
2 3  - 950 95 
2 1  - -1050  100 etc. 

- - 

.-. ! 

of concerrr to t h i s  t h e s i s  a r c  t h e -  hypothetical' c u t o f f  

p o i a t s  b e t w e e n  large v a l u e s  of massire ice where surface  
- - - - - - - - - 



8 d i s t u r b a n c e  of v i r t u a l l y  any kind or i n t e n s i f ' g  c ~ u ' l d  u e l l .  l ead  - + 
- :$ 

=•÷ 
-- 

t o  grave  eros ion  problems, and l e s s e r  amounts of ice where t h e  - 
4 

degree of ih is turhance  is important to t h e  i h i t i a t - i o n  of 2 

correc t ive  or containing operations,  For example, t h e  Northern - 

Pipeline Agency suggests avoidance of frozen soils with 20f os - 

4 
greater' ice c o n t e n t . .  Some methbd of coding s t r u c t u r e s  is needed % 

- .  
t h a t  would s p r e a d  t h e  data l a  such a way that many- c a t e g o r i e s  

- - -- - - - - - - - -- - -- - 

* 

for t h e  l m r  vafrres af-fce c o n t e n t  could ex i s t  and f e k r  - - - - - - - 

c;tegories  tor  tbe h i g h  values. Such a spread of d a t a  categor'ies 

can b e  devised using a power o r  trigoncmetric transformation, - 
--- - - - -- -- - - - - -- - - -- 

b u t  a far s i s p l e r  s e t h c d  is t o  u& an increasing d i f ference  

b e t u r e n  t b e  h i g h  a n d  l o u  values  i n  each category (Table 2 ) .  In 

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

employed. 

2 .  Lat  i t ' u d e :  * < 
, 

- - 

For t h e  v a r i a b l e  Latitude, a. m r i e t y  of. c o d i n g  structures 
!, 

6. .w - 1 
were e x a s i n e d ,  Hoverer the s im~lest  p r o v e d  .the lost  effective; Q 

P 
4 

o n e  code for each d ~ g ~ e e  of l a t i t u d e ,  I e e q e a l i t i e s  r a y  , a r i s e  2 
2 

from w o r k i n g  w r t b  d i f f e r e n t  map ~ r o j e c t i o n s ,  b u t  the data  run 3 
B 

s, 
from 600 t o  6 7 * 1  a n d  errors generated i n  this range are af 

- . . 
l i t  t f e  consequcace or s i g e l f  ~ c a e c e ,  Lati tude coded by C r w n  - ---- 4 ,& 

% 
( 1 7 9 1 )  is ilsed for t h e  5ackenzie V a l l e y  d a t a  set [Table  3 ) .  h g 



. . - .  = > 

CODE. - - LATJTUDE LA TI^ iffackenzie) ' 

Por t h e  variable Elevation, a frequency d i s t r i b u t i o n  of t h e  
- 

d a t a  was p l o t t e d  and the clustering *noted. A 500 foot (152 8 )  - 
I 

interval for each category was u s e d  above a k a s e l f n e  of 1.000 ft 
8 
2 

(30'5 mf a s  i t  b o t h  covered the s p r e a d  of d a t a  a n d  preserved tire - 3 
-- - - - 

$ 

e l u s t e r s  e v i d e c t  i o  t h e  p l o t ,  < 

.less t h a n  1500 f t  (475 n) 
- 2000 f t  ( 6 1 0 - @ )  - 2 5 0 0  f t  (762 m) 
- 3000 ft j 914  m) 
- 35Q0 f t  t1067 m) 

over 3500 ft 

- 

T h i s  rlef i n i t l o n  of c a t e j o r l e s  is hi f ferent  from Crampton's s i n c e  -J 

L b 

1 e l e v a t i o n s  i n  + h e  4 a c k e n z i e  ,Va l ley  vary &ch less than along the ;1 
- - - - P -- - - - - - -- -- - 4 

D e R p s f e r  route w h i c h  crosses m u n t a i  o raqges, river v a l l e y s  and 
9 



I \ . \ (1, 514 m) {Table  4). \ 

* 

preserrceof penafrost-forit-intlnen~e;~thea~ount - --: 

r a d i a t i o n  rece irad  a t  t h e  sot tace ,  It c a n  happea t h a t  frozen 
.. 

ground exis ts  on n o r t h l y  s lopes  w h i l e  t h e  o p ~ o s i n g  southerly 
- -- - - - ---- - 

-- 
p p  7 

s l ~ p e s  are  free  o f ' ~ e r m f r o s t  (Brown, 1979) due to the. 
, 

i n s o l a t i o n  p o t e n t i a l  of e i t h e r  slo~e. Aspect u a ~ .  d e t e r m i n e d .  on 
1 * 

s i t e  w i t h  a carpass, ad9uste3  far declinqtiar,-ard retarded, The 

p r o b l e n  of c o d i n g  t h i s  i d a r m a t i o n  is t d  plate the e i g h t  m a j o r  
I I * .  

3 

t p o i n t s  of t h e  c o m p a s s  i n  a s i r  f c l d  c a t  gory ,syste,m. Taables  of 
e 7  

I - 

slopes a n d  l a t i t s d e s  show that  with cobjtant s166e and l p t i t u d e ,  
P 

r 
< . -  - t h e  , r a d i a t i o n  T s  symmetric about d . t h i s  - - 

. * 
, a s s u m e s  c o n s t a n t ,  or a t  l e a s t  a s i m i l a r  m o i s t u r e  m n d i f  ions,  'at ' 

; > 
the s u r f 3 c r  t h r o b g b a u t  t h e  day,  b u t  dew, for. the 9001 o f  

I , I 

the n i g h t ,  must b e  burned off i n  t h e  /morning a t d  so there is \, 
i 

I 
w 

' I -  less r a b a n t  energy available to  heat the later in . .  , \ ,  ' 

J5 

. & 

t h e  l a g .  t h e  d i f f e r e n c e  is o n l y  s l i gb i t  bat i t  i . s u g g e s t e d  t h a t  " , \ I 

f I 't \ -  
- - - 

it is e n o u g h  to p e r m i t  a o o n - s y . m e t r i b a l  codin; of the n o r t h w e s t  - 

. , 

and  nor t b e a s t  t r u e  ccapass  (mbie '5). ASP codrd lor ' 
C 

i - 
\ 7 

c 



\ 

. P 

4 - 
The f lackenzie  3 a t a  are coded, one d a q r e e  of s l c ~ e  for each .% - - 

1 
chss  s i x  being a'ny s l o p e  greater t h a n  s i x  degrees,  2- 

1 

p, T h t s  prored* h i . g h l y  successful for t h i s  terrain; a broa4 fl,*t 

1 
l o  < 0 - 2  

I 
I C 

3 3 - ' 6  I 
20 1 4 1  

%5 

3 > '  7 - 9  3 0  \ * 
4 10 - 1 2  0 0  - 

- 5 1 3  - 2 1  5 0  I 
b - - - - -- - 

b 2 2  and o r ~ r  60 - - - 

\ 4 

-----I-----&---------- -.---.C-u----C - 
. T a b l e  6: Codes f o r  t h e  Variable s loie .  

- v 



The l i t e r a t u r e  cites three degrees of slope to be important for 
- - - - - - - .  

\ 

t h e  initiation of d o w n s l o p e  movement (Brown and Grave,: 197 8; - C 
\ 

a t r a n g ,  1973; U-S.  D e ~ t ,  In ter ior ,  19761, e i g h t  degrees is - 
\ 
,suggested by Z o l t a i  a n d  Pettapiece ( 1973 ) ,  u h i l e  Code (1973) 

cites i n s t a n c e s  of f lov an f i r e  damaged slopes of four degrees. 
I * 

R \ l o h n  L e o n o f f  L t d .  (1979) consider 0 t o  3% a s  flat, ,3 to 1611 as 

- L- 

* f i g u r e s  i n  m1n4, aKd h a v i n g  p l o t t e d  &renquertcy t a b l e s  of the - .  
, 

dat'\?, t h e  above c o d e  structure was assigned. 
I 

6. Landfarm Genesis: 

L4ndform g e n e s i s ,  a s  i t  i s  conceived bere, s h o u l d  b e  - 
t r e a t e d  3s d n  a r e a l  descriptor of the - 5 ~ r r o u n d i n g  locale. It i s  

t h ~  s u m  + f  t h e  imnrd.iately p e r c e p t i ~ l e  topography,  a n d  a gross 

e s t i m a t e  of t h e  g e n e s i e  of t h e  s o b s t r a t e  b a t e r i a l .  The c l a s s  = 
\ 

.qoryanicg describes pea t  p l a t e a u s  a n d  shelkered h_ummockf 

\ t e r r a i n s  w i t h  J e e p  c sganlc  l a y e r s  and p i n g  s, ' G l a c i a l  

ladcustrinc?'  encoepases v a l l e y  L o t t o s s  of f i  e m a t e r i a l s ,  and  
\ '  ( I 

\ * 

\ Pglacio-f lur i a l *  i*glies v a l l e y  s i d e s  of r i v e r  terrace sandy 
' ,  

m a t e r i a l s .  l f l o ~ a i n a l n  includes 'sites of g r a n u l a r  material o n  

v a l l e y  s i d e s ,  a n d  h u r r w k y  t e r r a i n  of open and exposed areas 

\ 
-- *fit r ~ s u l t a a t  t h i a  o r w i c  h m n s .  *a&& s l m *  ~ 

I 
e f r l t h a l q ~ a d a  rn t a n A  -f 

l a g 



\ ' I  

-- - - -- + - -  c peat - L L a t  
I t 

d e e p  organics, Hngos, 
2 Glac ia l  Lacustrine - valley irottors, - 8 1 iaa~ial- 

fines. , Lacastrine 
3 Glacio-f luvial - valley sides, terraces, Deltaic 

sandy aater ia l s ,  
4 Borainal"- v a l l e y  s i d e s ,  open huarocks, Plorainal - 

grarels,  t h i n  organics, - p i p i  -. 
5 L i n e d t e a  S l o p e s  - large  r e l i e f ,  s s r t i n g ,  Slopes 

surf ace gravels. ,I 

6 T i l l  venere over bedcock. - T i l l ,  - 

- - - - - - - - -- - - - -- - -- 

- ----"-."------ - - - 

T a b l e  7 :  C o d e s  for tbe Variables landform G e n e s i s  a n d  
Landfora (Backenzie),  

- - -- - - - - -- - -- -- 7 - -  --- 
-- -- - - 

T h e  final class i n c l u d e s  ateas of barren rock and open, expoged 

d i v ' i d e s  w i t h  a t h i n  ecrer  cf oFen  t u s s o c k 5  ,over coarse 
a 

a a t e r i a l s -  T h e  codings b y  C r a m p t o n  f t 9 8 t )  were used a s  a b a s e  - 

for t h e  pr&ent s t r u c t u r e .  Changes  were made t o  accommodate t h e  

diversity ot t e r r a i n  i n  the Yakca traverses a n d  f a c i l i t a t e  and A - 

I 1 

D e p t h  t o  the s a m p l e ,  b e l o w  t h e  surface ,  was ~ p d e d  in s i x  
- 

i n c h  ( 1  5 . 2  c n )  increaeots (Table 8) , It was v i r t i o a l l y  inpossible - - - 1 
- 0 % 

* 

2 

f b 0  sites - s a m p l e d  l n  t h e  Derpster-Klondike set were f o u n d  t o  A 

\ 

* 

h a r e  a c f i v e  layers  ketueen three and five feet t h i c k ,  Because . - - 



the s a ~ p l i n g  was c o n d u c t e d  i n  J u l y  and August i t  is assumed t h a t  

t h e  active l a p e r  d e p t h  was close to its  axi in am. 

CODE - DEPTH ( D e m p s t e r - K l o n d i k e )  DEPTH 

1 0 - 6 ins -(l5.2 cms) 0 - 5 ft' (1.5 a )  
2 - 1 ft ( 3 0 - 5  c8s)- 

&4 
- 10 f t  (3-0 m) 

3 - 1.5 f t  ( U 5 . 7  c a s )  - 1 5 f t  (4.5 m)  
4 - 2 f t  ( 6 1 . 0  c t s )  - 20 ft (6.1 r) 
5 

- L - - c A 4  - 2.5 ft - ~ ? d . ? c r s )  - 25 FtFT7.6 R )  . t --- 
5 - m e r  2 .5  ft, o v e r  25  ft. - -  - - *  

- - - - -~ - - I - - - - - - - - IU- - - - - - -C-  

T a b l e  P :  C o d e s  for t h e  Var iab le  D e p t h ,  
\ 

- - -- - -- 
- - - - 

-- 
- - - - - - - - - 

2 .>  

P e r n a t r o s t  ~t f i v e  to  six feet uas d e t e r ~ i n e d  by p r o b i n g  only, 

f he thickness of the ~ermafrost was seldom d e t e r l - i n e d  if thicker 

t h a n  18 r n c h e s  (46 cas) ,  s i m p l y  b e c a u s e  i t  tock s o  much t ire  and 

ef f g t  tc .,core t h r o u g h ,  However, .thin lenses w i t h  i n t e r s ~ e r s e d  
- 

- t i h k z i m  frifst is f o u n d  

o n l y  b e l o w  t u o  metres then t h e  site i s  c o n s i d e r e d  lonfrozene 

(Klohn Leonoff Ltd., 1979). T h u s  t h e  codea i n  t h e  f i r s t ,  list 

. rere_uscd f c r  t h e  D e m ~ s t e r - K l o n d i k e  Righwaycs data  s e t ,  

t h e  s e c o n d  I ~ s t ,  tbose  d e v i s e d  b y  Crawpton ,  were used for *he , 

7 

H a c k e n z i e  a n d  Dempster C o r r i d o r  data  s e t s ,  

8. Texture: 
- 

P 

- 

* 
-- 

% . s  

T e x t u r e  of the sample coded lor to hi g h  w i t h  i n c r e a s i n g '  
6 

g r a r n  size. The classes are sufficiently broad f o r  hand 
i -, 

t e x t w r i ~ g  i n  t n e  f i e l d  t o  b e  a c c u r a t e  (Bordick et al., 7978),  



w h i l e  at,the same time c o n c i s e  e n c u j h  f o r  general e n g i n e e r i n g  

pur Foses (Assoc. Ccma, S o i l  ,a rd  Snow M e c h a n i c s ,  1955) .  A 1 1  

samples were d o u b l e  c h e c k e d  d u r i n g  t h e  l a b o r a t o r y  a n a l y s i s ,  
The i 

v a r i a b l e s  texture a b o v e  a n d  t e x t u r e  below a r e  u s e d  t o  d e s c r i b e  / 
I 

t h e  t e x t u r a l  c h a n g e s  i n  t h e  h o r i z c n s  o f e r  t h e  p r c f i l e ,  T h e  

C a n 3 d i a n  S o i l  System o r  U n i f i e d  Scale  i s  r e p o r t e d  f o r  comparison 

a n d  c o n v e n i e n c ~ .  

1 C r < j a n i c  s o i l  PT 
L ' C r j a n i c  ' s i l t s  a n d  c l a y s  OU/OL 
3 I ~ o r ~ a n i c  si l ts  a n d  c l a y s  CH/CL 
a T n o r j a n i c  s i l t s  a n d  c l a y s  w i t h  f i n e  s a n d  PlH/nL 
5 C l a y e y  3nd  s i l t y  s a n d s  a n d  g r a v e l s  S C/GC/S B/GH 
9 S a n d s ,  g r a v e l s  a n d  bedrock S F/GP/S W/CU, 

T a b l e  c :  C o d e s  f o r  t h e  V a r i a b l e s  T e x t u r e ,  T e x t u r e  of t h e  
L3yer Above  a n d  Texture of t h e  Layer Below,  

O r g a n r c  a a t e r i a l s  at t h e  surface a c t  a s  an i n s u l a t o r  a n d  

are ? a r t l c 3 i 3 r  i y  e f f e c t i v e  i n  g r e o e r v i n g  the ~ e r m a f r o s t  f r o a  

4 t ~ ~ s p k e r i c  >..e?t, A t  t h e  s o u t h e r n  f r i n g e  o f  t h e  d i s t r i b u t i o n  of 

F e r a a f r o ~ t ,  ~n t h e  T ~ o r l d i c  Zcne, F e r a a f r o s t  1s t o  b e  f o u n d  only 

~ r .  ;ea,;+ni?s. T h e r m a l  c o n d u c t i v i t y  o f  d r y  p e a t  is very  low s o  

t h a t  i n  s u z m e r ,  when the top s u r f a c e  is d r i e d ,  the h e a t  

p e ~ s t r a t r o t  Selou t h e  s u r f a c e  i s  c u r t a i l e d  r e s u l t i n g  i n  l e ss  

se3son31  t n a w l s g  t h a n  ic n e a r b y  n o n - p e a t l a n d s ,  I n  w i n t e r  t h e  

;"a+ h ~ c 3 ~ e 3  s 3 t u r a + e d  and no longer being a g r e a t  i n s u l a t o r ,  i t  

f r ~ ~ z e s .  Tr.2 qoli k e i n g  r e l a t i v e l y  warmer t h a n  t h e  a i r ,  t h e  
/ 

~ ~ r t l c 3 1  kc3 t r l u x  is i n  a n  ~ ~ ~ 3 r d  d i r e c t i o n  a n d  t h e  s o i l  looses ! 



h e a t  t3 t t e  at~os25ere. I f  t h e  e n e r ~ y  h a l a n c e  i s  c o n s i s t e n t l y  a t  

a, ? e f i c e t  t h e  t e ~ t e r a t u r e s  cf t h e  i ,-rouod will he n e g a t i v e  a n d  

? ~ n ~ r  t e x t u r e s  of i a a t e r i a l s  r e d u c e  t h e  v o l u m e s  o f  a i r  

t r 3 p p e d  i n  t h e  sci.1, the t h e r r e a l  c o r t d u c t i v i t y  is l a r y e t  s o  t h a t  

Ferinafrcst  is rare l i k e l y  t c  b e  f c u n d  p r e s e n t  i n  s i l t s  t h a n  

sazds. T1.e  f in t : r  t e x t u r e d  n a t e r i a l s  a l s o  r e t a i n  r o i s t u r e  b e t t e r  

a c l  t t i r 2 r a ; a l  c o r d u c t i v l t y  i s  enLance3  b y  t h e  p resence*  cf m o i s t u r e  

( S e l l e r s ,  1 3 7 2 ) .  

\ 

V-.2n+ ? t i o r .  b a s  beer  r e r e a t e d l y  c o n s i d e r e d  a s  t h ?  s i n g l e  

most i m n - 3 r t a n t  p a r a ~ e t e r  f o r  p r e d i c t i n - !  t h e  o c c u r r e n c e  of  

p e r m  l f r c s t ,  t n z q 3 j n  c f  t e n Q t  nas  ~ r o v e n  u n r e l i a b l e .  Y o u e v e r ,  

-- ir. ~ ~ m ! , i : i 3 t i ~ ~  ' r i t ~ :  o t h e r  v 3 r i a i l e s  f o r  p r e t j i c t i c r . .  T h e  c o d e  

s t r u c t u r e s  u se l  h e r e  3 r 9 , c e   fro^ f l e l d  e x p e r i e n c e  a n d  3 f'toad 

l i t . c r a t u r e  s e a r c h ,  I t  is b a s e d  F r i m a r i l y  . u p o n  the g e n e r a l  

f i z , j i c  7s o f  p ~ r m a f  r ' o s t  a n d  v e g c - t a t l o n  ' a s s o c i a t i o n s  o b s ~ r v e d  i n  

a i r - p h o t o  a n d l j s i s ,  a n d  i n t u i t i v e  intetconoec t ions d e v e l o p e d  b y  

f i e l d u o r k  c n  eecsystens  b y  s e v e r a l ,  b u t  c h i e f l y  b y  B l i s s  

( ; . s ? ? c i a l l y ,  ( e d . )  1 9 7 3  a n d  1 9 8 0 ) -  The c la s ses  p r c c e e 3  lcw t o  

h i s h  w i t 3  suspec t ed  i n c r e a s e s  i n  i n s i d e n c e  of  permafros t .  T h e  

a s s o c i a t e ?  s o i l s  a c d  d r d i n a y e  a r e  reported  t o  h e l p  t h e  r eader  
* 





- -  - -  L - 
* . .  

- --- .- -- - --- 

*-to i c c ~ u n ~ t  for $he variation in actire-layer, or as  a v a r i a b l e  
i .  

- .  c.L / I . 
- a 4 - 

,t3 3tc;dnt fdr-  paL-t d i i t u t  ance .  
1 . r 

. , r e c o r d s  
,- I ' , ( 

- + y  
* s . Y ,  .' 

* . / -  9 .  

*- in$'~rmat~or,  t o  tEg analysis t h i n  -aspect  a n d  elope. ,Snowcover is 
* - = . 2 7  , 

: ' . I  / % - 
,. L a n c t h e r .  v a r i a b l e  i h f  l u e n c l c r j  l o c a l  p r m a f  r o s t  8 , a r i a - t i o n s  f o r  i t  

A" 5 . i 

,4 < 1 -  <' 

- /  * - 
s /' J .Sno*fA ,,, lli'qe3i.se and t i -ura t lonoo t h e  g r o u n d  are i m p o r t a n t  

' . . . 
' f 'c> - 

. . f a c t d r s  a s p e c i ~ a l l y  sbuth' of t h e  t r e e l b i n e  fn d i s c ' o n t  i o u a u s  - 
> 7 c ,  , 

, , ~ e r m a f r o s t  a_ (Fr;eh&. II "19,76) b 9 t  f c r  t h e '  P breaTh o f  t h i s  s t u d y  such - 

possess .i h i g h  s g e c i f i c  heat. I r  c ~ o n t i n u o u s  p e r m a f r ~ s t  l a k e s  - 

I 
- - - - , 

tha t 40 n o t  freeze t o r s t h e  b o t - t o = ,  i n  winter h-ave a n  dnf rozen 
/,' 
/ 

-- - - c~=ou& +TX&iZXh. If t h e  water b o d y ,  i s  l arge  e n o u g h ,  a n .  

- unfrozen window may exi& a l l ' t h e  way - t h r o u g h  t h e  permafros t .  I n  

- - a f a ~ ' c a s e s  t h e  r e s o i t s  have i n d i c a t e d  small aaounts af iCe in 
/ b ,  

".I . I  

1 ' / 

C 

7 3 



. what should be p r i m e  c c n d i t i o g s  for h i < h  ice c o n t e n t  i n  t h e  
- - -- - - -- - - -- - 

~ e r n a f r o s t .  T h e  s u s ~ i c i o n  is t h a t  t b e r e  i s  a lack of moisture 

p r e s e n t  to fqrm $ h e  ice. I f  there w a s  some m e a s u r e  of a v a i l a b l e  

s u b s u r f a c e  d r a i n a g e  t h i s  ~ r o b l c m  m i g h t  b e  e x ~ l a i n i ? d  and t h e  
. 

s u s p i c i o n s  cocf i r a e d  o r  r e j e c t e d ,  h u t  i t  h a s  n o t  been- possible 
B 

to u n d e r t a k e  the necessary f i e 1 3  work ,  

b n c t h e r  o e l s s i o n  i n  t h e  a n a l p s l s  i s  f i r e  h i s t o r p ,  qucb,  i f  
- - - -  - -  - - - - 

- . not sll, the s t u d y  area itas h e r :  burrred over a t  some ,time, to 

. the  extent that t o r  t h e  C e n t r a l  Yukon mixed stands of b l a c k  and- 

v h i t e  'spru.ce can b e  c o n s i d e r e d E  t h e  climax fores t  for i t  is 
- - -- 

-- -- - - - - - - -- 

unlrkely th a t  a m o n o - s p e c l f i c  t l a c k  spruce s t a n d  w i l l  h a v e  
J 

4 

e ~ o a g h  t i ~ e  t o - d e v e l o ~  b e t w e e n  f i r e s  ( S t r a n g  a n d  Johnson, 1 9 8 1 ) .  

Tke eftec+ ?f fire or, p r m a f r o s t  rs d e p e n d e n t s o n  .the nature'and 

d a m p n e s s 1  o f  t h e  v e g e t a t i o n  a n d  t h e  s p e e d  a t  w h i c h  the - f-ire 

p a s s e s  t h r o u g h  t h e  a r e a  (French, 1976) .  R a ~ i d  f i r e s  i n  damp 

a r - ? ~  s-m a ~ b u r  n_m 1 ythetreesandtheeftectonper a a f s QS t u i 1 1 

be n e g l i ~ i b l e ,  Cn t h e  other h a c d  i f  t h e  v e g s t a t i c n  i s  d r y  a h d  

the t i r e  aoves s i o u l y  t h e  ice-rich v i r f  t h a w ,  t h e r m o k a r s t  nay 

d e v e l o p  a n d  t h e  d c t i v e  l a y e r  w i l l  t h i c k e n .  O t h e r  t h a n  a r e c e n t  
'$ 

parer b y  J c h n s o r ,  and S t r a n g  ( 1 9 8 2 )  there is l i t t l e  i n f o r m a t i o n  
\ 

on f i r e  history in  t h e  Yukon. F o r  t h e  B a c k e n z i e  scme s t u d i e s  
=---- 

were done b u t  only on a site s p e c i f i c  l e v e l  ( B l i s s ,  1980) -  

Taking t h e  l e a d  f r o m  R e g i n b o t t o m  e t  a l ,  ( 1 9 7 8 ) ,  s t r u c t u r e  
-- -- 

of ~ c y  permafrost uas initially i n p u t  a s  t h e  dependent variable - 

in t71e anaIysis  (Table I t ) ,  The c o d i n g  was derived f r o m  . 
-2 

- ~ i h l a i n e n  a n d  Johnston ( 1 9 6 3 )  and their work o n  t y p e s  o f  ice in 



because i t  was l i s i t e d  i n  scope d u e  t o  t h e  s r a l l e r  n a ~ b e r  o'f 

classes ( b u t  see C r a m & t o s ,  7 9 8 1 ) .  

IU E 
I C E  

Prozen s o i l ,  Ice n o t  v i s i b l e ,  p o o r l y  b o n d e d  
Yell b o n d e d ,  l'ow s a t u r a t i o n  t o  excess ice: 
I n d i v l d u a )  i c e  c r y s t a l s -  o r  i ~ c l u s i ~ n s  - - - - - -- -- - 

Xce coa t i n y <  on  p r t i c l e s  -- 
- ~ a n d % ~  o r  o r r e g u l a r l y  o r i e n t s d e c e  f o r r a t i o n s  
S t r a t i f i e d  o r  d i c t i n c t l y  oriented ice 

f o r n a t i o n s  
ICE w i t h ' s o i l  i n c l u s i o n s  
ICE w i t h o u t  s o i l  - i n c l u s i o n s .  

-- 
- --- - - - 

T a b l e  11:  C o d e s  fcr the V a r i a b l e  S t r u c t u r e .  

Qanlcm n u a b e r s  from 1  t o  6 were genera ted  a n d  u s e d  i n  place 

OF the v a r i - l b l s s  e l e v a t i o n  and a s ~ e c t  ' r h i n  t h o s e ,  variables 'rere - - 

- ~ - t c r f r t c ~ r y  i u i l u e w e '  b a s  i n d l  cate- b y  A R K S T  o u t p u t ,  

s ? .  
The reasons f o r  this a c t i o n  mere: t o  test f o r  ' g a r b a g e  i n *  a n d  

i - 

' g a r t a j e  o u t *  p h e n c m e c a  i n  t h e  p r o g r a l  and  t o  a s s u r e  t e c o g n i t i o n  
rn 

o f  s ~ u r l o u s  r e l a t i c ~ s  b y  h a v i n g  a n  e x a a p l e  t o  g o  by.  Odd r e s u l t s  
+ 

i 

were o b t a i n e d ;  t h e  most p o w e r f u l  p r e d i c t o r  uaE a two v a r i a b l e  
% . - - 

- 

a n d  n o t  a $our v a r i a b l e  i n t e r a c t i o n  as h a d  a l v h y s  b e e n  t h e  case 
- 
w 

' f o r  f o u r  c y c l e  a n a l y s i s ,  T h e  r e s u l t a n t  matrices weEe c o n f u s i n g ,  
3 

i d e n t i f y i n g  s p u r i o u s  r e l a t i o n s  a s  d o m i n a n t  i n t e r a c t i o n s .  I n  
- - 

a d d i t i o ' n  t h e  c h e c k  r e s u l t s  were e r r a t i c ,  1t' w a s  concluded t h a t  
-- 

t h e  r a n d c m  number  s e t s  i d e n t i f i e d  t h e m s e l v e s  a s  m e a n i n g l e s s  b y  

p r e s e n t i n g  s u c h  i d i o s y n c r a s i e s ,  

- 



S u m r a r ~ s i n g ,  t h e  codes were based on C r a m p t o n  (1901) .  b u t  

r e v i s e d  a n d  a l t e r e d  i n  L a t i t u d e  was changed f o r  t h e  
\ 

D e m p s t e r - K l o n d i k e  d a t a  d a t a  s p r e a d  f a r t h e r  soat+ -and 

n o t  a s  f 3 r  n o r t h  a s  t h a t  of t h e  H a c k e n z i e  V a l l e y ,  Elevation and 

- - - -  - - - -- - - - - - - - - 

s l o ~ e  were a l t e r * d  because the r o u t e s  t r a v e ~ e d  d i f f e r  i n  t h e  - - 

a m p l i t u d ~  of  r e l i e f .  The i n t l u e n c e  of a s p e c t  o n  ~ e r m a f r o s t  is .  

i n t e r p r e t e d  slightly differently t h a n  b y  C r a m ~ t o n ,  L a n d f o r m  

- - - -  - - F T ~ ~ s ~ - - s a  t s t mttk?f + ee-d-effi-m3Tr an- ~tFreak~iittt 

m o r e  specific t o  t h e  D e a ~ s t e r  route.. D e p t h  of t h e  s a b p l e  a s  a 

v a r i d b l e  was c t a n g e d  b e c a u s e  of t h e  d i f f e r e n t  f i e l d  p r o c e d u r e ,  

a n d  v e g e t a t i o n  was e x p a n d e d  t o  make i t -  more s p e c i f i c ,  and  a l s o  
* 4 4 

t o  include inf c r a a t i o n  on a s s o c i a t i o n s  (Bliss, I g R O ) ,  

I n i t i a l l y  ' F e r c e i ~ e &  ' as  s i a p l p  a ;ay of g e t t i n g  t o  know t h e  
I .. 

d a t d  s e t s ,  t h e  p ; e l i m i n a r y  s t a t i s t i c a l  a n a l y s i s  &me t o  b e  a n  ' 

i n t e g r a l   art of t h e  w o r k ,  p r o v i d i n g  a surprising amount of , 

iof ~ r a a t i d n .  The s c a t t e r y r a a s  a n d  t h e  c o r r e l a t t o n  f i g u r e s  

p r o v i d e d  a measure of t h e  i n t e r d e p e n d e n c e  of the v a r i a b l e s ,  a n d  

~ ~ ~ a n e r c e ~ e r e r x e  when t h p  streag+h 96 t h e  

4 ' < 

i n t e r r e l a t i o n s h i p s  --  b ~ t v e e n  t h e  v a r i a b l e s  i n  t h e  ~ r o g r a m  vere ' 

a n a l y z e d .  

- 



g s i n g  b e l e a s e  8 of t h e  s t a t i s t i c a l  Package f o r  t h e  Social 

S c i e n c e s  (sPSS, 1979) s c a t t e r y r a r s  uere p r o d u c e d  fo r  each 

b ' 

a i n d e p e n d e n t  v a r i a b l e  o n  t h e  dependent v a r i a b l e ;  ice c c n t e n t  of 

p e r m a f r o s t .  6 c 3 t t e r g r a . s  -uere a l s o  p r o d u c e d  f o r  each v a r i a b l e  o n  

v i s u a l l y  a t  a variety of s c a l e s  i n  an a t t e m p t  t o  i s o l a t e  t h e  

c l o s t e r i n g  and  p a t t e r n s ,  a n d  t o  liriear a n d  ~ o n ~ l i n e a r  

C o r r e l a t i o n s  

. 
Pea,rson9s  p r o d u 5 t - m o a e a e n t  coef  f  i c i e o t s  were 

- -- -- p r o d u c e d  w i t h  t h e  s c a t t e r g r a m  P r o g c a m _ a n h s o  these were used 
' fi. 

i 
. i n i t i a l l y .  La ter  P l c n @ l l * s  T a u  was c o m p u t e d  a's p o s s i b l y  a  m 

* 

a p p r o p r i a t e  measurs.  ~ d n d a l l e s  ?auk2is a technique for  p r o d u c  
, 

s t a n d a r d i z e d  c o e f f i c i e n t s  b a s e d  on t h e  a m o u n t  of a g r e e m e n t  

? t ~ t u e e n  two sets of o f d i n a l  r a n k i n g s ,  I t  is u s e d  when a large 
> 

a m b e r  o f  cases a r e  c l a s s i f i e d '  i n t o  a  small n u m b e r  of 
1 q3 + s 

, c a t e g o r i e s .  T h e  a b s o l u t e  v a l u e  o f  t a u  g e n e r a l l y  tends t o  b e  1 
I < \ 

t h a n  P e a r s o n ' s  R c o e f f i c e n t .  T h e  s i j n i f i g q n c e  of t a u  i s  - , 
> r - - --- - -  - .  

- -- 

d e i e G i ~ e ~ ~ ~ o m p a r i n g  t a u  t o  a n o r m a l  d i s t r  i b u h o n  r i  t h  \ q 

- - 6 .  G* a e v i a t l o n .  A two-tal le  test  of significance was u s e d ,  . * 

0 

The s t a n d a r d  e r ror  o f  t h e  estimate is e q u i v a l e n t  t o  t h e  s t a n d a ~ d  ' ' 

d e v i a t i o n  of t h e  resiitua3s. fur tire c m p u t a t i o n a 2  forwrhe5-of 



. I F ' \ ;  w 

t h e s e  s tat ist ic9 see -Hie (198O\. Reodal18s T a u  was f o q n d  t o  b e ,  

a s  e x p e c t e d ,  h t l y  smallqr io absolute value than P e a r s o n g s .  

1n terms of 3ir.e i o n  dsd significance both computations braved- 
+ 4 - _i 

> \  

v i r t u a l l y  t h e  s a w l .  . 

% .  \ +' 
Lin-ear,  regression s f a t i s t i c s  were produced w i t h  t h e  - f .  

- - 

- 

, ' j  ' - 

-A ' t e s t s , . o f  s i g n i f i c a n c e ,  s b n d a  rd e f r o r ,  i n t e r c e p t  and slope of 
I .  

t h o  l i n e .  Some of these are r e g c r t e d  f o r  each of t h e  d a t a  sets. 
< ,  

In ' t ~ e  rodin$ f o r  ice c o n t e n t ,  code 1 represent; a n f r a z e n  
5 

- 
I '  r ? *  * 

r, " m a t e r i a l .  -In order t o  see hou t h e  correlation c o e f f i c i e n t s  * 

, +> ' reac t ,  a k l  unfrozao si-tee sere e x c l u d e d _  i n  a  seccnd ri compu$er run - - 

. - pp -L- - --- 
uf the d a t a .  The r a f i c n a l e  for  t h i s t a c t i o n  was to focus nore 

, 
, .  
. a k l o s e l y , g n  the ice content rather  t h a n  t h e  d i s t r i b u t i o n  of t h e  

+ 
- ,  peraaf  r o s t .  Bg e x c l u d i n g  t h o s ~  unfrozen sites the regression 

e q u a t i o n - b e c a m e  a predict i r e  model of the c o o d i t j o d w t  - -- 

. O  P 
, p r e ~ o t e  h i g h e r  i ce ,  contents i n  pernaf,rast.  Tlhese  resu)lts a r e  

> - 

I .  - i- 

, - U s i n q  t h e  SPSS programs o n c e .  a g a i n , -  a m u l t i p l e  linear 
- .  9 

r S ". 

' .  
I .  , ,  rebreased upon ice - c o n t e n t  i n  a s t e p r i s e  fashion. I 

# -- .- 
O ' 

aecause r e g f e s s i a n  a n a l y s i s  reqtires k h i g h e i  order of 
& * 

, . 
g e a s u r e g e o t  than- the c'oded variables', '  d uhmy, v a c i l a & l e s  were 

* . -  - -- 
L A -  -- -A 

- c c e a t e d  for a second m u l t i p l e  regression p r o c e d u r e .  D u m m y  
r 'i. 

- 

w - 
/ - '  t 

<. \--.: 
I 

b -  * 
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v 3 r 1 a b j e s  a r e  ~ : r ~ a t t r l  cy t r e a t r n . 3  c ~ c h  c a  tejory of t 5 ~  n o m i n a l  

1 s l umroy  v a r i a ~ l e  acd  d s s i g n i n q  scores f o r  a l l  cases 

d e ? e n d l r  J c c  t l l f r r  r r e s e n c e  o r  a b s e n c e  i n  each of  t h e  c a t e g o r i e s  

( N i p ,  l q 1 0 ) .  S i n c e  i u m n y  v a r i a b l e s  h a v e  a r b i t r a r y  m e t r i c  v a l u e s  

of 3nd  1 i n  each c a t e g o r y ,  they a r e  i ~ i ~ h o t o s ~ ~ ~  a n 3  may b e  

P t r e  1t t .d  1 s  i n t ~ r v a l  v n r i a ~ l ~ s  a n d  t h e r e b y  l n s e r t e d  i n  the 

r e ~ ; r ~ s s i c J c  q q u  i t i o n  b y  way of  ~3 c a t e g o r y  versus v a r i a b l e  m a t r i x  

( 9 r l F Q r  d S t ,  1 9 6 6 ) -  I t  1s n e c e s s a r y  however to imyose 
I 

n d d ~ +  i 3 n 1 1  constraints on  t h e  ~ ~ r a m e t e r s  o f  t h e  r eg ress ion  . 

e q u d t i ~ ~ !  c3t;ierwise i t  w o u l d  b e  u n s o l v a b l e ,  t h e  l p s t  d u r n a y  
. . - 

v 3 r l 1 E l e  t ~ l n 7  c c a ~ l e t e l q  d e t e r m i n e d  b y  t h e  res t .  Among t h e  

, ~ 0 ~ 7 1 ~ 1 ~  c o n s t r a i n t s  the  m o s t  u s e f u l  a r e ;  t o  set t h e  c o n s t a n t  

t p r z  o f  t h e  ~ 3 1 ~ 3 t l o r :  t o  z ~ r o  o r  t o  o m i t  one of t h e  dumreieo from 

v a r l ~ b l e r ;  ~ C P  i r r v 3 1 v e ; l  the t e s t  ~ r o c e d u r e  is t o  d e l e t e  one dummy 

f a r  1 3 b i c  f r ~ m  each  s y s t e m  fSui ts ,  t 357) . T h e  e x c l u d e d  c a t e g o r y  

~ C Q :  5 0 t  m e ~ n  1 loss i n  i n f o r a d t i o n  a s  each c a t e g o r y  is 

r e l . r e s ~ r . t e ~ ? t i y  n u n i q u e  comt inL3 t ion  o f  t h e  ?urnmy v a r i a b l e s .  T h e  

e x c l u d e d  c a t ~ g s 3 r y  is r e r e c r e d  t c  a s  t h e  r e f e r e n c e  category (Nie, 

I q F i J ) ,  ir! t h i s  c a s e ,  c a t e g o r y  b f o r  each  v a r i a b l e .  S u i t s  (1957) 

1 
~ d e c l ~ r ~ s  t h a t  + h e r e  i s  n o t h i n g  a r t i f i c i a l  a b c u t  t h e  creation of 

d 

s u c h  v a r l a k l e s .  He s u g g e s t s  t h a t  t h e y  apy, i n  some sense, b e  I Bore p r o y e r l y  s c a l e d  t h a n  othervise c o n v e n t i o n a l l y  measured' 
a 

v a r r a b l e s  f a r  i n  t h e  e v e n t  of curvature t h e  use cf l i n e a t  

r e g r e s i o n  y i e l l s  b i a s e d  e s t i n a t e s .  B y  d i v i n i n g  v a r i a b l e s  i n t o  a 

s e t  of dummy v a r i a b l e s ,  u n b i a s e d  estimates a re  o k t a i n e d  since . 



t h e  r P g r d s s i o n  c o e f f i c 6 n t : ~  cf  t h e  d u m m i e s  con for^ t o  t h e  

:. 

c u r v a t u r e .  
B 

I c  A n  e f S 3 r t  t o  K e e p  t h i s  p a r t  ~f t h e  a c a l y s i s  u n d e r  some 

rerjresspz u p o n  i c e  c o r t e n t ,  t h e n  t h e  v a r i a t l e  u h c s e  3 u m a i e s  

ca'n t r l t u  t c  l l e i s t  waz e x c l u d e d ,  T h p  r e r n a l n i n q  dummies were 

r e g r a s s e l  1 1 p d n  r ce  c o n t e r , t  a n d  a g a i n  t h e  l e a s t  c c n t r i b u t o r  
b 

i t e r l t l f i ~ 1 :  In essence I s t e g w l s e  r r g r e s s i c n  i n  a h a c k v a r d  

d i r a ? [ ? t i s r ,  It was c ~ n t i r i u e d  u n t i l  t h e  recjrFssion e q u a t i c n  p r o v e d  

s i r ; ; l r t l c l r s t  I n  ? - v a l u e  a t  the 0 . O c ) l  l eve l .  O n l y  + h e  f i n a l  

o u t 9 u t s  i re  r e p o r t e d  a n d  d i s c u s s e d ,  

A n a l y s i s  9r  ' E c o l o $ i c a l  S;:stc. n s  

T t . c  L i ! ~ a l  ~ t 3 3 e  i c  t h e  a n a l y s i s  1s A N F C S Y .  T t  i s  1 

s+atisticcl p r a g r d m  b a s e 3  or: u l t i p l e  r e g r e s s L o n  cf .Iumrriy 

v f r l d b l ~ s  t u t  n o v e l  t c  suet, a11 a n a l y t i c a l  a p ~ r o a c b  LS t h e  

p r o : e s s i ~ ?  ? f  + h e  j a t a  a.cd . c re , i+ ion  cf c o m ~ i n d t i o n  v a r i a b l e s  o r  , . . .. 
s u r r o g a t e s .  T h e  ~ r o c e d u f e  1 s  o u t l i n e d  b e l o w .  

011 i n p u t t i n g  tke d a t a  a p e r c e n t a g e  of sites is dele ted  from 

t t , ~  working z o j y  ~f t h e  d a t a ,  T h i s  is  t h e  check s a m ~ l e  a n d  is 
I 

k e p t  s e p d r d t ~  f c r  l a t e r  u s e ,  i t s  size and  selection p r o - c e d u r e  

a r p  u s e r - d e f  i n e d .  

E a c h  i n d e p n d a n  t v a r l a k l e  Bas b e e n  c l a s s i f i e d  i ~ t o  t h e  same 

n u r b e r  o f  d i s c r e e t  c a t e g o r i e s ,  s i x  i n  this case, t o  a l l c w  f o r  

t h e i r  e q u i t a b l e  t r e a t m e n t  within t h e  a n a l y s i s ,  T h e  average of 



, 

\ I 

- - 
- 

measured ice ~ b n - t - ~ n t - i s X h e n ' c a  i l l l a t e d  for e a F 6 c a  t e g o r g .  
A 

i 

C 1 . - - - - - 

i 
form+il -+e c err r u o  rndependrmr  v a ~ i c l n ~ e s  + 

, c o m b i a a t i o n s  The measured ice c o n t e n t s  are  

\ r e c o r d e d  i n  t h e  m a t r i x  r e p k e s e n t i n g  t h e  

p a r t i q u l a t  T h e  la;ge d a t a  base asst i res  

I t p a t  e+rr .!leans of ice  c o n t e n t  
I 

- - . ' B  > - - - - - - - - - 
a r e  c o m q u t e d  a r e  ranked a n d  d i v i d e d  l n t o  s i x -  

- I classes bf ice c o n - t 6 n t .  \The cells a r e  numbered 1 to.6 qccord4n,ng ' 

3 I - 
\ 

. . t o  their ' \ k ew c l a s s i f i c a t i o n  c r e a t i n  J a s u r r o g a t e  v a l u e ,  Thus the 

compina t , i . on  ace e q u d t e d  w i t h  a o f  ice c o n t e n t .  This type 
!! 

of  ~ r o c e d u r e  i s  a r a y  o f  defining a 
I .I 

'acting f o r  tde t w o  i n d e p e s d e n  t r a r i a  t les  and  
I 

a v o i d s  ;he p r d b l e a  o f  t h e  e x p o n e b t i a l l - y  e x p a n b i n g  number o f  

Lp- - - -- -- 

matrices C a t e g o r i z e d  i n t o  s i x  cel l& i n  t h e  i q t e r a c t l n g  v a r i a b l 4  ' . 
- -- -- ----- -- ! 

classes 3f ice c o n t e n t  the surrodates  serve a s  i n p u t  i n t o  the 

a n a l y s i s  i n  a d d i t i o n  t a  t h e  s i n g l k  v a r i a b l e s ,  

F o r  each p o s s i b l e  . c o m b i n a t i o n  o f  three v a r i a b l e s  a s i m i l a r  
1 

r o u t i n e  i s  adapted a s  for t h e  < u & v a r i a b l e  c c m b i n a t i o n s .  And 

a g a i n  a 686X6X6 e a t r i x  i s  ccnstructed for e a c h  possible 

f o u r - v a r i ' a b l e  c o m b i n a t i o n ,  t o  Fermit c a l c u l a t i o n  of s u r r o g a t e s  

c l a s s i f i e d  i n  terms of sir c a t e g o r i e s  of ice c o n t e n t  f o r  
! - 

-- - - - - 
- - p r o t x s s h g  w i t h  single. two a n d  t h r e e  variable sorrogat,es.  

- -- - ,  
t h ~ r e  is th-t-c-1 llllt . , of " 

ma1 t i - v a r i a b l e  c o m b i n a t i o n s ,  i t  has,  b e e n  fo7und from e a r l i e r  

- --- - - - - 

81 . 



t r ~ a l s  d u r i n g  t h e  d e v e l o p ~ e n  - t of WRCSI, t h a t  the four r a i a b l e  - - 
ana ly2 i"s  i s  c l c s e  t o - t h e  o p t i m u m  for  i n t e r p r e t a t i o n ,  Higher 

6 powers b e c o m e  t co  a k s t r a c t  a n d  c o n v o l u t e d .  Other p r o b l e a s  of 

computer t l a e  -tnd s t o r a g e  cc.e i n t o  e f f e c t  a t  this p o i n t  

r e d u c i n g  the efficency, 

i a I n  t b ~  a n a l y s i s  t h e  s u r r o g a t e s  of each variable a n d  

- - -  - -  - 

var i abqe  combinat-icn a r e  reCjressei3 i n  i i u m m y  fis%ioi.i oKPthe D 

4' r 

d e c e n d e n t  variable ice c o n t e n t .  A l l  s u r r o g a t e s  a r e  i n p u t  i n t o  

t h e  a n a l y s i s  s i a u l t a n , e o o s l y  b u t  . t h e  best p r e d i c t  i r e  m o d e l ,  rn 

- - - - - - - - + s - - ~ - L - h - , 4 , 4 ~  t 1 y t $z 

four-v;r iz t t le  ~ n t e r a c t i o n s :  T h e  t h r e e  most significant 

\ i n t s r a c t l o n s  3re r e p o r t e d  f o r  each d a t a  set. 

1 
T h e  check s a m ~ l e  i s  . t h e n  e m p l o y e d  to  e v a l u a t e  t h e  r e s u l t s ,  

C 

P r e j l c t l o n  of ~ c e  content  is based  on t h e  calculation o f  t h e  

b e s t  f i t  t o r  t 5 e  environmental c h a r a c t e r  of a site i n  t h e  check 

sample a n b  the a n a l y s i s  r e s u l t s .  The s t r e n g t h  of a s s o c i a t i o n  

between  ice c o n t e n t  of  t h e  p a r t i c u l a r  site i n  t h e  check s a ~ p l e  

and t h a t  p r e d i c t e d  6 y  th'e results i s  t h e n  r e p o r t e d .  The  s e a r c h  

f o r  an a n a l y t i z a l  tool  c a p a b l e  o f  employing c c m b i n a t i o n  

variables i s  a n  o n g o i n g  process: BRECSY c o n t i n u e s  to e v c l v e  a n d  ' 

7 .  

d e v e l o p .  



T h e  A s s u e p t i g n s  of &Aassical  Reqression Hodels - 

- 
The a s s u m p t i c ' n c  of  t h e  c l a s s i \ - l i n e a r  r e i j r e ~ s i o n  models ' 

- .  
b 

a r e ;  

' 1, Yo m e a s u r e r e n t  e r r o r  i n  t h e  values of t h e  d e ~ e n d e n t  a n d  

i n d e p e h d e n  t v a r i a b l e  a r e  l i n t a r ,  
- 

3. E a c h  c o n d i t i o n a l  c o n d i t i o n a l  d i s t r i b u t i o n  of >the  d i s t u r b a n c e  
n r \  , 

- - ~ & i ~ ~ - ~ s + ~ -  - - - - - - - - - -- - -- 

' " 
4. ?he v a r i a n c e  of  'the c o r k i t r o n a l  d r s t r i b y t i o n  of t h e  

3 i s t u r k a r c e  t e r a  1 s  c o n S t a n t  f o r  a l l  such- 3 ' i s t  i b u t i o n s ,  -ie. f 
F o m ~ o s c e d a s t i c i t g  a s s o m ~ t i c n ,  

I 

5 .  h e  v a l u e ?  of t h e  disturbance t i r a  a r e  s e r i a - l l y  i n d e p e n d e n ; ,  

6 .  T5s v a r i a b l e s  a r e  i n d e p e n d e n t  of cne another, ie. 

Y u l t i c o l i n e a r i  t y  a s s u s p t i d n ,  
* 

7. T'hq c c n j i t i c n a l  a n d  m a r q i  a 1  d i s t r - i b u t i o n s  o f  e a c h  v a r i a b l e  
- i 

d 
* 

a r e  normal. 

1 -- ., n" 
Par t h z  Ydckenzie V a l l e y  -and Dempster c o r r i d o r  d a t a  sees  - 

t h e -  m e a s u r e m e n t  e r r o r s  i n  t h e  d e ~ e n d e n t  variable uere k e p t  t o  a 
- - 

m i n i m u m  b y  setting a s t a n d a r d i z e d  m e t h o d  of c o m p u t i n g  ice 

c o n t e n t  of t h e  f r o z e n  s a m p l e s ,  F o r  t h e  i n d e p e n d e n t  v a r i a b l e s  one 

can ocly d e p e n d  o n  the e x p e r t i s e  of t h e  ' v o r k k r s  i n  t h e  f i e l d .  



I ~ F  r e a r ~ s t e r - A l o n d i k e  data  set  h a s  t h e  a d v a n t a g e  of h a v i n g  b e e n  

c3 l : ec t e l  b y  o n l y  o c e  i n d i v i d u a l  a n d  t h e  s a m ~ l i n g  p r o c e d u r e  was 

a u t  Line! p r i o r  t c  freld r e c c n n a i s s a n c e .  I t  s h o u l d  b e  n o t e d  

h o w e v e r ,  t h 3 t  zeasurenen t  e r r o r  i n  r e g r e s s i o n  c a n  b e  i g n o r e d  i f  

t h e  s o l e  9 L j e c t i v e  o f  t h e  r e g r e s s i o n  a n a l y ~ i s  is t o  p r e d i c t  t h e  

~ 3 1 , ~ ~ s  CJ: 'I' t o  a given set cf X values.  

T h e  l i n e a r i t y  a s s u m p t i c n s  i n  p o i n t s  two a n d  six are  t h e  
0 

j k e  i t e s t  p r d b l c m s  a s s o c i a t e d  w i t h  t i le  use of r e g r e s s i o n  a n a l y s i s  

f r ~ n v i r o n m c n t a l  s t u d i e s .  ? h e  r e l a t i o n s h i p s  o u t l i n e d  l a t e r  i n  

t h e  . s c a t + e r y l o t s  ( F i g s .  6 t3 1 2 ) ,  a r e  n o t  l i n e a r  and  some of + 
t i . o s ~  r e ? o r t e j  i n  t h e  taSles of c o r r e l a t i o n  c o e f f i c e n t s  ( T a b l e s  

1 t 4 )  l n d l c a t e  t h e i r  n o r - l i n e a r  n a t u r e  b y  l a r g e  s t a n d a r d  

e r r 7 r s .  such is 9 e n e r 3 l l y  t h e  c a s e  f o r  e n v i r o n m e n t 3 1  d a t a .  B u t  

z a i n t  7 :  j lkescn t ing  t h e  r e s u l t s  of t h i s  a n a l y s i s  is t o  show 

the. y r o b l ~ r r .  of n c n - l i r e a r i t y  cf i r ~ t e r r e l a t i o n s h i p s  a n d  t o  o f f e r  

s o s o  s n l u t i o r , ~ ,  f o r  d u E n y  v a r i a b l e s  d o  n o t  r e q u i r e  a  linearity 

d ~ ~ i ~ ~ p t  i o r  i n  r e  j r e s s i c r~  ( S u i t s ,  1957) . 
7 ) l n f s  3 ,  4 l r i  l 5 all i n v o l v e  t h e  p a t t e r n  of d i s t u r k a n c e s .  

It r s  i m r o s s i b l e  t g  t e s t  Airect ly t h e  v a l i d i t y  of t h e  
.-," 

a s s g ~ p t i 1 3 c s  of t h e  c h a r a c t e r i s t i c s  of t h e  d i s t u r b a n c e s  a s  the 

3 i s t u r b a r c e s  a r e  u n o b s e r v a b l e  ( P o o l e  and Q 8 P a r r e l l ,  197 1) .  T e s t s  

may, h r > " w e v e r ,  k e  c a r r i e d  cut cn the p a t t e r n  of r e s i d u a l s  i n  a n  

a t t e m p t  t o  e s t i m a t e  t h e  p ~ t t e r n  of L d i s t u r b a n c e s  (Draper and - 

S a i t h ,  1 9 6 6 ) .  SPSS f a c i l i t a t e s  ~ l o % t i n g  t h e  r e s i d u a l  (ie. the - 

d l f  f ~ r e n c e s  b e t v e e n  t h e  o b s e r v e d  v a l u e s  with the c o r r e s p o n d i n g  

p r ~ l i c t c ?  v a l u e s  a b t a i n e d  from the regression e q u a t i o n )  v e r s u s  



t h e  predicted v a l u e s  o b t a i n e d  f rom t h e  r e ' g r e s s i o n  e q u a t i o n ,  A 
- - - - - - - - - - - - --- 

' h o r i z o n t a l  band '  a b o u t  t h e  p r e d i c t e d  P ?aloes i n d i c a t e s  n o  . & 

a b n o r m a l i t y  a n d  t h i s  was t h e  case 5 0 r  most o f  t h e  r e s i d u a l  

4 T h e  a s s u e ~ t i o n  of n o r m a l i t y  i n  t h e  c o n d i t i o n a l  and m a r g i n a l  

d i s t r i b u t i o n s  of each v a r i a b l e  is n o t  b i n d i l r g  i f  t h e  d a t a  sets 

. are large.  O n  t h e  o t h e r  h a n d  l a r g e  & p l e  sets create p r o b l e m s *  
. * 

themselses of s p u r i o u s  c o r r e l a t i o n s  a n d  s t a t i s t i c a l  v e r s u q  
I 

p r a c t i c a l  s i g n i f i c a n c e  ( D r a p e r .  1968)  . T h e  p r o b l e m  of b c & r r e n c e  

, of s p u r i o u s  a e l a t i o n s  d e p e n d s  o r  t h e  number of i n d e p e n d e n t  

v a r i a b l e s  a n d  t h e i r  i n t e r c o r r e l a t i o n s ,  W i t h  t e n  u n c o r r e l a t e d  

& d e p e n d e n t  v a r i a b l e s  t h e  p r o b a b i l i t y  o f  o b t a i n i n g  h t  l e a s t  o n e  

s p u r i o u s  c o r r e l a t i o n  is a p p r o x i m a t e l y  t h e  p r o b a b i l i t y  of a t y p e  
I 

1  error times 10.  If we set t h e  test s ta t i s t ic  a t  0.01 t h e  

. p r o b a b i l i t y  is  ' 0 -1 ,  o r  with a test s t a t i s t i c  o_f -0.00 1  t h e  
P - -- p r o b a b i l i t y  is 0.01, ~ h e r e  there i i n t e r c 6 r r e l a t i o n  b e t w e e n  t h e  

1 

i n d e ~ e n d e n t  v a r i a b l e s  t h e  p r o b a b i l i t y  i s  less b u t  still 
1, 

c o n s i d e r a b l y  l a r g e r  t h a n  t h e  t e s t  s t a t i s t i c  ( D r a p e r ,  1968). Thus 

t h e  tes* s t a t i s t i c  must be  k e p t  s t r i n g e n t  w h e r e v e r  p o s s i b l e -  

W i t h  r e g a r d  t o  t h e  . s e c c n d  p r o b l e m ,  the m a g n i t u d e  of t h e  . 
4 '  

\ 

c o r r e l a t i o n .  r e q u i r e d  for  s t a t i s t i c a  1 s i g n i f i c a n c e ,  this d e p e n d s  

directly -- or: the s a ~ ~ l e  size. The p r o b a b < l i t y  of o b t a i n i n g  a. 

s t a t i s t i c a l l y  s i g n i f i c a n t  t s a n p l e  c o r r e l a t i c n  coef f i c e n t  when i n  
- - - - 

f a c t  two v a r i a b l e s  a r e  u n c o r r e l a t e d  r e m a i n s  c c n s t a n  t w i t h  ' 
- - 

i n c r e a s i n g  s a a ~ l e  size,  b u t  t h e  m a g n i t u d e  of t h e  c o r r e l a t i o n  
a 

c o ~ s i a e r e d  t o  b e  s t a t i s t i c a l l y  s i g n i f i c a n t  decreases. T h u s  i n  a n  



O n  t h e  Use of 9 e q ~ e s s i ~  - -- - 
\ 

I t  was f o u n 8  most d i f f i c u l t  t o  i n t e r p r e t  t h e  o u t p u t  of a 

f o o  r - v a r i a h l e  interaction f r o m  ANECSY w i t h o u t  some i n d i c a t o r  of 
; 

the d y n a m i c s  o f  t h e  i n t e r r e l a t i o n s h i p s  i n v o l v e d .  T h e  ' 

s c a t t e r g r a m s  were e a p l o p e d  t o  search f o r  r e c o g n i s a b l e  t r e n d s  
- - - - - - - - - - - c - 

b e t w e e n  t h e  v a r i a b l e s ,  C o r r e l a t i c n  coefficients were employed 
- 

a t t e a p t  t o  a v o i d  t y ~ e  2 e r r o r s  a h a r s h  cutoff of L g r e a t e r - t h a n  
- - - -- - - - - - - - 

of' equal'  t o  0 .20  was used fo r  i n t e r r a s i a t e  c o r r e l a t i o n s  b e f o r e  - b \ 
b e i n g  c o n s i d e i e d  t o  h a v e  p o t e n t i a l  p r a c t i c a l  s i g n i f  i c a a c e ,  and  

, t h i s  was  i n c r e a s e s  t o  0.30 f o r  in te r -dummy v a r i a b l e  
i ' .  

corcela t i o n s ,  with c o n s i s t e n t  a p p l i c a t i o n  of t h e s e  i n d i c a t o r s  

c o n f i d e n c e  i n  t h e '  c o r r e l a t i o n s - c a n  b e  m a i n t a i n e d . .  

ii l a s t  p o i n t  s h o u l d  b e  made h e r e ,  t h i s  i n  regard t o  

a n a l y s i s  of variance, A l t h o u g h  a n a l y s i s  of v a r i a n c e  a n d  a u l t i p l e  

r e g r e s s i o n  analysis a r e  i n t e r c h a n g a b l e  in2 the case of 

c a t e g o r i c a l  i n d e p e n d e n t  v a r i a b l e s ,  multipae r e g r e s s i o n  a n a l y s i s  - 
'5 

is s u ~ e r i o r  or the o n l y  a p p r o p r i a t e  method ot a n a l y s i s  when, as 
2 

a p p l i e s  t o  t h i s  thesis; ( a )  t h e  i n d e p e n d e n t  v a r i a b l e s  are b o t h  

c o n t i n u o u s  and c a t e g o r i c a l ;  (b) when cell f r e q u e n c i e s  a re \ 
uneqac i l  - a n d  d i s ~ r o p a r t i o n a t e  a n d  {c) when s t u d y i n g  t r e n d s  i n  

y .  

d a t a ,  l inea; ,  q u a d r a t i t ?  a n d  s o  o n  (f roa K e e l i n g e r  a.nd P ~ d h a z u r ,  
? 

1973,  pp.114-5; Cohen a n d  Csfiels, 1975, pp.l-8g--8)- - ^  1 

- - -& 

for i n d i c a t i n g  s t r e n g t h  a n d  s i g n i f i c a n c e  of t h e  r e l a t i o n s .  



., .= Still t h e r e  was a ' g a p c  

of v a r i a b l e s  gy t - r o s  a n d  the 

- tpr 

i ,  

L 

e v i d e n t  b e G e n  i n t e r c o r r e l a  tions 
A >- 

- ---a - 

f o u r  rariable .  i n t e r a c t i v e  o u t p u t .  ' 
- - 

I n  a n  a t t e m p t  t o  f i l l  such a v o i d  a n d '  g a i n  insight i n t o  t h e  . 

t r e n d s  of t h e  r e l a f i o n s h i p s  thO r e g r e s s i o n s  were e n p l o g e d .  

d f l u 1  t i p l e  r e g r e s s i o n ,  was p e r c e i v e d  p r i m a r i l y  a s  a n  . i n d i c a t o r  of 

... - the r e l a t i v e  d c m i o a n c e  of t h e  v a r i a b l e s  i n  potential e x p l a n a t i a n  

of t h e  d i s c r i b a t i o n  of icq permafrost. It y a s  r e c o g n i s e d  t h a t  .F 

\ . *  
the l eye ls  of , m e a s u r e m e n t  of the variables was i n a d e q u a t e  and  so . 

t h e  dummy v a r i a b l e s  v e r e  c r e a t e d .  T h e  r e s u l t s  o f  t h e  regression 
I 

* Z 

a n a l y s i s  aie n e v e r  t h e  less ~ r e y n t e d  f o r  t h e y  f u l f i l l  the need 
A 

- 

f o r  d i r e c t i o n  i n  t r a n s j a t i n g  t h e  ANECSI o u t p u t  matr ices.  I t  is 

h o p e d  t h a t  the r e g r e s s i o n  r e s u l t s  are accepted  f o r  what' t h e y  a r e  
J 

meant' to be: e x ~ l o r a t a r f .  - 

The A n a l v s e  gsocedure in 2) - P 
5 

I .  - 
f o,r convenience a f ;tow c h a r t  of the am&yti& prace&am 

= 
1 

has  b e e n  d r a w n  u p  (iig. . 5 ) .  ~ h e r ' e  are t h r e e  d a t a  sets. Each - 4 - 
4 

&atua  is a r e c o r d  of t h e  ice c o n t e n t  a n d 6 t h e  ten associated t & = 
e 4 

v a r i a b l e s  f o r  a s a r ~ l e ,  E a c h  of t h e  i n d e p e n d e n t  v a r i a b l e s  is . . $  % 

- c o d e d  from o n e  t o  s i x .  I n  a d d i t i o n  each d a t a  set h a s  a s u b - s e t  r E 

4 - 2 
c o m p r i s i n g  o n l y  t h o s e  sites that are f r o z e n ,  T h i s  i s  a m o d i f i e d  + 

, . d * 
1 $- - - 3 

d e p e n d e n t  v a r i a b l e  a n d  is  termed CDICE(1) Scattergram a n d  2 
?. 0 3 

-* 
& c o r r e l a t i o n s  v e r e  c o m p u t e d  f o r  t h e  d e p e n d e n t  v a r i a b l e  a n d ' t h e  , d 

-- - - - - - - - - - - - -- - -- - - 2 - 
A? 

m o d i f i e d  v a r i a b l e  a g a i n s t  e a c h  i h d e p e n d e n  t v a r i a b l e ,  Then each - n 5 

-- - -- 4 
- 

i n d e p e n 6 e n t  v a r i a b l e  was  r u n  with e v e r y  o t h e r  i n d e p e n d e n t  
T 1) ".. 

r$riabl. .  K e n d a l l t s  T a n  r a n k ,  c o r r e i a t i o n s  v e r e  c o m p u t e d  a n d  a re  , 
* 



9 
S c a t t e r ~ r a m s  w i t h  C D I C E I I )  were v i sua l ly  n o  .ore . 

t4 

i n f o r r a t i v e  t h a n  the o r i g i n a l s  and a r e .  therefore not r e ~ o r t e d , -  

Li-nd anltiple regressions were c o m p u t e d  w i t h  both CDZCE 

a n d  CDTCE(1) a s  dependent v a r i a b l e s ,  Other v a r i a b l e s  uere n o t  - 
u s e d  a s  d e p e n d e n t  variables ' i n  t u r n  b e c a u s e  

- t h e  focus of t h i s  t h e s i s '  is  permafrokt and ici c o n t e n t  and- 

- t h e  d a t a  is i n  coded form, o r d i n a l  level, and is i n a p p l i c a b l e  
<" * 

I 

for r e g r e s s i o n  a n a l y s i s ,  a n d  

- t k e  r e g r e s s i o n s  were d o n e  t o  f i l l  an i n f o r n a t i o n  g a p  t o  b e  

L u s e d  v e r y  t e n t a t i v e l y  a s  i ~ d i c a t o r s  of trends and n o t  t o ,  

i d e n t  i f y  causa 1 rela t i o n s h i ~ s ,  
I 

- A t '  t h i s  p o i n t  t h e  d a t a  were r e v i e w e d  o n c e  mre a n d  modified. 

Dummy variables of the i n d e p e n d e n t  variables. u e r e  c r e a t e d  as 
2 

d e s c r i b e d  e a r l i e r  ~o a s  t o  increase the l e v e l  of m e a s u r e m e n t ,  , 
- - - -  - - - - - - - - - - 

Corre1ati.cn c o e f f i c i e n t s  a n d  m u l t i p l e  r e g r e s s i o n s  were c o l p u t e d  

= o n c e  more. F i n a l l y  t h e  A n a l y s i s  of Ecological S y s t e m s  p d g g r a r  
.. ; 

was  r u n  for t h e  t h r e e  i n i t i a l  d a t a  s e t s  o n l y .  The resalts' were, a 
- # 3 

i 
c o m p a r e d  t o  t h e  o t h e r  s t a t i s t i c a l  ~ r o c e d u r e s ,  p r i ra ry  and . i  

4 
s e c o n d a r y  i n t e r a c t i c n ~  i d e n t i f i e d  and p o s s i b l e  o c c u r r e n c e s  of * 

- c 
synergy o u t l i n e d .  

1 9 



I -_  
T h e  data cover three areas; t h e  H a c k e n z i e  ~ i v e s  ~ d l l e p  of 

mestern 3 .  it. T . ,  the Dempster ~ o r r ' i d o t  and the D e m p s t e r - K l o n d i k e  .. 
b i g b v a y s  of the Yukon Territory. T h e  l a t t e r  s d t  was collected - 

specifically f o r  t h i s  uork,  w h e r e a s ,  t h e  o t h e ~ s  were adapted  

from a l i g n m e n t  s h e e t s  of t h e ,  proposed g a s  p i p e l i n e  routes - - .  

Variables u s e d  i n  the a n a l y s i s  were latitude, elevation, 2 aspect, s l o p e ,  l a n d f o r .  genesis, d e p t h  to he s a m p l e ,  t exture  of 
I 

bqlow a n d ,  , l a s t l y ,  v e g e t a t i o n .  T h e  dependent variable was ice 

c o n t e n t  of  t h e  per.af tos t .  Other v a r i a b l e s  were t r i e d ,  b u t  
Y 

rejected. T h e  o o d i o g  s t r u c t u r e d  ue;e a a s e d  on t h c s e  of Crampton 
I 

1 a n d  a review of t h e  l i terature .  In many cases the c o d e s  were 
5 

d e s i g n n d  + o  f i t  the situations i n v o l v e d ,  t o  b e  e x t r a c t a b l e  from 
- - - - -  - - - - - - - - - - - - 

. the f i e l d  j a t a  d n d , ' i m ~ o r t a n t l f ,  to  b e  mean ing fu l  t o  prospective 

gse rs. 
, 

~rocedures  t o  b e  employed and 
* 

# . * ?  l i n e a r  regressMas,. multiple ; 

r 

regressions v i t h  a n d  without d u ~ m y  raria-bi&$ and f i n a l l y  A 

.$. ," 

A n a l y s i s  of  E c o l o g i c a l  S ysteas, 
w 



. + <  

Es - 
. . 

Scat tengrams _ I C D I C E  v s  each var 
I n t e r v a r i a b l e  

6 

C o  rre la t i o n s  CDICE rs ead; tar , 

, . I n t e r v a r i a b l e  . 
CDICE(1) ,vs e a c h  rat ,, 

. - I n t e r v a r i a b l e  B [ I )  

~ a c k e a z  ie V a l l e y  
U= 2322 
a (1) =.+2032 
4 

DempSter Corridor 
#= 1700 
Y (l)=1369 

Dempster-Plond i k e  
#=434 

- 7  

N ( l ) , = l J Q  Linear € D I C E  v s  each rar 
~ e g r e s s i o d  . t CDTCE(1) rs  each var 

Holtiple 
- -- - - - - - - - - - - 

a egt es-ion 

' C o r r e l a t i o n s  CDICE rs  each dummy 
In terduamies  
cnICE(1) vs each dumry 
I n t e r d u r m i e s  &Q1)  

67- 

*-e------ - E v s a f l - s  - - - -  

R e g r e s s i o n  CDICE(11 v s  a l l  dummies - 
M E a  
AIECSY P o w - v a r i a b l e  

c o m b i n a t i o n  

Pig. 5: O u t l i n e  qf the h n a l  ysis, Procedure ,  



4 w - I 

'If. RESULTS' 

. . 

e T h e  results of each s t e p  i n  the a n a l y s i s ,  ark presented i n  
t 

a t h i s  chap$er. F i r s t l y  t h e  s&ttergra;s a&'  o u t l i n e d  for. selected- 

interactians, T h e -  i a t , e r v a r i a t t S  c b r r e l a t i o n s  are- reported n e x t  , 
i 

: regressions aee t h e n  p r e s k t e d ;  The i$iscussi& Then  p r o c e e d s  
C 

, 
* - 

with c t e a t i o n  'of the duamg v a r i a b l e s  a i d  .a -rev ie ;  of t h e i r  

i n t e r a c t i o n s ,  Then t h e  m u l t l p l e  regress ions  e m p l o y i n &  t h e  d u m m y  
" ,  

r v a r i a b l e s  are p r e s e n t e d , '  F i n a l l y  the A n a l y s i s  of E c a k o g i c a l  

srste.s program .results  are t a b d l a t e d -  and d d sed. 

Sca tterqrans 

- - -- - - -- - - - - - - - - - -- -- -- 

- 

Using the sobrout \ne  S c a t t e r g r a s  oft SPSS Release 8 ( H i e , ,  

t975) ,  e l e v e n  v a r i a b l e s  wece p l o t t e d  a g a i n s t  one another, anct 

for each p l o t ,  s i m p l e  s t a t i s t i c s  were o b t a i n e d ,  ~ h e s e  c c m p r i s e d  - .. 
K e n 3 a l l m s  Tau, its s i g n i f i c a n c e  . test, t h e  stablard error  of the 

estimate a n d .  t h e  coefficients a and b i n  the l f n e a r  regression 
. . w 

equation. A two-.tai1etTttest of s i g n i f i c a n c e  was selected. 
cr 

'7 S t a n d a  > rd error of t h e  e s t i m a t e  is also' known 'as  the standard 
, 

- - - - - - - - - . - - - - - - - - - - - ---- -- -. 
deviation of the r e s i d u a l s ,  Fbr more d e t a i l s  and t h e  I 

-- - s 

coaputat ionql  f o r m u l a e  of $Re= s t a t i s t i c s  see H i e  (1975).  
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t (a) Ice content ~erture  ( 6 )  Lb I I 

Ice c d n t e n t  ranges -from 1 t h r o u g h  2 1 ,  a n d  texture, 1 

*@ t h r o u g h  6 i n c l r r s i r e .  *Tau = -0 .372  s i g n i f i c a n t  a t  the 0.1% level  
L 

and s t a n d a r d  error of 2. 329. Ice c o n t e n t  i s  i n v e r - p l y  related t o  

t e x t u r e .  Both t h e  p l o t  and correlatxgn coetf icen t suggest t h e r e  - - ,  

is a n  i n v e r s e  refatian. Betkeen ice conten? aud texture,  tha t  5s 

ice c o n t e n t  of perraf rost . increases w i t h  f i n e r  t e x t u r e s ,  though 
f - 4  

. t h e  p l o t  a l s o  i n d i c a t e s  the relationship is o n l y  s o f i e w h a t  l i p e a r '  

.and f i n e  t e x t o r e d  sails s u ~ h  a s  silts and = l a y s  often coata in  
I 

h i q h  p r o p o r t i o n s  o f .  ide  i n  p e r m a f r o s t  and that s a n d y  materials 

are  less susceptible t o  ice a c c u m u l a t i o n .  But n o w h e r e  is i t  . 
suggested t h a t  t h i s  r e l a t i o n  is p u r l y  linear i n  n a t u r e .  It is 

* 
\ - .  

1 .even p o s s i b l e  t h a t  t h e  relation b e t u e a  i* a c c n r u l a t i o n  . . ,and 
- '--- - - - - - - - - - - - - -- - - - - - 

t e x t u r e  of t h e  soil is n o t  c o n t i n u o u s  o v e s  t h e  f u l l  range of ' 

p o s s i b l e  textures, It is n o t  possible t o  v e r i f y  t h i s  s p & c u l a t i o n  , 
= 

, i n  t h i s  a n a l y s i s ,  however; due t o  t h e  l i m i t e d  

c a t e g o r i e s  i n  t h e  d a r i a b l ~ .  

(b)  Ice C o n t e n t  ps L a t i t u d e  (Fig. 7) * 

n u s  b e r  of 

W i t h  Tau = 0. 1 8 6 , ' s i g n i f i c a n t  a t  better t h a n  1 %  and a 

b u t  weak l i n e a r  relationship, I n v e s t i g a t i n g  the p l o t  .in the 
-- 

.d 
.. I ' 

d p p e r  va lues  of ice c o n t e n t  i t  ,map b e  s e e n  t h a t  l a t i t u i l e  1 and 4 
- 

h a v e f e w  o c c u r r e n c e s o < h i g h i c e w h e r e a s i n l a t i t n d e s 3 a n d 6  



Fig, 6: Ice Content  vs*. Texture in the Nackenzie Valley. 









Fig. 9 :  Ice  C o n t e ~ t  vs .  ~ e s e f a t i o n  in ' the  -1 Dernpster ~ o r r i d ~ r :  
t .  
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~ i g .  10: Aspect vs,  Vegeta t ion  i n  t h e  Dempster C o r r i d o r .  



a n d  l e a v e  e x p e c t a t i o n s  o n  t h e  i n t e r v a r i a b l e  l e v e l  u n f u l f i l l e d .  

O n  t h e  o t h e r  h a n d  it i s  p o s s i b l e  t h a t  b i a s  i n  t h e  s i t e  s e l e c t i o n  

is b e i n g  i n d i c a t e d  here. T h e  o i l  . c o m p a n i e s  j a t h e r e d  d a t a  a l o n g  

t h e  p r o p o s e d  p i p e l i n e  r o u t e  w h i c h  h a d  major c o n s t r a i n t s  i s p o s e d  

upon- i t  during ' p l a n n i n g .  T h e  Dempster L a t e r a l  r o u f e  was s i t u a t e d  

a l o n g  t h e  u p p e r  d r y  p a r t s  of r i d g e s  and a v o i d e d  low l y i n g  wet 

a r e a s .  R e c o u r c e  t o  t h e  o r i g i n a l  d a t a  i s  r e q u i r e d  to  assess i f  i 

- 
t h i s  bias e x i s t s  i n  fact. L . . . 

.x - - _  
I 

i F o r  t h e  Demps e r - K l o n d i k e  H i g h w a y s  
+ 

(a)  Ice C o n t e p t  ( m o d i f i e d )  q_s D e p t h  (Fig.. 11)  L 

I 

With T 3 u  = - 0 , 3 0 3 ,  s i g n i f i c a n t  a t  0 ,001,  t h i s  is t h e  

s t r o n g e s t  r e l a t i c n s h i p  a • ’  t e r  t h e  t e x t u r a l  v a r i a b l e s ,  C o m p u t i n g  

category sea as f W , 5 ,  t t - 8 ,  4.2, 7.8, 8.6 and 7. +) reveals a  

l o j a r i t h m i c  t y p e  c u r v e  f o r  J h i c h  t h e  r e g r e s s i o n  line p r o v e s  t o  

be  a good a p p r o x i m a t i o n  1for the low a n d  a i d  v a l u e s  of d e p t h .  . 
* 

Pros the p l o t  i t  is e v i d e n t  t h a t  f r o z e n  g r o u n d  is more  

p r e d o m i n a n t  a t  shallow d e p t h s ,  i ,e .  t h e  a c t i v e  l a y e r  is most 
J 

of teo  s i ~ l l o w ,  w i t h  t h e  - i ce  c o n t e n t  g r e a t e r ,  a t  or  n e a r  t h e  t o p  

o f  \ the ~ e r m a f r o s t .  

( b )  L a n d f o r m  G e n e s i s  _v_s V e g e t a t i o n  {Fig .  12) 

T h e  c o r r e l a t i o n  is w e a k  a n d  n o t  s i g n i f i c a n t ,  B e c a u s e  o f  t h e  

e m p t y  a r e a s  i n  t h e  plot, o n e  is t e m p t e d  t o  s p e c u l a t e  t h a t  t h e r e  

a r e  r e l a t i o n s h i p s  h e r e ,  O n l y  b l a c k  s p r u c e  w i t h  moss a n d  hos~ocks 



- 1 - - 

P- 
Ice Conten t  (modified) v s .  Depth i~ t h e  C ,  . 

Dempster-Klondike Highway. 
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Fig. ?$ Landform Genesis v s h e g e t a t i o n  i n  the . - - -- 

Dempster-Klondike Highway. 
l' 
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,To study these c o e f f i c i e n t s  moze. c l o s e l y  ~ e u d a l 3 ~ s  Tau  is 
A - - - -  -- 

r e p o r t e d  where the a b c c l a t e  W q e  o f  Tau is g r e a a t e r  t h a a  o r  
C 

' I  

equgl t o  8 - 1 9  a n d  the s i g n i f i c a n c e . i s  better than  0 , I E  (2ables - b 

15, 16, 1 7 ) .  Bcross t h e  t h r e e  d a t a  se t s  t h e  major coamo-h 
rr . - 5 

r e l a t i o n s  ace dept*rsus t e x t u o e ~ a b o v e ,  texture of t h e  sample 

- V e n u s  t e x t u r e  a b d v e ,  t e x t u r e - o f  the s a a p l e ~ v e r s u s  t e x t n r e  p e l o w  . ' . 
a q d  t e x t u r e  a b o v e  versus t e x t u r e  below. T.E% t h e r e  a p p e a r s  to b e  

. . . ' I .  
. . 

s t r o n g  i n t e r r e l a  t i o n s h i p s  b e t v e  t h e  t e x t u r a l  v a r i a b l e s  a n d  
8 . 

d e p t h  i n  t h e  p r o f i l e .  f h e r e  s o i k  are s h a l l o w  t h e  p r o f i l e  is . ; +- 

g e n e r a l l y  c o n s i s t e n t ;  o r g a n i c a l l y  ' c h a r g e d  matfcrials o v e r  

b e d r o c k .  S h e r e  s o i l s  are  deep ,  a s  i n  v a l l e y  b o t t o m s  t h e  p m i l e s  

a re  c h a r a c t e r i z e d  by o r g a n i c  m a t e r i a l s  g r a d i n g  t o  silts a n d  f i n e  

' sands below. Because t h e  p r c f i l e s  are p r e d % c t i b l e  i.n t h i s  way, 
.. 

d e p t h  shou1.d snow co r r e l a t i on  w i t h  t e x t u r e s ,  <&. . 
r 

4 ? ' 

L a t i t u d e  a n d  e l e v a t i o n  a r e  i n v e r s e l y  r d l a t e d  f o r  a l l  . d a t a  - .- 
u 
t o o ,  Ti?? ~ e l a t i c n  i s  . p a r t i c u l a r A i  s t ' t o e g  *for the Mckenzke 

.+ 
- v a l l e y  a s  e x p e c t e d ,  howeter, $he So same e x p l a n a t i o n  ( v a l l e y  t r e n d )  

may not be 'sdvanced fpr t h e  Yukon b e c a u s e  t h e  t r a n s i t s  cross 
0 

t .  

v a r y i n g  t e r r a i n s  w i t h  d i f f e r i n g  v a l l e y  o r i e n t a t i o n s .  On, the , ' 

o t h e r  hand tbct c o r r e l a t i c n s  represent o n l y  a b o u t  6% e r p l a n a t i o n  
2 ,  

. f 
< *  

o f  ' t h e  v a r i a n e e : w h i c h  might well b e  a c c o u n t e d  for b y  s i m p l y  

moving n o r t h w a r d  t o  the c o a s t ,  , 

I n v e s t i g a t i o n s  of i i t e r v a r i a b i e  i n d e p e n d e n c e  b y  st udging 
- - - - - -- - - 

s i g n i f i c a n t  b u t -  null r e l a t i o n s ,  Le .  a b s o l u t e  Tau  less than 0.70 
-- - - - - - - - - - - -- - 



- 
d 

- - 
I 

- - 

-RELATION - - R R EL A T I ~  - R 
- - - -I+- - 

CDICE l a t  0.19 C D X C E  (1) depth -0.26 
CDXCE depth ' -0.19 CDICE ( 1) text - 0 .41  
C D I C E  t e x t  -0.37 CDICE (1) t e x t a  -0- 42 
CDICE t e x t a  -0.37 CDICE (1) t e x t b  -0.33 
CDJCE . t e x t b  -0.37 

I 

la t elev -0 .38 la t e l e v  4 - 3 7  ' 

l a  t aspect -0.19 l a  t aspect -0.21 
l a  t lndf m 0 - 1 9 -  l a  t lndf nt 0 - 1 9  . *  
e l e v  text -0.19 elev slope -0.19 . 
e l e v  t e x t b ,  -0.19 elev texst -0.21 
s l o p e  veg 0.25 ele v t e r t a  -0.19 
d e p t h  t e x t a -  0.25 ele v t e r t b  -0.21 
te x t  t e x t a "  0.72 s l o p e  veg 0.29 
t e x t  t e x t b  0.89 d e p t h  t e x t a  0.27 

, t e x t a  t e x t b  0 -60  t e x t  t e x t a  0.69 
t e x t  t e x t b  0.78 - - -  . 
t e x t a  t e x t b  0.58 

. - ---- - - 
T a b l e  15: Kendal l  Tau, where R i s  g r e a t e r  than t h e  

a b s o l u t e  v a l u e  of 9 -20  and a s i g n i f i c a n c e  of 
b e t t e r  t h a n  0,1%, for the H a c k e n z i e  R i v e r  Valley. 

- 

d e p t h  
text 

, t9x t .a  
t e x t b  

i 

- -0.21 C.DICE { I )  
- -0 .49 CDICE ( I ) "  

-0.44 CDI-CE ( i )  
-0.45 $DICE (1) 

depth 
t e x t )  
t e x t a  
t e x t b  

C D I C E  
CD ICE 
CDICE 
 DICE 

l a  t 
s l o p e  
d e p t h  
d e p t h  
d e p t h  , 

text 
t.c? x t 
t e x t a  

e l e v  
t e x t  
t e x t a  
t e x t b  
t e x t a  
t e x t b  
t e x t b  

lat 
d e p t h  
d e p t h  
de p tsh 
t e x t  - 
t e x t  
t e x t a  

e l e v  
lndf m 
t e x t  
t e x t a  
t e x t b  A 
t e x t a  
t e x t b  
{textb 

---- ----a- -- 
- - - - - - - -- - -- 

T a b l e  16: Kendall T a u ,  where R is g r e a t e r  t h a n  t h e  
absolute v a l u e  of 0:20 and a significance o f ,  
b e t t e r  t h a n  0.1 X ,  f o r  t h e  Dempster Corridor, 



RELATION - 
d 

CDICE t e x t b  -0.20 

l a  t 
elev 
e l e v  
a s p e c t  
lndfa 
d e p t h  

, d e p t h  
d e p t h  
t e x t  
t e x t  
t e x t a  

elev -0.25 
slope- 0.21 
veg 0.20 
s l o p e  0.24 
t e x t b  0.20 
t e x t  0.47 
t e x t a  0.41 
t e x t b  0.31 
texta 0.48 , 

t e x t b  0.50 
t e x t b  0 .42 

R E L A T I O N  
-_YC- 

R = - 
C D I C E  ( 1 )  d e p t h '  -0.30 
CDICE(1) text -0.52 
CDICE ( 1 )  t e x t a  - 0 . 3  1 
C D I C E  (1) t e x t b  70.38 

l a t  
la t 
l a  t 
e l e v  
a s p e c t  
l n d f ~  
d e p t h  
d e p t h  
depth  
d e p t h  
t e x t  
t e x t  
t e x t  
t e x  t a  
~ t e x t a  - 
t e x t b  

e l e v  
a s p e c t  
d e p t h  
s l o p e  
s lope  
textb 
t e x t  
t e x t a  
t e x t b  
veg 
t e x t a  
t e x t b  
veg 
t e x t b  
v e g  
veg 

T a b l e  17: K e n d a l l  Tau,  where R is g r e a t e r  t h a n  the 
a b s o l u t e  v a l u e  of 0.20 and a s i g n i f i c a n c e  of 
better t h a n  0 .1  %, for  t h e  D e e p s t e r - R l o n d i k e  
:Ii~hways. 

t 



CDICE elev -9.05 
C O I C E  veg -0.08 . . 
l a  t 
la t 
l a  t  
l a  t 
l a  t 
e l e v  
elev 
aspect  
aspect  
a spec t  
a s p e c t  
slope 
slope 
slope 
1 n J f m  
d e p t h  
d e p t h  

d e p t h  
text 
t e x t  a"' 
t e x t  b 
veg 
a s p e c t  
lnd f m 
lndfm 
t e x t  
t e x t a  
textb 
t e x t  
t e x t a  
t e x t b  
veg 
textb 
veg 

l a t  . . - 
la t 
l a  t 
l a  t 
l a  t 
e l e v  

"slope 

d e p t h  
" t e x t  
t exta-  
t e x t  b 
veg 
lndfni  
t e x t a  
t e x t b  
t e x t a  
t e x t b  
veg 

-----------_L_--- ------------------ 
* .  t  able 18: Kendall T a u  where R i s ' l e s s  t h a n  t h e  

a b s o l u t e  v a l u e  of 0 . 1 0  a n d  a s i g n i f i c a n c e  of 1 %, 
, f o r  t h e  H a c k ~ n z i e  Valley. 

- 



, 

-7 - 

RELATICN - F - RELXZIQM a - 
-+ 

C D I C E ' ( 1 )  l a t  -0.08 
CDXCE(1). veg -0.08 

P 

i a  t s l o p e  -0.09 l a  t d e p t h  0 .09 
la t l n d f m  -0.06 l a  t t e x t a  0.10 
l a t  t e x t  0.05 r eletr s l o p e  0-tlO 
elev slope 0.07 ele v d e p t h  -0.'07 , _ 
e l e v  veg -0.06 e l e v  text - 0 - 0 7  O .  

aspect t e z t b  0.06 e l  e v t e x t a  -0.07 
s l o p e  t e x t a  0 -  06 a s p e c t  d e p t h  -0.10 
I n d f m  d e p t h  -0.09 a s p e c t  t e x t  0 - 0 7  
lndfrn t e x t  0.06 a s p e c t  t e x t b  0.07 

- 

l n d f m  t e x t b  0.07 - slope' t e x t  0.09 I 

d e p t h  @ 
v e g  0107 slope textb 0.09 

t e x t b  veg 0.10 l n d f m  d e p t h  -0.07 
lnd f m t e x t b  0.07 
f n d f m  veg 0.07 

- - 

d e p t h  veg 0.07 
J 

----- - J----------- 

t 

Table 19: Kendall Tau, where R is  less t h a t  t h e  
a b s o l u , t e  v a J u e  of 0.10 a n d  a s i g n i f i c a n c e  of 15, 
for t h e  D e m p s t e r  C o r r i d o r ,  

b 
- 
4 

2 
T 
- 

- -- 
d 

RELATTCE ' -F - RELATION R 
+ - 7 . 2 - 

I 

elev a s p e c t  0. 10 
a  s p e c  t l n d f a  0.10 
l n d f m  s l o p e  0 - 1 0  

- - - - - - - - - - -  --------I- f -- 
Table 20: Kendall Tau, where R is less than t h e  

a b s o l u t e  value of 0. 1 0  a n d  a s i g n i f i c a n c e  of 15, 
for t h e  D e m p s t e r - K l o n d i k e  Highways,  

* 
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the limits set f o r  Tau,  but is m i n o r  a n d  n o n - s i x n i f  - - - icant - - -  ,fok - - . 
/- 

t e x t u r e  a n d  texture a b o v e .  However ,  when ice c o n t e n t  is a o d i f i e d  

b y  assigning u n f r o z e n  cases' a s  missing,# t h e n  a l l  f o u r  v a r i a b l e s  
~ 

b e c o m e  s i g n i f i c a n t  a n d  a r e  s t r o n g l y  i n v e r s e l y  r e l a t e d .  T h e  
- ;; 

r e s u l t s  now c o m p l e m e n t  e a c h  o t h e r  f o r  a l l  t h r e e  d a t a  sets, 

L a t i t u d e  is t h e  o n l y  o t h i r  v a r i a b l e  i i t h  a r e l a t i o n  to  ice 

c o n t e n t  o f  c o n s e q u e n c e  a n d  t h e n  o n l y  i n  t h e  flackenzie Valley* b u t  
-r 

n o t e  t h a t  i t  b e c o m e s  l o s t  when ice c o n t e n t  i s  m o d i f i e d .  T h i s  C. 

- - 

i n d i c a t e s  d n o n - l i n e a r  c h a n g e  i n  ice w i t h  l o s e n e n  t north,uards. 

c o c t e n t  p r o v e d  d i f f i c u l t  (Tables 18,  19, 20). Only e l e v a t i o n  and 
3 '  

v e g e t a t i o n  a p p e a r e d  f o r  the Mackenzie a n d  n o n e  a p p e a r e d  for  

e i t h e r  o f  the o t h e r  d a t a  sets. F,or t h e  m o d i f i e d  ice c o n t e n t ,  

s l o p e  was i n d i c a t e d  i n  t h e  l a c k ~ n z i e ,  l a t i t u d e  a n d  v e g e t a t i o n  

for t h e  Dempster C o r r i d o r  and o n c e  a g a i n  D e ~ p s t e r - K l o n d i k e  had 

n o n e  r e p o r t e d .  
' 4  

flu lta& R e g r e s s i o n s  - 

. ff u l t i p f e  r e g r e s s i o n  s t a t i s t i c s  mere o b t a i n e d  u s i n g  t h e  

s u b r o u t i n e .  R e g r e s s i o n ,  f rom ' t h e  pqograms  i n  SPSSB, The  ten 
- 

v a r i a b l e s  were r e g r e s s e d  upon ice c o n t e n t ,  ~ x ~ l a h a t i o n  p ~ t e n t i ~ a l  

f o r  t h e  d i s t r i b u t i o n  of i ce  c o n t e n &  v a r i e d - f r o m  44% for the 

D e m p s t e r  C o r r i d o r ,  t h r c u g h  29% for the n a c k e n z i e  V a l l e y ,  t o  12% . 
- - -  - 

f o r  t h e  D e m p s t e r - K l o n d i k e  Highway  [ T a b l e s  21, 22, 23). 



t e x t  
l a  t 
te .x ta  
d e p t h  
a s p e c t  
v e  (3 

T a b l e  21: Summary t a b l e ,  m u l t i p l e  regression of the - 
Yackenzie  Valley d a t a .  

V A R I A B L E  5 ----- 8 2  - - CEl PEARSO# - B - F a  

t e x t  0,'602 0.363 0,363 -0,602 -0,902 0.001 
l n d f m  0 .625  0,390 0,028 0, 1-26 0.441 0,001 

- l a t  0 . 8 4 3  0,413,  19,023 0,103 0.430 0,001 
t e  x t b  O,t358 0,424 0,011 - -0.563 -0.426 0,OO.l 
t e x t a  0.663 0 ,432  0,008 -0.522 -0 ,313  0.001 
e l e v  0.664 0,439 0,007 0.022 0 ,199  0.001 

7.694 
?=220.828 P Sig=0.001 

so so 

--------------------------- 
t 

Table 22: Summary table, m u l t i p l e  regression of the 
Qempster Corridor, d a t a ,  

1 

!L++%.%!&E %!.E R -- B 2  a F2 --- PEARSOA - •’3 - P S i g  

t e  x t b  3.301 0,090 0.090 -0.301 -1,328 0.001 
d e p t h  j5.346 0.120 0.029 0,028 0,679 0,003 
veg 0.363 0.130 0,012 0.157 0,050 
s l o p e  0 ,376  0,141 0. C09 -0 ,083  
elev 0 . 3 5 4 .  0,1147 O , O f l 5  -@,043 -- - - - - - - - - -- - - - 

7.191 
F=2 1,797 P Sip=O,OOl s o -  - -- 

------- ------------ b - -  
\ 

T a b l e  23: Summary table, m u l t i p l e  regression of the ., 
Dempster-Klondike Highways d a t a ,  



A s t e p w i s e  r e t j r e s s i o n  p r o c e d u r e  - - -  was -- e ~ p l o y e d ,  -  he i n c l u s i o n  . 
-- --- 

c r i t e r i a  were, F s c o r e  b e t t e r  t h a n  0.01 and  t o l e r a n c e  of a t  
- - - - -  

l e a s t  0.001 (Nie, 1975) .  T h e s e  were p u r p o s e f u l l y  k e p t  

n o n - r e s t r i c t i v e  'so a s  t o  p e r m i t  a s  many v a r i a b l e s  t o  e n t e r  t h e  
t 

e q u a t i o i :  a s  p o s s i b l e  for, a s  i n d i c a t e d  earl ier ,  the p a r F o s e  of 

t h e  r e g r e s s i o n  p r o c e d u r e  was t o  g a i n  i n s i g h t  i n t o  t h e  d y n a m i c s  

b e t w e e n  ice c o n t e n t  o f  t h e  p e r m a f r o s t  a n d  t h e  environment and 

n o t  i n  o b t a i n i n g  a n  opt imum p r e d i c t i v e  e q h u % t i o n ,  Once 

' c o l e p u t a t i o n s  a r e  c o n p l e t e d -  a r e t u r n  t o  a s tr ict  P test of 0.001 

is a a d e  i n  reportingethe resalts, T h e  r a t i a n a h  f o r  t h i s  a-iorr -- - 

is t o  a l l o w  ' f r e e d o .  i n  analysis w h i l e  k e e p i n g  con t ro l  ofer t y p e  
< t i  

1 a n d  t y p e  2 e r r o r s  wi-tbin t h e  resklts. I t  i '& a n  a t t e m p t  t o  

b a l a n c e ,  the i n c e n t i v e  f o r  i d e n t i f y i n g  s e c o n d a r y  i n f l u e n c e s  

Y * 
aga$nst t h e  p q s s i b i l i t  y o f  a c q u i r i n g  - i n s i g n i f i c a n t  a n d  a p o r i o u s  

r e l a t i o n s h i p s ,  - - - A  

An e x p l a n a t i o n  p t e % t i a l  of a r o u n d  29% i n  six v a r i a b l e s  u a s  

, f o u n d  f o r  t h e  H a c k e n z i e ,  beyond t h i s  p a r t i a l  E was n o t  

s i g n i f i c a n t  a t  0.001 f o r  new v a r i a b l e s ,  T e x t u r e  dominates t h e  

e q u a t i o n  b u t  l a t i t u d e  p r o v e s  i m p o r t a n t  too,  or t h e  D e m p s t e r  .., 

C o r r i d o r  the e x p l a n a t i o n  p o t e n t i a l  is much h i g h e r ,  a t  a b o u t  44%. 

T h i s  i s  a g a i n  i n  s i x  v a r i a b l e s  w i t h  t e x t u r e  p r e d o m i n a n t  b u t  w i t h  
~. 

l a n d f o r m  g e n e s *  ' s e c o n d ,  D e m p s t e r - K l o n d i k e  h a s  t h e  l e a s t  

e x p l a n a t i o n  p o t e n t i a l  of 327 but i n  o n l y  two s i g n i f i c a n t  
- - - -- - - -- - -- - - - - - 

v a r i a b l e s :  t e x t u r e  b e l o v ,  a n d  d e p t h .  . 
- - -- - - - - - - - - 

C o m p a r i n g  t h e  P e a r s o n  R w i t h  t h e  K e n d a l l  Ta.u ( T a b l e s  12,  

13,  1 4 )  c o r r e l a t i o n s  f o r  t h e  v a r i a b l e s  i n  the  r e g r e s s i o n  i t  c a n  



b e  seen t h a t  t h e r e  are d i f f e r e n c e s  i n  t h e  a b s o l u t e  values a s  
- - - - - - - - - - -- - - - - -  

i n d i c a t e d  e a r l i e r :  t h e  P e a r s o n  c o e f f i c i e n t s  being t h e  larger- 
.- -- - -. A 

N o t i c e  that t h e  h i g h  c o r s e l a t i u n  scores d o  n o t  g u a r a n t e e  

i n c l u s i o n  i n  t h e  r e g r e s s i o n .  O n c e '  terhd* is included t h e  

p o s s i b i l i t y  of s u b s t a n t i a l l y  adding t o  t h e  e x p l a n a t i o n  p o t e n t i a l  ' 9 

is s l i g h t  f o r  the v a r i a b l e s  t e x t u r e  a b o v e  a n d  t e x t u r e  below,  So 

t h e  s e c o n d a r y  i n f l u e i c e s  o n  ice c o n t e n t  a re  b e g i n h i  t o  be 

- i d e n t i f i e d  here. T h i s *  is a m a j o r  change from t h e  study of 

c o r r e l a t i o n s  aone .  However, f r o m  t h e  c h a n g e  in4R 2, the results 

s t e p w i s e  r e g r e s s i o n  o v e r  a n d  a b o v e  t h e  i n i t i a l  i n c l u s i o n  of t h e  
I '  

t e x t u r a l  v a r i a b l e  a c c o m p l i s h e s  l i t t l e  i n  e x p l a i n i n g  t h e  v a r i a n c e  
F 

a s s o c i a t e d  w i t h  ice c o n t e n t .  T h e r e f o r e  t h o u g h  t h e  s e c o n d a r y  
- 

- i n f l u e n c e s  m i g h t  b e  -: b e g i n i n g  t o  b e  i d e n t i f i e d  t h e y  are n o t  g i v e n  

I 

i n f l u e n c e s  i n  t h e  e n v i r o n m e n t .  ~ e x t u r a l  a n d  t o  some e x t e n t  

l o c a t i o n a l  va'ria b l e s  are being p r e s e n t e d  a s  a l l -  i m p o r t a n t  for 

p r e d i c t i n g  ice c o n t e n t  of p e r m a f r o s t  w i t h  b i o l o g i c a l  a n d  

g e o ~ a r p h o l o g i c a l  v a r i a b l e s  of lesser i m p o r t a n c e .  

"% I ce  c o n t  n t  was m o d i f i e d  b y  e x c l u d i n g  u n f r o z e n  sites and 
- 

t h e  m u l t i p l e  s t e p w i s e  r e g r e s s i o n  vas a g a i n  c a l c u l a t ' e d .  The  u 

c h a n g e s  were q u i t e  d r a m a t i c  ( T a b l e s  24, 25, 26)  . The  e x p l a n a t i o n  

of t h e  v a r i a n c e  i n c r e a s e d  i n  every case; d r a m a t i c a l l y  s o  for t h e  
- - -- - - - -- - - - - - - --- - - - - - - - - - - - 

D e m p s t e r  c o r r i d o r ,  O b v i o u s l y  t h e  u n f r o z e n  sites i n  t h i s  d a t a  s e t  
- -- 

a re  o b s c u r i n g  t h e  d y n a m i c s  b e t w e e n  p e r m a f r o s t  and  i ts  
1 

e n v i r o n m e n t .  I n  a l l  data sets t e x t u r e  and d e p t h  p r o v e d  t o  be  t h e  
1 



text 0.513 0,263 0.263 -0.513 -0,845 0,001 
de pth 0,542 0,294 0,031 -0,262 -0,271 ' 0,0f&J 
e lev  . 0,555 0.307 0.013 OT,O.t3 -0,2611 0,001 ' 

texta 0.567 0,320 0,013 -0,467 -0,296 0.001 
a lndfn 0.573 0,328 0,008 0.127 0,136 0,001 

. 10.008 
F=198.?74 . F ' s i g = ~ -  00 1 

-------- I --- - -- 
Table  24: Summary t a b l e ,  ~ u l t i p l e  regressios of *he 

m o d i f i e d  Backenzie  B a l l e p  data, 
L L/ P : ,  

1 0 

t e x t  
d e p t h  
lndf 
elev 
t e x t a  

Table 25: Summary table, r u l t i p l e  rems ' s i61of  t h e  
a o d i f  ied Dem~ster corridor data, 

text 0,562 ,0,316 0.316 -0.562 
depth 0,583 0.339 0.024 -0.323 
t e x t b .  9 . 5 8 8  0,345 0,006 -0,441 



p r i m a r y  i n f l u e n c e s  ( t h o u g h  d e p t h  was - not s i g n i f i c a n %  at the' - -  - 

0 . 0 0 1 " l e v e l  i n  p a r t i a l  F f o r  t h e  D e m p s t e r - K l o n d i k e  i t  is still 
'% 

r e p o r t e d ) .  Note t o o  t h a t  t h e  significant v a r i a b l e s  comprising 
r 

t h e  e q u a t i o n s  f o r  t h e  E a c k e n z i e  a n d  Dempster c o r r i d o S r  a r e k b e  
I *  / C 

same a l b e i t  in a d i f f e r e n t  o r d e r ,  E l e v a t i o n ,  l a n d f o r n  g e n e s i s  

a n d  t e x t u r e  a b o v e  are p r o p o s e d  a s  the s e c o n d a r y  i n f l u e n c e s  and 

g 6 n e r a . l ~  model is appea r ~ n g ,  

C r e a t i o n  qf Wggp Laxiables 

1 

+ R e g r e s s i o n  a s s u m e s  t h a t  t h e  e f f e c t s  o f -  t h e  i n d e p e n d e n t  

v a r i a b l e s  a r e  a d d i t i v e ,  t h a t  is, t h e  r n l a t i o n s h i ~  between * 

d e p e n d e n t  a n d  i n d e ~ e n d e n t  v a r i a b l e s  i s  t h e  salne across a l l  

v a l u e s  of  t h e  rema i n  inq i n d e p e n d e n t  v a r i a b l e s .  This h a s  

, c o n s e q u e n c e  f o r  the l e v e l  of measoreaent of the v a r i a b l e s  a n d  

t h e  l i n e a r i t y  of t h e  r e l a t i o n i h i F s ,  i h i l e  the l a t t e r  is  

c o n s i d e r e d  b e y o n d  t h e  s c o p e  o f  this s t u d y  t h e  f o r m e r  can b e  
I 

r e l i e v e d  q u i t e  quickly by t h e  d e v e l o p n e n t  of daamy v a r i a b l e s .  As 

, s t a t e d  e a r l i e r  dummy v a r i a b l e s  may h a v e  a r b i t r a r ~  metric v a l u e s  
Ib 

of 0 a n d  1 a n d  c a n  t h e r e f o r e  b e  t r e a t e d  a s  i n t e r v a l  l e v e l  

v a r i a b l e s  a n d  i n s e r t e d  i n  a r e g r e s s i o n  e q u a t i o n  r e m e m b e r i n g  t h a t  
r 

it is n e c e s s a r y  t o  e x c l u d e  o n e  of  t h e  dummies f o r  e a c h  v a r i a b l e  
d. * 
by c r e a t i n g  a t e f e r e n c e  c a t e g o r y .  - - - - -- - - - -- - - - - 

Z 

F o r  a l l  10  i n d e p e n d e n t  v a r i a b l e s ,  dummies v e r e  created, 
- - - - - - -  - 

i .e .  fo,r l a t i t u d e :  l a t  1, l a t  2, l a t  3, l a t  4 a n d  l a t  5 v e r e  

c r e a t e d .  E a c h  dummy was given t h e  v a l u e  1  where it appeared,  

* . "  

-4 1 1 8  



. - 

~ h u k  i f  n s i t e  had  l a t i t o d e  of 

. ,  a l L  score 0 e x c e p t  l a t  3 which  

Du,mmy V a r i a b l e  I n t e r a s  t i o n s  
- 

? J e a n s  a re  c o m p u t e d  i n  t h e  

, . 

3 t h e n  t h e  d n m r i e s  - - - f o r  - - t h a t  site 

s c o r e s  1. 
. 

Erocess of f i n d i n g  c o r r e l a t i o n s  

b u t  these means r e p r e s e n t  t h e  , p r o p o r t i o n  o f  cases recording . t he  
* 

p r e s e n &  of t h a t  ~ a r t i c u l d t  d u m p  i a r i a b l e .  S* l a t l  h a s  a mean 

of 0.24 16, o r  24.169 of t h e  2322 cases i n  t h e  t h e  Backenzie 

V a l l e y  d a t a  set, Le, there are SQ3 sites B e k w e e ~  6Q0-62Q19.  his 

i n f o r m a t i o n  o n  r e g u e n c i e s  was f o i n d  u k e f u l  in judging the F 
i 

r e l a t i v e  i m p o r t a n c e  o f  r e l a t i o n s h i p s  i n  . t h e  c o r r e l a t i o n  --- a a t r i c e s  

and a r e  r e p o r t e d  here  (Tables 27, 31) , 

\ P e a r s o n  c o r r e l a t i o n  c o e f f  i c e n t s  were c o m p u t e d  f o r  e a c h  

d u m a y  v a r i a b l e  w i t h  every other dumay v a r i a b l e  p r i o r  t o  the 
- - - - 

r e g r e s s i o n .  B h e r e  two dumaties o r i g i n a t e  f r o m  t h e  same variable 

- t h e i r  coof f i c e n t s  are n e g a t i v e .  T h i s  is b u t  a measure of their 

m u t u a l  e x c l u s i o n  a od t h e - r e f o r ;  h a s  we interest h e r e .  Below 

a r e  r e p o r t e d  t h e  c o r r e l a t i ~ n  coef f i c e n t s  g r e a t e r  t h a n  a n  - 
f 

a b s o l u t e  v a l u e  o f  0.30 f o r  a l l  d a t a  ( T a b l e s ,  28, 29 a n d  30) And 

t h e  number of r e c o r d s  t c  e a c h  c e l l  is  a l s o  r e p o r t e d . a d  a  source c 

of e v a l u a t i o n .  T h e r e  are n o  s i g n i f i c a n c e  tests  computed b y  SPSS 

f o r  t h e  P e a r s o n  c o r r e l a t i o n  c o e f f i c e n t s  in t h i s  case, However - 

knowing  B a n d  W ,  Bn F test is a v a i l a b l e  b y  u s i n g  
- 



l a t  1 , 5 6 1  0.2416 
2 566  0.2438 
3 407  0,1753 
4 . 1 4 3  0.0616 
5 477  0,2054 

l a t 6  + . 1 6 8  0.0-724 
, 

elevf 6.5 C.0280 
2 7 5 5  0,3212 
3 815 0,3510 
4 ' 3 7 1  0.1598 
5 1 8 2  0,0784 

elev6 13~4 0.0577 
, 

aspect 1 773  0.&745 332 6.2329 
2 9 8  0.0422 100  0 ,0588  
3 40 0.0172 2 4 7  ,'O. 1453 
4 4 6 7  rS.2011 3 6 7  0.2159 
5 "698 0.3006 4 3 5  0 ,2559 

aspect6 8 4 6  3 , 3 6 4 3  1 8 p  0.1112 

l n d f a l  , 8 2 2  0.3540 
2 .  2 0 9  0.0900 

4 3 392 0.1688 
4 355 0.1525 
5 439  0.1891 

l n d f  a6 1 0 6  0.0457 

Cases 

1 32 
95 
49 
42 
57 
65  

t e x t  1 1 1 9  0.0512 1 2 1  0.0712 165  0.3802 
2 6 6  0.0284 3 1 6  0.1859 76 7 b 0 , 1 7 5 1  

b 3 1 0 8 3  0.4.664 3 1 3  0 ,1841 7 7  0,1774 
4 4 7 5  0',2046 466  0.2741 43  0 ,0991 
5 361 0,7555 . 196 0.1153 41 0 ,0945 

t e x t 6 .  2 1 3  0.0939 .288 0.1694 32 9,Q727 - 

Table 27: Cases a n d  means f a r  D u m m y  V a r i a b l e s .  
2 
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~ A C K E N ~  VALLEY D E H P S T B  C O B R I D 0 2  DENPSTER-RLONDIKE -- 
U m a y  
Variable Cases !!lean Cases .nhan Cases , Hean 

t e x t a l  
2 
3 
4 
5 

t e x  t s 6  

t e x t k l  
, 2  

3 
4 
5 

Z e x t b 6  

veq 1 19.5 0,0840 157 0,0924 - 42 0,0968 'I 

f - 29g 0.1298 129 IZ.D?47 - 1 3 5  0,3TT1 .. 
3 404 0.1740 492 , 0,2894 39  0,0899 
4 6 6 8  0.2877 659  0,3876 7 .0 ,0161 
5 4 6 2  0.199F) ' 176 0.1035 154 0,3548 

vegb 2 9 4  0.1266 . 85 0,050.0 57 0,1313 

---------------__I_----------------- 

Table 27 ( c o n t . )  : Cases  and' means for b u n m y  V a r i a b l e s .  
1 



RELATION 

CDICE 
C D I C E  
CDICE 
l a t l  
l a t  1 
lat 1  
l a t l  
f a t 2  - 
lat 4 
l a t 6  
slope1 
s l o p e 2  
40 pe6 

s l o p e 6  
l n d f m 3  
lndfm2 
Indfa2  - 
lndf m 4  
lhd fm5 - 
lndfm6 
l n d f  ra6 
d e p t h l  
d e p t h l  
t e x t l  

' t e x t l  
t e x t 2  " 

text2 

t e x t  1 
t e x t a  1  
t e x t b l  
e l e v 2  
e l e v 4  
elev 5 
veg 1  
veg6 

+ . l n d f  m3 
ele v  1 
lndfnt4 
ln3f m 4 
lndfm3 
veg5 
veg 4 
t e x t 6  
t e x t a 6  
veyil 
v e g 3  , 

t e x t 6  
t e x t b b  
t e x t l  
t e x  t a  1 
t e x t a  1 
t e x t b  1 
t e x t a 2  
textb2 

CELL -- 
1'1 9 

-3 0 7 
6 1 

5 
224 
127 
137  
'177 
111 
5 8  
6 0  

261 
54 
5 9  
6 8  
8 2  
7 9  

282 
192  
6 1  
7 0  

101 
255 
111 
43 
4 1  
4 3  

RELATION 
/ 

t e x t a 3  
t e x t a 4  
k e x t a 5  
t e x t b 3  
t e x t b 4  
t e x t b 5  
t e x t a 3  
te x t a  4 

- t e x t b 3  
t e x t b 4  
t e x t a 3  

% t e x t a 5  
t e x t b 3  
t e x t b 5  
t e x t a 6  
t e x t b b  
t e x t b l  
t e x t b 2  
t e x  t b 3  

' t e x t b 4  
textb5 
t e x t b 3  
t e x t b 4  
t e x t b 3  
t e x t b 5  
textbb  

902  
53 
22 

1011  
3s 
11 
32 

3 6 7  
43  

UOO 
17  

281 
1 3  

315 
I65 
1 97 
4 9  
31 

872 
4 4  
23 
72 

325 
27 

256 
157 

Table 28: L i s t  of t h e  c o r r e l a t i o n  coefficents for dummy . Q 

v a r i a b l e s  i n  - the Hackenzie  V a l l e y  data set, 



C D I C E  
C D I C E  
CDI CE 
CDICE 
CDICE 
CDICE 
l a t  1  
l a t  1  
l a t 3  ' 

l a t  3 
lat4 
l a t 4  
l a t g  
l a t 5  
l a t 6  

f;; _ e l e v 4  - 
e l e v 4  
e l e v 4  
e l e v 4  
e l e  v6 
a s p e c t  3 
a s p e c t 5  
a s p e c t  5 

l n d f m 5  
t e x t l  
. t e x  t2 
t e x t a 2  
t e x t b l  
t e x t b 2  
e l e v 3  
veg2  
ele v6 
veg 1  
e l e v 4  
d e p t h 6  
v e g 4  
e l e v l  
e l e v 2  
s l o p e  3 
lnd f.m4 , 
t e x t b  
texts€ 
a s p e c t 5  
Aep t h ' 6  
slope 2 
v e g 1  s. 

lndf a4 
l n d f m 5  

t e x t l  
t e x t l  
text2 
t e x t 2  
t e x t  3 
t e x t 3  
t e ~ t l )  
t~ x t  4 
t e x t 5  
t e x t 5  
te x t  6 
t e x t 6  
t e x t  a 1  
te x t a 2  
t e x t a 3  
t e x t a 4  
t e x t a 5  
t e x t a 6  

veg 4 
t e x t 1  
t e x t b l  
t e x t a l  
t e x t a l  
t e x t b l  
t e x t a 2  
t e r t b 2  
t e x  t a 3  
t e x t b 3  
t e x t a 4  
t e x t  b4  
t e  x t a 5  
t e x t b 5  
t e x t a 6  
t e x t b b  
t e x t h l  
t e  x t b 2  
t e x t b 3  
t e x t b 4  
t e x t b 5  
t e x t b b  



EEL ATION 

lat 1 e l e v 4  
lat 1 l n d  f m 3 
l a t  4 veg6  
lat6 e l e v l  
. l a t  6 l n d  f m 5 
lat 6 I n d f a 6  
elev4 lndfm3-  
ele v5 vegS 
ele  v 6  lndfra  4 
l n d f m 3  v e g 3  
d e p t h l  t e x t 1  

- 

CELL 
P 

7 1 
6 0 
2 0  
29 

7 
3 0 
5 9  
44 
4 I 
26  

1 1 0  

R E L A T I O N  

d e p t h l  
depth  6 
text  1 
t e x t 2  , 
t e x t 4  
text6 
t e x t 6  
texta 1 
t e x t a l  
t e x t a 5  

t e x t a  1 
t e x t a  1  

' t e x t a l  
t e x t b 2  
t e x t b 4  
t e x t a 5  
t e x t b 6  
t e x t b 2  
t e x t b 6  
t e x t b 6  

CELL 

Table 30: L i s t  of t h e  c o r r e l a t i o n  coefficents for dummy , 

variables i n  t h e  . D e m p s t e r - K l o n d i k e  Highways d a t a  set, 



r 
'L 

B u t  f o r  P [1,1?-2) t o  be  s i g n i f i c a n t  a t  t h e  0. TX, l e v e l ,  w h e r e  N is 

g r e a t e r  t h a n  1 2 2 ,  it must he g r e a t e r  t h a n  10,%3. Therefore, 

w o r k i n g  t h e  f o r m u l a  L i a c k u a r d s ,  f o r  the f l a c k e n z i e  V a l l e y ,  with 

F = 2 3 2 0 ,  R w i l l  b e  s i g n i f i c a n t  when i t  i s  grea te r  t h a n  a n  

a b s o l u t e  value o f  0.07 a n d  f o r  t h e  m o d i f i e d  v e r s i c n  o f  the d a t a  

s e t ,  w i t h  N=2O32, 0 m u s t  also b e  g r e a t e r  t h a n  a n  a b s o l u t e  v a l u e  

o f  0 - 0 7 ,  For t h e  Dempster C o r r i d o r  t h e  c u t o f f  v a l u e s  of R are  

0 . 0 9  (where ~ = 1 7 0 0 )  a n d  0.09 (where N=1369), Likewise t h e  values / 

of 3 f o r  t h e  D e s e s t e r - g l o n d i k e ,  0.16 { w h e r e  N=434) a n d  0.26 

( w h e r e  N=154) w i l l  b e  significant a t  t h e  0 .001  l e v e l .  

F o r  t h e  M a c k e n z i e  V a l l e y  t h e  correlations i n d i c _ a t e  t h o s e  

r e l a t i o n s  that v o u l d  b e  e x p e c t e d  Ly v i r t u e  o f  the f i ? l i l v o r k ,  Low 

l a t i t u g i e s  o t  60•‹-o2ON a r e  a s s o c i a t e 3  w i t h  t h e  h i g h e r  e l e v a t i o n s  

a n d  n o t  w i t h  t h e  lower e l e v a t i o n s ,  i i h i c h  is a s  o n e  w o u l d  e x p e c t  

c o n s i d e r i n g  it is  d v a l l e y *  t r e n d i ~ ~  ' from s o u t h  t o  o o r t h .  A i q h  
-- 

l a t i t u d e s  of 670-6H0N a r e  s t r o n g l y . a s s a c i a t e d  w i t h  t h e  low 

e l e v a t i o n s .  G l n c i o - f  l u v i a l  landforms a r e  ' c o n a m n  a t  m i d - l a t i  t ~ d e s  ' 

a n d  a r e  c h a r a c t ~ r i z e d  by s t e e p  s l o ~ e s ,  o f t e n  s u c h  slopes a r e  

c o v e r e d  1~ t a i l  s h r u b s  a n d  d v a r f e d  black s p r u c e .  m o r a i n a l  

i 

m a t e r i a l s  t d v e  l o w  slopes a n d  a r e  g e n e r a l l y  c o v e r e d  . b y  l i c h e n  

a n d  mosses .  Not  surprising, t i l ls n e a r  t e d r o c k  a r e  c h a r a c t e r i z e d  

by t e x t u r e s  of s a n d s  a n d  g r a v e l s  b u t  so a re  g l a c i a l - l a c u s t r i n e  

landforms, w h i c h  i s  s u r p r i s i n g .  O r g a n i c s  o c c u r  n e a r  t h e  surface 

v a r i a b l e s  t h e r e  3 p ~ e a r s  t o  be c n l y  one d i s t i n c t  s t a t e m e n t ;  t h a t  

t h e  s o i i s  a r e  t e x t u r a l l y  consisteat f ron  site to site or '. 



h'omogenows throagh t h e  prof ifes,  .4 

T h e  D e m p s t e r  C o r r i d o r ,  i n  i t s  s o u t h e r n  acst  p a r t ,  is 
. 4  

c a t e g o r i z e d  by m i d - e l e v a t i c n s  c o v e r e d  b y  w h i t e  a n d  black spruce 

w i t h  b i r c h  i n  o p e n  c a n o p y  f o r e s t s  a n d  moss covered floors, . 

B o r i n g  n o r t h w a r d  t o  63.-b4.N e l e v a t i o n s  a r e  h i g h e r  a n d  w h i t e  a n d  

b l a c k  sFruce f o r e s t s  w i t h  clbseh c a n o p i e s  a r e  t o  b e  f o u n d  o n  

g e n t l e  n o r t h e a s t e r l y  s l o p e s ,  Around  64O-6S0N m o r a i n a l  l a n d f o r m s  

compose3 p r i m a r i l y  of s a n d s  a n d  g r a v e l s  a r e  f o u n d  w i t h  m o d e r a t e  

, s l o p e s  a t  m i d - e l e v a t i o n s  a n d  a r e  o f  ten c o v e r e d  by! l i c h e n s  and 

mosses. F u r t h e r  n o r t h  a g a i n  a n d  t h e  e l e v a t i o n s  d e c r e a s e  t o w a r d s  

t h e  f f a c k e n z i e  Delta,  

T h e  ~ e m ~ s ' t e r - ~ l o n d i k e  H i g h w a y s  s t u d y  a rea  a t  low l a t i t u ' d e s  

is c h a r a c t e r i z e d  b y  m i d - e l e  va t i o n s  a n d  g l a c i o - f  l u v i a l  l a n d f o r m s '  

covered b y  b l a c k  s p r u c e  a n d  m o s s e s .  I n  t h e  n o r t h e r n  p o r t i o n  

e l e v a t i o n s  ?re low a n d  l i n e a t e d  s l o p e s  a n d  t h i n  t i l l s  

p r e d a m i n a t e .  id here g l a c i o - f  l u v i a l  l a n d f o r m s  a r e  f o u n d  a t  

m i d - e l e v - l t i o n s ,  at h i g h e r  e l e v a t i o n s  l a n d f o r m s  a r e  - o f t e n  

m o r a i n a  1. 

 pro^ a n -  o v e r a l l  p e r s p e c t i v e  c o e f  f i c e n t s  g r e a t e r  than a n  

a b s o l u t e  v a l u e  o t  0.30 are ~ o s i t i v e ,  few a re  n e g a t i v e ,  This 

i n d i c a t e s  t h a t  cne may f i n d  ' a  l i t t l e  of e v e r y t h i n g 1  t h r o u g h o u t  

t h e  a r e a s .  T h e  a b s e n c e  o f  a c h a r a c t e r i s t i c  is less d e f i n i t i v e  

t h a a  i t s  p r e s e n c e .  l- 

O n  modifying the k t a  bases, in the &a&-ie the fi%w+iw 

r e m a i n s  much t h e  same, Thus t h o  c o n j i t i o n s  f o r  t h e  f o r m a t i o n  o f  

peraaf rost  3re n o t  dramat ica l ly  d i f f e r e n t  f r o m  those  
, , 



I n  t h e  D e m p s t e E  C o r r i d o r  a n a l y s i s  small  c h a n g e s  occur s u c h  

a s  lineated s l c p e s  being common a t  l o w  l a t i t u d e s  or m o r a i n a l  1, 
. . 

l a n d f o r ~ s  a t  h i g h  e l e v a t i o n s  b e i n g  a s ' q o c i a t e d  w i t h  m i d - l a t i t u d e  . 
&- 

' r e g i o n s .  B u t  n e u  i n t e r r e l a t i o n s .  b e t w e e n  m i d - l a t i t o d e s  a n ?  

\ m i d - e l e v a t i o n s  and  t e x t u r e s  a r e  e v i d e n t .  I t  a p p e a r s  t h a t  f r o z e n  

s o i l s  c o m p o s e d  of i n o r g a n i c  ~ i l t s  a n d  c l a y s  ' i r i t h  f i n e  sands d o  
. . 

not -  o c c u r  i n  t h e s e  r e g i o n s  and t h a t  s a n d s ,  g r a v e l s  a n d  b e d r o c k  

a r e  s o r e  f r e q u e n t . "  Possibly ' t h e  g e n e r a l  t e n d e n c y  i n  t h i s  area is 

f o r  g r o u n d  materials t c  be unfrozen except w h e r e  the s o i l s  a re  
4 

- 

s h a  l l o v .  

T h e  f elat i o n s h i p s  i n  t h e  D e m ~ s t e r - R l o n d i k e  c h a n g e  

d r a m a t i c a l l y .  B e c a u s e  t h e  s a m p l e  s i z e  h a s  s h r u n k  so much, from 

4 3 4  t o  154,  t h e  f r e q u e n c y  c t  o c c u r r e n c e s  w i t h i n  e a c h  ce l l  i s  

small, Some cells of t h e  6 x 6  matrices m u s t ,  eqen i n  t h e  b e s t  of 

c i r c u m s t ~ n c e s , , & &  a n  e x p e c t e d  f wquency of less t h a n  f i v e  

t h e r e b y  q u e s t i o n i n c j  t h e  v a l p i d i t y - o f  . t h e  i n t e r - d u m m y  v a r i a b l e  

c o r r e l a t i o r t s .  E m p t y  cells a r e  a fact of t r e n d s  i n  t h e  e c o s y s t e m  

a n a l y s i s  f o r '  there  w i l l  a l w a y s  b e  m a t h e m a t i c a l l y  d e f i n e d  

s i t u a t i o n s  t h a t  d o  n o t  exist i n  the f i e l d .  However ,  w i t h  l a r g e  

p o p u l a t i o n s  i t  i s  a c c e p t a b l e  t o  h a v e  some  cells e m p t y  because 

the t r e n d s  a r e  e v i d e n t ,  b u t  f o r  sma 11 ~ o p u l a t i o n s  t h e  " t r e n d s  a r e  

l e s s  ob vio us, 

To s u m m a r i z e  t h e n ,  t h e  dumay v a r i a b l e s  associated w i t h  i ce  - 

c o n t e n t  i n  t h e  t lackenzie  a r e  t e x t u r a l ,  i-e. o r g a n i c  material  a t  

all l e v e l s  i n  t h e  F r o f i l e ,  For t .he m o d i f i e d  d a t a  set the - 



d e p t h  b e c o m e s  ' i m p o r t a n t  so  t h a t  t h e  t e n d e n c y  is f o r  i c y  , 

p e r m a f r o s t  t o  d e v e l o p  a t  shallow d e p t h s ,  

For t h e  D e m p s t e r  C o r r i d o r  t h e  s i t u a t i o n  i s  more c o m p l e x ,  

The a s s o c i a t i o n  of p e r m a t r o s t  w i t h  organics is broader i n c l u d i n g  

o r g 3 n i c  s i l ts  a n d  clays ever a t  d e p t h ,  Lineated s l o p e s  are a l s o  
,- 

i n d i c a t e d  a s  b e i n g  s u s c e p t a k l e  tc p e r a a f r o s t  a c c u m u l a t i o n ,  I n  

t h e  m d i f i e d  d a t a  b a s e  t h e  s i t u a t i o n  is s imi la r .  New a r e  t h e  
* 

r e l a t i o n s  to l a t i t u d e ,  d e ~ t h  a n d  some textures, Icy . 

is sost p r e v a l e n t  m e e n  63"-64%, o c c u r s  must often a t  s h a l f o r r  

d e p t h s  a n d  is r a r e l y  e n c o u n t e r e d  i n  s a n d s  a n d  g r a v e l s ,  

Por the D e a ~ s t e r - K l c n d i k e  t h e r e  are  n o  s i g n i f i c a n t  

r e l 3 t i o n s h i p s  b e t w e e n  d u m m y  v a r i a b l e s  a n d  ice c o n t e n t .  R o w e v e r  

icy ~ e r m a f r o s t  is r e l a t e d  t o  o r g a n i c  textures t h r o u g h o u t  t h e  
-, 

Wi 

p r o f i l e  a n d  n o t  t o  i n o r g a n i c  s i l t s  a n d  c l a y s  with fine s a n d s ,  

h 

N o t r  t h a t  L ; e c a u s e  t h e r e  a re  n o  o c c u r e n c e s  of dummy v a r i a b l e  
- . - - 

s l o p e 6  i n  t h e  n e m p s t e r  C o r r i d o r ,  s l o p e 5  must be  e x c l u d e d  i n  t h e  

4 
m u l t i p l e  r e g r e s s i o n  os ddummy v a r i a b l e s  t o  become t h e  reference -. 
c a t e g o r y .  B o t h  must b e  , e x c l u d e d  where the m o d i f i e d  d a t a  set  is 

e m p l o y e d ,  a s  m u s t  text& and t e r t a b  in the rodified data  se t  of 

t h e  D e ~ p s t e r - K l o n d i k e ,  
4 

T h e  d u ~ m i e s  were used a s  i n ~ u t  f o r  t h e  s t e p w i s e  multiple 

r e g r e s s i o n  p r o c e d u r e .  T h e  l e a s t  c o n t r i b u t i n g  v a r i a b l e  was 
d 



4 
identified a n d  its dummies e x t r a c t e d p f r o n  - t h e  -p r e g _ r e s s i o n .  p p p p p a p  T h e  L 

i 

least c o n t r i b u t o r  was d e f i n e d  a s  t h e  v a r i a b l e  whose dummies were 

i n p u t e d  a f t e r  a l l  o t h e r  variables h a d  a t  l e a s t  one dummy a l r e a d y  

i n  t b e  e ~ u a t i o n .  T h e  process was repeated &ti1  t h e  F s ' t a t i s t ' i c  

for t h e  regression e q u a t i o n  u a s  s i g n i f i c a n t  a t  t h e  0.0-01 l e v e l .  

T h o u g h  t h e  B coefficleots a r e  r e p o r t e d  t h e y  do  n o t  

represent a o n e  t o  one carrespondenceswith t h e i r  c o m p a n i o n  duray  

var i ab le .  The c o e f f i c i e n t s  r e p r e s e n t  a colsplex m a t r i x  of d u m m y  

v a r i a b l e  c o n b i n d t i o n s  ( N i e ,  1975; B l a l o c k ,  1960; Draper and- 

regression, b r e a k i n g  down t h e  r e s u l t s  f utther is beyond t h e  

s c o p e . o f  t h i s  w c r k .  F o r  s i m i l a r  r e a s o n s  t h e  p a r t i a l  F s t a t i s t i c  
a 

f o r  the $;urnmy v a r i a b l e s  is m e a n i n g l e s s  a t  t h i s  s t a g e  and  so  i t  
\ 

t o o  is . n o t  r e p o r t e d .  The e m ~ h a s i s  i s  on t h e  final R 2  a s  an 
- 

i n d i c a t o r  of e x p l a n a t i o n  p o t e n t i a l .  

T h e  d u m m y  v a r i a b l e  m u l t i p l e  r e q 3 r e s s i o n s  ( T a b l e s  32,  33, 34)  

a r e a s i m i l a r  t o  .the e a r l i e r  regression ( ~ a b l e s  2 1 ,  22,  23) i n  

t h a t  t h e  F s t a t i s t i c  is s i g n i f i c a n t  where ' t h e  dummies o f  the 

same v a r i a b l e s  a r e  i n p u t .  T h a t  IS, f o r  t h e  H a o k e n z i e  da t a  t h e  P 

s t a t i s t i c  is significant fo r  a e q u a t i o n  with dummies of t h e  six 

v a r i a b l e s  i n p u t  and i s  n o t  significant uken t h e  dummies  o f  t h e  

s e v e n t h  a r e  a d d e d  ( T a b l e  3 2 ) .  So t h e  same v a r i a b l e s  are 

% i d e n t i f i e d  a s  i m ~ o r t a n t .  T h e  major new item i s  thye l e v e l  of - 



~ Y A C K E N Z I E  VALLEY 
I---&-- ---- 

Dummy 
Var iab le  Cases flea n 

lat 1 4 7 2 ,  0.2323 
2 4 5 2  0.2224 
3 360 0.1772 
4. 12$ 0.0630 
5 4 5 2  0.2224 

la t 6  168 0.0827 

DEEbPSTB -- , - -  

Cases 

1 6 4  
164 
227 
5 2 0  
151  
143 

DEefl PST E3- R L Q N D I K  E ---- L- 

cases Mean 

e l e v l  6 5  0,0320 157 0,1147 20 0,1299 
2 700  0.3445 90  0.0657 20 - 0.1299 
3 663 0.3263 154 0.112.5 29 0, 1883 
4 305 0.1501 404 0.2951 . 45 0.2922 
5 s  - - t 7 5 - - 0 . @ t R i t -  rrrZ-- I ) , D P P r  -- 2 3  - 3334tr81t--^--- 

aspect 1 
2 
3 
4 
5 

a s p e c t 6  

slope 1 
2 .  
3 
4 
5 

s lope6 

lnd f m  1 
2 
3 
4 
5 

l n d f a b  

t e x t  1 
2 
3 
r i e  
5 

t e x t 6  

------- --------I_------+---- 

- - -- 

Table 31: Cases and means f o r  dummy v a r i a b l e s  w i t h  
modified ice con t e n t ,  



D u m m y  
Variab le  

t e x t a l  
2 

. 3. 
4 
5 

t e x t a 6  

t e x t b l  
2 
3 
Q 
5 

&+*&b6 

veg 1 
2 
3 
4 
5 

veg 6 

N A C K E H Z I E  VALLEY ------ -- 
Cases ?lean 

D E f l P S T E R  C O R R I D O R  .----- ---- 
Cases dean 

--------------------- - - 
. . 

Table 3 1  ( c m t . )  : Cases and means fq+r d u m m y  v a r i a b l e s  w i t h  
modified i ce  ccntent ,  



- W B Z E  

t e x t 1  
t e x t a  1 ., 

lat5 
t e x t  2 
veg3 
a s p e c t 3  
t e x t 3  
t e x t 4  
l a t 4  
veg2 
l a t l  
t e x t 5  
lat2 
13t3 
a s p e c t  1 
a s p e c  t 5 
a $pet3 
aspect2 
d e p t h 5  
depth3 . 
d e p t h 4  
t e x t a 2  
t e x t 3  3 
d e p t h 2  
depth 1 
v e g l  
v e g 4  . 
vegs 
t e x t 3 4  

T a b l e  3 2 :  Summary t a b l e ,  3ummy r e g r e s s i o n  of 
t h e  Yackenzie  V a l l e y  data,  

P-, 



A t e x t 1  9 , 559 
' t e x t  2 0 , 6 8 3  
l a t l  
lndfm5 
t e x t b 1  
l3t2 
l a  t 4  
t e x t a 5 .  . 
t e r t b 2  
t e x t b 4  
t e x t b 3  * 

p i e r  5 
elev4 
l n d f m 2  
t e x t a 2  .- t e x t a t  
l n d f m 4  
t e x t 3  
t e x t 4  
elev 3 
t q x t 5  
l3t3 
t e x t a 3  
ln3f m3 
e l e v l  
e l e v 2  
f 3t5 
lndfm l 

? = 1 0 4 , 3 7 8  P ' S i j = O ,  00 1 

- - & ~ ~ - - - - - - - _ _ C - - - - - _ I  - 
T a b l e  3 3 :  Summary t a b l e ,  dummy regression of 

the D e a p s t e r  Corridor data. 



V ABIBBLE -- 
tex tk t1  
d e p t $ l  
t e x t b 2  
t e x t b 3  
d e p t h 3  
d e p t h 4  
d e p t h 2  
depth5 

u t e x t b 4  

T a b l e  3 4 :  Summary t a b l e ,  dummy regress ion  of 
t h e  D e m p s t e r - K l a n d i k e  Highway data; 



V A R I A B L E  ---- 
t e x t  1 
t e x t a  1 
t e x t 2  
t e x t 5  
l n d f  m f j  
.e lev 1 
l n d f m l  
e ley 2 
d e p t h 1  
d e p t h 2  
lrtdfet3  
elev 3 .  
t e x t 3  
tex:4 
lnd f s2  
t e x t a 2  
lndfm 4 
d e p t h 5  
d e p t h  4 
t e x t a 5  
r l e p t h 3  
t e x t a 4  

T a b l e  3 5 :  summary tab l e ,  d u m m y  regres s ion  of 
t h e  m o d i f i ~ d  Hackenzie  V a l l e y  d a t a ,  

-i 
P 



V A R I A B L E  --- 
t e x t  1 
t e x t 2  
t exta 1 
t e x t 4  
te x t 3  
l n d f  m5 
e l e v  3 
t e x t a 2  
ele%5, 
I n d i m 3  
l n d f m 4  
t e x t 5  
e lev 2 
lndfa 2 
elevl 
e l e v 4  
depth  1 
d e p t h 2  
d e p t h  3 
d e p t h 4  
lndfm 1 
t e x t a 4  
d e p t h  5 
t e x t a 4  

T a b l e  3 6 :  ~ u m ~ a r y  t a b l e i  dunmy regression of 
the modified nackenzie V a l l e y  data. 

V A R I A B L E  ------- HULT B --- R2 - B 
t e x t 1  0.4E7 0,237 8,765 
t e x t 2  0,594 0.353 4,157 
text3 0,606 0.367 0,343 

1 t e x t 4  0.606 0.367 -2,100 
4 

text5 0,608 0.369 -2.182 
7.000 

F = 1 ? , 3 t 7  f Sig=0.001 

# 
-------------I----------- ------ 

Table 37: Sumaary t a b l e ,  d u m m y  regression of 
t h e  mod,if  ied Dempster -Klondike  Highway data- 



e x p l a i n e d  v a r i 3 n c e .  For t h e  Yackenzie t h e  p o t e n t i a l  e x p l a n a t i o n  
? 

C 

r ises t o  4 9 %  w i t h  d u m m i e s ,  b37, f o r  t h e  D e q p s t e r  C o r r i d o r  ( T a b l e  

33.) a n d  20q f o r  t h e  D e m p s t e r - K l o n d i k e  ( T a b l e  3 4 ) .    his i n d i c a t e s  

' t h a t  t h e  r ~ g r e s s i o n  b y  4ummies  i s  a d d i n g  s u b s t a n t i a l l y  t o  t h e  i 

power of e x p l a n a t i o n .  

Once a g a i n  the d e p e n b e n t  v a r i a b l e  was m o d i f i e d  and the 

r e g r e s s i o n  w i t h  dummy v a r i a b l e s  c o m p u t e d  ( T a b l e s  35, 3 6 ,  3 7 ) .  

2 
T h e  significant d u ~ m i e s  matched t h ~  variables o f  t h e  e a r l i e r  

s t e p v i s e  r e g r e s s i o r i  (cf. T a b l e s  2 4 ,  25, 2 6 ) .  T h e  h i g h e s t  

e x p l a n a t i o n  p o t e n t i a l s  t h u s  f a r  were o b t a i n e d :  5 8 3  f o r  t h e  

P l a c k e n z i e ,  6 8 %  f o r  t h e  D e m p s t e r  C o r r i d o r ,  a n d  379 for t h e  

D e i z p s t e r - K l o n d i k e  H i g h w a y s .  

- B y  w a y  of s u m m a r y  Y h e n ,  t h r o u g h o u t  t h e  levels of a n a l y s i s ,  

textural v a r i a t l e s  ~ r ~ d a a i n a t e ,  p a r t i c u l a r l y  t e x t u r e  of the 

s a m p l e .  As t h e  t y p e  o f  a n a l y s i s  becomes n o r e  r e f i n e d  t h e r e  a r e  

f o u r  p o i n t s  t o  n o t e :  

1. T h e  p r e d i c t i o n  e q u a t i o n  becomes m o r e  c o n s i s t q n t ,  

I n  t . h e  f i n a l  r e g r e s s i o n  b o t h  t e x t u r e  a n d  d e p t h  are t h e  most 

i m p o r t a c  t v a r i a b l e s .  

2. D e p t h  b e l o w  s u r f a c e ,  a s  3 v a r i a b l e ,  i s  i d e n t i f i e d  a s  t h e  

m a j o r  s e c o n d a r y  i n f l u e n c e  of t h e  ice c o n t e n t  of p e r m a f r o s t *  

a f t e r  t e x t u r e  ( T a b l e s  2 4 ,  25,  2 6 ) .  

It seems t h a t  h i g h  ice c o n t e n t  p e r m a f r o s t  is g e n e r a l l y  
\ 

formed c l o s e  t o  t h e  s u r f a c e ,  Explanaticns af t h i s  may ceetre 

f l a r o u r . 4  h y d r o l c y i c a l  aspects o f  t h e  environmental f a c t o r s  

e i t h e r  i n  terms o f  a v a i l h b i l i t y  of m o i s t u r e  t o  form i ce  o r  a 



c o m b i n a t i o n  of m o i s t u r e  r e t e n t i o n  b y  o r g a n i c s  ( T a b l e s  35, 

3 6 ,  37)  , a n d  i m p e r m e a b i l i t y  o f  t h e  f r o z e n  s u b s t r a t e  
/ 

i n h i ~ i t i n g  i n f i l t r a t i o n ,  These i n d i c a t i o n s  a r e  c o n s i s t e n t  

with t h e  i m ~ r e s s i o n s  g a i n e d  d u r i n g  field work i n  t h e  

C e a p s t e r  a n d  K l o n d i k e  a r e a s ,  
- -- 

3. O t h e r  s e c o n d a r y  i n f l u e n c e s  become more a p p a r e n t .  

-&? ' J n l i k ~  t e r + u r e  and d e p t h  nc o t h e r  s i n g l e  v a r i a b l e  i s  common 

ta a l l  r q r e s s i o n  ~ q u c r t i o n s  a t  o n e  level o r  analysis. 

V a r i o u s  r n i l u e n c e s  a p p e a r  a t  different l e v e l s  i n  t h e  
- 

- - 
- 

a n a l y s i s  a r l d  f o r  d i f f e r i n g  d a t a  sets, E l e v a t i o n  a n d  

1 a c d f o r n ; - g e n e s i s  a r e  s i g n i f i c a n t  v a . r i a b 1 e s  i n  t h e  f l a c k e n z i e  . % 

a n ?  3ere~s ter  C c r r i d o r  a s  i s  a n o t h e r  t e x t u r a l  ' v a r i a b l e  

( T a t l e s  24, 2 5 ) .  
v 

4 ,  Tho l e v e l  o r  e x ~ l a n a t r o n  i n c r e a s e s  c o n s i s t e n t l y  b u t  the 

f i e i d  a p p l i c a b i l i t y  does n o t .  - 

S i c q l c  v a r i a b l e s  a t  b e s t  e x p l a i n  18% of t h e  v a r i a n c e  i n  t h e  
4 

ice  c o r ~ t t t n t  o r  f e z m t r o s t  i n  the n a c k e n z i e  V a l l e y ,  3 7 v i n  

t h e  2 ~ s F s t s r  C o r r i d o r  a n 3  2 6 %  i n  t h e  D e n p s t e r - K l o n d i k e  area,  
El 

R g l ' i p l e  r e g r e s s i o n .  w i t h  dummy v ~ r i a b l e s ,  o n  t h e  other h a n d ,  
J 

e x p l a i ~ s  5 d % ,  ~ 7 %  a n d  4 0 %  r e s p w t i v e l y .  H o w e v e r  w i t 5  t e x t u r e  
II 

a n d  d e ~ t h  I o ~ l n a t i n g  t h e  ; e g r e s s i o n  e q u a t i o n s  the m o d e l s  a r e  

n o t  a p p l i c l b l e  t o  a l t e r n a t i v e  d a t a  s o u r c e s :  g r o u n c i  c o r e  

s a a ~ l i n g  c o c t l n u e s  3s a 2 r e r e q u . i  t o  c o u t e  e v a l u a t i o n ,  



U it!. t e n  i n d e g e n d e n t  a n l  375 compute  2 s u r r o g a t e  v a r i a b l e s  

and ice c o n t e n t  a s  t h e  d e p e r + d e r t  v a r r a h l e ,  t h e .  a n a l y s i s  were r u n  

to l e t e r ~ i n e  t h e  m o t  i z ~ o r t a n t  p r e i i c t o r  of ice in the 

PIacXcnz i e  F i v e r  Valley, the 3 e n ~ s t e r  C o r r i d o r  a n d  t h e  

D ~ a ~ s t e r - K i o n d i k q  f i i g h v a y s .  T h e  r e s u l t s  a r e  presectei i n  t h e  

t a b l e s  k c l o u .  

A c o s b i n e d  f o u r - v a r i a b l e  i n t e r d c t  i 3 n  consistent1 y ~ r o o e d  

Eors p o w e r r u l  3s 3 ~ r e 3 i c t o r ,  t h a n  I n @ - ,  two- o r  t h r e e - v a r l a b l e  

i n t e r a c t i o n s ,  so  t h a t  e ~ c L  a n a l y s i s  r e ~ q r t s  d f o u r - v a r i a b 1 . e  

i n t e r a c t l ~ r l .  I n  t h e  t d b i e s ,  N/cell i r d l c a  t ~ s  t h e  number of - d a t a  

p o i n t s  ~ r i  t h e  2 a r t i c u l 3 r  n a t r i x  c e l l .  T h e r e  a r e  N d a t a  p o i n t s ,  

N2 was use,! i n  t he  analysis and Nch url; u s e ?  i n  *Be c h e c k  

p r o c e d o r b .  > r  c o u r s e  H = Na + Flct. ?he re  are t e n  P r i m a r y  

_ t w o - v a r r l i l e  c c m E l n , i t i c n s ,  a n d  s c  t ? r t c ,  u i t h  t h r e e  a n d  
u 

f o u r - v a r i a k l e  c o m b i n a t i o n s  g i v l n i j  3 t o t a l  of 385  i n p u t  v a r i a b l e s  

f o r  t t e  a n a l y s i s .  Each v a r i a b l e  h a s  s i x  ca teg .or ies ,  The 

pre I i c t e d  ice c o n t e c t  is g i v e n  in t h e  f o r a  of a n  i n t e r c e p t ,  

w h i c h  n a y  t h e n  be t r a n s l a t e d  h ~ c k  t 3  3 p e r c e n t 3 g e  ctf t a t a l  

wei j h t  ( T a b l e  2 ) .  



a c x e n z i ~  3 i v e r  V a l l e y  A n a l y s i s  

Tc t h e  !!3cK€nzle Valley (Table 38) the ice c o n t e n t ,  

less t h a n  5 7  b y  w e i g h t  of s o i l ,  ~ c c u r s  i n  sands and 

g r 3 v ~ l s  ~f u n s ~ r t e d  a n d  a o d e r a t e l y  sorted r o r a ~ n a l  3 n d  till 

L l n  J f o r z s ,  ~ 3 v l n  j n o r t h e a s t e r l y  a s p e c t s  b e n e a t h  t l a ck  s p r u c e  and 

r g s s  covore4 f foorr,  acd in c o ? r s ~ - - j r a l n e d  lineate3 n o r t h w e s t  

a* 3 f c l c 3  s l o ~ e s  9n3er a l i c h e n  ccver. 

L2r;e a m o u n t s  of i ce ,  3.5  to 6 tirn.es t h e  w e i g h t  of s o i l ,  

occor  lc J r j a n l c  zclls or  s o u t h  s o u t h e r l y  f a c i n g  peat p l a t e a u s  

w i t :  3 c3ver  3 :  t a l l  s h r u b s  a n d , . M d r u n k e n "  b l a c k  s p r u c e ,  or i n  

ori*clcaily c h t r l \ d  s i l t s  a &  clags.of n o r i h  t a c i n ?  

%; l l c lo -  l ~ c u s t r ~ n e  s ~ d i r e n t s  w i t h  ,an oper canopyhores t  cover of 

t l a c r ;  d r , j  u ; l l t t .  si)ruce, blrc 'h  a n d  ~ o p l a r .  

k t l l a  ma.itrAte a s c u n t s  sf i c e ,  a r e  t3 ' be  f o u n d  i n  i n  f i n e  

r r .or ;a i . lc  s l f t s  2nd c l a y s  ~ s r c h e d  an coarse tllls or b r d r o c k  

wt.ere ti: ~ i o p ~ s  f a c e  v e s t  s r  e a s t  3113 h a v e  a clcsed c a o o p y  

f ~ r e s - t  r 3 v e r  o r  srruce t n d  ~ ~ 2 ' l a r  o r  t d e y  *re  to be found i n  
0 

f ir?e t o  s a t  l y  jl i c i o - f  luvia 1 d e p o ' s i t s  (possibly l a y e r e d )  w i t h  

s 3 u t b e r l j -  a s p p u t s  a n d   expos^^^ h u m r x ~ s  a n ?  tussocks .  . 
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q t  385 v a r i a b l e s ;  10 p r i m a r y  v a r i a b l e s ,  & 
qecon i a r y ,  120 t e r t i a r y  3 r d  2 1 0  g u a t e r n a r y  s u r r o g a t e s .  

2322 ,  Sa=1959,  Nch=464, 
I 

=d,657 \)rA 1 x 4  v d r i a t l e  cycle. 
F * = 3 , 4 1 3 2  o n  1 x 4  v a r i a b l e  c 5 e c k  sample ( 2 0 % ) .  

FDU t v a r ~ a h l e  a n a l y s i s  

T a b l e  39:  A N E C S P ;  3 a c k e r z ~ e  R i v e ~  V a l l e y .  



I m p o r t a n t  points to note are:  

a, ice content increases, w i t h  f i n e r  t e x t u r e s .  
B 

-is r e l a t i o n s h i p ,  b e t w e e n  h i g h e r  ice c o n t e n t 3  and the 
1 

f i n e - t e x t u r e d  s o i l s  of the s u b s t r a t e  i n  t h e  M a c k e n z i e  

Va l l ey  i s  well d o c u g l e n t e d  ( B r o w n  anh Grave, 1978;  Brown 

dnd J o h n s t o n ,  1 9 6 4 ) .  

, c t a c i o - l a c u s t r i n e  d e p p s i t s  c n t a i n  t h e  g r e a t e s t  amounts 
c, 

~f ice. 

It h a s  beer*found for t h e  northern Hackenzie  Valley 

(3oae  n e t r o l e u p  L t d .  et d l . ,  1982)  t h a t  
\ 

i j l a c i o - l a c u s t r i n e  silt; a n d  , c l a y s  u s u a l l y  c o n t a i n  u p  t o  

5 0 %  l c o  b y  v o l u m e ,  khere g r o u n d  is m o d e r a t e  t o  well 

I r d i n e d  t h e  s o i l s  a r e  b e g o s o l s  t o  B r u n i s o l s  a n d  t h e  

v e c j ~ t a t i o n  c o n s i s t s  o f  b a c k  s p r u c e  a.nd f e a t h e r  ross, b u t  
1 

d h c n  d r a i n a g e  is p o c r  t o  i m p e r f e c t  g l e y s o l s  a r e  most and - 
t h c  c o v e r  is of o p e n  b l a c k  spruce w i t h  sedges a n d  aoss. 

Tn v a r v e d  c l a y  d e p o s i t s  i c e  typically o c c u s  a s  u n i f o r m  

lSyers  between s u c c e s s i v e  l a y e r s ,  

c, ' : e i t h e r  3 s ~ e c t  nor v e g e t a i o n  sees to h a v e  a  c o n s i s t e n t  

; .*t tern w i t h  i c e  conte~t of ~errnafrost .  

n~; .ec t  n - l s  P e e n  widely s t u d ~ e d  and ' i t  has  been c i t e d  a s  

3:  a j e r t  i n f  l u e n c i n 2  ~ e r m a t r o s t  C r e s e n c e .  I t  is r e p o r t e d  

t ~ ~ t  3 o r t h  f a c i n g  s lopes  have, in g e n e r a l ,  more ice t h a n  

rkth. ;e  T ~ C L R ~  e u t k  f & w ~ ,  196%; W f f i s ,  ?99?), This 

3 n a l g s l s  shows o o r t h e r n  s l o p e s  a s  h a v i n g  ice b u t  no more 

+ p a n  o h  c t h e  r aspects, ? o s s i b l g ,  solvtherly aspects 



S u b s t r a t e  w i t h  melting of t h e  f i r s t  l i g h t  s n o y f a l l s  i n  

, -4, + h e  F a l l ,  I 
Ly-- 

T h o u g h  v e g e t a t i o n  a l o n e  i s  n o t  c o m p l e t e  y e l i a b l e  7 
a s  a p r e d i c t o r  ( R o b e r t s - P i c h e t t e ,  1973), n e v e r t h  

h a s  a  s t r o n g  influence o n  t h e  f o r m a t i o n  of  perlaa 

I t  is n o  s u r p r i s e ,  t t h e n ,  t o  see t h e  v a r i a b l e  veg 

o c c u r i n g  i n  t h e  i n t e r a c t i o n s ;  e q u a l l y ,  i t  i s  n o t  
7 

s u r p r i s i n g  t o  see t h a t  v e g e t a t i o n  t y p e s  w i t h i n  tKe 

r e s u l t s  show n o  c o c s i s t e n t  p a t t e r n i n g  w i t h  ice c o n t e n t ,  

 he p r e s e n c e  of ice i n  p e r m a f r o s t  i n c r e a s e s  i n  d e e p  

s o i l s  o f  f i n e  or o r g a n i c  t e k - t u r e d  l a n d f o r m s ,  b u t  

m o d e r a t e  a m o u n t s  of i c e  a r e  t o  b e  f o u n d  i n  thin s h a l l o w  

o r y ~ n i c  soils cn b e d r o c k ,  

C o d e  ( 1 9 7 3 ) ,  ~ c ~ o b e r t s  a n d  n o r y e n s t e r n  (1973) a n d  S t r a n g  

( 1 9 7 3 )  o b s e r v e d  i n  t h e  Yackenzie V a l l e y  t h e  o c c u r r e n c e  

of  l a c u s t r i n e  sands o v e r l y i n g  c l a y s  and silts. T h e y  

f o u n d  t h a t  ice lenses t e n d e d  to d e v e l o p  a t  t h e  

i n t e r t a c ~ s ,  I f  there h a s  b e e n  an? d i s t u r b a n c e ,  a l l o w i n g  
x 

t h e  i c e  l e n s  t o  melt, t h e n  b e c a u s e  of t h e  l a r g e  a m o u n t s  

of m o i s t u r e  release-$--the s o l 1  e x c e e d e d  i ts  l i q u i d  l i m i t  

a n d  b e l l a n  t o  flow or; s l o p e ' s  a s  low a s  o n c  degree,  

i n  s u c h  si t ua  t io f i s ,  )Such arkas a r e  .theretare c a n s i d e r e d  - 

~i j h l y  s e n s i t i v e  t o  disturbdnce. C r a i ~ t o r !  ( 1 9 6 1 )  \ ,  
l ~ t ~ r n i n e d  t h a t  the ~ n t e r f a c e  was geaera1J.y to be f o u n d  tl 



a t  t h e  5.5 m (18 f t) nark 'in the pkiki 

T h e  v a r i a b l e  l a t i t u d e - i s  c o n s p i c u o u s  b y  i t s  a b s e n c e ,  I n  t h e  

l i t e r a t u r e  n o r t h e r l y ,  p o s i t  i o n  is c o n s i d e r e d  a major i n f l u e n c e  o n o  
* 

~ e r n a f r o s t  a s  i t  i s  s o  tied w i t h  t e m p e r a t u r e .  A p o r t i o n  of the 

r e s u l t g  p r o d u c e d  b y  t h i 3  a n a l y s i s  iE a listing of t h e  
I .  

i n t e r a c t i o n s  i n  t h e  order  o f  t h e i r  c o r r e l a t i o n  v a l u e .  Prom t h f s  

l i s t i n g  t h e  f i r s t  mention o f  latitude i n  a f o u r - , v a r i a b l e  

i n t e r a c t i o n  is; l a t i t u d e ,  l a n d f o r m ,  t e x t u r e  a n d  v e g e t a t i o n ,  The 
- 

s u r p r i s i n g  f a c t  is t h a t  i t  come's in 28 ' th  p l a c e  w i t h  a n  R=0,582, 
n .  

Interesting a s  t h e  . s i n g l e  v a r i a b l e s  are, within the' 

f o u r - v a r i a b l e  i n t e r a c t i o n  a n 3  conceding t h a t  i s o l a t i n g  a single 

v a r i a b l e  within a n  i n t e r a c t i o n  i s  t h e  c o n v e n t i o n a l  m e t h o d  of 

s t u d y i n g ' - t h e  i n t e r a c t i o n s  a n d  r e l a t - i o n s h i p s ,  n e v e r t h e l e s s  i t  

m u s t  'be r e m e m b e r e d  t h a t  t h e  b e n a v i o u r  o f  t h e  c o m F c n e n t s  d o e s  not 

p r e d i c t  t h e  c h a r a c t e r  of a s y n e r g i s t i c  i n t e r a c t i v e  m u l t i - m e m b e r  

. .~ . . 
s y n e r g i s t i c  i n t e r a c t i v e  is t o  divest t h e  r n u l t i - v a r i a b l e  of some, 

P .  
- - 

p o s s i b l y  a l l f W o f  i t s  p o t e n t i a l  t o r  e x p l a i n i n g  t h e  d i s t r i b u t i o n  

of the d e p e n d e n t  v a r i a b l e .  

The C ~ m ~ s t e r  C o r r i d o r  Analysis - . 

T h e  W w p s t e r  Corr idor  r e s u l t s  ( T a b l e s  39) i n d i c a t e  t h a t  
\ 

unfrozen a n d  low ice c c n d l t l o n s  occur In s a n d s  a n d  g r a v e l s ,  on  
# 

-- low s l a p ~ s  u i t  h prerlaeinan t l y  s o u t h e r l y  a s ~ e c t s ,  c ~ v e r e d  b y  

c l o s e ?  c i n o p y  ~ O K ~ S ~ S  c o m p o s e d  ot s p r u c e  and popla r .  Law i c e  



c o n d i t i o n s ,  less  t h a n  20% by w e i g h t ,  are t o  b e  found i n  coarse * 

t - e x t u r e d  s t i ls  cf moderate slopes and  e a s t  o r  west aspects u i t h -  

a c o v e r  o f  moss a n d  b l a c k  s i r u c e .  

H i g h  i c e  c o n t e n t s ,  r a n g i n g ,  from f b u r  times t h e  w e i g h t  of 

s o i l  t o  ice f e l t u r e s  t h a t  may reach seveq times t h e  weight of 

s o i y ,  are  f o u n d  i n  o r g a n i c  s o i l s  w i t h  s t e e p  n o r t h e r l y  s l o p e s  

c o v e r e d  by open b i r c h  and  spruce w i t h  a t h i c k  moss f l o o r .  High 

ice  c o n f e h t 9 + a g  b e  f ourrd  i n  o r g a o i c a l  l y  & ~ g e d  - t s -and-  cl-s - 
'--'- 

w i t h  steep s o u t h e a s t e r l y  a n d  s o u t h w e s t e r l y  s l o p e s  a n 3  c o v e r e d  by  

a black E p r u c e  f o r e s t .  Yoderate a m a u n t s  of ice, up to 

twice the w e i g h t  of s o i l  may be found i n  s c i l s  of i n o r g a n i c  

s i l t s  acd c l a y s ,  some w i t h  t i n e  s a n d s  p r e s e n t ,  b e n e a t h  low a n d  1 

moderate s l o p e s  of u n o r t h c r l y  a s ~ e c t s  c o v e r e d  i n  a low l e v e l  

v e g e t a t i o n  gf  L l c h e n s  o r  mosses o r  hummocks a n d  t u s s o c k s .  

T h e  r e s u l t s  once a g a i n  indicate t h e  p r e d o m i n a n c e  of  t e x t u r e  

orT3nics and  fine texturea sgils p r o s o t e  g r e a t e r  ice c o n t e n t s ,  

S l o p e  is s i g n i f i c a n t ,  t h e  h i g h e r  s l o p e s  assoc ia ted  w i t h  t h e  most 

ice. Asprct  t o o  is i a p o r t a n t .  T h e  o o s t  ice is t o r m i d  w i t h  

n o r t h e d s t c r l y  a s ~ e c t s ,  d n d  s l i g h t l y  less u n d e r  s o u t h - e a s t e r n  a n d  

s o u t h - v e s t e r n  asg-ects. I t  i e  p o s s i b l e  t h a t  t h e  a v a i l a b i l i t y  of 

m o i c t u r ~  f o r  t h e  i c e  f o r r a t i o c  is i n  q u e s t i o n  a g a i n ,  f o r  

j r n i n a q e  a n d  snow c o v e r  h a v e  been c i t e d  a s  ' i m p o r t a n t  i n f l u e n c e s  



1- 2 6 
s 2 O  S a n d ,  

Grav.el C 
Bedrock 

3 . 6 4  3 4. 5 
u / E  , 40 Clay f Silt 

Sand & 
I _  Gravels 

J 

6 . 6 9  4 1 4 
E I W  10 T n o ~ g a n i c  

S i l t / C l a y  
n Sand 

1 
C l o s e d  
Spruce  E 
Poplar 

3 d 

Black 
S p r u c e  & 
Moss 

6 
Hummocks 
a n d  
Tussocks 

10 .10  6 3 3 4 
N ,  3 0 I n o r g a n i c  Lichen Q 

D S i l t s  E no ss 
Clays 

2 5 .  2 5 
SSLSY 50 O r g a n i c  S h r u h s  & 

Silts E drunken 
C l a y s  01. Spryce  

5 6 1 2 
NE 6 O Grganic Open; Birch 

S p r u c e  & 
lross 

N = l 7 O O ,  N a = l 3 6 9 ,  N c h = 3 4 0 ,  
F ~ = ~ l . 7 5 5  o n  1 x 4  v a r i a b l e  cycle. 
R2=0,581 or, 1 x 4  v a r i a b l e  check sample  (20%) -  

I .  

T a E l :  39:  ANECSY; Dempster corridor. 



- 
- The Dempster-Klondfke Hryhwaps ~ n a l p s i s  

L o w  ice  c o n t e n t  c o n d i t i o n s  i n  p e r a a f r o s t  i n  the . 'L. r 

D e m p s t e r - K l o n d i k e  r e g i o n  (Tables 40)  a r e  f o u n d  i n  l a t i t u d e s  

. 61 • ‹ -62ON a n d  640-65OA,  a t  a i d - e l e v a t i o n s  475-762 m (1500-2500  

ft) a t  d e p t h  of 30-5-60 cms (1-2  ft), High ice,  5.5 t o  9 times 
! 

7 
* 

t h e  w e i g h t  o f  s o i l ,  may be  f o u n d  at 62O-63OM and 6s0-6G0N, i n  

m i d d l e  a n d  upper  e l e v a t i o n s  ( 7 6 2 - 1 0 6 7  m )  12500-3000 ft) of 

n o r t h e a s t e r l y  a n d  s c u t h e r l y  a s ~ e c t s .  The ice is formed a t  very  

s h a h l o w  d e p t h s  ~ r ' a l t e r n h t i v e l ~  a t  d e p t h  and, b e c a u s e  t h e  ice 
8 

c o n t e n t  can b e  s o  l a r g e ,  lenses of v i r t u a l l y  p u r e  ice may exist. 

Modrate a m o u n t s  of ice, of less  than t h r e e  times t h e  weight of 

s o i l ,  a r e  p r e s e n t  a t  l a t i t u d e s  630-64ON a t  e i t h e r  t h e  highest 
I 

- -- 

( o v e r  1 0 h 7  m )  (over  3700 t t )  c r  t h e  lowest (less t h a n  455 a )  

( l e s s  t h a n  1 5 0 0  f t )  elevations on n o r t h e r l y  t c  n o r t h w e s t e r l y  
k 

s l o p e s  a t  e i t h e r  very s h a l l o w  d e ~ t h s  o r  greater depths, 

The r e s u l t s  suggest  t h a t  l a t i t u d e  h a s  a strong i n f l u e n c e  o n  

i c e  contnrt. H?vever, i t  d o e s  s o  i n  d non-linear f a s h i o n  ( ~ " i g ,  

1 3 ) .  T h e  qre3test ice is f o u n d  b e t w e e n  6 5 O  and 66ON,  o r  a r o u n d  

t h e  O g i l v i e  R i v e r  a r e a ,  a n d  a seconqary peak  o c c u r s  a b o u t  6 3 O t o  .+. 
B 

6 9 O Y  or  ciround Carmacks. I c e  t h e r !  dacreases t o  t h e  v o r t h  arid 
1 
/ 

s o u t h  o f  edch i r e d .  Th6 g r e a t e s t  r a t e  of ice a c c u m u l a t i o n  occurs 

~ I P ~ ~ F ~ I L + ~ c L ~  t 3 the s o u t n  ~f the  lott tell peaks o r  maxima p o l n t s ,  

F e k  a v i q u r  like t h i s  may i n d i c a t e  transitions f r g ~  one -. 
~ n v  l ~ 3 r ; r i ~ ~ t a l  r a t t ~ r n  uf  p e r n a f  rost t o  m o t h e r :  ~t around bLON, 



p e r m a f r o s t  c i$dn . j e s  f r o g  scattered ' b o d i e s  t o  a{ d i s c o n  t i n o o u s  

d i s t r i b u t i o n ,  a n d  a t  about 6 5 O N  i t  i s  Zont inuous,  This is i n  

f a i r  a q r e e m e n t  with t h e  a n a l y s i s  of t h e  flackenzie V a l l e y  

(Crdmpton, 1931) - ,  In t h e  f fackenz ie  t h e  t r a n s i t i o n  i$ s i t u a t e d  
1 

I b e t u c e n  Norman Hells a n d  P o r t  Ncrman (6U0-6S0N), a n d  t h e  

d i s c o n t i n u o u s  h e r m a f r o s t  d i s s i p a t e s  t o  scattered o c c u r r e n c e s  

a r o u n 4  Fort  S i a p s o n  (Elo-62OW) . 
T h e r r  a p p e a r s  bo o b v i c u s  F a t t e r n  t o  aspect. It is not a 

direct o r  simple r e l a t i o n s h i p  to  i c ~  content of F e r h a f r o s t .  F o r  ' 

-\ 
- 

e l e v a t i o n ,  a o d e r a t e  ice c o n t e n t s  are p r e s e n t  at ~ i t h e r  t h e  louer 

o r  t h e  h i g n e r  v ? l u f s  w h i l e  l ess  i c y  p e r m a t  r o t ,  i s  t o  b e  round 3t 

t h e  l o v  t o  m i d d l e  r a n g e .  I t  is t h e  7 i d 3 l ~  t o  u p p e r  elevations 

w h o r e  t h ?  h i g h o s t  ice mnter.ts a r e  r n 3 i c a t e d .  S u c h  conlitlons 

: ma_y he r e l a t e d  t o  v l l l ey  forms b u t  +.he j r e s e c t c d  n a t u r e  of t h e  

t e r t 3 i n  m a y  be  o b s c u r i n g  t h e  r e l a t i o n s h ~ p .  T h e  d a t a  were - 
ca l l e c t ed  1 1 a n j  3 t r a n s i t  t h a t  i s  L ~ m i t e d  b y  road  access. 4 b i a s  

is inclujcd t h o n ,  f c r  the ro3ds  a r e  p o s i t i o n e d  a l c n g  r i d g e s .  

W h i l e  t h i s  i s  3n a d v a n t a g e  r s r  work o n  p i p e l i n e  r o u t i n ~ s  f o r  
0 

t h e y  r i l l  i o l l a u  v e r y  s l r ~ i l . i r  r o u t e s ,  r t  is a A r s a d v a n t a g e  for 
I a 

s p e c u l ~ t i o n  oc c a u s a l i t y  a n d  interrelationships w i t h  ice  

f o r m a t ~ o n  l r  p e rmt ro3 t .  To L l e t e r m i n e  the f u l l  effects of  t h i s  
+ 

b r a s  r ~ q u i r e s  t u r t  h e r  i n v e s t l j d t i o n  and more e x t e n s i v e  f i e l d w o r k  

t h a n  is p o s s i b l e  i n  t h i s  s t u d y .  

Tte r e s u l t s  otherwise  i n d i c a t e  t h a t  the h i g h e s t  ice 

cqr! t e n t s  *re t c  be t c u n d  n e l r  t h e  s u r f a c e  a n d  decrease w i t h  



encswterel at abou t  bCt cas ( 2  ft). The s h a l l o w  icF: permafrost 

is  probably r e l a t e d  to the F r e s e n c e  'of organics, The, v a l i d i t y  of 

*. t h e  second 2eak  i n  ice c o n t e n t  is open to q u e s t i o n , i :  however, 

b e c a u s e  t h e  v a r i a b l e  h a s  a very small range, It is u n f o r t u n a t e  

t h a t  h a c d  a t l g e r i n g  ~ r o v e l  so difficult when gathering t h e  d a t a .  . 

T h i s  is  tite f i r s t  model p r e s e n t e d  t h a t  does n o t  i n c l u d e  $he 

v 3 r l a b i e  t * x t u r e .  The r e g u i r e d  da ta  i n p u t  can b e  o b t a i n e d  f roa  

asp; a c d  lir p h o t c j m p h s  a n d  t h e  model may b e  successfully 

e m ~ l c y 2 . 3  as 3 t r r s t  level i n v e s t i g a t i o n  i n d i c a t i n g  a r e a s  of h i g h  

i z ~  1 3 ~ 1 t ~ 9 t  . pq rp4af ros t  wbere further d e t a i l e d  work is  necessary. 
a 

' ; c a t t e r s r a i~ s ,  ; c r r . i i a  t l o r , s  ani?  L l n e l r  R e g r e s s i o n s  

S c d t t e r : ; ~  ims a n d  I l n ~ a  r r e g r e s s i o n  st3 t i s t i c s  i n d i c a t e  feu 

of t h e  i c t e r r e  l a t l 3 r . s  k e t v e e n  the e n v i r o n m e n t a l  v a r i a b l e s  a r e  " 

L l n g 3 r  11, ' o rs .  ? h e  ~ i c t s  i~ soee 63ses  i n d i c a t e  a c l o s e r  

a p y r 3 x l ~ ~ t r g n  t o  tne t r u e  t o r e .  Because o f  the , c o d i n g s ,  t h e  

l a r  j e  ! a t a  s a s ~  ~ n ?  the limitations of  the'program t h e  v i s u a l  - 

c ~ r c ~ o r - ~ ~ t  1s ~ L h s c ~ r e d  by t h e  o v e r t i i l e d  c e l l s ,  T h e  c o m p u t a t i o n s  

r n t  % r r ~ i _ t t l ~ > n s , l l ~ s  Z e t u e c  ii the f a c t ~ r s  c o m p r i s i n g  t h e  e c o s y s t e ~ s  

I n  o r  C a ? a l a .  b I 3 t r c v a r i a t e  < o r r e l d t i o n s  showed t h e  

t e x t u r a l  v a r i a r l e s  a n d  t e p t h  tc be t i g h t l y  ~ n t e r d e p e n d e n t ,  
+---, 



T NT ERCEPT &ATI.AffE ASPECT fiLEVATf OH DBPTH W C E L L  - ------ 
0.13 I 3 2 4 

61•‹-620N -H/E 15CO-2000 1.5-2 22 5 
Whitehorse feet - feet 

5.17 4 2 3 3 
6Qa- 650N SW/SE 2001-2500 1-1.5 4-7 
Dauson feet a feet 
C i t y  

7-76 3 4 6 6 
630-640N M U  over 3500 2.5 f t  2 9 
Stewart Eeet and 
C r o s s i n g  d e e p e r  

10.72 6 6 1 2 
66O-67ON W less t h a n  0.5-1 2 3 
Eagle 1500 feet 
P l a i n s  feet 

P B 
15-22 2 1 5 7 5 

6 2 O - 6 3  ON S . 3001-3500 2- 2.5 17 
Carmacks feet feet 

19.65 5 5 4 1 
65O-6h0N ME 2501-3000 0- 0-5 6 
O g i l v i e  feet feet 
R i v e r  

N=4 33, Wa=347, Nch=87.  
R*=3.712 on 1x4 v a r i a b l e  cycle, 
F2=1>,429 or. 1x4 v a r i a b l e  check s a m p l e  (20%). 

T a b l e  40  : A N  ECSY; Dempster -Klondike  Highways. 
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Sca t t e red  
I C c r t i n u o u s  

ji: 

Fig. 13 : Ice Content vs. Latitude for the Dempster-Klondike. 



2 a: 

. . 
- - - 

- - - - - - - - - - - - . ---7--- - 

With ~ b ~ i ~ i c a t i o n s  to the data  set t h e s e  same i n t e r d e p e n d e n ; i e s  -. . 
-e 

o c c u r r e d  b u t  the landscape - v a r i a b l e s  .became more i n d e p e n d e n t  of 
1 '  

I 

t h e  $ x t u r a l  grqup.  ~ h &  d s e f u l n e s s  of s u c h  i n f o r m a t i o n  lies i n  

a s s e s s i n g  t h e  v q l i d i t y  bf t h e .  r e g r e s s i o n  a s s b a p t i o n s  i n  l a ter  
, . = - 

6 .  
- - *  

-procedures  r a a e r  t b a n -  in mcde,l.ihg itself. 
. . A  ' -  - .  

T h e  regression'  of s i n g l e  . v a r i a b l e s  on ice content of 
. ,  - 

- per aaf r o e  pro w s - t s  be -leu i-it expla-ft&4e-rt--pote+iaAx i + h i f e  -- - - - 
. .  . 1 

___. 5 \ . "-.- -- - = -T -- ^ I- -. 
e x p i p a t i g n  .potent ia l  i n 3 c A r e a s e s  rith modif i c i t i o n s  i f  t h e  d a t a  

sets, i t  is srill-not . v e r y  higk, t h a t  i s  tc say not '  reaching  a 
C I  - 

. . 
- - --- ~_cefer.r~Lgo'&nt..of_ 50% e x D l a n a t ~ o n  of -+be -- v a r i a n r e ,  T h e  r ; rUnr  

. , i '  

> - -ii 7 )  ' 
is 37% for ~ D I ~ E  ( I )  a n d .  t e x t u r e  i n  t h e  mepster corridor, 
. - - 8  . 

. - 
, .  , T e x t i r e  .of t h e  s u b s t r a t e  is t h e  l e a s t  u s e f u l  model for t h e  

1. . . . 
> - 1 6 

a p r e d i c t  i o n  of.. p r m a r r o ~ t  i n  the ' t i e l d  a s  'it reluiros- qite 
6 .  * 

1 1. sp&ci,f'io an;lysis a&d/dr,  d r i i l i n j :  In the i .ack-enzie v a l l e y  da ta  
a , - - 1 - . - 
'set. t h e -  z a n h  a l t e m a . t e .  is tb veriable l a t i t u d e  but for t h i s ,  

e - 1  

>I 

7 .. . 
' , - . <  
= 

n a t r o T i Y o T y 3 X T  making i t  v i r t u a l l ' y '  
t . , 1 ' -  4 , .  . . 

a . -: . . 0 

9 
L. > ,  - . v 

A 

'* - , . -3 . 

s -" . r-p Fe ?re 5s i~ n ' 
. " f  

' I 
- 

. . I .  1 ,  ~ e x t i r e s .  ?gdin' c o ~ ~ r i s r n  t h e  primp v a r i a b l e s  in the model s .  
3 '  

' a  

7 .. -3 

I ' 
< -  I 

L a t i t u 3 e - ' i s  i k p o ~ t a n t  in t h e  ~ a c b m ~ i e ,  l a a d f o r m - g e n e s i s  i n  t h e  
a -  - * - 3 -  . a 

: . I' 

oempster C o r r i l o r  'and d e p t h  i n  t h e  ~ e a ~ s t e r - ~ l o n d i k e  tfighwar as 
2 ,  3 ' -  

* .  >. 
. . . 

seconhadr-y-iyn-ftiF@ices. E x p l a ~ a t l o n '  p o k e n t ~ a l  increases w i t h  t h i s  
7 .  - 



wi th  the i n c l u s i o n  of seccmdary var iab l e s  are small, i n d , i c a t i n g  . .  
- -- . - 

. how u n s y m p a ~ e t i c  r egres s ion  is t o  thls enr$uranmental situation. - - 
On nod i fy ing  t h e  data sets a general  model of texture and 

, d e p t h  appeared, consistent across a l l  data sets,. for the f irs t  

time. The e x p l ' a n a t i c ~  g o t e n t i a l  touched t h e  59% nark for  the , 
.- 

D e a ~ s t e r  Corrl lor .  But the c r i t i c i s a  of field a p g l i c i b i l i t y  

remains. 

- F q r  b o t h  t h e  normal. and  t h e  m o d i f x e d  a a t a  sets  t h e  saae 

variables t o  be s i g n i f i c a n t  a s  i n  the m u l t i p l e  r egres s ion  

a n a l y s i s  withouta d'ummy variab, les .  The differ.ence is i o  t h e  power 

of t h e  r?xplanation. Use of t h e  dummy var iab l e s  a f e v i a t e s ,  t o  
- 

sate e x t e n t ,  t5e ~ r c b l e s s  of assuring linear i e l a t i o n s h i p s  

b e t w e e n  the dependent a c d  i n d c F e n d e w t  v a r i a b l e s  r e s u l t i n g  i n  
\ .  

higher e x p i 3 n a  tion ~ o t e n t r a  1s. 
-- 

I 

S r i g l e  regression stitistics and c o r r e l a t i o n  c o e f f i c i e n t s  

i g d l c l t e i  t h a t  t h r  ice c o n t e n f  1 s  i n v e r s e l y  corre la t ed  w i t h  
f 

texture, -  a n d  that i c e  d r u t t u r e s  are forre3 t o v a r r l s  the surface 

rather t h a n  a t  d e p t h .  UP c r ~ t l c i s m  o f '  t h e  resu l t s  lies mainly 
,-' 

in t h e i r  i n a b i l i t y  + o  isolate t h e  secondary inf lbences ,  n u l t i p l e  

- ~ * g r = ~ n a  s t u d r e 5  &,re g l 1  w ~ c d  t h ~  rwrs i s t ea t  3 ~ - e  
*- , 

of texture a s  a ~ r . i a e  pred.rctos, It appears t h a t  d e p t h  and 
J 

l a t i t u d e  I r e  ? n c .  n e x t  most powerful pr63ic tors .  b u t  t h i s  is not 

c o n c l u s l v ~ .  The criticlss cf t h e s e  s t u d i e s  - - centre abpnt their -, 
- - - -.:- 

1 5 3  
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F 

, - -- - - --- 

-- - -- -- pp 
b 

3. . 
----- lack of t i e l$  a p p l i d i b i l i t y  and osec orientaticm: the ryresr ion  - 

m o d e l s  requlre d r i l l i n g .  Though 'the requirements fok an id,eal  

method of a n a - l g s i s  a r e  n o t  f u k f l l l e d  t h e  c o n t i n u a l  increase in 
. . 

e x p l a n a t i o c  v i t h  e a c h  s t e p  is ccmforting. - 

f ' I 

& 

I n  a s s e s s i - n g  the m o d e l s  produced b y  ANECSY, it can be  s e e n  

that t h e y  are complex a n d  d i f f i c u l t  to  suenar ize ,  however, they 
-- -- - - 

d o  p r e d i c t  the occurrence ot pernaf r o z t ,  o u t l i n e  the prlkarl 

' v a r i a b l e s  3md indicate  those cf lesser power, a l l  v i t h  a 

'respect i b l e  degree of accuracy a n d  c o n f i d e n c e .  T e x t u r e  bein$ so 

d o m i n a n t  no  re31 advances i n  s o l v i n g  t h e  economic problems of 

___I northern r m t e  a p p r a i s a l  h a v e  been made: t h e  regression model 
- 

reqttires 4rill in 7.. E u t  ANECSY a l e v i a t c s  the problem b y  ~ r o v i d i n g  
-- , . +- . . -- 

-, 4b 
' a chsirre  cf  g o d e l s  v i t h  varyxng  confidence lints a s  i n d i c a t e d  

-, . 

C y  t h e  F2 ,  4t =S kherefor~-  p s s i b l e  t a  c h w s e  a -wQci s-rritaLk 
L. 

. , to t h e  u s ~ r v s  &ata tase.  ANECSY is capable of p r o v i d i n g  
--- - -- 

in f  o r a a t i o n . ,  necessary for a l l o v i a g  re-orientat ion of t h e  
C 

p l q ~ b r u q   fro^ one of pire economics to one more 

eco logrca l ly  b a s e d .  I t  r a g  also b e  seen rhat  A B E C S T  can fit-' 

e n s r l y  i c + c  t h ?   resent framework of environmental keglisl&tion, 

m n n o t - ; 7 n l y  can A l i ~ c s n  - a i d  r n  ear ly  route  selection, f i e l d  

f e a t u r e s  ~t aay  a l s o  be used t o  advantlage in p r e d i c t i n g  t h e  
. . 



_ 1 

Y u i t i - k % r i a t e  models, and indicates t h o s e  areas vhere 

synergistic f o x e s  ray b e  a t  work, 

Prom the r f s u l t s  of D e m p s t e r - R l o n b i k e  Analys i s  t h e  
-. 

zones of each pe of ~ e r m a f r o s t  becomes er iaent '  

-- 
' t h e ~ ~  a r e a s  are c h c i c e  f o r  s y n e r g i s t i c - t y p e  pr&esses, They are 

c h a r s ~ +  er i z e d  by t h e i r  t e n u o u s  n a t u r e  and e n v i r o n ~ e n t a l  
- - - - - - - - - - - 
sensitivity. Any enforced alteration. here can h a v e  dramatic 

/ - 

consequ&nr=es, so d e v e l o ~ ~ e n t  m u s t  b e  done s l o v l p  and- v i  t h  care, 

The m o d e l s  produced  a r e  p o t e n t i a l l y  a d a p t a b l e  to'any data L"' 

bases a v a i l a b l e .  T h e y  a r e  u s e r - o r i e n t e d  for b o t h  f i e l d  work a n d  - 
engineering p l a n n i n g ,  They are a d a ~ t a b l e  to, the  various n o r t h e r n  

-- projects; pipelines, w h e t h e r  qas or oil, g o u e r - l i n e  r o u t e s ,  

r o a d s  etc., those ~ r o j e c t s  c h a r a c t e r i z e d  by their e x t e n d e d  

It 1s s u g g e s t e d  t h a t  t h e  Frogram is c o s t - e , f f i c e n t .  I t  may 

be use? ,3t 3 v a r i e t y  of  l e v e l s  of a n a l y s i s  for r e c o n n a i s s a n c e  

an:! p l a n n i n g  d ~ d  i t  may sesult  i n  less f i e l d  drilling t h a n  t h e  
- 

r e t h b d s  preseat  i y  a v a i l a b l e ,  w i t h  a 4 a p t  ion t o  a persona l 

computer t h e  program m i l l  be a robile t o e l  of a n a l f s i s  and the 

t o o l  of a n 3 1 y s k  r ith v e r y  p o s i t i v e  c o n s e q u e n c e s  for 
. -  



i D i s t u r b i n g  frozen jround can lead t o  thermpkarst, . , 

su ksidence and s l u  aping. Tbe degree of reacti,o>#a- distssbance 
% 

- 
,- _ - is relaf& the ice ot fieqerrlft-tA, pms&kki- - - - - - 

d - A- u - -  - - -- - - A - - - - - -- - - - - - - -- - - - -. - - 
.mode l  fair t h e  occurrence of permafrost and  its ice content is. 

* 
r e q u i r e d  k y  t h o s e  ievolved in t h e  dere-kopment of t h e  lorth, 

- -- i- 

- - - - - -  

C l u e s  t o  t h e  p e r a a f f ~ s t  exist 1i.1 t h e  morbhology of t h e  
- -- - -- - 

9 

l an  iscape, t h e  texture and hgdro lagy  of soils and the v e g e t a t i o n  

cover .  nost studies have c o n f i n e d  t h e i r  enquiries t o  analyzing 

. .  changes in one v a r r  tale w i t h  relation to permafrast. But, 

b e c a u s e  o f  t h e  i n  r r a t i o n  .such studies hare p r o v i d e d ,  i t  is now 
w 

u! 

p o s s i b l e  to look at a m a l e  series af uariables carprising t h e  
1 

nor-errecosyste'as, their i n t e r r e l a  t l o n s h i p s  and the ir :  combiner! 

r e l ~ t i o n s  t o  permafrost ,  This thesis is an a s s e s s m e n t  of  a ' 

A - - -  

-ue t t tod  u n i c h  a t t e m ~ t s  to d o  just that ,  The resolts of b o t h  the 

assessment a ~ d  the Frograa itself h a v e  c o n s e q u e n c e s  for rang 

a s p e c t s  of  permatbas t s t u d i c s  in N o r t h e r n  Canada, 

3 i s t z i b u t i o n  of Peeqfrost 
I- --I_-- 

-- - p- - 

I t  i a s  b e e n  s u g g e s t e d  t h a t  Brown's model o f  t h e  zones and 

c o n j r t i o n s  of ~ e r m a f r o s t  be  altered so t h a t  the' f lackenzie  De l ta  

be included i n  discontinuous ~<raafrost ( G i l l ,  1973). ?he - 

- - - - - - - - - - - - - - . 
rpst l l t s  here i r id ica te  t h a t  t h e  D e l t a  s h o u l d  be  considered a n  



Delta t h e r e  exists a belt of continuous peraafrast- T h e  area . . 
7 

b a t r e e n  Port bornan and  rormah Wells ( 6 5 0 ~ )  has t h o  h i g h e s t  ice - - 
content i'n t h e  R a c k e n z i e  V a l l e y  and  t h e n  falls off  t a  t b e  nornth 

- 
* 

* 
- 

and s o u t h .  T h e  sane or dt l e a s t  s i ~ i l a r ,  conditions e r b t  got 
- - 

- ~ - -  ---- -~ - - -  - - -  ~ - - ~  --A-p------- -- ppp - -  --"i 

the Dempster area (66O8) of the Tek.oa ( P i g .  i 3 ) ,  where t h e  . - - T -- - - I--, A ..I ^ .-la -.I.. _ " A " ~ -  _- -__  _ - A i l _  .- ll._ll - 11~ lll^__l.. . "  * ...-. - . I ...I. - -  .. 31111.---.-.------ 

n o r t h e r l y  i a t r t t t l i ~ n l  d i s p l a c e ~ e o t  might be e r p l a i n e q b y  Pa3cific 
- 

r ) c e a c ' i c f l u e n c e s ,  This indicates s u c h  permafrost c o n d i t i o n s  a r r =  

- 
-- not a local p h e n c m n o n  F n u t  ' ' th a a t  -ere IS ~ o n t r n u o u s  permafrost := A 

in 4 b e l t  t h a t  i s o l a t e s  t h e  Delta fro8 southern d i s c o a t i n o o a S  - - 
confitions. - 

7 

f h ~  r a t e s  of change i n  ice content  are  greates t  i n  ' t h e s e  

fa1  1-02 t areas .  &cause cf t h e  presence  of discor t t inuoas  

permaf ros t  ' 1-n t h e  Def t a  t h e r e  is a transition b e t w e n  

- d i s c o n t i a u a u s  d n d  cont inuous  perma 1 rost  northward a n d  aga in  t o  

di~continuous yersafrost.  l i h a t  l i g h t  t$e a n  o r d e r l ~ ~ c h a p q e  @ , 
- - -  . b- - 

- 

cons tr i c t ed  b y  the presence of t h e  D e l t a  and t h e  t r a n s i t i o n  is % 

can have  a potent i -af  f or  change grea ter  than genera2 

forced 3 n d  t h e r e b y  more r a p r d ,  C o n c t r i c t e d  - t r a n s i t i o n s  like t h i s  

e r p e c t d t i o n s ,  3ecause of t h i s  ~ o t e n t i a l  e x t r a  care must' be 
f 

sou j b t  in p l a n n i n g  and d e v e l a p w n t .  



ko s i n g l e  .ode1 t o  p r e d i c t  ice c c o t e n t ,  for the s t u d y  areas  

+ a s  a u'hole,  could b e  found i n  t h ' i s  analysis, n o r ,  it' seems, for 

t h e .  complete L e n g t h  of - a t r a n s i t ,  Therefore, a s  h a s - b e e n  

suggeste? i n . t d e  l i t e r a t u r e ,  i t  i s  here concluded t h a t  wdels  

m i g b t  Frore mst ef d-icient i s  a question ' for 

r - - - m u  ~lie 
7 .  

n o d e l s  was the textural components .  A l t b o a g h  t h e  s p e c i f i c  - 
t er tuges  a s s o c i a t e d  w i t h  h i g h  ice contents v a r y  sc.erha t = w i t h  

- 

e n v i r o n m e n t a l  c o n d i t i o n s  i t  is ,  no&theless, p l a i n l y  obvious - . 
0 u; 

that the d o m i n a n t  i n f l u e n c e  a n  the formation of i c y  p e r m a f r o s t  . -- ?__I 

t e x t u r e  is so 4orinant.  P i - r s t l y ,  i t  has  o v e r s h a d o w e d  t h e  less 
\ 

d 

p o v e r f  u i  inf l a e n c e s  of o t h e r  variables b~_4-, secondly, t e x t u r C  3 
- 

> A 

" - 
i .- -- - - -  - -  - -  A 

"5 
& - 

, irifgrraticn requires d f i l l i n g .  B u t  d r i l l i -  is t h e  lqost B , - 
$2 

e x p e n s i v e  f i e l d  surveying method ,  and f i r s t  l e v e l  p r e d i c t i o n  
.$ 8 

L u s i n g  less costl-y d a t a  would be a real a s s e t  to d e v e l o p m e n t  b p  - i; a - . *  
6 reducin-g p l a n n i n g  a n d  e x p l o r a t i o n  c o s t s  and u l t i m a t e l y ,  by 3 

lJ ,. 9 f 

a l t e r i n g  the, f ocus t o  t o  one of a rore  ecological vierpoiat i n  . 2 3 
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tura reaucing long term a a i n t a i n e n c e  costs, - -- 
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d e # e l o p e d  t h u s  it is recognised that  t b e  p r e s e n t  Wersion does 

t 

hare p r o b l e a s  and  limitations, The analysis is s e n s i t i v e  t o  t h e  - * . 
- 

d a t a  a n d  v a r i a b l e s  should be e x e r c i s e d ,  Variables should be* 

g i v e n  a g r e a t e r  number of classes. Scattergrams Goald t h e n  . 

b e  i d e a t  ~f i e d  i n  tbese p l o t s ,  a s  i l l  c r v i l  rela t i o n s h i p s .  
- 

T h e - r e s u l t s  of this style of a n a l y s i s  would b e  enhanced by an 

- i n c ~ e a s e  i n  tke nunbe'r of classes so t h a t  3 'war of ' o p t i n g - o u t t  
- 
- 

/ - 

would b e  a v a i l a b l e .  I t  is s u s ~ e c t e d  t.hat sometimes c l a s s e s  are - 

A 

- -- -. , - - -  - - 

forced i n t o  t h e i r  tat rir positi lert s i m g l y  because there is no --, 3 
. iL \ 

a l t e r n a t i v e .  lls# an o p t i o n  i n  t h e  program wbereby true 
f 

? ,' 
fre juencres  of v a r i a b l e  cases i n  r a t r i x  ce l l s  could .be o u t p u t  is + ,  

-, 
7 i 

-- - - -1 
\ 

- 2 a a v i s e d ,  a s  o p p o s e d  t o  the present system uhpte- €hey are 4 
4 . 4  c o m p u t e d  hg  hand .  l ? m p t ;  cells c o u l d  t h e n  b e  r e a d i l y  i d e n t i f i e d ,  &,a 

. . i n d a c a t i n g  i n t e r r u p t e d  t r e n d s  and weakened var iables*  
a 

- Large p o p u l a t i o n s  c o v b r i n g  l a r g e  areas and ,many d i f f e r e n t .  
- - - 

,r= 

e n v i r o n s  c r e a t ~  q u e s t i a n a b l e '  r e s u l t s  i n  tests w g n i f  icance.. , 

€6 
3 * - 
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--- - - -- - T h i s  causes probleck .  i n  e v a l u a t i n g  c o r r e l a t i o n  coef f icents, null g 
3 - .  

r e l a t i o n  i n d i c a t o r 6  and - t h e  i n d e p e n d e n c e  of t h e  var iables .  S-dae . 5 

3olution s h o u l d  b e  found ,  a s  s i r ~ l e  l i n e a r  r e g r e s s i o n  4! 4 

'% 4 
" eoef ficents p r o v i d e  t h e  first l e v e l  of i n f o r m a t i o n  a s  t o  w h i c h  t 7 

- - - 4  --- -- - i p  

- 

1 159  
- - - 

I - 

I .  

- s 



- .  
s i q n i f  icnncJ of t h e  results is g e s t i o n a b l &  confidence is tbe . ,  . 

8 
predict i v e  m o d e l  wanes, 

S c a t t e r y r h t . . ~  a n d  correlations are an i m p o r t a n t  par t  of t e \ 
\ &;dp i f  o n l y  b e c a u s e  they a i d  i n t e r p r e t a t i o n  of a more complex \ 

\ 

a n a l  p s i s .  The s t u d y  of i o u r - v a r i a b l e  ' i n t e r a c t i o n s  i s  difficult 

- - a d -  - t k e ~ +  i s+-fka~~- p s s  i;B-iZ-i-t-y--&L -8f;;-ia BR 
_J 

w - - e f -  
- -  A -a - - - . , 

I__II . - -" . --- * .  . --- - -  - - - - - ----  - 

' t h e  o u t p u t  a a t r i x .  There is t h e n ,  a' n e e d  to s t i ~ d y  tke tro-  and 
. - 

t h r e e - r n r i a b l 8  p r e d i c t o r s  so a s  t o  be able t o  Z e c i p h e r  tbe 

higher  crders of  . a n a l y s k s ,  I t  u o u M  a l - s o  beU.SPfu1 for - 
u n d e r s t a ~ d i n g  s y n e r g i s ~  i f ,  i n .  selected cases, certain var iab le s  

were 4 i s p l a c e d  i n  f a v o u r  o S  o t h e r s  r n  t h e  b i g h e r  level 

combina  t i o n s ,  
f C 

A system cf p r i o r i t y  levels f o r  v a r i a b l e s  i n  thk analysis 
2 

is r e q u i r e d  so t h a t  d i f f e r e n t  combinations of different groups 
A s gr types  o_f variables, t i e l d  o r  ofgice oriented, may be 

analyzed. w i t h  a c o m p a n i o n  r a p p i n g  package t h e " p r o g r a m  c o u l d  be  
- - - -- 

' coekiiieb urt6 a a r c r i e n t e d  r o u t e  analysis-and l a n d s c a p e  - 

sensitivity a n a l y s i s .  The *maps c o u l d  b e  adjusted t o  s u i t  a n y  , 

- variable and d a t a  block w i t h i n  reason. I 

There are o t h e r  p o s s ~ b i l i t ~ e s  for the s y n e r g i s t i c  m o d e l s  

' c h a t  a r e  worth i n v e s t i g a t i o n ;  T h e r e  i s  t h e  p o s s i b i l i t y  t h a t  t h e  
a ,  

a n a l y s i s  c o u l d  r o d e 1  frost;  h e a v e  p o t e n t i a l  since i n  l o w  ice 

c o n t e n t ,  f i n e - g r a i n e d  soils frost  s u s c e p t i b i l i t y  is probably 

r e l a t e d  to m o i s t u r e  a v a i l i b i l i t y .  
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T h e  single var iab le  and a u i t i - v a r i a t e  techniques , 
\ 

presente4,in this t h e s i s  are  i n c a p a b l e  of predicting ' t h e  
\ 

presence  of p e r m f r c s t  and its ice c o n t e n t  r i t b  as great  an 
I- 

e x p l a n a t  ion of t h e  variance as t k e  cumbina t ion  v a r i a b l e  

- - -tecksi++e kz+t psis- of ~ f + * i ; e a i - 5 p k e m a r ~ m t a b f  e-&&mnt----- --- 

A -- A - - - - - -- - - -- - LL - - - - - - - 

/ 

of t h e  RNECSY program ace  the variety of p r e d i c t i v e  w3els  

occurrances of s y n e r g i s t i c  i n t e r a c t i o n s  i n  t h e  kenviroament. The 
-D 

e n h a n c e d  s e n s i t i v i t y  t c  var ious  databases allowsP flexibility i n  

i n p u t  r e q u i r e n ~ n t s ,  t h e r e b y  reducing the need f o r  expensive and 

time c o n s u m i n g  core drilling a n d  sampl ing  i n  t h e  initial stages 

of i n q u i r  p, The ~ o d e l s  pzodtw=etd by A I W S Y ,  theref ore, b e t t e r  
- - - - - - - 

- p r o v i d e  for t h e  needs of r o u t e  s e l e c t i o n  procedures ' than t h o s e  

of con v e n t i o n a l  methods. 
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