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PREFACE 

Information on permafrost in Canada is being 
gathered continuously from a variety of sources including 
technical literature, reports from others operating in 
permafrost areas, circulation of a questionnaire to appro- 
priate groups in the North, and from direct field observa- 
tions. Accompanying the collection of permafrost information 
by these means is the continuing study of the basic factors 
affecting its distribution and continued existence in order 
to improve the ability to predict its occurrence, Such work 
involves investigations of the basic climatic and terrain 
components of the energy exchange at the earthts surface 
that affect the occurrence of permafrost, 

This report records the results of field studies 
of some of the components conducted by the author at the 
Division's Northern Research Station at Norman Wells, N.W.T. 
during the summers of 1959 and 1960. Difficulties were 
encountered in instrumentation and some of the results are 
inconclusive, Nevertheless, the Division hopes that the 
information obtained will contribute to a better under- 
standing of some aspects of the energy exchange regime ifi 
permafrost regions. 

The author is a research officer in the Northern 
Research Group of the Division of Building Research, National 
Research Council where he is doing research on the distribu- 
tion of permafrost in Canada. 

Ottawa 
December 1962 

R. P. Legget 
Director 
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GROUND SURFACE ENERGY EXCHANGE STUDIES 

AT NORMAN WELLS, N.W.T. 

R. J. E. Brown 

For the  pas t  few years ,  i nves t i ga t i ons  have been 
conducted by the  DBR Northern Research Group (formerly t h e  - 
Northern ~ u i l d i n ~  Sect ion)  on the  occurrence and d i s t r i b u -  
t i o n  of permafrost i n  Canada. Information has been gathered 
from a v a r i e t y  of sources inc luding t e chn i ca l  l i t e r a t u r e ,  
r epo r t s  from o the r s  opera t ing  i n  permafrost a r e a s ,  and from 
d i r e c t  f i e l d  observations.  Emphasis has been placed on t he  
determination of the  southern l i m i t  of permafrost but  observa- 
t i o n s  from the  e n t i r e  permafrost region a r e  being recorded 
a l so .  This c o l l e c t i o n  of information is  continuing,  f a c i l i t a t e d  
by a  permafrost ques t ionnai re ,  which was prepared by t he  Division 
of Building Research and c i r c u l a t e d  t o  appropr ia te  groups 
throughout northern Canada. 

Obtaining a  p ic tu re  of permafrost d i s t r i b u t i o n  
s o l e l y  by such means i s  i n ev i t ab ly  a  long-term p ro j ec t  bu t  
the  need was recognized f o r  s tudying the  bas ic  f a c t o r s  
a f f e c t i n g  i t s  d i s t r i b u t i o n  and continued exis tence  t o  
improve the  a b i l i t y  t o  p r ed i c t  i t s  occurrence. I n  t h e  f a l l  
of 1958, t he  Division i n i t i a t e d  s t u d i e s  of t he  bas ic  c l ima t i c  
and t e r r a i n  components of t he  energy exchange a t  t h e  e a r t h ' s  
surface a f f e c t i n g  the  occurrence of permafrost. During t he  
summers of 1959 and 1960, f i e l d  observat ions were c a r r i e d  
out a t  t he  Divis ion ' s  Northern Research S t a t i on  a t  Norman 
Wells, N.W.T. Norman Wells i s  loca ted  on the  r i g h t  bank of 
t h e  Mackenzie River,  90 miles south of the  Arc t i c  C i rc le  'and 
about 300 miles nor th  of the  southern l i m i t  of permafrost 
(Figure 1). The depth t o  permafrost a t  Norman Wells v a r i e s  
from a few inches t o  severa l  f e e t  depending on t he  su r face  
cover and dis turbance by cons t ruc t ion .  Permafrost occurs 
everywhere under the  ground surface and i s  about 200 f t  th ick .  

The ob jec t ives  of t he  f i e l d  s t u d i e s  a t  Norman Wells 
were twofold: t o  develop instrumentat ion techniques and t o  
obta in  quan t i t a t i ve  values of some of t h e  energy components 
a t  the  ground surface .  Po t en t i a l  evapotranspi ra t ion ,  l a t e n t  
evaporat ion,  and n e t  r a d i a t i o n  of var ious  types  of vegeta t ive  
cover and incoming short-wave r a d i a t i o n  were measured. Ground 
temperatures were measured i n  both t h e  seasonal ly  thawed and 
pe renn ia l ly  f rozen ground under these  vegeta t ive  types.  The 
loca t ions  of the  s i t e s  i n  the  Norman \Veils area  a t  which these  
observat ions were made a r e  shown i n  Pigure 1. 

The ob jec t  of t h i s  r e p o r t  is  t o  descr ibe  the  
instrumentat ion techniques used i n  the  1959 and 1960 summer 



f i e l d  s t u d i e s  and t o  present  t h e  r e s u l t s  of these  s t u d i e s .  

APPARIITUS AND OBSERVATION METHODS 

1, P o t e n t i a l  Evapotranspirat ion and Evaporation 

The t r a n s f e r  of water ,  i n  t h e  form of vapour, from 
t h e  s o i l  t o  the  a i r  by evaporat ion,  and from vegeta t ion  t o  
the  a i r  by t r a n s p i r a t i o n ,  i s  a  s i g n i f i c a n t  process i n  t h e  
energy exchange regime opera t ing  a t  t h e  ground su r face .  For 
every cubic cent imetre  of l i q u i d  water  i n  t h e  ground t h a t  i s  
t r a n s f e r r e d  t o  the  atmosphere, 540 c a l  of h e a t  a r e  consumed 
t o  change t h i s  l i q u i d  t o  vapour, This r e p r e s e n t s  a s i g n i f i c a n t  
proport ion of t h e  t o t a l  h e a t  budget and a f f e c t s  the  thermal 
l e v e l  of the  ground i n  which t h e  pe renn ia l ly  f rozen  cond i t ion  
e x i s t s ,  It  i s  suspected t h a t  considerable  h e a t  t r a n s f e r  may 
be involved a l s o  i n  t h e  condensation of water  vapour a s  
evidenced by t h e  presence of a  supersa tura ted  l a y e r  a t  the  
bottom of l i c h e n  even when i t s  surface  i s  completely des icca ted  ( 3 ) .  

The ob jec t ives  of the  Norman Wells p o t e n t i a l  evapo- 
t r a n s p i r a t i o n  and evaporat ion s t u d i e s  were t h r e e f o l d  (l), The 
f i r s t  one was t o  continue observat ions of p o t e n t i a l  evapotrans- 
p i r a t i o n  a t  t h e  cl ipped g rass  (Kentucky b luegrass )  p l o t  
i n s t a l l e d  by t h e  Ontario Research Foundation i n  1949 ( 9 ) .  
The o r i g i n a l  purpose of t h i s  i n s t a l l a t i o n  was t o  t e s t  t h e  
v a l i d i t y  of t h e  Thornthwaite world c l i m a t i c  c l a s s i f i c a t i o n  
system, which i s  based on p o t e n t i a l  evapo t ransp i ra t ion ,  f o r  
nor thern  a r e a s  t h a t  have long days during t h e  vegeta t ive  
growing season, Accompanying t h i s  was t h e  at tempt  t o  determine 
q u a n t i t a t i v e  d i f f e r e n c e s  i n  p o t e n t i a l  evapo t ransp i ra t ion  from 
d i f f e r e n t  vegeta t ion  types  ( i . e .  sedge, moss, l i c h e n )  beneath 
which permafrost e x i s t s ,  and t o  compare these  with measure- 
ments obtained from t h e  Thornthwaite s i t e .  The second 
objec t ive  was t o  measure the  l a t e n t  e v a p o r a b i l i t y  of the  a i r .  
The t h i r d  one was t o  measure evaporat ion from an  open v ~ a t e r  
sur face .  The l a s t  t w o  measurements have been compared wi th  
the  p o t e n t i a l  evapot ranspi ra t ion ,  

( a )  P o t e n t i a l  evapot ranspi ra t ion  a t  Thornthwaite s i t e  

I n  1949, a  Thornthwaite type evapotranspirometer 
( 5 - f t  s q  pans) f o r  measuring p o t e n t i a l  evapo t ransp i ra t ion  
was i n s t a l l e d  by t h e  Ontario Research Foundation beside the  
a i r s t r i p ,  1 1/2 miles  e a s t  of Norman Wells ( 9 ) .  Daily 
measurements were taken each surnmer u n t i l  1953 when t h e  
i n s t a l l a t i o n  was moved t o  an exposed s i t e  i n  the  town a t  the  
t o p  of t h e  bank of the  EIackenzie River,  about 250 yd west of 
the  Northern Hesearch S t a t i o n  (Figures  2 ,  3 ) .  Personnel of 
DB~?/NXC took d a i l y  potenti .al  evapo t ransp i ra t ion  measurements 
f o r  the  Ontario Research Poundation cach summer from 1355 t o  
1360 inc lus ive .  



During t h e  summers of 1359 and 1960, Pan "Au was 
r ep l en i shed  by a c o n s t a n t  wate r  supply  system. Pan "B" was 
supp l i ed  d a i l y  w i th  water .  Af t e r  t h e  overflow had been 
recorded ,  a  measured q u a n t i t y  of wa te r  i n  exces s  of t h e  
a n t i c i p a t e d  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  was s p r i n k l e d  
uniformly over  t h e  s u r f a c e .  The g r a s s  was c u t  weekly and 
f e r t i l i z e r  s p r i n k l e d  on t h e  g r a s s  s e v e r a l  t imes  du r ing  t h e  
summer, A i r  temperature  and r a i n f a l l  were measured d a i l y .  
Dew p o i n t  and wind speeds were ob ta ined  from t h e  D,O,T. 
Meteoro log ica l  S t a t i o n  a t  Norman Wells.  

( b )  l a t  o t h e r  v e g e t a t i o n  s i t e s  

During t h e  summers of 1359 and 1960,  d a i l y  po ten t i a l -  
e v a p o t r a n s p i r a t i o n  measurements were extended t o  sedge,  moss 
and l i c h e n ,  which a r e  n a t i v e  t o  t h e  permafrost  r eg ions ,u s ing  
va r ious  s i z e s  of evapot ransp i rometers  ( 5 , 6 ) .  Seve ra l  were 
i n s t a l l e d  a t  t h e  Thornthwaite s i t e  t o  compare p o t e n t i a l  
e v a p o t r a n s p i r a t i o n  r a t e s  w i t h  those  ob ta ined  from t h e  l a r g e  
pans. Other  s i m i l a r  dev ices  were i n s t a l l e d  i n  sedge,  moss 
and l i c h e n  a r e a s  t o  compare p o t e n t i a l  e v a p o t r a n s p i r a t i o n  
r a t e s  through t h e s e  v e g e t a t i o n  cover  t ypes .  

The l a r g e s t  evapot ransp i rometers  c o n s i s t e d  of h a l f  
a  45-gal  o i l  drum about  56 cm i n  d iameter ,  On t h e  bottom of 
each drum was welded a  th readed  o u t l e t  from which a  pipe  l e d  
t o  a n  overflow c o n t a i n e r  about  3 f t  away (F igu re  4 ) .  The 
s m a l l e s t  evapot ransp i rometers  c o n s i s t e d  of f r u i t  j u i ce  cans  
of 15 and 10  cm i n  d iameter  r e s p e c t i v e l y ,  Overflow was h e l d  
i n  t h e  bottom of t h e s e  c o n t a i n e r s  u n t i l  r e l e a s e d  f o r  measure- 
ment by removing a  s toppe r ,  

Evapotranspirometers  were i n s t a l - l ed  a t  f i v e  l o c a t i o n s  
(des igna t ed  a s  S i t e s  One t o  Five r e s p e c t i v e l y  (F igu re  5 ) ) .  
S i t e  One was t h e  Thornthwaite s i t e  where one o i l  drum, t h r e e  
l a r g e  and t h r e e  smal l  f r u i t  j u i ce  cans  were i n s t a l l e d  i n  1959, 
I n  1960,  no r ead ings  were t aken  on two of t h e  l a r g e  and two 
of t h e  smal l  cans ,  b u t  r ead ings  were t aken  throughout  t h e  
summer on t h e  o t h e r s  i n s t a l l e d  i n  1959 (F igu re  2 ) .  

S i t e  Two was a t r e e l e s s  a r e a  w i t h  no moss o r  l i c h e n ,  
where sedge grew t o  a  h e i g h t  of abou t  1 f t  wi th  s c a t t e r e d .  
dwarf wil low and ground b i r c h  (F igu re  6 ) .  One o i l  drum, 
t h r e e  l a r g e  and t h r e e  smal l  f r u i t  ju ice  can evapotranspirorneters  
were i n s t a l l e d  h e r e  i n  1959. I n  1960, t h e s e  were r ep l aced  by 
t h r e e  o i l  drums, 

S i t e  Three was a moss-covered a r e a  w i t h  s c a t t e r e d  
spruce and tamarack up t o  6 f t  h igh ,  dwarf wil low and b i r c h  
2 f t  h igh  wi th  a  ground cove r  of Labrador t e a  and moss. One 
o i l  drum, t h r e e  l a r g e  and t h r e e  sma l l  f r u i t  j u i ce  can  evapo- 
t ransp i rorne te rs  were i n s t a l l e d .  here  i n  1959. Th i s  s i t e  was 
r ep l aced  i n  1960 by a sphagnum moss-covered a r e a  1 / 4  mile  



west of D.O.T.  Lake, about 4 miles  e a s t  of Norman Wells 
where t h r e e  o i l  drums were i n s t a l l e d .  

S i t e  Four was a  densely fo res ted  moss-covered a rea  
with spruce and tamarack up t o  20 f t  high,  willow and a l d e r  
undergrowth up t o  4 f t  high and ground cover of Labrador t e a  
and moss (Figures  4 ,  7 ) .  I n  1959, s i x  l a r g e  and s i x  small  
f r u i t  juice cans were i n s t a l l e d .  From a  c lose  examination 
of the  ground, it appeared t h a t  th ree  d i s t i n c t  spec ies  of 
moss covered the  a rea  i n  a  mosaic. (Samples of t h e  t h r e e  
types  were brought t o  Ottawa f o r  examination a t  t h e  Nat ional  
Herbarium and were i d e n t i f i e d  a s  Thuidium abietinum, Thuidium 
abietinum and Fleuroziurn sp. i n  a s s o c i a t i o n ,  and Sphagnum s p . )  
I n  an at tempt  t o  d e t e c t  poss ib le  d i f f e r e n c e s  of p o t e n t i a l  
evapot ranspi ra t ion  through these  d i f f e r e n t  moss s p e c i e s ,  two 
l a r g e  and two small  f r u i t  juice cans were ins ta l l ed .  i n  each 
of t h e  t h r e e  types of moss. Three o i l  drums were added i n  
1960. 

S i t e  Five was covered with l i c h e n  (Cladonia a l p e s t r i s ,  
Ce t ra r i a  n i v a l i s  and Ce t ra r i a  cucu l l a t a  i n  c lose  a s s o c i a t i o n )  
toge the r  with s c a t t e r e d  spruce,  tamarack and b i r c h  up t o  10  f t  
high and Labrador t e a .  This s i t e  i s  1 / 4  mile west of D.O.T. 
Lake and about 4 miles e a s t  of Norman Wells (Figure 8 ) .  Three 
l a r g e  and t h r e e  small  f r u i t  juice cans were i n s t a l l e d  a t  t h i s  
s i t e  i n  1359. These were replaced by t h r e e  o i l  drums i n  1960. 

Measurements were taken every morning on each evapo- 
t ranspi rometer  from the  da te  of i n s t a l l a t i o n  u n t i l  t h e  f i r s t  
autumn f r o s t .  A f t e r  the  overflow had been recorded,  a  measured 
quan t i ty  of water  i n  excess of t h e  a n t i c i p a t e d  p o t e n t i a l  
evapot ranspi ra t ion  was spr inkled  uniformly over the  sur face .  

I n  1959, the  period of observat ion was very shor t .  
The drum and cans a t  the  Thornthwaite s i t e  were i n s t a l l e d  
between 5 and 10  August and readings were completed about  
10 September. The remaining evapotranspirometers were no t  
i n s t a l l e d  u n t i l  t h e  l a s t  week i n  August and readings on these  
were a l s o  completed about 10  September. 

I n  1960, readings began i n  June and were completed 
on 17 September. A i r  temperatures an.d r a i n f a l l  were measured 
d a i l y  a t  each s i t e .  A t  S i t e s  Two t o  Five ,  some pe renn ia l ly  
f rozen  s o i l  had t o  be excavated t o  accommodate t h e  o i l  drums 
and overflow apparatus  but  the  low s o i l  temperatures d id  n o t  
appear t o  i n t e r f e r e  with t h e  evapot ranspi ra t ion  o r  overflow. 

( c )  Latent  evaporab i l i ty  of t h e  a i r  

An Alumdum d i s c  atmometer was borrowed from the 
Federal  Department of Agr icul ture  t o  measure t h e  l a t e n t  
evaporab i l i ty  of the  a i r  a t  Norman ' ;Jells ,  a s  p a r t  of a  country- 
wide program of evaporat ion measurements being conducted by 



t h e  Meteoro log ica l  Branch, Depar.trnent of Transpor t  (F igure  9  ( 8 ) ) .  
Thi s  atmometer was i n s t a l l e d  i n  t h e  southwest  c o m e r  of t h e  
Thornthwaite p o t e n t i a l  e v a p o t r a n s p i r a t i o n  s i t e .  I n  1953, 
d a i l y  r ead ings  were t a k e n  from t h e  beginning of A u g u s t - u n t i l  
e a r l y  September. I n  1960, d a i l y  r ead ings  were t aken  from 
11 June u n t i l  17 September. The r e s u l t s  of bo th  summers 
were compared w i t h  obse rva t ions  from t h e  Thornthwaite s i t e .  

( d )  E v a ~ o r a t i o n  from oDen wa te r  su r f ace  

I n  1360, a Class "A" Evaporat ion Pan was s u p p l i e d  
by t h e  Meteoro log ica l  Branch, Department of Transpor t  t o  
measure t h e  evapora t ion  from t h e  s u r f a c e  of wa te r  i n  a n  open 
pan, as p a r t  of a country-wide program of evapora t ion  measure- 
ments (F igure  1 0 ) .  This  i n s t a l l a t i o n  was l o c a t e d  15  f t  west 
of t h e  Thornthwaite s i t e .  Da i ly  r ead ings  were t aken  from 
11 June t o  17 September and t h e  r e s u l t s  compared w i t h  t h e  
obse rva t ions  from t h e  Thornthwaite s i t e .  

2. Radia t ion  

The main source  of energy c o n t r i b u t i n g  t o  t h e  energy 
exchange a t  t h e  ground sur face  and t o  t h e  ground thermal  regime 
i s  t h e  sun. Some of t h e  incoming r a d i a t i o n  i s  absorbed i n  t h e  
atmosphere, some i s  r e f l e c t e d  a t  t h e  ground s u r f a c e  back i n t o  
t h e  atmosphere,  and t h e  remainder e n t e r s  t h e  ground. Two 
in s t rumen t s  were used t o  measure t h e  r a d i a t i o n  component of 
t h e  energy exchange a t  Norman Wells:  a  Gunn-Bellani r a d i a t i o n  
i n t e g r a t o r  and a n  economic n e t  rad iometer .  

( a )  Incoming short-wave r a d i a t i o n  

The Gunn-Bellani r a d i a t i o n  i n t e g r a t o r  ( 2 )  g i v e s  a  
measure of t h e  t o t a l  incoming short-wave s o l a r  and sky  
r a d i a t i o n  r each ing  a  blackened copper  sphere  c o n t a i n i n g  
a l c o h o l  (F igure  11). The i n t e g r a t e d  r a d i a t i o n  r e c e i v e d  by 
t h e  copper sphere  vapour izes  t h e  a l c o h o l  w i t h i n  it which 
condenses i n  t h e  graduated g l a s s  r e c e i v e r .  

Three of t h e s e  ins t ruments  were ob ta ined  f o r  use 
a t  Norman Wells.  P r i o r  t o  t h i s ,  t h e y  had been i n s t a l l e d  i n  
t h e  DBR T e s t  Area i n  Ottawa and r ead ings  compared w i t h  the  
Eppley pyrhe l iometer  t h e r e  t o  o b t a i n  c a l i b r a t i o n  c o n s t a n t s .  
I n  1959, two of t h e s e  ins t ruments  were i n s t a l l e d  about  4 f t  
a p a r t  i n  t h e  nor thwest  c o m e r  of t h e  Thornthwaite s i t e  and 
d a i l y  r ead ings  were t aken  from 8 August t o  12 September 
(F igure  1 2 ) .  I n  1960, two of t h e s e  i n s t rumen t s  were i n s t a l l e d  
a g a i n  i n  t h e  nor thwes t  c o m e r  of t h e  Thornthwaite s i t e .  On 
23 June,  t h e  t h i r d  ins t rument  was i n s t a l l e d  a t  S i t e  Five 
( l i c h e n  a r e a )  a t  D.O.T. Lake. Da i ly  r ead ings  were t a k e n  on 
t h e  t h r e e  i n s t rumen t s  u n t i l  17  September. 



( b )  Net r a d i a t i o n  

The n e t  r a d i a t i o n  normal t o  t h e  e a r t h ' s  s u r f a c e  i s  
t h e  d i f f e r e n c e  between t h e  t o t a l  upward r a d i a t i o n  f l u x  and 
t h e  t o t a l  downward r a d i a t i o n  f l u x .  Net r a d i a t i o n  i s  impor tan t  
t o  many meteoro log ica l  problems because it i s  a measure of 
t h e  energy a v a i l a b l e  a t  t h e  earth-atmosphere i n t e r f a c e ;  it i s  
s i g n i f i c a n t  i n  permafrost  a r e a s  a s  it i n d i c a t e s  t h e  amount of  
energy pu t  i n t o  t h e  ground i n  which permafros t  e x i s t s .  

An economic n e t  r ad iome te r  ( 1 0 )  was used a t  Norman 
Wells  i n  1959 t o  measure t h e  n e t  r a d i a t i o n  of t h e  v a r i o u s  
v e g e t a t i v e  s u r f a c e s  a t  which p o t e n t i a l  e v a p o t r a n s p i r a t i o n  
measurements were be ing  made (F igu res  1 3 ,  1 4 ) .  Weekly 
r ead ings  were t aken  a t  each of t h e s e  s i t e s  when t h e  dep th  of  
thaw and ground temperature  measurements were taken.  

A r eco rd  of t h e  sunshine d u r a t i o n  f o r  each hour  
was ob ta ined  from t h e  meteoro log ica l  s t a t i o n  a t  Norman Wells.  
Unfo r tuna t e ly ,  no r a d i a t i o n  measurements were t aken  a t  Norman 
Wells by t h e  Department of T ranspor t  s o  tha t  t h e r e  were no 
obse rva t ions  w i t h  which t h e  r e s u l t s  of t h e  economic n e t  
rad iometer  could be compared. This  ins t rument  was n o t  used 
i n  1960. 

Ground Thermal Regime 

Observat ions  were made a t  t h e  p o t e n t i a l  evapot rans-  
p i r a t i o n  s i t e s  t o  compare t h e  ground thermal  regime under  
d i f f e r e n t  t y p e s  of v e g e t a t i v e  cover .  These c o n s i s t e d  of 
dep th  of thaw measurements and ground temperature  obse rva t ions  
on thermocouples i n  t h e  s e a s o n a l l y  thawed and p e r e r n i a l l y  
f r o z e n  ground. 

( a )  Depth of thaw 

I n  1957 and 1958,  dep th  of thaw measurements were 
t aken  a t  f i v e  s i t e s  of which some were used a s  p o t e n t i a l  
e v a p o t r a n s p i r a t i o n  s i t e s  i n  1959 and 1960. I n  1359 on ly  
f o u r  of t h e s e  s i t e s  were kep t  under  observa t ion .  The purpose 
of t h e s e  measurements was t o  determine q u a n t i t a t i v e  v a r i a t i o n s  
i n  t h e  dep th  of thaw under d i f f e r e n t  t y p e s  of v e g e t a t i v e  
cover  and t o  a s s e s s  t h e  r e l a t i v e  importance of t h e  i n d i v i d u a l  
components compris ing t h e  v e g e t a t i v e  cover ,  i . e .  t r e e s ,  
undergrowth, sedge ,  moss, and l i c h e n .  

Weekly obse rva t ions  were made w i t h  a Hof fe r  probe 
when t h e  dep th  of thaw was l e s s  t h a n  3 f t ,  and w i t h  a 1 1/2- 
i n .  d iameter  s o i l  a u g e r  when t h e  d e p t h  of thaw exceeded 3 f t .  
Three o r  f o u r  measurements were made weekly a t  each  s i t e  and 
an  average va lue  was taken .  These obse rva t ions  were n o t  
c a r r i e d  ou t  i n  1960 because it was thought  t h a t  3 y e a r s  of  
obse rva t ions  was s u f f i c i e n t  t o  i n d i c a t e  s i g n i f i c a n t  dep th  of 
thaw v a r i a t i o n s .  



( b )  Ground tempera tures  i n  thawed l a y e r  

I n  1959, 20-gauge copper-constantan thermocouples 
were i n s t a l l e d  a t  t h e  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  s i t e s  a t  
t h e  fo l lowing  depths:  

Thornthwaite s i t e  on 11 August a t  dep ths  of 0 ,  3,  
6 ,  9 ,  1 2 ,  36 and 60 i n .  On 9 September, a  thermocouple was 
i n s t a l l e d  a t  t h e  70-in.  depth .  

Sedge a r e a  ( S i t e  Two) on 1 3  August a t  dep ths  of 0 ,  
3 ,  6 ,  9 ,  1 2 ,  18, 24, 30, 36 and 60 i n .  

Spa r se ly  t r e e d  moss a r e a  ( S i t e  Three)  on 1 3  August,  
a t  dep ths  of 0,  3 ,  6 ,  9 ,  1 2  and 18 i n .  On 25 September, a  
thermocouple was i n s t a l l e d  a t  t h e  22-in. depth .  

Wooded a r e a  ( S i t e  Four)  on 1 3  August,  a t  dep ths  of 
0 ,  3 ,  6 ,  9 and 12  i n .  On 22 September, a  thermocouple was 
i n s t a l l e d  a t  t h e  14 - in .  depth .  

Bes ides  t h e  above i n s t a l l a t i o n s ,  thermocouples were 
i n s t a l l e d  a t  dep ths  of 0,  3 ,  6 ,  9 ,  1 2 ,  18 and 24 i n .  on 
1 3  August i n  a moss-covered sedge a r e a  i n  which dep th  of thaw 
measurements were taken .  It  had been in tended  t o  i n s t a l l  
evapot ransp i rometers  h e r e ,  b u t  waterlogged c o n d i t i o n s  
prevented th i s .  

Two s p e c i a l  s e t s  of thermocouple s t r i n g s  were 
f a b r i c a t e d  t o  o b t a i n  a d e t a i l e d  temperature  g r a d i e n t  through 
moss and l i c h e n .  I n  each c a s e ,  1 3  thermocouples were spaced 
a t  1 - i n .  i n t e r v a l s  from t h e  ground s u r f a c e  t o  t h e  1-ft  dep th  
and read w i t h  a 20-point  s e l e c t o r  swi tch .  These were i n s t a l l e d  
on 24 August 1959,  one i n  t h e  wooded a r e a  ( S i t e  Four)  where 
t h e  sphagnum moss exceeds 12  i n .  i n  t h i c k n e s s ,  and t h e  o t h e r  
i n  t h e  l i c h e n  ( S i t e  F i v e )  which i s  about  2 i n .  t h i c k  a t  D.O.T. 
Lake . 

The seven s e t s  of  thermocouples were r ead  weekly 
when t h e  dep th  of thaw observatj-ons were taken .  I n  a d d i t i o n ,  
27 consecut ive  h o u r l y  r ead ings  from 9.00 a.m. 1 4  August t o  
11.00 a.m. 1 5  August were t aken  a t  t h e  Thornthwaite s i t e .  

The obse rva t ion  program of ground temperature  
r ead ings  was cont inued i n  1960 w i t h  a few changes. Weekly 
r ead ings  were taken  beginning on 9 June and ending on 
23 September. A t  t h e  Thomthwai te  s i t e ,  r ead ings  were t aken  
on t h e  thermocouples i n s t a l l e d  i n  1959. I n  a d d i t i o n ,  thermo- 
couples  were i n s t a l l e d  a t  dep ths  of 24 and 48 i n .  on 5 J u l y .  
Thermocouples were a l s o  i n s t a l l e d  i n  Pan B a t  dep ths  of 6 ,  
12  and 26 i n .  on 11 June t o  compare ground tempera tures  i n s i d e  
t h e  pans w i t h  t hose  ou t s ide .  



I n  the  sedge area  ( S i t e  Two), readings on the  
thermocouples i n s t a l l e d  i n  1959 were not  taken i n  1960. New 
thermocouples were i n s t a l l e d  a t  depths of 6 ,  12 and 18 in .  on 
15 June, a t  a  depth of 4 8  in .  on 12 Ju l y  and a t  60 i n .  on 
10  August. The l a s t  two thermocouples were i n s t a l l e d  s h o r t l y  
a f t e r  the  s o i l  had thawed t o  the  depths indica ted .  

I n  the  wooded area  ( S i t e  Four) ,  readings were taken 
on the  thermocouples i n s t a l l e d  i n  1959. I n  a dd i t i on ,  thermo- 
couples were i n s t a l l e d  beside t he  o i l  drums a t  depths of 6  
and 12 i n .  on 5 July .  

Readings were no t  taken i n  1960 on the  thermocouples 
i n s t a l l e d  i n  1959 i n  the  moss-covered sedge a r e a ,  which was 
too  wet f o r  the  i n s t a l l a t i o n  of evapotranspirometers.  

The two spe c i a l  thermocouple s t r i n g s  with s e l e c t o r  
switches were i n s t a l l e d  i n  t h i c k  moss and l i c he n  r e spe c t i ve ly  
a t  t he  po t en t i a l  evapotranspi ra t ion  s i t e s  a t  D.O.T. Lake. 

Ground temperatures i n  permafrost 

Variat ions i n  mean annual ground temperatures i n  
permafrost a r e  of p a r t i c u l a r  i n t e r e s t  i n  energy exchange 
s tud ies .  The temperature of the  permafrost marks the  thermal 
l e v e l  of the  ground and i s  the sum t o t a l  of t h e  hea t  ga ins  
and hea t  l o s s e s  cont r ibuted  by t h e  various f a c t o r s  comprising 
the  environment i n  which permafrost e x i s t s .  Vegetation i s  
one of these f a c t o r s ,  and i n  1960, a device was developed 
and i n s t a l l e d  t o  measure va r i a t i ons  i n  mean ground temperatures 
i n  permafrost caused by d i f f e r e n t  types  of cover. The device 
cons is ted  of a  maximum-minimum recording d i a l  thermometer 3 in .  
i n  diameter with a 2 1/2-in.  stem. This was housed i n  a  
1 0 - f t  p l a s t i c  pipe i n  a d r i l l  hole  i n  t he  ground (Figure 5 ) .  

Ten d i a l  thermometers were i n s t a l l e d  a t  Norman Vlells 
i n  1960. The p l a s t i c  pipes were i n s t a l l e d  i n  August t o  allow 
them t o  f reeze  s o l i d l y  i n  the  d r i l l  holes  i n  t he  permafrost 
by September. Three were loca ted  i n  the  sedge area  ( S i t e  Two). 
Three were loca ted  i n  a  moss-covered area  ( s i m i l a r  t o  S i t e  
Four) beside the  road t o  the  a i r p o r t ,  and f o u r  were loca ted  
i n  the  l i chen  area  ( S i t e  F i ve ) .  A t  t h e  end of September the 
thermometers were placed i n  the  pipes.  The in ten t ion  was t o  
r e t r i e v e  them a  year  l a t e r ,  i n  September 1961, and record the  
maxirnurn and minimum temperatures. It was assumed t h a t  t he  
average of t he  maximum and minimum temperatures would be a  
c lose  approximation of t he  mean ground temperature. The 
thermoneters were read i n  Nay and Septernber 1961. 

To check on t he  temperatures recorded on t he  d i a l  
thermometers, thermocouple cables  were i n s t a l l e d  a t  the  s i t e s  
viith thermocouples a t  the  fo l l on i ng  depths: 



Sedge a r e a  - 1/2,  1 1/2,  2  1/2 ,  3 1/2,  4 1/2,  
9  1/2 ,  1 4  1/2 and 19  1/2 f t .  

Moss a r e a  - 1/2,  1 1/2,  2  1/2,  3 1/2,  8 1/2, 
1 3  1/2 and 18 1/2 f t .  

Lichen a r e a  - 1, 2,  3,  4 ,  5 ,  10 and 11 1/2 f t  
(F igure  8 ) .  

Weekly readings  were taken on these  u n t i l  l a t e  September. 
Arrangements were made t o  have monthly readings  taken  on 
t h e s e  c a b l e s  throughout t h e  win te r  by  l o c a l  personnel ,  bu t  
unforeseen circumstances prevented t h i s .  

( d )  S o i l  moisture conten t  

I n  1959, moisture con ten t  samples were taken i n  l a t e  
August and l a t e  September a t  t h e  s i t e s ,  a t  t h e  depths  where 
thermocouples were l o c a t e d  i n  t h e  t h a l ~ e d  l a y e r .  These samples 
were taken  immediately a f t e r  measuring t h e  ground temperatures  
t o  d i scove r  what e f f e c t s  t h e  d i f f e r e n c e s  i n  moisture  con ten t  
m i g h t  have on ground temperatures .  

IiESULTS OF OBSERVATIONS 

1. P o t e n t i a l  Evapot ranspi ra t ion  and Evaporation 

( a )  P o t e n t i a l  evapo t ransp i r a t ion  a t  Thornthwaite s i t e  

I n  1959, t h e  p o t e n t i a l  evapo t ransp i r a t ion  ( P.E. ) 
of t h e  l a r g e  grass-covered pans a t  t h e  Thornthcvaite s i t e  was 
measured d a i l y  from 1 A u s s t  t o  7 September i n c l u s i v e .  The 
P.E. f o r  Pan "B" f o r  August was 5.44 cm. The P.E. f o r  Pan A 
from 15-31 August was 3.13 cm and 3.28 cm f o r  Pan B (Table I ) .  
It appears  t h a t  t h e  two pans had s i m i l a r  P.E. r a t e s  du r ing  t h e  
1959 ope ra t ing  season. 

I n  1960, c a l c u l a t i o n s  of P.E. f o r  t h e  Thornthwaite 
s i t e  were made f o r  t h e  80-day per iod  of 30 June t o  17 September 
i n c l u s i v e  (Table I ) .  During t h i s  per iod ,  T)an A ,  equipped wi th  
t h e  cons tan t  wa te r  supply system, gave a  lower P.E. (16.73 cm) 
than  Pan B (19.41 cm) because of occas iona l  s t i c k i n g  of t h e  
f l o a t  pan valve which reduced t h e  supply of water  from t h e  
r e s e r v o i r  tank.  It i s  suggested t h a t  Pan B gave a  more 
r e a l i s t i c  measure of t h e  P.E. t han  Pan A .  

These observed P.E. r a t e s  were compared w i t h  f o u r  
t h e o r e t i c a l  formulae used t o  compute P.E., and wi th  t h e  
evaporat ion of water  from t h e  Class  A Fan. 



The f i r s t  f orrnula s u g ~ e s t e d  by t h e  Experimental  
Farm, Canada Department of A g r i c u l t u r e ,  d e r i v e s  P.E. from 
l a t e n t  evapora t ion  measurements ob ta ined  from t h e  Alumdum 
d i s c  atmometer ( 8 ) .  From 5  t o  11. August 1359,  t h i s  a p p a r a t u s  
was n o t  f u n c t i o n i n g  because the  porous p l a t e  was broken and 
a  new one had t o  be ordered from Ottawa. Near f r e e z i n g  
tempera-tures and snow i n  e a r l y  September made t h e  v a l i d i t y  
of t h e  September obse rva t ions  ques t ionab le .  Comparison was 
made, t h e r e f o r e ,  w i th  t h e  evapora t ion  t o t a l  of 15  t o  31 
August, The formula is:  

E.E. x 0.0034 x  2.54 = P.E. (cm) (Ref.  6 )  . . . . . . (1) 
where 

L.E. i s  l a t e n t  evapora t ion .  

Applying t h i s  formula g ives  a P.F. of 4.19 crn compared w i t h  
3.19 and 3.28 c m  measured i n  t h e  Thornthwaite pans (Table  I ) .  
I n  1960, a  good c o r r e l a t i o n  was obta ined between t h e  P.E. 
measured from Pan R and t h e  l a t e n t  evapora t ion  measured on 
t h e  Alurndum d i s c  atmorneter f o r  t h e  per iod  of 30 June t o  17  
September, The t o t a l  P.E. f o r  Pan B was 19.41 cm compared t o  
19.47 cm f o r  t h e  atrnometer (Table  I ) .  

The second formula i s  Thorn-thwaite 's  (11) i n  which 
he de r ived  P.E. by cons ide r ing  t h e  l e n ~ t h  of day and a  h e a t  
index r e l a t e d  t o  t h e  number of degrees  t h a t  t h e  mean d a i l y  
temperature  i s  above 32OF. The amount of p r e c i p i t a t i o n  i s  
n o t  cons idered  because it i s  assumed t h a t  t h e  amount of wa te r  
evaporated and t r a n s p i r e d  i s  determined by temperati lre and 
l e n g t h  of day. Without go in^ exhaus t ive ly  i n t o  t h e  d e r i v a t i o n  
of Thorn thwai te l s  f a c t o r s ,  it i s  s u f f i c i e n t  t o  s ay  t h a t  t h e  
P.E. a t  Norman Wells u s ing  a  h e a t  index of 17 .3  v a r i e s  almos-t 
l i n e a r l y  from 0.02 cm a t  33OF t o  0.30 cm a t  GOOF. The 
a p p l i c a b l e  P.E., depending on t h e  mean d a i l y  t empera ture ,  i s  
m u l t i p l i e d  by t h e  d u r a t i o n  of s u n l i c h t  f o r  t h a t  day i n  u n i t s  
of 1 2  hours .  Using t h i s  formula,  t h e  computed P.Z. f o r  
August 1959 was 7 .91 cm. For 15  t o  31 A u ~ u s t  1959,  it was 
4.47 cm (Table I ) ,  I n  1960, t h e  Thornthwaite computed P.E. 
was a l s o  h i g h e r  t h a n  t h e  measured P.E. f o r  t h e  80-day per iod  
be ing  24.75 cm (Table  I ) .  

The use of t h e  Thomthwai te  formula i n  h igh  l a t i t u d e s  
has  been c r i t i c i z e d  because (1) t h e  h e a t  index h a s  been computed 
on ly  n o r t h  t o  50° and Norman Well-s, f o r  example, l i e s  a t  66ON; 
( 2 )  t h e  l e n g t h  of day f a c t o r s  useci t o  compute P.E. a t  Norman 
Wells have a l s o  been computed f o r  50°N. F u r t h e r  n o r t h  t h e  
days a r e  l onge r  du r ing  t h e  e v a p o t r a n s p i r a t i o n  per iod b u t  t h e  
amount of incoming s o l a r  r a d i a t i o n  i s  l e s s  because of t h e  
lower ang le  o r  t h e  sun and t h e  low ang le  of inc idence .  It  
i s  n o t  known, hovrever, how vrell those f a c t o r s  balance ou t .  



The t h i r d  formula i s  Holdr idge t s  which i s  ( 4 )  : 

Unit per iod of 
P.E.(mm) = 58.93 N~~~~~ of units of . . . ( 2 )  

time i n  1 year  ( temperature ,  oc 
The solved values  f o r  t h e  i tems i n  f i r s t  b racket  f o r  per iods  
of time normally used f o r  determining P.3. a r e :  

1 year  - 58.93 
1 month ( 3 1  days)  - 5.00 
1 month (30 days)  - 4.84 1 month (30 d.ays) - 4.83 
1 month ( 2 8  days)  - 4.52 1 month (29 days)  - 4.67 
1 day - 0.16 

The comparative p l a n t  growth mean temperature equals  

Sum of average p o s i t i v e  temperatures  i n  O ~ / u n i t  of t ime 
number of t h  e  u n l t s  of t lme ~n t h e  per iod of the  mean I 

For t h e  purposes of computing .P.E., t h i s  formula can be s impl i -  
f i e d  t o  a  s e l e c t i n g  of t h e  p e r t i n e n t  f a c t o r s  f o r  the  l e n g t h  
of time involved. For August 1959 (31-day month - n o t  Leap 
Year) t h e  f a c t o r  i s  5.00. This i s  mul t ip l i ed  by t h e  mean 
monthly temperature i n  O C  - 10.3OC. Therefore the  computed 
P.E. us ing  Holdridge t s  formula was 

5.00 x 10.3 = 51.50 mm = 5.15 cm. 

For 15 t o  31 August i n c l u s i v e ,  t h e  f a c t o r  i s  

number of  
0.16 x 17 ( i n  t h e  period 

mean 
f o r  t h e  per iod 

which works out  t o  2.98 cm (Table I) .  I n  1960 t h e  Leap Year 
f a c t o r s  were used t o  compute the  Holdridge t o t a l s .  For t h e  
80-day per iod ,  the  t o t a l  was 16.07 cm which compares more 
favourably with t h e  16.73-cm t o t a l  f o r  Pan A than  w i t h  t h e  
19.41-cm t o t a l  f o r  Pan B (Table I ) .  

Holdridge claims th .a t  t h e  de terminat ion  of P.E. 
from temperatures  a lone without  us ing  p r e c i p i t a t i o n  da ta  o r  
o t h e r  c l i m a t i c  f a c t o r s  is poss ib le  because,  f i r s t ,  t he  P.E. 
r a t e  a t  a  given temperature decreases  p ropor t iona te ly  a long 
a g rad ien t  of i n c r e a s i n g  p r e c i p i t a t i o n  from d r y  t o  wet a r e a s ,  
s o  t h a t  t he  product of evaporat ion r a t e  and mean annual 
p r e c i p i t a t i o n  is  cons tant  a long t h e  g rad ien t .  This i s  r e f l e c t e d  
i n  t h e  r e g u l a r i t  of t h e  p a t t e r n  of changes i n  physiognomy 
between t h e  s i n g  I e  c l i m a t i c  p l a n t  a s s o c i a t i o n s  of each of t h e  
formations a long the  p r e c i p i t a t i o n  g rad ien t .  Second, l o c a l  
v a r i a t i o n s  i n  edaphic and atmospheric f a c t o r s  s u f f i c i e n t  t o  
cause an  apprec iable  change i n  e i t h e r  evapora t ion  o r  t r a n s -  
p i r a t i o n ,  o r  i n  both,  a r e  counterbalanced by d i f f e r e n t  
physio@omies of t h e  n a t u r a l  vege-tation,  developed i n  t h e  



pas t  through evolu t ionary  processes which b r i n g  t h e  a c t u a l  
evapot ranspi ra t ion  i n t o  equi l ibr ium with t h e  P.E. r a t e  and 
the  moisture ava i l ab le .  These v a r i a t i o n s  a r e  r e f l e c t e d  i n  
the  d i v e r s i t y  of a spec t  and l a c k  of r e g u l a r i t y  of  t h e  p a t t e r n  
of changes of physiognomy of t h e  ( u s u a l l y  s e v e r a l )  edaphic,  
atmospheric, and hydr ic  a s s o c i a t i o n s  of  t h e  same p l a n t  forma- 
t i o n s  a long the  moisture gradient .  

The f o u r t h  formula i s  Penman's mass t r a n s f e r  formula ( 7 )  : 

where 

Bo = evaporat ion,  cm 

e - ed = vapour pressure d i f f e rence  between 
0 

surface  and a i r ,  mm of Hg 

U2 = mean wind speed, miles  per  day. 

It was assumed t h a t  the  mean temperature of a  s a t u r a t e d  su r face  
i s  approximately equal  t o  the  mean a i r  temperature. Wind 
v e l o c i t y  and a i r  temperature records  were obtained f r o m  t h e  
D.O.T. Meteorological S t a t i o n  a t  Norman Wells. The wind 
f a c t o r  was adjus ted  t o  t h e  2-meter l e v e l  by assuming t h a t  t h e  
wind v e l o c i t y  decreases  with he igh t  according t o  t h e  one-seventh 
power law. The Penman t o t a l  f o r  t h e  period of 15 t o  31 August 
1959 was 4.51 cm which i s  considerably h igher  than  t h e  t o t a l s  
observed f o r  the  Thornthwaite pans (Table I ) .  The Penman 
t o t a l  f o r  t h e  80-day per iod ,  30 June t o  17 September 1960, 
was 19.32 cm compared w i t h  16.73 cm f o r  Pan A and 19.41 cm f o r  
Pan B (Table I ) .  A comparison was made between t h e  ca lcu la ted  
Penman formula and measured P. E. from Pan B f o r  10-day and 
monthly t o t a l s ,  r e s u l t i n g  i n  good c o r r e l a t i o n  (Figure 1 5 ) .  

F i n a l l y ,  the  observed P.E. from Pans A and B were 
compared with t h e  evaporat ion o f  water  from t h e  Class  A .Pan 
i n  1960. It  was noted t h a t  t h e  l a t t e r  was considerably 
h igher  - 25.63 cm (Table I ) .  

The P.E. computed from the  Holdridge formula more 
c l o s e l y  resembles the  observed P.E. f o r  1959 than  e i t h e r  t h e  
Thornthwaite o r  converted l a t e n t  evaporat ion f ormulae . The 
P.E. computed by Thorntliwaite ' s formula f o r  previous summers' 
opera t ion  of the  Thornthwaite s i t e  have shown it t o  be n e a r l y  
twice a s  high a s  t h e  observed P.E. For the  period of  15 t o  
31 August 1959, t h e  l a t e n t  evaporat ion formula gave almost 
a s  high a  P.E. a s  t h e  Thornthwaite formula. This period of 
l a t e n t  evaporat ion observat ions was r e a l l y  too s h o r t  t o  draw 
any unqual i f ied  conclusions.  I n  1960, t h e r e  was considerable  



v a r i a t i o n  among t h e  va r ious  formulae and t h e  observed P.E. 
dur ing  t h e  f i r s t  h a l f  of t h e  80-day pe r iod ,  b u t  t h e y  were 
q u i t e  c l o s e  t o  each o t h e r  du r ing  t h e  second h a l f .  

The main o b j e c t i o n  t o  t h e  Thornthwaite,  Holdridge 
and l a t e n t  evapora t ion  formulae seems t o  be - the i r  d i s r e g a r d  
f o r  d i f f e r e n t  p l a n t  types .  This  would perhaps be p a r t i c u l a r l y  
t r u e  f o r  no r the rn  a r e a s  where moss and l i c h e n  a r e  s o  wide- 
spread.  Moss i s  a  v a s c u l a r  p l a n t  a l t h o u ~ h  of much s imple r  
s t r u c t u r e  than  h i g h e r  p l a n t s  such a s  sedge,  shrubs  and t r e e s .  
I n  a d d i t i o n ,  t h e  amount of t r a n s p i r a t i o n  s u r f a c e  p e r  u n i t  
ground a rea  may be of a  d i f f e r e n t  o r d e r  of magnitude t h a n  t h e  
h i g h e r  o r d e r  p l a n t s .  Lichen i s  n o t  a  vascul-ar  p l a n t  and does 
n o t  t r a n s p i r e .  The mechanism o f  wate r  movement i n  moss and 
l i c h e n  i s  n o t  c l e a r l y  understood.  One o b j e c t i v e  of t h e  
Norman Wells s t u d i e s  was to  g a i n  an  unders tanding  of the 
r o l e  played b y  moss and l i c h e n  i n  t h e  o v e r - a l l  mois ture  
t r a n s f e r .  

( b )  P o t e n t i a l  e v a p o t r a n s p i r a t i o n  a t  o t h e r  v e g e t a t i o n  s i t e s  

Comparisons were made between t h e  P.E. from t h e  
grass-covered pans and t h e  P.E. from t h e  va r ious  n a t u r a l  
v e g e t a t i o n  cover  t j r p c s  i n  t h e  Norman Wells a r e a .  A number 
of d i f f i c u l t i e s  were encountered i n  1959. The summer was 
u n u s ~ ~ a l l y  c o o l  and wet which reduced t h e  e v a p o t r a n s p i r a t i o n  
of a l l  t h e  v e g e t a t i o n  making it more d i f f i c u l t  t h a n  u s u a l  t o  
d e t e c t  d i f f e r e n c e s  between t h e  va r ious  t y p e s  when t h e y  a r e  
smal l .  The evapotranspirorneters  ( o i l  drurns , l a r g e  and smal l  
f r u i t  ju ice  c a n s )  were i n s t a l l e d  -throughout August. The 
f i r s t  f r o s t  occurred i n  e a r l y  September s o  t h a t  t h e  t o t a l  
l e n g t h  of time when a l l  i n s t a l l a t i o n s  were o p e r a t i n g  s imul-  
t aneous ly  was very s h o r t .  Some o i l  drum readings  were i n v a l i -  
da ted  because of f l o o d i n g  of t h e  overflow c o n t a i n e r s .  This 
occurred a t  s i t e s  l o c a t e d  i n  low-lying poor ly  dra ined  a r e a s .  
P e r i o d i c a l l y ,  some of t h e  f r u i t  cans  became clogged i n  t h e  
bottom and prevented a l l  of t h e  excess  water  be ing  c o l l e c t e d  
a s  overflow. Although t h e  obse rva t ion  per iod  was very  
l i m i t e d ,  examination of t h e  r e s u l t s  i nd ica t ed  t h a t  evapo- 
t r a n s p i r a t i o n  r a t e s  were h i g h e r  f o r  t h e  Thornthwaite s i t e  
and sedge a rea  ( S i t e  Two) t h a n  f o r  t h e  moss and l i c h e n .  

B e t t e r  success  was obtained i n  1960 because of 
improvements i n  t h e  i n s t a l l a t i o n s ,  a l o n g e r  o p e r a t i n g  season,  
and a  warmer summer than  i n  1959. The i n s t a l l a t i o n s  were 
completed be fo re  t h e  end of June and d a i l y  read ings  were 
taken  u n t i l  17 September. 

The r e s u l t s  f o r  1960 a r e  t a b u l a t e d  i n  Table I. A t  
t h e  Thornthwaite s i t e ,  t h e  o i l  drum and t h e  15-cm d iameter  
can gave h i g h e r  t o t a l s  than  t h e  l a r g e  pans. The drums a t  t h e  
o t h e r  s i t e s  gave somewhat e r r a t i c  r e s u l t s ;  r e s u l t s  f o r  t h e  



small  cans a t  S i t e  Four were p a r t i c u l a r l y  s c a t t e r e d .  It  i s  
thought t h a t  the  o i l  drums probably gave more r e a l i s t i c  P.E. 
values than  t h e  smal l e r  con ta ine r s  because of t h e i r  l a r g e r  
su r face  a r e a ,  g r e a t e r  depth and decreased r i m  e f f e c t .  
Spr inkl ing  i s  undoubtedly a  l e s s  r e l i a b l e  method of adding 
water  than  maintaining a  cons tant  water supply. 

Mean d a i l y  a i r  temperatures were recorded a t  f o u r  
of t h e  f i v e  s i t e s  but  t h e r e  was no apparent  c o r r e l a t i o n  with 
P.E. The Thornthwaite s i t e  had t h e  h ighes t  P.E., bu t  i t s  
mean temperature f o r  the  80-day period of 54.6OF was h igher  
than  t h a t  of t h e  wooded s i t e  (which was shaded) and the  
sedge s i t e  and lower than t h e  moss and l i c h e n  s i t e s  nea r  
D.O.T. Lake. The h igher  degree of exposure t o  wind of t h e  
Thornthwaite s i t e  would con t r ibu te  t o  i t s  having a h igher  
P.E., but  t h e  moss and l i c h e n  s i t e s  a t  D.O.T. Lake were a l s o  
f a i r l y  exposed. These l a s t  two s i t e s  had P.E. va lues  s i m i l a r  
t o  t h e  wooded a rea  which was she l t e red .  It appears ,  t h e r e f o r e ,  
t h a t  P.E. r a t e s  a r e  s i g n i f i c a n t l y  h igher  through Kentucky blue-  
g rass  (which is  n o t  n a t i v e  t o  permafrost r eg ions )  than  through 
sedge, moss and l i c h e n  which a r e  indigenous. The r e s u l t s  of 
1960 a r e  probably more v a l i d  than  those  of 1959 because of 
the  longer  observat ion period. Over s e v e r a l  months, -day t o  
day d iscrepancies  can be i roned out and a  longer  term p a t t e r n  
emerges. 

It  has been s t a t e d  t h a t  meteorological f a c t o r s  
play a  prominent r o l e  i n  evapot ranspi ra t ion  r a t e s  where s o i l  
moisture i s  not t h e  l i m i t i n g  f a c t o r .  Nevertheless ,  it i s  
poss ib le  t h a t  t h e  physiological  c h a r a c t e r i s t i c s  and r a d i a t i o n  
and thermal p roper t i e s  of p lan t  ma te r i a l s  such a s  moss and 
l i c h e n ,  which maintain a  high permafrost t a b l e ,  a r e  s i g n i f i c a n t  
f a c t o r s  i n  determining t h e  con t r ibu t ion  of evapo t ransp i ra t ion  
t o  t h e  energy exchange of permafrost. One discrepancy t h a t  
a r i s e s  i s  t h e  f a c t  t h a t  sedge does n o t  maintain a  h igh  perma- 
f r o s t  t a b l e ,  but  has  P.E. r a t e s  comparable t o  moss and l i c h e n .  
This may be caused by i t s  lower i n s u l a t i n g  q u a l i t i e s  which 
permit a  g r e a t e r  depth of thaw during t h e  summer. 

Radiation 

( a )  Incoming short-wave r a d i a t i o n  

Incoming short-wave r a d i a t i o n  was measured d a i l y  
a t  t h e  Thornthwaite s i t e  from 8 August t o  12 September 1959 
i n c l u s i v e ,  using two Gunn-Bellani r a d i a t i o n  i n t e g r a t o r s  
(designated a s  A and B )  which were read a t  t h e  same time 
each day. 

I n  t h e  sp r ing  of 1959, i n t e g r a t o r  A was i n s t a l l e d  
i n  t h e  D.B.R. Test  Area i n  Ottawa and readings  from it were 
compared wi th  r a d i a t i o n  measurements obtained from t h e  Eppley 



pyrheliometer a t  t h e  Division. I n  the  sp r ing  of 1960, 
i n t e g r a t o r s  A and B and a  new one (designated a s  C )  were 
i n s t a l l e d  i n  the  D.B.R. Test Area f o r  c a l i b r a t i o n .  The 
c a l i b r a t i o n  cons tant  obtained f o r  A i n  1959 was 24.39 
Langleys per  m i l l i l i t r e  of condensed a lcohol .  I n  1960, the  
value obtained was 41.5 Langleys. The value obtained f o r  B 
was 366 Langleys and f o r  C it was 476 Iangleys ,  which do not  
correspond with the  manufacturer'  s constant  of 18.8 Langleys 
f o r  both instruments.  Shipping t he  i n t e g r a t o r s  back and f o r t h  
between Norman Wells and Ottawa could have caused i n v i s i b l e  
bu t  s u f f i c i e n t  damage t o  prevent them from funct ioning 
properly.  Despite t h i s ,  the  t h r e e  i n t e g r a t o r s  were used. a t  
Norman Wells during the  summer of 1960. I n t e g ra t o r s  A and B 
were i n s t a l l e d  a t  the  Thornthwaite s i t e  a s  i n  1959 and 
instrument C was i n s t a l l e d  i n  t he  l i c he n  area  ( S i t e  5 ) .  

The 10-day t o t a l  of r a d i a t i on  values is  tabula ted  
i n  Table 11. M i l l i l i t r e s  of a lcohol  condensed i n  each 
i n t e g r a t o r  a r e  shown followed by the conversion of these  
values i n t o  Langleys of r a d i a t i on .  I n  t he  l a s t  two columns 
a r e  shown the 10-day t o t a l s  of incoming s o l a r  r a d i a t i o n  a t  
Por t  Simpson, N.W.T. and Aklavik, N.W.T. recorded by t h e  
Department of Transport  on Eppley pyrheliometers.  It appears  
t h a t  t h e  i n t e g r a t o r s  must have been f a u l t y  because a l l  the  
r ad i a t i on  values from Norman Wells a r e  lower than  those from 
Por t  Simpson and Aklavik whereas they should probably f a l l  
between the  two. There is  l i t t l e  consis tency among t he  
i n t e g r a t o r s  i n  any given 10-day period. Because t he  i n s t r u -  
ments proved t o  be so  unsa t i s fac to ry ,  t he  only way t h a t  any 
values of incoming short-wave s o l a r  r a d i a t i o n  could be 
obtained was by taking a  mean of t h e  values from Por t  Simpson 
and Aklavik, which a r e  loca ted  about the  same d i s t ance  south 
and nor th  of Norman Wells respect ive ly .  

( b )  Net r a d i a t i o n  

During t he  summer of 1959, weekly n e t  r a d i a t i o n  
measurements of various vegeta t ive  cover types i n  t h e  
Norman Wells a rea  were taken using an economic n e t  radiometer.  
To obtain n e t  r ad i a t i on  with approximately 3 t o  5  pe r  cen t  
accuracy, the  sho r t  expression f o r  r a d i a t i on  i n  Langleys pe r  
minute was used: 

where 

Rn i s  n e t  r a d i a t i o n ,  Langleys pe r  minute 

6 i s  the Stefan-Bolz cons tant  

Tt = temperature of top  f a c e ,  OC 

Tb = temperature of bottom face ,  O C .  



This expression considers  incoming r a d i a t i o n  pos i t ive  and 
outgoing r ad i a t i on  negat ive.  

The ca lcu la ted  n e t  r a d i a t i o n  r e s u l t s  and a i r  
temperatures a t  the  time of reading a r e  t abu la ted  i n  Table 111. 
This t a b l e  a l s o  includes the  exact  times a t  which observat ions 
were taken and the percentage of sun l igh t  recorded dur ing  the  
hour i n  which each reading was made. A s  mentioned previously,  
no continuous measurements of incoming s o l a r  r a d i a t i on  were 
made wi th  which the  observed n e t  r a d i a t i o n  values could be 
compared. It was thus  impossible t o  compare the  d i f f e r ences  
of n e t  r ad i a t i on  through d i f f e r e n t  types of vegeta t ive  cover 
with t h e  incoming s o l a r  r a d i a t i o n  a t  t he  time of observat ion.  

Despite the  questionable v a l i d i t y  of the  observa- 
t i o n s ,  a general  q u a l i t a t i v e  p a t t e r n  is  evident .  For example, 
it was an t i c i pa t ed  t h a t  t h e  ne t  r a d i a t i on  values f o r  l i chen  
would be the  lowest because of th i s  p l a n t r s  l i g h t  colour  and 
consequent h igh  r e f l e c t i v e  proper t ies .  This was t r u e  on c l e a r  
days but  not  on p a r t l y  cloudy o r  overcast  days when d i f f e r ences  
i n  n e t  r ad i a t i on  from one p l a n t  type t o  another  were small .  
On t he  o the r  hand, ne t  r a d i a t i on  values f o r  sedge, which i s  
a l s o  a  l ight-coloured p lan t ,  were much h igher  than f o r  l i chen  
on c l e a r  days and indeed h igher  than  t he  darker-coloured p l an t s  
such a s  g rass  and moss. Net r a d i a t i on  values a t  t he  Thornthwaite 
s i t e  were t h e  h ighes t  on some days but  no t  on o thers .  Net 
r ad i a t i on  through moss was h ighes t  on c l e a r  days but  no t  always 
on overcast  days. 

From these  crude measurements, it appears t h a t  n e t  
r ad i a t i on  through moss i s  higher  than through l i chen .  Never- 
t h e l e s s ,  these  two p lan t  types maintain t h e  permafrost t a b l e  
a t  about the  same l e v e l  i n  a given area  and ne a r  sur face  
ground temperatures a r e  s i m i l a r  under both p lan t  types.  
Consequently, i f  l i chen  r e j e c t s  a  h igher  proport ion of t h e  
r ad i a t i ve  f l u x  than  moss, t h i s  may be compensated by the  moss 
r e j e c t i n g  a higher  proportion of some o t he r  component of t he  
energy exchange than  t he  l i chen .  

3. Ground Temperatures and Dep-kh of Thaw 

( a )  Depth of thaw 

Depth of thaw measurements i n  various types of 
vegeta t ive  cover were p l o t t e d  a ga i n s t  Fahrenheit  degree days 
f o r  the  summers of 1957, 1958 and 1959. The use of degree 
days gives a  more r e a l i s t i c  comparison than  ca lendar  da tes  
because of t he  v a r i a t i o n  i n  a i r  temperature from one summer 
t o  another .  For example, the depth of thaw i n  1959 was 
considerably l e s s  than i n  the  two previous summers because 
of the  lower a i r  temperatures.  Nevertheless ,  a  cornparisan 



of d e p t h  of thaw w i t 1 1  d e g r e e  days  o f  thawing i n d i c a t e d  a 
s i m i l a r  r e l a t i o ~ l s h i p  e x i s t i n g  f o r  t h e  t h r e e  s i m n e r s  o f  
o b s e r v a t i o n s  . Avera i;e v a l u e s  of dep-th of  t h a v ~  vs  d e g r e e  
days  of thawing were o b t a i n e d  f o r  e a c h  v e g e t a t i o n  c o v e r  t y p e  
and p l o t t e d  (I;'i!rl~re 16  ) . 

I 1 i : f f i c u l t i e s  a r e  i n h a r e n t  i n  obtainini :  d e p t h  o f  
thaw o b s e r v a t i o n s  by p r o b i n g  because  of s m a l l  b11t s i - c n i f i c a n t  
v a r i a t i o n s  i n  -the depth.  o:P thaw o v e r  a  h o r i z o n ' t a l  d i s t a n c e  of 
o n l y  a few f e e t  a t  a n y  s i t e .  I n  a d d i t i o n ,  p rob in$  i n  t h e  same 
a r e a  week a f t e r  wer . : l~  unavo idab ly  d i s t u r b s  t h e  s u r f a c e  c o v e r  
o f  t h e  a r e a  t o  t h e  e x t e n t  of a f f e c t i n g  t h e  n a t u r a l  thaw 
p e n e t r a t i o n .  N e v e r t h e l e s s ,  t h e  t r e n d s  i n  d e p t h  of thaw a t  
t h e  vc7ri.ou.s s i - t e s  cou1.d be d e t e ~ t e d  a f t e r  - three  summers and 
t h e s e  observa-t ionr;   ere n o t  con-tinixed i.n 1';160. P i ~ u r e  5  shows 
t h e  v e g c t a t i o n  and s o i l  p r o f i l e s  a t  t h e  s i t e s  i n  t h e  Norman 
We1l.s a r e a  a t  which d c p t h  of  thaw measurements were -talcen. 

The g r e a t e s t  d e p t h  of  thsw o c c u r r e d  i n  t h e  sedge  
a r e a  ( S i t e  Two) where t h e r e  was no moss c o v e r .  The n e x t  
g r e a t e s t  d e p t h  of thaw was observed i n  t h e  wooded a r e a  ( S i t e  
P o u r ) ,  probed o n l y  i n  1957 and 1950. T h i s  s i t e  had a moss 
c o v e r  4 i n .  t-hiclc o v e r l y i n g  3 i n .  of' p e a t .  A c t u a l l y  t h e  1358 
d e p t h  of thaw was much g r e a t e r  t h a n  i n  1957 which may be  
e x p l a i n e d  by t h e  i n a d v e r t e n t  d i s t u r b a n c e  of t h e  s i t e  i n  1357 
result in^ i n  an  u n n a t u r a l l y  deep  thaw t h e  f o l l o w i n g  y e a r .  
The t r e e l e s s  sedge  and moss a r e a  w i t h  a 3 - i n .  moss c o v e r  
o v e r l y i n g  6 i n .  of p e a t  had l e s s  d e p t h  of  thaw t h a n  t h e  
p r e v i o u s l y  mentioned a r e a .  'The most s h a l l o w  d e p t h  o f  thaw 
was observed i n  t h e  s p a r s e l y  t r e e d  a r e a  t h a t  h a s  a 5 - i n .  
moss c o v e r  o v e r l y i n g  a b o u t  18 i n .  of p e a t  ( S i t e  T h r e e )  and 
t h e  wooded a r e a  w i t h  4 t o  1 2  i n .  of moss o v e r l y i n g  s e v e r a l  
i n c h e s  of  p e a t  ( S i t e  P o u r ) .  

It a p p e a r s  t h e r e f o r e  t h a t  t h e  d e p t h  of  thaw i s  
p r i m a r i l y  dependent  on t h e  t h i c k n e s s  of  moss and p e a t .  It 
i s  n o t  c e r t a i n  t o  what degree  t h e  d e p t h  o f  thaw i s  i n f l u e n c e d  
by t h e  shade  of s h r u b s  and tree::. T h i s  i s  p r o b a b l y  a  r e l a t i v e l y  
minor f a c - t o r  compared w i t h  t h e  i n f l u e n c e  of moss and pea:. 
T h i s  i s  s u p p o r t e d  by t h e  a i r  t e m p e r a t u r e  o b s e r v a t i o n s  o b t a i n e d  
a t  t h e  v a r i o u s  s i t e s  d u r i n g  t h e  summer of  1960. The mean 
d a i l y  a i r  t e m p e r a t u r e  a t  t h e  t r e e l e s s  sedge  a r e a  ( S i t e  Two) 
f o r  t h e  p e r i o d  of  30 June  t o  1 7  September 1960,  which i n c l u d e s  
a major p o r t i o n  of t h e  thawing  p e r i o d ,  was 53.2OF. The mean 
d a i l y  a i r  t e m p e r a t u r e  f o r  t h e  same p e r i o d  i n  t h e  wooded a r e a  
( S i t e  Four )  was 54.2OP a l t h o u g h  t h e  d e p t h  of  thaw was s e v e r a l  
f e e t  l e s s .  

( b )  Ground t e m p e r a t u r e s  i n  thawed l a y e r  

Weekly ground t e m p e r a t u r e s  t a k e n  d u r i n g  t h e  summers 
of 1953  and 1960 showed t h a t  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  



u n d e r  d i f f e r e n t  t ypes  of vegeta t ion .  The Thornthwaite s i t e  
had t h e  h i g h e s t  ground temperatures  i n  t he  thawed l a y e r  
followed by t h e  sedge a r e a  ( S i t e  Two). The next h i g h e s t  was 
i n  t h e  t r e e l e s s  sedge a r e a  wi th  moss followed by t h e  s p a r s e l y  
t r e e d  moss-covered a rea  ( S i t e  Three - 1359) .  The 12-in .  
thiclc moss i n  t he  wooded a rea  ( S i t e  Four) had t h e  same 
temperature r e ~ i m e  i n  t h e  l a s t  t h r e e  weelts of September 
p r i o r  t o  w i n t e r  f r eez ing .  I t  i s  i n t e r e s t i n g  t o  no te  t h a t ,  
i n  August, S i t e  Three had lower tempera tures  t h a n  t h e  wooded 
a r e a  and t h e  l i c h e n  a r e a  had h i g h e r  tempera-tures. There 
appeared t o  be a gene ra l  decrease  i n  temperatnre  w i t h  
increased  moss cover  and pea t  t h i ckness .  Although t h e  depth 
of thaw d id  n o t  appeal: t o  be s i g n j . f i c a n t l y  l e s s  i n  a r e a s  
shaded by t r e e s ,  t h e s e  a r ea s  experienced s l i g h t l y  10:r~er 
temperatures  i n  t h e  thawed l a y e r  t h a n  t r e e l e s s  a r e a s .  

An i n t e r e s t i n g  f e a t u r e  was revea led  when ground 
temperatures  were compared wi th  degree days of thawing. The 
c o o l e r  n a t u r e  of t h e  1953 summer was confirmed by t h e  f a c t  
t h a t  t h e  cumulative t o t a l  of degree days of thawing on 
30 September t o t a l l e d  2513 compared wi th  2954 on 2 3  September 
1960. I t  was a n t i c i p a t e d ,  however, t h a t  a  p l o t  of ground 
temperatures  vs degree days of thawing would show s i m i l a r  
p a t t e r n s  f o r  the  two summers. This  was n o t  t h e  c a s e ,  however, 
because f o r  any given degree day t o t a l ,  t h e  ground temperatures  
were much h ighe r  i n  t h e  warmer surnmer of 1'360. For example, 
i n  1959, t h e  temperature a t  t h e  12- in .  dep th  a t  t h e  Thornthwaite 
s i t e  on 28 August was 46.6OF a t  which time t h e  cumulative t o t a l  
of degree days of thawing was 2232. Almost t h e  same degree 
day t o t a l  was reached on 5  August 1960 (2202) ,  a t  which time 
t h e  temperature a t  t h e  12- in .  depth was 54.4OF. 

I n  1959 and 1960 weekly temperature  read ings  were 
taken  on t h e  thermocouple s t r i n g s  i n s t a l l e d  i n  moss and l i c h e n  
a t  D.O.T.  Lake. Thermocouples were spaced a t  1 - i n .  i n t e r v a l s  
from t h e  ground sur face  t o  t h e  12- in .  depth.  The purpose of 
t h i s  w a s  t o  o b t a i n  a  temperature  g r a d i e n t  t h r o u r b  t h e  l i v i n g  
p l a n t  cover i t s e l f  t o  s e e  i f  it was uniform throughout o r  if 
it v a r i e d  wi th  dep th ,  and t o  see  i f  t h e r e  was any d i f f e r e n c e  
i n  t h e  g rad ien t  between t h e  moss and t h e  l i c h e n .  These a r e  
t h e  two most common ground cover  p l a n t s  i n  t h e  permafrost  
reg ion  and both maintain  a high  permafrost  t a b l e .  I n  t h e  
summer, t h e  a i r  temperature  f r e q u e n t l y  r i s e s  above 80°F bu t  
t h e  temperature a t  t h e  bottom of t h e  moss and l i c h e n  remains 
c l o s e  t o  32'3'. The moss cover  exceeded 12 i n .  i n  t h i c k n e s s  
s o  t h a t  t h e  whole thermocouple s t r i n g  was i n  t h e  moss. I n  
c o n t r a s t ,  t h e  l i c h e n  was only 2  i n .  t h i c k  so  t h a t  t h e  thermo- 
couple s t r i n g  extended s e v e r a l  inches  below t h e  l i c h e n .  

I n  1953 the  temperature g r a d i e n t s  f o r  t h e  t w o  s t r i n g s  
were h i e h e r  i n  t he  t o p  8 i n . ,  and lower i n  t h e  bottom 4 i n .  
This means t h a t  t he  g r a d i e n t  was uniform throughout t h e  l i c h e n  



and the  t o p  few inches  of t h e  underlying p e a t ,  i n  c o n t r a s t  
t o  t h e  moss where t h e  g r a d i e n t  changed i n  t h e  moss i t s e l f .  

I n  1960 t h e  same l a r g e  d i f f e r e n c e s  between s u r f a c e  
temperatures  and temperatures  a t  t h e  lower end of t h e  thermo- 
couple s t r i n g s  were ev iden t .  The ch ie f  d i f f e r e n c e  between 
t h e  two summers was t h a t  temperature p r o f i l e s  i n  1960 showed 
changes i n  g rad ien t  a t  about  t h e  4-  o r  5- in .  depth i n  c o n t r a s t  
t o  t h e  8 - in .  depth i n  1959. I n  a l l  c a s e s ,  t h e  temperature  
observed a t  t h e  su r face  of t h e  moss and l i c h e n  was s e v e r a l  
degrees  h i g h e r  than  t h e  sc reen  a i r  temperature  observed a t  
t h e  time of t h e  ground temperature readings .  

I n  1959, t h e  temperatures  observed a t  t h e  12- in .  
depth were t h e  same i n  both t h e  moss and l i c h e n ,  b u t  i n  1360 
t h e  temperature a t  t h e  bottom of t h e  thermocouple s t r i n g  i n  
t h e  moss was c o n s i s t e n t l y  about  5OF h i g h e r  than  i n  t h e  l i c h e n .  
It i s  d i f f i c u l t  t o  know whether temperatures  a t  t h e  12- in .  
depth a c t u a l l y  var ied  by  t h i s  amount between t h e  two p l a n t  
t ypes  o r  whether one of t h e  thermocouple s t r i n g s  was f a u l t y .  
It i s  poss ib l e  t h a t  t h e  thermocouple s t r i n g  i n  t h e  moss was 
de fec t ive  because t h e  12-in .  thermocouple gave u n r e l i a b l e  
readings  and t h e  11 - in .  thermocouple was used ins t ead .  The 
readings  on t h e  l i c h e n  were probably c l o s e r  t o  r e a l i t y  b u t  
even they  were about  4OP h i g h e r  than  temperatures  observed 
a t  t h e  12-in.  depth i n  t h e  wooded a rea .  

Taking a l l  t h e  weekly readings  from 28 August t o  
30 September 1959, which was t h e  period when t h e  depth  of 
thaw reached i t s  maximum and t h e  d i f f e r e n c e s  caused by v a r i a t i o n s  
i n  vege ta t ive  cover  were most pronounced, t h e  average temperature  
a t  t h e  1-f t  depth was ca l cu la t ed .  I t  was noted i n  t h e  hour ly  
readings  taken  a t  t h e  Thornthwaite s i t e  (mentioned belowf 
t h a t  over  a  24-hour per iod t h e  temperature f l u c t u a t i o n  a t  t h e  
1-ft depth was 1.5'3'. A l l  t h e  ground temperature readings  a t  
t h e  var ious  s i t e s  were taken  between 9.00 a.m. and 4.00 p.m. 
du r ing  which per iod t h e  temperature f l u c t u a t i o n  a t  t h e  1-f t  
depth a t  t h e  Thornthwaite s i t e  was 0.8OF. (This  would 
probably be a s  l a r g e  a  v a r i a t i o n  as would e v e r  occur because 
it was measured through a day which w a s  c l e a r  w i t h  a l a r g e  a i r  
temperature amplitude. ) The mean a i r  temperature f o r  t h i s  
per iod  was 41.2OF. The mean ground temperatures  were: 

Thornthwaite s i t e  40.0°F 
sedge a r e a  ( S i t e  Two) 36.5OF 
sedge a r e a  with  moss 35.0°F 
s p a r s e l y  t r e e d  moss a r e a  

( S i t e  Three,  1959) 33.7"F 
wooded a r e a  ( S i t e  Four) 32.8OF 
t h i c k  moss ( S i t e  Three, 1950) 32.5OF 
l i c h e n  a r e a  ( S i t e  F ive )  32.6'3' 



I t  is  i n t e r e s t i n g  t o  no te  t h a t  t h e  l i c h e n  and moss had approxi -  
mately t h e  same average temperature  over  t h i s  per iod a l though 
the  l i c h e n  was on ly  2  i n .  t h i c k  i n  c o n t r a s t  t o  t h e  1 2  i n .  of 
moss, bo th  ove r ly ing  s i m i l a r  thiclcnesses of pea t .  

Means of t h e  weekly temperatures  a t  t h e  va r ious  
depths  f o r  d i f f e r e n t  time per iods  were c a l c u l a t e d  f o r  1960. 
Mean ground temperatures  and ampli tudes  f o r  t h e  per iod  of 1 5  
J u l y  t o  16 September a r e  p l o t t e d  i n  Figure  17  showing them t o  
be much h i g h e r  i n  t h e  rThornthwaite and sedge a r e a s  w i t h  no 
moss cover  than  i n  t h e  moss-covered wooded a r e a .  D i f f e rences  
between the  mean a i r  and mean ground tempera tures  a t  t h e  12- in .  
dep th  a t  t h e  va r ious  s i t e s  f o r  t h e  per iod  of 28 August t o  
30 September 1959 were compared w i t h  t h e  d i f f e r e n c e s  f o r  t h e  
per iod of 15  J u l y  t o  16  September 1360. The d i f f e r e n c e s  a r e :  

Thornthwaite s i t e  1.2OF (1953) ,  3.3OF (1960) 
sedge a r e a  ( S i t e  Two) 4.7'3' (1959) ,  5.6OF (1960) 
wooded a r e a  ( S i t e  Four) 8.4OP (1959) ,  19.8OP (1960) 
t h i c k  moss a t  D.O.T. Lake 

( S i t e  Three - 1959) 8.7OP (1959) ,  abou-t 12'P (1960) 
l i c h e n  a r e a  ( S i t e  F i v e )  8.6OF (1959) ,  about  17OF (1960) 

This  appears  t o  confirm t h e  thermal  r e s i s t a n c e  of t h e  moss and 
l i c h e n  because t h e  much h i g h e r  a i r  temperature  means i n  1960 
d id  n o t  cause ground temperatures  t h a t  were much h i g h e r  t h a n  
those  recorded i n  1959. 

I n  1959, a s e r i e s  of 27 consecut ive  h o u r l y  observa- 
t i o n s  of s c r e e n  a i r  t empera ture ,  ground s u r f a c e  temperature  
and tempera tures  a t  dep ths  of 3,  6 ,  9 ,  12 ,  36 and 60 i n .  were 
taken a t  t h e  Thornthwaite s i - t e  from 3.00 a.m. 14  August t o  
11.00 a.m. 1 5  August. A p l o t  of t h e s e  obse rva t ions  showed 
t h a t  t h e  temperature  ampli tudes  were g r e a t e s t  i n  t h e  a i r  and 
a t  t h e  g r a s s  s u r f a c e ,  and decreased p r o g r e s s i v e l y  w i t h  depth.  
The l a g  i n  maximum and minimum temperatures  a l s o  inc reased  
w i t h  depth  (F igure  18).  

Mean ground tempera tures  f o r  t h e  24-hour per iod  
from 9.00 a.m. 14 August t o  9.00 a.m. 1 5  August were c a l c u l a t e d  
f o r  t h e  3 - ,  6- ,  9 - ,  12 - ,  36- and 60- in .  dep ths  a s  w e l l  as  f o r  
t h e  g r a s s  s u r f a c e  and t h e  sc reen  a i r  temperature  (F igure  1 9 ) .  
A p l o t  of t h e  means on 3 graph i n d i c a t e s  a l i n e a r  decrease  
w i t h  depth  from t h e  s u r f a c e  t o  t h e  f r o s t  t a b l e  a t  t h e  60- in .  
dep th  and a  decrease  of amplit-ude. The h i g h e s t  mean t e m ~ e r a t u r e  
f o r  t h e  per iod occurred a t  t h e  g r a s s  s u r f a c e  (52.  gOP) and t h e  
mean a i r  temperature  i n  Lhc s c r e e n  (51.7OP) was almost  t h e  
same a s  t h e  ground temperature  a t  t h e  3- in .  dep th  (51.5'3'). 

( c  ) Ground t cape ra  t u r e s  i n  permafrost  

Headings on the  d i a l  thermome-ters i n  t h e  p l a s t i c  
p ipes  embedded i n  permafrost were talren on 11 ?;lay 1'161, 



3 October 1961 and 25 September 1962 by two of t h e  a u t h o r f s  
co l l eagues  (Table I V )  . 

I n  blay 1361, it was p o s s i b l e  t o  v i s i t  only t h e  
sedge a r e a .  The t h r e e  p ipes  a t  t h i s  s i t e  had heaved about  
5 f t  upnards because o:f w i n t e r  f r e e z i n g  i n  t h e  ground and 
r ead ings  obtained t h e r e  were cons idered  u n r e l i a b l e .  Temperature 
measurements a t  t h i s  s i t e  were abandoned because it was 
impossible  t o  r e s e t  t h e  p ipes  i n  t h e  ground. 

The maximum temperatures  recorded on t h e  thermometers 
i n  October 1361 were of no value because t h e  maximum temperature  
a t  a depth  of  1 0  f t  i n  t h e  permafrost  was known t o  be below 
32OF. The minimum tempera tures  show a  degree of c o n s i s t e n c y  
a t  each s i t e  bu t  a r e  much lower  a t  t h e  moss s i t e .  

I n  September 1962, r ead ings  were taken  on t h e  t h r e e  
thermometers i n  t h e  moss a r e a .  It was poss ib l e  t o  o b t a i n  
read ings  on only two of t h e  f o u r  thermometers i n  t h e  l i c h e n  
a r e a .  One of t h e  p ipes  could n o t  be l o c a t e d ;  i n  t h e  o t h e r  
t h e  i n s u l a t i o n  could n o t  be removed because it was f rozen .  
The maximum and minimum tempera tures  showed a  degree of con- 
s i s t e n c y  a t  each s i t e .  I n  t h e  moss a r e a ,  t h e  tempera tures  
were lower and t h e  d i f f e r e n c e s  between t h e  maximum and 
minimum temperatures  were g r e a t e r ,  

The l a r g e  d i f f e r e n c e  between t h e  moss and l i c h e n  
a r e a s  sugges t s ,  perhaps ,  t h e  e f f e c t  of o t h e r  f a c t o r s  bes ides  
t h e s e  two p l a n t  t y p e s  on t h e  ground thermal  regime. Future  
read ings  w i l l  be t aken  when Northern Research Group personnel  
v i s i t  Norman Wells. 

Weekly read ings  were beeun on t h e  t h r e e  2 0 - f t  l ong  
thermocouple s t r i n g s  a t  t h e  end of J u l y  1960 and cont inued 
u n t i l  23 September. Subsequent r ead ings  were t aken  on 18 and 
19  October 1360 and 12 May 1961. The means and ampli tudes  
of t h e  seven weekly s e t s  of ground temperature  r ead ings  t a k e n  
i n  August and September 1960 were p l o t t e d  on a  graph (l!?igure 2 0 ) .  
The lower summer ground tempera tures  under t h e  moss and l i c h e n  
a s  compared wi th  t h e  sedge a r e  immediately ev iden t .  I n  
a d d i t i o n ,  t h e  temperature  amplitude i n  t h e  t o p  few f e e t  i s  
much g r e a t e r  under t h e  sedge t h a n  under t h e  moss o r  l i c h e n .  

( d )  S o i l  moisture con ten t  

The mois ture  con ten t  of samples t aken  i n  t h e  thawed 
l a y e r  a t  t h e  va r ious  s i t e s  i n  1959 i s  t a b u l a t e d  i n  Table V. 
The samples of 2 8  and 29 August were t aken  du r ing  a  per iod 
of d r y  weather and those  of 23 and 24 September were t a k e n  
a f t e r  a  wet per iod .  The two sedge a r e a s  (Si-te Two and t h e  
sedge a r e a  with  moss) had much h i~11e r  s o i l  mois ture  c o n t e n t s  
i n  September, The s p a r s e l y  t r e e d  moss a r e a  ( S i t e  Three - 1 9 5 9 ) ,  



t he  wooded area  ( S i t e  Four) and the  l i c h e n  a rea  ( S i t e  F ive)  
had s i m i l a r  moisture contents  both t imes ,  d e s p i t e  t h e  d i f f e r e n t  
weather condi t ions.  On t h e  o the r  hand, t h e  t h i c k  sphagnum 
moss a t  D.O.T. Lake had a  much h igher  moisture content  dur ing  
the  d r y  period i n  Au,mst than  dur ing  t h e  wet period i n  September. 
The l a r g e  d i f f e r e n c e s  i n  moisture content  between t h i s  s i t e  
and the  l i chen  s i t e  d id  not  appear  t o  a f f e c t  the  temperature 
readings.  One s i g n i f i c a n t  f e a t u r e  was the  moisture content  
i n  t h e  l i c h e n  cover. A t  the  1 - i n .  depth on 29 August, t he  
moisture content  was 8 per  cen t  and a t  the 2 - in .  depth it 
was 120 per  cent .  The same depths were sampled on 23 September 
and the  d i f f e r e n c e s  i n  moisture content  between t h e  two depths 
were much l e s s .  I n  the  f i r s t  i n s t ance ,  t h e  samples were taken 
dur ing  a  period of d ry  weather when the  l i c h e n  was very d ry  
down t o  the  b a s a l  l a y e r  a t  the  2- in.  depth which was very 
wet. I n  the  second i n s t a n c e ,  a  period of wet weather had 
preceded the  sampling and the  upper p a r t  of the  l i c h e n  was 
s t i l l  moist although no t  a s  wet a s  the  basa l  l aye r .  

C ONC LUS I OTT - 
A f t e r  two summers of s tudy  on the  r e l a t i o n s h i p  

between t h e  energy exchange regime a t  the  ground sur face  and 
the  d i s t r i b u t i o n  and occurrence of permafrost ,  it i s  d i f f i c u l t  
t o  draw d e f i n i t e  conclusions.  

Obtaining a  complete energy balance i s  d i f f i c u l t  
even i n  Ottawa where more complex ins t rumenta t ion  i s  a v a i l a b l e .  
A t  Norman Wells, s impler  instruments  designed f o r  t h e  f i e l d  
were used. The r e s u l t s  obtained were v a r i a b l e  and t h e i r  
v a l i d i t y  i s  quest ionable .  Two components of t h e  t o t a l  energy 
balance,  evaporat ion and r a d i a t i o n ,  were measured bu t  no 
observat ions were made of the  conduction - convection component. 
A s  a  r e s u l t ,  a  t o t a l  energy balance could n o t  be computed. 

A comparison betwecn t h e  amount of energy involved 
i n  evaporat ion ( i . e .  evapot ranspi ra t ion  and evapora t ion)  and 
n e t  r a d i a t i o n  was a l s o  no t  poss ib le .  The measurement of 
p o t e n t i a l  evapot ranspi ra t ion  by adding water  t o  the  sur face  
of a small  p l o t  of vegeta t ion  and measuring the  overflow has  
been c r i t i c i z e d  f o r  seve ra l  reasons.  F i r s t ,  the  d a i l y  
a d d i t i o n  of water  a c t u a l l y  changes the  cl imate of t h e  vegeta- 
t i o n  under t e s t  and t h e  r e s u l t s  do n o t  give a  t r u e  r ep resen ta -  
t i o n  of the n a t u r a l  moisture regime. Second, t h e  use of very  
small  t e s t  p l o t s  such a s  o i l  drums o r  snial ler  con ta ine r s  has  
been c r i t i c i z e d  because the  edge e f f e c t  i s  so  pronounced t h a t  
it s i ~ n i f i c a n t l y  changes evapot ranspi ra t ion .  

A comparison was made between the  evapot ranspi ra t ion  
r a t e s  of moss and l i c h e n  and those a t  t h e  Thornthivaite s i t e  



and i n  t h e  sedge a r e a  ( S i t e  Two). There was s p e c u l a t i o n  
t h a t  t h e  h igh  permafrost  t a b l e  under moss and l i c h e n  may be 
caused i n  p a r t  by h igh  evapo t ransp i r a t ion  removing l a r g e  
q u a n t i t i e s  of h e a t  from t h e  ground. Observations i n  1359 
r evea led ,  however, t h a t  t h e  p o t e n t i a l  evapo t ransp i r a t ion  
from moss and l i c h e n  was s i m i l a r  bu t  lovrer than  t h a t  from 
g r a s s  and sedge. Observations i n  1960, which a r e  probably 
more r e l i a b l e  because of t h e  longe r  season and warmer a i r  
temperatures ,  i n d i c a t e d  t h a t  t h e  p o t e n t i a l  evapo t ransp i r a t ion  
was s i m i l a r  i n  moss, l i c h e n  and sedge but  t h e s e  va lues  were 
lower than  f o r  t h e  Thornthwaite s i t e .  

Measurements of incoming s o l a r  r a d i a t i o n  and 
n e t  r a d i a t i o n  gave inconclus ive  r e s u l t s .  I t  i s  recobmized 
t h a t  incoming s o l a r  r a d i a t i o n  i s  in f luenced  by l a t i t u d e  s o  
t h a t  it i s  probable t h a t  t h e  va lues  f o r  Norman V e l l s  l i e  
somewhere between those  obtained by t h e  Department of Transport  
a t  Fo r t  Siupson, B.iV.T. and Aklavik - Inuvik ,  N,W.T, From 
t h e  crude n e t  r a d i a t i o n  measurements taken  a t  Norman Wells ,  
it appears  t h a t  va lues  a r e  somewhat h i g h e r  f o r  moss than  f o r  
l i c h e n .  Because the  thermal regime of t h e  ground under moss 
and l i c h e n  appears  t o  be s i m i l a r ,  a s  manifested by s i m i l a r  
depth of thaw and ground temperature regime, d i f f e r e n c e s  
between the  two p l a n t  types  must occur i n  some o t h e r  component 
of t h e  energy regime which was n o t  s tud ied .  

Observations showed t h a t  t h e  depth of thaw was 
l e s s  under moss and l i c h e n  than  i n  a r e a s  where these  p l a n t  
types  d id  n o t  e x i s t .  Ground temperature observa t ions  i n  t h e  
thawed l a y e r  and i n  t h e  p e r e n n i a l l y  f r o z e n  ground showed t h a t  
t hese  were lower i n  a r e a s  covered by moss and l i c h e n  than  i n  
a r e a s  suppor t ing  o t h e r  types  of plan-t growth. There a r e  .not  
y e t  enough observa t ions  on t h e  maximum-minimum d i a l  thermometers 
t o  i n d i c a t e  e x i s t i n g  d i f f e r e n c e s  i n  t h e  mean annual  ground 
temperature und-er d i f f e r e n t  types  of vege ta t ion .  It appears ,  
however, t h a t  t h i s  method of ob ta in ing  mean annual  temperature 
i s  n o t  r e l i a b l e  and l i t t l e  hope i s  placed i n  f u t u r e  observa t ions .  

It appears  t h a t  t h e r e  i s  l i t t l e  t o  be gained 
i n  cont inuing  t h e  measurement of i n d i v i d u a l  components of 
t h e  energy exchange i n  a n  a r e a  such a s  Norman Wells where 
t h e  i n s t a l l a t i o n  and maintenance of t h e  r equ i red  more com- 
plex ins t rumenta t ion  i s  d i f f i c u l t .  Some idea was obtained 
of poss ib l e  d i f f e r e n c e s  i n  some of t h e  components e x i s t i n g  
i n  t h e  var ious  types  of vege ta t ion  growing i n  permafrost  
a r e a s .  From numerous d i scuss ions  h e l d  i n  t h e  Div is ion  of 
Bui ld ing  3csearch,  i t  has  been decided t h a t  t h e  most f r u i t f u l  
avenue of i n v e s t i g a t i o n  of t h e  permafrost  regime i s  t h e  
measurement of mean annual  ground temperature under d i f f e r e n t  
types  of vege ta t ion .  Development of r e l i a b l e  s e l f - r e c o r d i n g  
devices  t o  measure t h i s  i s  i n  progress .  
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TABLE I 

POTEilTlAL EVAYOTRANS~IRATIOW AND EVAPORATION AT NORvlAN WELLS TEST SITES 

a 

E l e v a t i o n  above 
s e a  l e v e l ,  f t  

Icean d a i l y  a i r  
t empera tu re ,  O F  

Mean d a i l y  max 
a i r  t empera tu re ,  

O F  

Icean d a i l y  min 
a i r  t empera tu re ,  

O F  - 

B i n f a l l ,  c n  

1 . .  1959 p e r i o d  - 1 5  t o  31 A u g s t .  - 
1960 p e r i o d  - 30 June t o  1 7  September. 

Thornthwai te  S i t e  
( S i t e  One) 

1960 

318 

54.6 

64 .3  

44.7 

17.89 

Sedge Area 
( S i t e  Two) 

1960 

339 

53.2 

64.7 

41.7 

1 8 - 5 3  

I 

D. 0. T. Met. 
S t a t i o n  

1960 

340 

55.2 

63 .8  

Moss Area 
( S i t e  Three )  

1960 

300 f t  from 
S i t e  F ive  a t  
same e l e v a t i o n  

n o t  
measured 

n o t  
measured 

n o t  
measured 

19.30 

Ylooded Area 
( S i t e  Pour )  

1960 

344 

54.2 

66.9 

Lichen Area 
( S i t e  F i v e )  

1960 

348 

53.6 

l 

65.0 

41.5 42.2 i 46.5 

I 
18.89 19 .10  ' 19.06  i 
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TI\BT,E I11 

NET R A D I A T I O N  VALUES OBTAINED A T  V A R I O U S  TYPES OF VEGETATIOPI 
AT NOL!?~IAN NELLS N .  W. T. USING ECONObIIC NET IUDIOIvIETER - 1959 

t 

Date 

Aug. 28 
11 

1  s 

11 

11 

Sept . 7 
11 

11 

I 1  

I 1  

Sept.  11 
I t  

1  I 

I 1  

Sept.  1 2  

Sept.  23 

Sept.  24 
11 

I t  

Sept.  23 

Sept . 30 
I t  

11 

1  t 

I1 

S i t e  

Thornthwaite 

S i t e  Two - sedge 

S i t e  Three - moss 

S i t e  Pour - wooded 

S i t e  Five - l i c h e n  

Thornthwaite 

S i t e  Two - sedge 

S i t e  Three - moss 

S i t e  Four - wooded 

S i t e  Five - l i c h e n  

Thorn-thnaite 

S i t e  Two - sedge 

Si-be Three - moss 

S i t e  Four - wooded 

S i t e  Five - l i c h e n  

Thornthwaite 

S i t e  Two - sedge 

S i t e  Three - moss 

S i t e  Pour - wooded 

S i t e  Pive - l i c h e n  

Thornthwaite 

S i t e  Two - sedge 

S i t e  Three - moss 

S i t e  Four - wooded 

S i t e  Five - l i c h e n  

Net rad j  a t i o n  
2 

gm-cal/cm /min 

0.34063 

0.44000 

0.  '30050 

0.55762 

0.04525 

0.12213 

0.12525 

0.11250 

0.24675 

0.02288 

0.27875 

0.17400 

0.12100 

0.06013 

0.09638 

0.05980 

0.0876 3 

0.18175 

0.18713 

0.16550 

0.11425 

0.02275 

0.03413 

0.00563 

0.02288 

Time 
P.S.T. 

11 55 

1108 

1 4 4 7  

1522 

1025 

1313 

1509 

1 4 1 5  

1033 

035 3 

3-351 

1500 

1532 

1605 

0913 

1604 

0335 

1051 

1413 

1023 

0950 

1516 

1540 

1631 

1043 

A i r  
Temp. 

O P  

57.3 

59.1 

60.0 

60.0 

54.3 

30.4 

38.5 

38.3 

37.3 

37.1 

42.9  

43.0 

43.0 

43.0 

37.4 

43.3 

34.8 

36.0 

40.1 

43.6 

36.8 

38.2 

30.0 

38.0 

38.3 

Sky 
cond i t ions  

Clear  

Clear  

Clear  

Clear  

Cloudy b r i g h t  

Cloudy b r i g h t  

Overcast 

Overcast 

Cloudy b r i g h t  

Cloudy b r i g h t  

Clear  

Clear  

Clear  

C lea r  

Sca t t e red  cloud 

Cloudy b r i g h t  

Cloi~cly b r i g h t  

Cloudy b r i g h t  

Cloudy bright 

Cloudy b r i g h t  

Overcast 

Overcast 

Overcast 

Overcast 

Overca s t  



Insulation 



SOIT ,  MOISTURE CONTTqNTS I N  SBASONALTJY THAWED LAmR 
AT NOIObIAN WETOTA Tl'rST SITES - 1C)59 

S o i l  t y p ~  

Black decomposed OM and s i l t  

? 
Brown c l a y e y  s i l t  w i t h  f i n e  

sand w i t h  s t r e a k s  of brown 
and b l a c k  decomposed OM 

Random s t o n e s  and p e b b l e s  

4 
~ i o o t  zone 

t 
Orcnn ic  s i l t  

& 
C l n v ~ y  sandy  s i l t  

S e d p ,  moss and r o o t s  
Decomposed b l a c k  OJil 
Or,-anic sandy s i l t  w i t h  c l a y  

Moss and r o o t s  

t 
Deromposed OIA 

4 
hloss and r o o t s  
Blacli decomposed Ohl 

Drown c l a y e y  s i l t  

I 
kloss 

I 
Roots  and b l a c k  OM 

Licr 
Drown decomposed OM 

I 

S i t c  

Thorn thwni t e  
s i t e  

Sedge a r e a  
( S i t e  Two) 

Sedge and 
moss 

S p a r s e l y  
t r e e d  moss 
a r e a  ( S i t e  
Three  - 1353) 

'!'/ooded a r e a  
( S i t e  I+'oour) 

Moss a r e a  
( S i t e  T h r e e )  

1960 

b io i s tu re  

2 0  and 29 Aug. 

N o 
samples  

ta l ten  

20'; 
411 
284 
1 4 0  

4 1 
2 3 
2 3 

1004 
740 
- 

2 38 
219 
573 
327 
415 

210 3 4  609 
262 305 5'76 

25 388 442 
418 363 533 

412 
750 
421 
427 
453 
482 
488 
455 
460 
96 3 
413 
76 9 

8 
120  
178 
5 5 4 
6 00  
620 
OR 2 
082 
750 
720 

1120 
- 

llepth 
( i n .  ) 

3 
6 
9 

1 2  
36 
60  
7 0 

3 
6 
9 

1 2  
18 
24 
3 0 

3 
6 
9 

3 

9 
1 2  
1 5  

1 2  

1 
2 
3 
4 
5 
6 
7 
0 

9 
1 0  
11 
1 2  

c o n t e n t  

23  and 24 S e p t .  

57 
3 5 
2 5 
3 0 
3 7 
1 9  
2 0 

S i t e  
wa te r logged  

S i t e  
wa te r locged  

330 
291 
4GR 
111 0 
4?4 

194 350 800 
308 461 657 
275 487 570 
$46 340 367 

167  
194 
188 

6 7 
39 
2 5 
28 
2 3 
2 8 

2 5 
30 
3 2 

9 2 
1 9 3  
402 
26 5 
385 
912 

1214 
114 3 
127 3 

715 
1100 
204 8 

( S i t e  Five) 1 Lichen a r e a  

8 

1 0  
11 
1 2  

- 
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tCLASS *A' EVAPORATION PAN 

( 2 0  FEET WEST OF GRASS PLOT) 

LEGEND: 

10 CM EVAPOTRANSPIROMETER 

15 CM EVAPOTRANSPIROMETER 

@ OIL DRUM EVAPOTRANSPIROMETER 

@ ALUMDUM DISC ATMOMETER 

@ GUNN -BELLAN1 RADIATION INTEGRATOR 

THERMOCOUPLE (DEPTH- INCHES) 

a 
W 

2 
& 

E 4 -  OVERFLOW PIPES 

z (EXPOSED) 
W 

PIPES (BURIED) 
r 
U 
Q SHACK CONTAINING 
I FLOAT PANS AND 

OVERFLOW TANKS 

P L A N  V l E W  

PAN "0" 

(318.35) PAN "A" 

(318.381 AT GWUMI SURFACE 

-BORDER OF GRASS PLOT' 

I - NUMBERS DENOTE ELEVATIONS 

ABOVE SEA LEVEL IN FEET 
2-GRASS PLOT IS 3 0  FEET ABOVE 

AND 150 FEET NORTH OF HIGH 

WATER MARK OF MACKENZIE 

RIVER (1959)  

SlTE IS OPERATED JOINTLY BY 
THE ONTARIO RESEARCH 

FOUNDATION AND THE DIVISION 

OF BUILDING RESEARCH 

WATER SUPPLY TANK 

REGULATE WAT 

S IDE  V l E W  

0 s 10 IS 
I I I I 

SCALE IN FEET 

FIGURE 2 

THORNTHWAITE SlTE INSTALLATIONS - 1959 - 60 



Figure 3 Thornthwaite site at Norman Wells, N.Y.T. 
Grass-covered pans with tensiometers in foreground. 
Supply tanks and overflow housing in background. 
(Tensiometers not used in 1959 and 1960.) August 
1956. 



Figure 4 Ground cover of moss and Labrador t e a  i n  wooded 
a r e a  ( S i t e  Four) showing installation of oil 
drum evapotranspirometer.  27 June 1960. 
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FIGURE 5 

VEGETATION AND SOILS AT NORMAN WELLS TEST SITES 



Figure 6 Sedge a rea  ( S i t e  Two) showing i n s t a l l a t i o n  of 
p l a s t i c  pipes f o r  mean annual ground temperature 
measurements i n  permafrost us ing  maximum-minimum 
d i a l  thermometers. August 1960. 



Pigure 7 Tree vege ta t ion  - spruce ,  tamarack, willow and 
a l d e r  - i n  wooded a r e a  ( S i t e  Four).  29 August 
1959. 



Figure 8 Lichen a rea  ( S i t e  Five)  showing i n s t a l l a t i o n  of 
thermocouple cable i n  permafrost. September 1960. 



Figure 9 Alumdum d i s c  atmometer a t  Thomthwaite s i t e .  
Bottom clamp holds  cup con ta in ing  b lack  porous 
p l a t e .  Top two clamps hold water  r e s e r v o i r .  
Porous p l a t e  i s  4 f t  above ground. 8 September 
1959- 



Figure 10  Class "A" e ~ p o r a t i o n  pan a t  Thornthwaite s i t e .  
Pan i s  4 f t  i n  diameter. 27 June 1960. 
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GUNN - BELLANI RADIATION INTEGRATOR 



Figure 1 2  Gunn-Bellani r ad i a t i on  i n t e g r a t o r s  i n s t a l l e d  
a t  Thornthwaite s i t e .  8 September 1959. 



Economic n e t  radiometer on standard 4 f t  above 
ground. July 1959. 
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FIGURE 14 

EXPLODED VIEW OF ECONOMIC NET RADIOMETER 
BR. 2781-5 



TEN DAY TOTALS 

PENMAN FORMULA, CENTIMETRES 

FIGURE 15 

COMPARISON OF OBSERVED POTENTIAL EVAPOTRAN- 

SPIRATION (PAN *B") FROM KENTUCKY BLUEGRASS 

AT THORNTHWAITE SITE WITH PENMAN EVAPORATION 

FORMULA FOR SUMMER 1960 



FIGURE 16 

DEPTH OF THAW VS CUMULATIVE DEGREE DAYS OF THAWING AT NORMAN WELLS, N.W.T. 1957, 1958, 1959 
be 2761- 7 



DEGREES, FAHRENHEIT 

FIGURE 17 

MEAN GROUND TEMPERATURES ( x )  AND AMPLITUDES (-) 
(JULY 15 TO SEPTEMBER 16, 1960) 

BR. 2701- 8 
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FIGURE 18 

GROUND TEMPERATURES AT THORNTHWAITE SITE 
(HOURLY READINGS FROM 0 9 0 0  ON AUGUST 14, 1959 TO 1100 ON 

AUGUST 15, 1959) 
el( Z7@/-9 



DEGREES, FAHRENHEIT 

FIGURE 19 
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DEGREES, FAHRENHEIT 

FIGURE 20 

MEAN GROUND TEMPERATURES ( x )  AND AMPLITUDES (-) 
(AUGUST 12 TO SEPTEMBER 23,19601 

8 R  2761-/I 


