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FOWWORD 

Bulletin No. 4 discussed in some detail the oceanographic 

pilot studies planned for the 1971 AIDJEX expediti 

Sea. This Bulletin, No. 5,  describes in detail th 

and ice morphology pilot studies, follows with a s 

plans, and concludes with an account of the Numeri 

Working Group session held in November. 

In general, these pilot studies aim to defin 

the appropriate time and space scales of measureme 

AIDJEX experiment in 1973. They also aim to revea 

representativeness of stress measurements and the 

obtaining them. These pilot studies should thus p 

information for refining and simplifying the desig 

experiment. Some, such as Jim Smith's boundary l a  

under the ice, are detailed studies which will not 

the main AIDJEX array. They seek t o  answer specif 

which influence the design of the experiment. If 

will probably not be repeated. 

Following the field program there will be a 

tion of AIDJEX participants t o  review the results, 
stand, and plan next year's pilot studies. This m 

tively scheduled for June 1971. 

J. 0 .  Fletcher 
AIDJEX Coordinator 
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REMOTE SENSING, I C E  MECHANICS AND MORPHOLOGY 
-. 

AN OUTLINE OF THE PROBLEM 

by M.P. Langleben and E.R. Pounder 

Department of Phys ic s ,  McGill U n i v e r s i t y  

Any c o n s i d e r a t i o n  o f  i c e  movement must s t a r t  wi th  t h e  morphology 

o f  t h e  two s u r f a c e s  o f  an i c e  cove r ,  s i n c e  i t  i s  t h e  roughness  of t h e s e  

s u r f a c e s  which couples  t h e  a i r - i c e - w a t e r  media and permi ts  momentum 

t r a n s f e r s .  The major d r i v i n g  f o r c e  caus ing  i c e  movement i s  t h e  shea r  

f o r c e  a .ppl ied t o  t h e  upper  s u r f a c e  by t h e  wind. The lower s u r f a c e  

i n t e r a c t s  w i t h  t h e  water ,  t r a n s f e r r i n g  momentum t o  i t ,  s o  t h a t  t h e  

water s t ress  on t h e  i c e  i s  a d r a g .  

A l r  s t r e s s  can be  d iv ided  somewhat a r t i f i c i a l l y  i n t o  s k i n  f r i c t i o n  
r___ 

and form d rag ,  where t h e  former i s  t h e  r e s u l t  o f  s m a l l - s c a l e  roughness  -- - 

o f  t h e  i c e  o r  snow s u r f a c e  and t h e  l a t t e r  of  major  o b s t a c l e s  such  as 

p r e s s u r e  r i d g e s .  I n  t r e a t i n g  s k i n  f r i c t i o n  i t  i s  u s u a l l y  assumed t h a t  

t h e  a i r  f low i s  t u r b u l e n t .  T h i s  is  almost  c e r t a i n l y  t r u e  i n  g e n e r a l ,  

bu t  i t  i s  p o s s i b l e  t h a t  f o r  ve ry  l i g h t  winds over  a r e l a t i v e l y  smooth 

s u r f a c e ,  t h e  f low i n  t h e  boundary l a y e r  may be  laminar .  The t r a n s i t i o n  

from laminar  t o  t u r b u l e n t  f low i s  u s u a l l y  cons ide red  t o  occur  f o r  a 

Reynolds number R e  i n  t h e  range  from 2000 t o  3000. 

R e = g P p  ( 1 )  
/” -- 

where U i s  a c h a r a c t e r i s t i c  speed o f  f low,  f a c h a r a c t e r i s t i c  l e n g t h ,  - - 

and p and,+ t h e  d e n s i t y  and v i s c o s i t y  o f  t h e  moving f l u i d .  I t  i s  

d i f f i c u l t  t o  know what c h a r a c t e r i s t i c  U and P t o  u s e .  Somewhat 

- 
- 
- - 

- - 
a r b i t r a r i l y  l e t  u s  t a k e  U = u t h e  mean wind speed a t  10 met res  - -10’ 
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h e i g h t  and f = 30 where z i s  t h e  roughness  parameter .  Taking - -0 

- - 3 m/sec (% 7 miles per  hour)  and 9 = 1 cm ( a  ve ry  smooth u lo  - - 
-5 

s u r f a c e ) ,  then  R e  = 2250 s i n c e  p = 1 . 2 9  a n d k  = 1 . 7 1  x 10 

u n i t s )  f o r  a i r  a t  0 C .  

Skin F r i c t i o n  

( i n  MKS - 
0 

For t h e  t u r b u l e n t  case t h e  wind stress 
2 - 

T a = P c10 u10 

where C i s  t h e  d rag  c o e f f i c i e n t  a t  10 m. Within t h e  boundary l a y e r  

( a t  least  t e n s  o f  metres i n  t h i c k n e s s )  T i s  a cons t . -n t ,  bu t  s i n c e  

u = f ( z ) ,  C = f ( z )  a l s o  and t h e  h e i g h t  z m u s t  be  s p e c i f i e d .  For 

-10 

a - 
- - 

n eu t r a 1 s t a b  i 1 i t  y 

u ( z >  = up I n  z + zo 
--- - 

Z 
kO 0 

( 3 )  

where u 8. IS . t h e  f r i c t i o n  v e l o c i t y  = ,/T and k is  von Karman‘s 
0 - - .L. 

t-J 
c o n s t a n t  (=0 .4 ) .  Equat ion (3) l e a d s  x e a d i l y  t o  

For a s t a b l e  o r  u n s t a b l e  a tmosphere,  ( 4 )  needs m o d i f i c a t i o n  b u t  on ly  

e m p i r i c a l  c o r r e c t i o a s  a r e  a v a i l a b l e  ( s e e  Businger  (1966) f o r  example).  

Another u s e f u l  expres s ion  i n  t h e  t u r b u l e n t  case g i v e s  t h e  Reynolds 

stress o r  hori .zonta1 s h e a r  stress as - 
T = p u’w’ 
a 

where u = < + u ’  i s  t h e  i n s t a n t a n e o u s  downwind h o r i z o n t a l  v e l o c i t y  and 

w‘ i s  t h e  i n s t a n t a n e o u s  v e r t i c a l  component. 

Two methods o f  measuring t h e  d rag  c o e f f i c i e n t  C have been used .  -10 

I n  t h e  p r o f i l e  method, wind speed and t empera tu re  a re  measured a t  

v a r i o u s  h e i g h t s ,  T is  c a l c u l a t e d  from ( 4 )  and t h e  s t a b i l i t y  o f  t h e  a - 
atmosphere from t h e  t empera tu re  p r o f i l e .  The d rag  c o e f f i c i e n t  C -110 
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can t h e n  b e  found from ( 3 )  (modified i f  n e c e s s a r y  f o r  o t h e r  t h a n  n e u t r a l  

s t a b i l i t y )  and ( 2 ) .  Equat ion (5) can b e  used on d a t a  from a t h r e e -  

component s o n i c  anemometer (Smith e t  a l ,  1970) t o  g i v e  T ~ .  

Form Drag (D) 

The wind stress on a macroscopic o b j e c t  can be expressed  i n  a form 

s imilar  t o  (2) 

D = p ( f  A) u2 
where A i s  t h e  p r o j e c t e d  area of  t h e  o b s t a c l e  normal t o  t h e  f low,  

f 

and - U i s  t h e  atrerage wind speed i n c i d e n t  on t h e  o b s t a c l e .  The averaging  

- 

i s  a - form f a c t o r  dependent on t h e  shape and on t h e  Reynolds number, - 
- 

m u s t  b e  done n o t  o n l y  i n  t i m e  b u t  a l s o  i n  h e i g h t  because of t h e  l o g a r i t h -  

m i c  n a t u r e  of  t h e  wind p r o f i l e .  The form f a c t o r  can be p r e d i c t e d  

t h e o r e t i c a l l y  f o r  s imple  geometr ies  b u t  i n  t h e  case of  p r e s s u r e  r i d g e s  

some measurements a re  needed. 14 p r i n c i p l e  c a r e f u l  wind speed p r o f i l e s  

on t h e  windward and leeward s i d e s  of  t h e  r i d g e  would s u f f i c e  t o  c a l c u l a t e  

f bu t  few i f  any experiments  have been done. - 

R e l a t i v e  S i z e s  of  T and D a 

To g e t  a f e e l  f o r  t h e  s i z e s  of t h e s e  d r a g s ,  l e t  u s  s o l v e  a s imple  

- 3  model. 

broken a t  i n t e r v a l s  of 500 m by a p r e s s u r e  r i d g e  of wid th  16 m and 

h e i g h t  2m. Take a t r a n s v e r s e  wind u 
p r o f i l e .  As a rough approximation w e  t a k e  u 
wind U on t h e  r i d g e .  From ( 3 )  = 4 . 7  m/sec.  For an e l l i p t i c a l  

c y l i n d e r  of a x i a l  r a t i o  4 : l  S t r e e t e r  (1958, p .  172) g i v e s  f = 0 . 1 6  

( a t  R e  = 2 . 5  x 10 ) ,  and w e  assume t h i s  i s  r e a s o n a b l y  c l o s e  t o  t h e  

Assume a l e v e l ,  rough f l o e ,  w i t h  zo = 1 . 0 7  c m  (cl0 = 3 .5  x 10 ) ,  - 

= 7 m/sec and assume a l o g a r i t h m i c  10 

t o  r e p r e s e n t  t h e  average  1 -0  
- 
- 1.0 

- 
4 
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proper  v a l u e  f o r  t h e  p r e s s u r e  r i d g e .  Then, from ( 6 ) ,  f o r  a l-meter 

long s t r e t c h  of  r i d g e ,  

2 
D = 1 .29  x 0 . 1 6  x (1 x 2)  x (4 .7 )  = 9 . 1  n t  

2 
From ( 2 ) ,  t h e  s k i n  f r i c t i o n  on a s t r i p  500 x 1 m 

1.29 x 3 .5  x x (7 )  x 500 x 1 = 110 n t  

i s  

2 

From t h i s  c a l c u l a t i o n ,  i t  appea r s  t h a t  s k i n  f r i c t i o n  i s  t h e  dominant 

f a c t o r  u n l e s s  r i d g e s  are  v e r y  h igh  o r  v e r y  numerous, o r  t h e  f l o e  i s  

ex t remely  smooth. 

Water S t r e s s  

Again i n  p r i n c i p l e  a l l  of  t h e  equa t ions  above can  be  a p p l i e d  t o  

t h e  lower s u r f a c e  wi th  m o d i f i c a t i o n s  of  t h e  parameters .  A c a l c u l . a t i o n  

of  t h e  v a l u e  of  R e  shows t h a t  t h e  water f low w i l l  be  t u r b u l e n t  f o r  any 

r e a s o n a b l e  v a l u e s  o f  roughness  and c u r r e n t .  e . g .  i f  U = 10 cm/sec 

- 
- 
- 

-4 and 1 = 5 cm, p = 1025 kg m-3,,& = 1 . 9 1  x 10 and - Re = 27,000. - - 
I n  f a c t ,  water s t ress  measurements are  c o n s i d e r a b l y  more d i f f i c u l t  

than  a i r  s t ress  ones .  The boundary l a y e r  t h i c k n e s s  i s  o n l y  o f  t h e  o r d e r  

of a meter o r  less (Hunkins, 1966; Johannessen,  1970) .  Curren t  meters 

tend  t o  b e  l a r g e  ( s e v e r a l  cm i n  d iameter  f o r  p r o p e l l o r  t y p e s ) .  Th i s  

makes a c c u r a t e  measurement o f  c u r r e n t  p r o f i l e s  d i f f i c u l t .  Smal le r  

c u r r e n t  s e n s o r s ,  such as h o t - f i l m  meters, are not  as w e l l  developed 

as s i m i l a r  ones f o r  wind speed.  Eddy o r  Reynolds s t r e s s  measurements 

have n o t  y e t  been made i n  t h e  boundary l a y e r  below t h e  ice,  a l though  

they  are  planned by several g roups .  F i n a l l y ,  t h e  r e l a t i v e  i n a c c e s s i b i l i t y  

o f  t h e  lower s u r f a c e  makes judgement of  t h e  r e p r e s e n t a t i v e n e s s  o f  a s i t e  

ve ry  d i f f i c u l t .  On t h e  upper  s u r f a c e  ' e y e b a l l i n g '  permi ts  a q u a l i t a t i v e  

c l a s s i f i c a t i o n  of  t h e  morphology as smooth, r i d g e d ,  hummocked, e t c .  

4 



R e m  e s  en 1: a t  ivene  s s 
~ 

Edther  p r o f i l e  o r  eddy s t ress  t echn iques  f o r  upper  o r  lower i c e  

s u r f a c e  morphology are  p o i n t  measurements, r e p r e s e n t a t i v e  a t  b e s t  of  

a r e a s  of  d i ame te r s  o f  a few km. For AIDJEX, o r  f o r  any p r e d i c t i v e  

methods which may come from i t ,  it  w i l l  be  necessa ry  t o  c h a r a c t e r i z e  

i c e  roughness  o r  morphology ove r  a r e a s  of  hundreds of km i n  wid th ,  and 

t h e  on ly  p r a c t i c a l  way i s  by remote s e n s i n g  t echn iques .  

of  a i r b o r n e  t echn iques  fo l lows  l a t e r  i n  t h i s  paper .  For u n d e r i c e  

mapping t h e  most promising t echn ique  i s  t h e  s o n i c a l l y  c o n t r o l l e d  

torpedo developed by t h e  Applied Phys ics  Labora tory  of  U n i v e r s i t y  of 

Washington. T h i s  w a s  d e s c r i b e d  a t  t h e  Hanover meet ing of  t h e  Working 

Group on I c e  Mechanics and Morphology i n  August 1970 and i s  r e f e r r e d  

t o  i n  A I D J E X  B u l l e t i n  No. 1 (p.  31) .  The on ly  comment t o  be  made h e r e  

i s  t o  once  a g a i n  s t ress  t h e  obvious - t h e  APL torpedo w i l l  remain a 

r e s e a r c h  t o o l ,  t o  b e  deployed r a r e l y  and a t  h igh  c o s t  i n  any p a r t i c u l a r  

i c e  covered area.  It i s  t h e r e f o r e  v e r y  impor tan t  t o  t r y  t o  deve lop  

q u a n t i t a t i v e  r e l a t i o n s  between t o p  and bottom s u r f a c e s ,  so  t h a t  bottom 

roughness  can be  deduced from a i r b o r n e  s u r f a c e  o b s e r v a t i o n s  which could  

Some d i s c u s s i o n  

h o p e f u l l y  become q u a s i - r o u t i n e  i n  areas o f  s i g n i f i c a n c e .  

I c e  Mechanics 

The top ic  of  t h i s  A I D J E X  B u l l e t i n  i n c l u d e s  i c e  mechanics bu t  B u l l e t i n  

No. 2 d e a l t  so w e l l  w i t h  t h e  e x i s t i n g  l a c k  o f  knowledge i n  t h i s  impor tan t  

f i e l d  t h a t  w e  have no th ing  t o  add. 

Remote s e n s i n g  of  morphology 

The need t o  o b t a i n  good q u a n t i t a t i v e  d a t a  on t h e  morphology o f  t h e  

i c e  cover  on a r o u t i n e  b a s i s  h a s  been menti-oned a l r e a d y .  The most 

5 



r a p i d  changes i n  morphology r e s u l t  from p r e f e r e n t i a l  i ce  movement, 

o c c u r r i n g  i n  areas where, o r  a t  times when, t h e  f low is  c y c l o n i c  o r  

a n t i c y c l o n i c .  Under such  c i r cums tances ,  i n t e r n a l  stresses i n  t h e  ice  

b u i l d  up  t o  v a l u e s  which cause  l o c a l  f a i l u r e  and l e a d  t o  t h e  format ion  

of  p r e s s u r e  r i d g e s  and l e a d s  o f  open water.  

The cover  i s  made up  o f  i c e  of  v a r i o u s  ages ,  from t h i n  i c e  newly 

f r o z e n  i n  a l ead  t o  heavy mul t i -yea r  pack ice .  Each type  has  a more-or- 

less  d i s t i n c t  morphology, induced no t  o n l y  by t h e  mechanical  p rocesses  

which have been d e s c r i b e d  bu t  a l s o  by i t s  thermal  h i s t o r y .  Annual 

me l t ing  c y c l e s  tend  t o  smooth t h e  s h a r p  a n g u l a r  p r o j e c t i o n s  of  p r e s s u r e  

r i d g e s  and t o  produce t h e  c h a r a c t e r i s t i c  u n d u l a t i o n s  o f  t h e  upper  s u r f a c e  

of  i c e  more t h a n  two y e a r s  o l d .  The s u r f a c e  topography,  i n  t u r n ,  i n t e r -  

ac t s  wi th  t h e  mechanism d r i v i n g  t h e  i c e  cove r ,  s i n c e  t h e  t a n g e n t i a l  

stress e x e r t e d  by t h e  wind a g a i n s t  t h e  upper  f a c e  and t h e  d rag  between 

t h e  lower f a c e  and t h e  ocean are s e n s i t i v e  f u n c t i o n s  of  s u r f a c e  roughness .  

(The r e l a t i v e  importance of  s k i n  f r i c t i o n  and of  form d r a g  h a s  been 

d i s c u s s e d  e a r l i e r . )  I t  i s  necessa ry  t h e r e f o r e  t h a t  t h e  d i s t r i b u t i o n  i n  

space  of  t h e  v a r i o u s  ice  t y p e s  be  ob ta ined  duning t h e  A I D J E X  experiment 

a t  r e g u l a r  and f r equen t  i n t e r v a l s .  

Although l o c a l  measurements of  s u r f a c e  r e l i e f  w i l l  p robably  b e  

made a t  t h e  manned s t a t i o n s ,  t h e s e  w i l l  be  l i m i t e d  i n  s c a l e  by t h e  heavy 

manpower requi rements  f o r  such o b s e r v a t i o n s .  Moreover because  of  t h e  

extreme v a r i a b i l i t y  of  t h e  i c e  cove r ,  o n - s i t e  o b s e r v a t i o n s  w i l l  no t  

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

scale  of  d i s t a n c e  involved  i n  t h e  a r r a y  o f  s t a t i o n s .  The s o l u t i o n  

i n e v i t a b l y  l i e s  i n  t h e  d i r e c t i o n  o f  r a p i d  remote s e n s i n g  o f  t h e  ice  
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cove r  from a i r b o r n e  and submarine p l a t fo rms .  

knowledge, s a t e l l i t e  coverage  (ERTS, ESSA and o t h e r s )  w i l l  p rovide  ve ry  

l i t t l e  in fo rma t ion  except  photographs of t h e  s u r f a c e  d u r i n g  d a y l i g h t  

c l o u d - f r e e  pe r iods .  A second g e n e r a t i o n  ERTS may have an I R  scanner  

bu t  is  expected t o  b e  o f  l i m i t e d  v a l u e  because  of  i t s  low r e s o l u t i o n  

and i n a b i l i t y  t o  p e n e t r a t e  c l o u d . )  

importance o f  l o c a l  measurements. It is  e s s e n t i a l  t h a t  exper iments  

o f  t h e  t y p e  p ioneered  by CRREL, NAVOCEANO and o t h e r s  i n  which good 

ground t r u t h  d a t a  are  ob ta ined  s imul t aneous ly  w i t h  t h e  remote senso r  

imagery be cont inued  and i n t e n s i f i e d ,  i f  t h e  f u l l  p o t e n t i a l  o f  remote 

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

be  r e a l i z e d .  

(TO t h e  b e s t  of  o u r  

T h i s  i s  n o t  meant t o  downgrade t h e  

I n t e r p r e t a t i o n  o f  t h e  imagery ob ta ined  from scanning  remote s e n s o r s  

(IR, SLAR and p a s s i v e  microwave) i s ,  i n  svme i n s t a n c e s ,  s u b j e c t  t o  

ambigui ty .  I n t e r p r e t i v e  t echn iques  of  t h e  s i g n a t u r e s  c h a r a c t e r i s t i c  

of i ce  of d i f f e r e n t  roughness  u s i n g  r a d a r  p r o f i l e r s  o r  laser a l t ime te r s  

is s t i l l  under  i n v e s t i g a t i o n .  The a p p l i c a b i l i t y  of  some remote s e n s o r s  

looks  more promising than  o f  o t h e r s  b u t ,  a t  t h i s  e a r l y  s t a g e  of  our  

expe r i ence ,  i t  would b e  u n d e s i r a b l e  t o  d i s c a r d  any s e n s o r  which may 

c o n t r i b u t e  t o  ou r  knowledge o f  t h e  i c e  cove r .  While i t  i s  a n t i c i p a t e d  

t h a t  t h e  p i l o t  p r o j e c t s  be ing  planned o r  underway may c l e a r  t h e  a i r  w i t h  

r ega rd  t o  t h e  p o t e n t i a l  and l i m i t a t i o n s  o f  t h e  v a r i o u s  remote sens ing  

systems,  and wh i l e  w e  are  aware o f  c o n s i d e r a b l e  o v e r l a p  o f  i n fo rma t ion  

provided by s e n s o r s  o f  d i - f f e r e n t  t ype ,  n e v e r t h e l e s s  w e  make a p l e a  f o r  

redundancy t o  avoid  t h e  p o s s i b i l i t y  o f  ending up  w i t h  a d e f i c i e n c y  o f  

d a t a .  For example, development of  a system f o r  remote s e n s i n g  o f  i c e  

t h i c k n e s s  i s  u n l i k e l y  i n  t h e  nea r  f u t u r e  and s i n c e  t h e r e  i s  almost  
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c e r t a i n  t:o be  i n s u f f i c i e n t  d e t a i l e d  ground measurements, i c e  t h i c k n e s s  

w i l l  have t o  be  i n f e r r e d  from such in fo rma t ion  on t h e  i c e  as i t s  t y p e ,  

roughness ,  h e i g h t  above w a t e r  l e v e l ,  e t c .  as ob ta ined  from a number o f  

remote s e n s i n g  dev ices .  The few paragraphs  which fo l low d i s c u s s ,  i n  

b r i e f ,  t h e  remote s e n s o r s  w i t h  r ega rd  t o  t h e i r  p o t e n t i a l  t o  provide  

in fo rma t ion  on t h e  morphology o f  t h e  i c e  cove r ,  t h e  systems be ing  

a r b i t r a r i l y  d i v i d e d  i n t o  two groups,  depending on whether o r  no t  t hey  

produce an  image o f  t h e  i c e  cover .  

Imaging systems.  The ou tpu t  o f  a l l  remote s e n s i n g  systems i n  t h i s  

c a t e g o r y  i s  an image, s u p e r f i c i a l l y  similar t o  a photographic  image, 

i n  which v a r i o u s  f e a t u r e s  o f  t h e  i c e  cover  are  i d e n t i f i a b l e  b y t h e i r  

shape ,  t e x t u r e  and t o n e  

a )  The scanning  SLAR ( s i d e  looking  a i r b o r n e  r a d a r )  promises  t o  be  t h e  

most u s e f u l  remote s e n s o r  because  o f  i t s  a b i l i t y  t o  penetrate c loud ,  

fog ,  p r e c i p i t a t i o n  and da rkness .  An image o f  t h e  s u r f a c e  a long  t h e  

f l i g h t  pa th  and t o  i t s  s i d e s  i s  o b t a i n e d .  It i s - p o s s i b l e  t o  d e t e c t  

p r e s s u r e  r i d g e s ,  l e a d s  and v a r i o u s  i c e  types  and t h e r e f o r e  t o  de te rmine  

t h e  d i s t r i b u t i o n  p a t t e r n s  from the imagery. A more s o p h i s t i c a t e d  system, 

t h e  s y n t h e t i c  a p e r t u r e  SLAR, has  a h ighe r  r e s o l u t i o n  but  i s  much more 

expens ive  and r e q u i r e s  e l a b o r a t e  ground f a c i l i t i e s  t o  p rocess  t h e  d a t a  

b) Given c o n d i t i o n s  of  good i l l u m i n a t i o n  and v i s i b i l i t y ,  a e r i a l  photo- 

graphy i n  b l a c k  and wh i t e  o r  c o l o u r  i s  w e l l  proven i n  i t s  ab i1 i t :y  t o  

produce images of  t h e  i ce  cover  which a r e  amenable t o  q u a n t i t a t i v e  

measurement. A l o w - l i g h t - l e v e l  t e l e v i s i o n  camera could  extend 

photographic  t echn iques  i n t o  p e r i o d s  when t h e  ambient l i g h t  l e v e l  i s  

too low f o r  s t a n d a r d  photography. 

8 



c )  The I R  ( i n f r a r e d )  scanner  produces an image i n  which v a r i a t i o n s  

from po in t  t o  po in t  a r e  r e l a t e d  t o d i f f e r e n c e s  i n  peak Boltzmann 

r a d i a t i o n  from t h e  s u r f a c e  of t h e  i c e  cover .  The system i s  capab le  

of d e l i n e a t i n g  areas o f  open water  and l eads  i n  t h e  i c e  cove r .  It  i s  

p o s s i b l e  t o  d i s t i n g u i s h  such f e a t u r e s  and t h e  e a r l y  s t a g e s  of growth 

of young sea i c e  from t h i c k  f i r s t  year  i c e  i n  terms of  t one  q u a l i t y ,  

and t o  d e t e c t  heavy pack- ice  and p r e s s u r e  r i d g e s .  The system i s  not  

l i m i t e d  t o  d a y l i g h t  hours  b u t  i s  i n e f f e c t i v e  when cloud o r  p r e c i p i t a t i o n  

i n t e r v e n e s  . 
d) There has  been i n s u f f i c i e n t  expe r i ence  wi th  emission by t h e  i c e  

cover  i n  t h e  microwave band t o  a s s e s s  t h e  f u l l  p o t e n t i a l  o f  t h e  p a s s i v e  

microwave scanner .  It has  been demonstrated t h a t  t h e  imagery r e v e a l s  

areas of open water  and mel t  ponds on t h e  i c e .  There i s  a l s o  some 

evidence t h a t  u n d u l a t i o n s  on t h e  s u r f a c e  of pack i c e  a r e  d e t e c t a b l e  

and t h e r e  i s  reason  t o  expec t  t h a t ,  on f u r t h e r  i n v e s t i g a t i o n ,  t h e  

p a s s i v e  microwave scanner  may be a u s e f u l  t o o l  f o r  s t u d i e s  o f  i c e  

morpho logy.  

P r o f i l e r s .  These dev ices ,  t h e  l a s e r  a l t i m e t e r  and r a d a r  p r o f i l e r ,  

p rovide  d e t a i l e d  informat ion  on t h e  s u r f a c e  roughness a long  t h e  1-ine 

of t h e  f l i g h t  pa th .  

s h o r t e r  o p e r a t i n g  wavelength,  has  h ighe r  d i s c r i m i n a t i o n  i n  range  and 

f i n e r  r e s o l u t i o n  than  t h e  r a d a r  p r o f i l e r  bu t  t h e  l a t t e r  has  t h e  advantage 

of  a l l  weather  c a p a b i l i t y -  S i g n a t u r e s  c h a r a c t e r i s t i c  o f  t h e  v a r i o u s  

i c e  t y p e s  and of  open water  have been i d e n t i f i e d  from t h e  roughness 

p r o f i l e s  and a l s o  from t h e  i n t e n s i t y  of t h e  r e t u r n e d  s i g n a l s .  The i c e  

t h i c k n e s s  a d j a c e n t  t o  l eads  o r  open water  can be e s t ima ted  from t h e  

The l a s e r  a l t i m e t e r ,  because of i t s  very  much 
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h e i g h t  of  t h e  ice  above t h e  sea l e v e l .  The p r o f i l e r s  can  p rov ide  d a t a  

i n  a form amenable t o  computer a n a l y s i s  t o  o b t a i n  t h e  s u r f a c e  roughness  

of  t h e  d i f f e r e n t  i c e  t y p e s ,  t h e  f requency and h e i g h t  o f  r i d g i n g ,  t h e  

f requency  and wid th  o f  l e a d s ,  e tc .  T h i s  i n fo rma t ion  may be  combined 

wi th  t h a t  ob ta ined  from t h e  imagery d i s c u s s e d  ear l ie r  on d i s t r i b u t i o n  

p a t t e r n s  o f  v a r i o u s  i c e  t y p e s ,  and on t h e  o r i e n t a t i o n  o f  l e a d s  and 

p r e s s u r e  r i d g e s  t o  ca l cu la t e  a d rag  c o e f f i c i e n t  r e p r e s e n t a t i v e  o f  a 

g iven  area. 
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REMOTE SENSING AND GROUND TRUTH INVESTIGATIONS 

W. J .  Campbell 
U.S. Geologica l  Survey 

Tacoma, Washing t o n  

INTRODUCTION 

During t h e  AIDJEX p i l o t  experiment i n  1971, w e  p l an  t o  c a r r y  o u t  a 

comprehensive remote sens ing  experiment over  sea i c e .  Not on ly  w i l l  a 

l a r g e  ground t r u t h  p a r t y  be  on t h e  ice  dur ing  a l l  of t h e  remote sens ing  

f l i g h t s ,  b u t  a i r c r a f t  from t h r e e  f e d e r a l  agenc ie s  w i l l  perform remote 

sens ing  mis s ions  i n  t h e  Beaufor t  Sea dur ing  March, 1971. 

Convair 990, which may f a i r l y  be  s a i d  t o  be  t h e  most advanced remote 

sens ing  a i r p l a n e  i n  t h e  world,  w i l l  o v e r f l y  t h e  AIDJEX experiment  i n  t h e  

v i c i n i t y  of 740 N l a t i t u d e ,  130' W l o n g i t u d e ,  on March 8, 9 ,  11, 1 2 ,  and 

15. The Coast Guard Hercules  w i l l  o v e r f l y  t h e  A I D J E X  tes t  s i t e  on 

March 8 and 11, and t h e  Navy "Birdseye" C o n s t e l l a t i o n  w i l l  o v e r f l y  t h e  

s i t e  between March 22 and 26. To have t h r e e  such a i r c r a f t  o v e r f l y i n g  

t h e  same area i n  one month is  a h i g h l y  unprecedented occurrence ,  and w e  

of t h e  p o l a r  s c i e n t i f i c  community are immensely p leased  w i t h  t h i s  kind 

and q u a l i t y  of suppor t .  

The NASA 

A wide-ranging remote sens ing  c a p a b i l i t y  i s  impera t ive  t o  the  A I D J E X  

program because a g r e a t  many of t h e  parameters  which we  wish t o  measure 

du r ing  A I D J E X - - ~ * ~ * Y  a lbedo  and i c e  deformation--undergo v e r y  l a r g e  s p a t i a l  

v a r i a t i o n s  i n  v e r y  s h o r t  t i m e s .  A s  t h e  r e a d e r  cove r s  t h e  v a r i o u s  t o p i c s  

i n  t h i s  B u l l e t i n ,  he w i l l  be  aware t h a t  t h e  des ign  of t h e  remote sens ing  

experiments  f o r  AIDJEX 1971 invo lves  two phases:  

ments a t  low a l t i t u d e s  of a small area of ice; and (2) l a r g e - s c a l e  

measurements a t  g r e a t  a l t i t u d e s  of  a l a r g e  p a r t  of t h e  i c e  canopy. I n  

t h e  remote sens ing  a r e n a  t h e  micro- and macrosca le  proponents  are 

cons tan t l -y  b a t t l i n g ,  b u t  s i n c e  i t  i s  h a r d l y  t h e  purpose of t h i s  B u l l e t i n  

t o  e n t e r  i n t o  t h e  f r a y ,  l e t  it s u f f i c e  t o  say  t h a t  w e  chose t o  o b t a i n  

(1) d e t a i l e d  measure- 
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b o t h  k i n d s  of d a t a  because t h e  systems were capable  of o b t a i n i n g  b o t h  on 

each m i s s i o n  and because a rea l  need f o r  b o t h  k i n d s  o f  d a t a  e x i s t s .  

On ,January 7 and 8 ,  1971, a s m a l l  remote sens ing  meeting w a s  con- 

vened a t  t h e  Applied P h y s i c s  Labora tory ,  U n i v e r s i t y  of Washington, t o  

p l a n  and c o o r d i n a t e  t h e  A I D J E X  1971 m i s s i o n s .  A l ist  of t h o s e  who a t t e n d e d  

t h e  meet ing a p p e a r s  a t  t h e  end of t h i s  s e c t i o n ,  on page 22. T h i s  group 

q u i c k l y  decided what should b e  done and o u t l i n e d  a p l a n  f o r  each  phase of 

t h e  o p e r a t i o n .  

covered l a te r  i n  t h i s  B u l l e t i n .  I s h a l l  c o n f i n e  myself now t o  d i s c u s s i o n s  

of t h e  CRREL-USGS ground t r u t h  i n v e s t i g a t i o n s  and t h e  NASA-Ames Convair 990 

p l a n  which I prepared  as t h e  P r i n c i p a l  I n v e s t i g a t o r  f o r  Sea I c e  f o r  SPOC 

( S p a c e c r a f t  Oceanography Center )  of NASA. 

The Coast Guard, Navy, and NOAA p a r t s  of t h i s  p l a n  are 

GROUND TRUTH PLAN 

During t h e  1970 A I D J E X  p i l o t  s t u d y  i n  t h e  Beaufor t  Sea, I performed 

t e l l u r o m e t e r  measurements over  t h e  sea ice  a t  several ranges .  The l o n g e s t  

range  a t tempted  w a s  approximately 17  km; and a l t h o u g h  t h e  s i g n a l  s t r e n g t h  

w a s  g r e a t  enough t o  g i v e  a s t r o n g  image w i t h  t h e  model MRA-2 t e l l u r o m e t e r ,  

t h e  d i e l e c t r i c  p r o p e r t i e s  of sea ice  caused t o o  many r e f l e c t i o n s  t o  a l l o w  

proper  focus ing  of t h e  ins t rument .  Measurements a t  s h o r t e r  ranges  proved 

v e r y  s u c c e s s f u l .  A t  a range  of 5 km, t h e  t e l l u r o m e t e r  performed a t  i t s  

h i g h e s t  accuracy ,  measuring d i s t a n c e s  of several k i l o m e t e r s  t o  around a n  

accuracy  of a few c e n t i m e t e r s .  A t  a range  of several k i l o m e t e r s  i n  which 

t h e  i n s t r u m e n t s  were l o c a t e d  on d i f f e r e n t  i ce  f l o e s  s e p a r a t e d  by two s m a l l  

l e a d s ,  changes i n  l e n g t h  i n  t h e  o r d e r  of a meter occurred  a t  i n t e r v a l s  of 

10-15 minutes .  

over  a n  area and w e r e  q u i t e  f ragmentary,  t h e y  demonstrated t h a t  t h e  t e l l u r -  

ometer can  b e  used t o  measure mesoscale  s t r a i n s  of sea ice .  Therefore ,  

when t h e  CKREL-USGS f i e l d  program w a s  des igned ,  t h e  t a s k  of performing such 

s t r a i n  measurements over  a n  area f i g u r e d  s i g n i f i c a n t l y  i n  t h e  d e l i b e r a t i o n s .  

Four model MU-3 t e l l u r o m e t e r s  w i l l  b e  used d u r i n g  A I D J E X  1971. T h i s  i n s t r u -  

ment has  a carr ier  wavelength of 3 cm v e r s u s  t h e  carrier wavelength of 10 cm 

of t h e  MRA-2 t e l l u r o m e t e r  used i n  A I D J E X  1970; f o r  f i e l d  programs c a r r i e d  

Although t h e s e  measurements were o n l y  a long  a l i n e  and n o t  
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o u t  i n  t h e  A n t a r c t i c ,  i t  had a range  i n  t h e  o r d e r  of 50 p e r c e n t  g r e a t e r  

than  t h e  ear l ier  model. 

The main camp w i l l  b e  used as a t e l l u r o m e t e r  s t a t i o n .  L a s t  y e a r  a 

tower approximately 5 meters h i g h  w a s  e r e c t e d  of empty f u e l - o i l  drums. 

This  p l a t f o r m  proved t o  b e  s t a b l e  and h i g h  enough f o r  t h e  measurements f o r  

t h e  shor t - range  o b s e r v a t i o n s ,  Two a d d i t i o n a l  t e l l u r o m e t e r  sites w i l l  be  

e s t a b l i s h e d  a t  a range  of approximately 9 km from t h e  main camp, forming 

a n  e q u i l a t e r a l  t r i a n g l e .  One of t h e  a u x i l i a r y  t e l l u r o m e t e r  s t a t i o n s  w i l l  

be  p laced  along a l i n e  j o i n i n g  t h e  main camp w i t h  t h e  c l o s e r  of t h e  two 

a u x i l i a r y  oceanographic  s t a t i o n s ,  It i s  hoped t h a t  t h i s  arrangement w i l l  

make f o r  a n  e f f i c i e n t  u s e  of h e l i c o p t e r  s u p p o r t .  Along each l e g  of t h e  

e q u i l a t e r a l  t r i a n g l e  of t h e  t e l l u r o m e t e r  s t r a i n  network, t h e  CREEL,-USGS 

p a r t y  w i l l  t r a v e r s e  by Ski-doo v e h i c l e s  and measure snow t h i c k n e s s ,  i ce  

t h i c k n e s s  ( a s  many measurements as p o s s i b l e ) ,  s i z e  and d i s t r i b u t i o n  of 

hummocks and l e a d s ,  s u r f a c e  tempera tures ,  and tempera ture  and s a l i n i t y  

p r o f i l e s  of s e l e c t e d  ice  t y p e s .  

Recent microwave d a t a  o b t a i n e d  by t h e  NASA-Ames Convair 990 d u r i n g  

t h e  June ,  1970, f l i g h t s  over  t h e  Beaufort  Sea have shown t h a t  microwave 

sens ing  promises  t o  b e  a n  impor tan t  remote-sensing f requency  f o r  sea i c e .  

However, t o  p r o p e r l y  u t i l i z e  t h e  immense microwave s e n s i n g  c a p a b i l i t y  of 

t h e  Convair 990, i t  i s  n e c e s s a r y  t o  perform some ground t r u t h  measurements 

i n  t h a t  s p e c t r a l  r e g i o n .  M r .  A 1  Edgerton of t h e  A e r o j e t  Corpora t ion  w i l l  

b e  a member of t h e  CRREL-USGS p a r t y  and w i l l  b r i n g  t o  t h e  ice  a p o r t a b l e  

microwave e l l i p s o m e t e r  which w i l l  be  sled-mounted and towed behind one of 

t h e  Ski-doos. T h i s  ins t rument  i s  a microwave r e f l e c t o m e t e r ;  t h a t  i s ,  i t  

i s  a microwave t r a n s m i t t e r  and r e c e i v e r  which can  v a r y  t h e  a n g l e  of i n c i -  

dence and r e f l e c t i o n  of a microwave beam. T h i s  beam can b e  used t o  s t u d y  

t h e  d i e l e c t r i c a l  p r o p e r t i e s  of v a r i o u s  snow and ice  types .  

has  had a g r e a t  d e a l  of e x p e r i e n c e  u s i n g  t h i s  e l l i p s o m e t e r  on g l a c i e r  snow 

and ice ,  b u t  t h i s  is  t h e  f i r s t  t i m e  i t  w i l l  b e  used on sea ice .  I t  i s  

planned t o  t a k e  microwave measurements a long  each l e g  of t h e  t e l l u r o m e t e r  

M r .  Edgerton 

s t r a i n  network. 

Another remote-sensing t o o l  

i s  t h e  s ide- looking  r a d a r  (SLAR). 

which l o o k s  promising f o r  sea ice  s t u d i e s  

Both t h e  NASA Convair 990 and t h e  Coast  
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Guard Hercules w i l l  b e  f l y i n g  s ide-scanning r a d a r .  I n  an  e f f o r t  t o  g e t  

some q u a n t i t a t i v e  r e l a t i o n s h i p  between a SLAR image and t h e  a c t u a l  s i z e  

of t h e  o b j e c t  be ing  measured, a set  of f i n e l y  c a l i b r a t e d  c o r n e r  r e f l e c t o r s  

w i l l  b e  i n s t a l l e d  on t h e  i ce  i n  t h e  v i c i n i t y  of t h e  main camp. This  p a r t  

of t h e  program is  be ing  c a r r i e d  o u t  by D r .  P a t  Welsh of t h e  U.S. Coast 

Guard, who i s  j o i n i n g  t h e  CRREL-USGS ground t r u t h  p a r t y  as i t s  seventh  

member . 

REMOTE SENSING PLAN FOR THE NASA CONVAIR 990 

The Convair 990 i s  a n  e x t r a o r d i n a r i l y  s o p h i s t i c a t e d  remote-sensing 

p l a t f o r m ,  probably  t h e  most s o p h i s t i c a t e d  i n  e x i s t e n c e .  Each of t h e  f i v e  

m i s s i o n s  t h a t  i t  w i l l  f l y  o v e r  t h e  A I D J E X  test s i t e  w i l l  l a s t  approximately 

7 h o u r s  and w i l l  f l y  a r o u t e  from E i e l s o n  A i r  Force Base, s o u t h  of 

Fa i rbanks ,  over  F o r t  Yukon, t h e n  t o  t h e  A I D J E X  s i t e  a t  approximately 

74" N l a t i t u d e ,  130" W l o n g i t u d e ,  and r e t u r n  a long  t h e  same r o u t e .  

To o p e r a t e  t h e  l a r g e  a r r a y  of s e n s o r s  and t o  f l y  t h e  a i r c r a f t ,  a 

t o t a l  crew of 40 people  i s  r e q u i r e d .  T h i s  leaves 4 seats on each f l i g h t  

t o  b e  used f o r  s c i e n t i f i c  o b s e r v e r s .  During t h e  June ,  1970, Convair 990 

f l i g h t  over  t h e  Beaufor t  Sea,  i t  proved u s e f u l  t o  have someone knowledgeable 

about  sea i ce  aboard t h e  a i r c r a f t  t o  d e s c r i b e  v a r i o u s  phenomena t o  t h e  

remote-sensing s p e c i a l i s t s .  P r o f e s s o r  Joseph F l e t c h e r ,  AIDJEX Coordina tor ,  

h a s  agreed t o  p a r t i c i p a t e  i n  a l l  f i v e  Convair 990 f l i g h t s  as t h e  c h i e f  i ce  

o b s e r v e r .  

USGS, w i l l  p a r t i c i p a t e  i n  a l l  f i v e  f l i g h t s  as  t h e  USGS r e p r e s e n t a t i v e .  

Ten o t h e r  s c i e n t i s t s  have been i n v i t e d  t o  accompany a f l i g h t  group1 t o  g e t  

a unique look  a t  t h e  Arc t ic  sea ice  and l e a r n  a t  f i r s t  hand t h e  immense 

c a p a b i l i t y  of t h e  Convair 990 remote-sensing p la t form.  A l i s t  of t h o s e  

i n v i t e d  i s  inc luded  a t  t h e  end of t h i s  s e c t i o n ,  on page 23. 

M i s s  Ann D. Moen, Hydrologis t  w i t h  t h e  Ice Dynamics P r o j e c t  of 

A schematic  of t h e  l a y o u t  of t h e  Convair 990 i s  shown i n  F i g u r e  1. 

During each of t h e  f l i g h t s  t h e  fo l lowing  s e n s o r s  w i l l  b e  flown: 

19 .3  GHz scanning microwave rad iometer  
1 .42 GHz microwave rad iometer ,  n a d i r  viewing 
4.99 GHz microwave rad iometer  , n a d i r  viewing 

37.0 GHz microwave r a d i o m e t e r ,  45" from n a d i r  t o  rear of 
a i r c r a f t  a long  f l i g h t  p a t h  
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2.69 GHz microwave radiometer, nadir viewing 
31.4 GHz microwave radiometer, zenith viewing 

9.3 GHz microwave radiometer, zenith viewing 
10.66 GHz microwave radiometer, nadir viewing 

0.38-2.4 micron Filter Wedge Spectrometer, nadir viewing 
Multichannel infrared spectrometer 
Laser nephelometer 
Geodolite, laser profiler 
25 cm side-looking mapping radar 
70 mm color camera 
25 cm geodetic color camera 
35 mm bore-sighted cameras for select microwave radiometers. 

The output of these sensors is recorded on magnetic tape with a 

common time-reference system. Furthermore, the aircraft is equipped with 

an inertial navigation system which gives a continuous record of positions 

on magnetic tape, on the same time-reference system as the sensors. A host 

of airplante parameters such as speed, altitude, pitch, and yaw, are also 

continuously recorded on magnetic tape on the common time system. 

During each of the five Convair 990 missions, the aircraft will 

arrive over the AIDJEX site at approximately local noon. It will then 

proceed with the low-level experiment. Figure 2 shows the low-level flight 

path that the aircraft will take over the CFtREL-USGS strain network. 

The side-scanning radar scans from the right-hand side of the aircraft; 

therefore, the flight path proceeds in a clockwise direction. 

Much of the discussion during the planning meetings for these flights 

centered around the means by which the aircraft will locate the three 

tellurometer stations so that it will be able to fly directly along the 

tellurometer strain triangle. 

locate because it will have a continuously operating beacon (269 kc, call 

sign India Yankee) and will be composed of so many parcolls and prefabri- 

cated huts that it will probably look like a small town. However, locating 

the other two stations will be far more difficult. At these auxiliary 
stations, a large X of international orange bunting having dimensions of 
about 30 meters will be laid on the sea ice. At the time of the low-level 
overflights, each of the tellurometer points will set off a flare, a smoke 

bomb, and a smudge pot. The aircraft will fly beneath the cloud deck 

wherever possible and visually orient itself over the strain network. If 

The main station will be relatively easy to 
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on a g iven  f l i g h t  t h e  c loud  base  i s  lower than  100 m ,  t h e  low-level  p a r t  

of t h e  mis s ion  w i l l  be c a n c e l l e d .  Before ,  du r ing ,  and a f t e r  each  low- leve l  

mi s s ion ,  : s t r a i n  measurements and microwave e l l i p s o m e t e r  r e a d i n g s  w i l l  be  

made a long  each  l e g  of t h e  t e l l u r o m e t e r  network. The low-level  mi s s ion  

should  t a k e  approximate ly  1 2  minutes .  

The s e n s o r s  of prime importance on t h e  low-level  mi s s ion  are t h e  

SLAR, t h e  19.3 GHz scanning  microwave r ad iomete r ,  t h e  g e o d o l i t e  laser 

p r o f i l o m e t e r ,  and t h e  cameras. They w i l l  a l l ow obse rvab le  s u r f a c e  changes 

a long  t h e  l ines of t h e  network t o  b e  i n t e r p r e t e d  i n  l i g h t  of t h e  observed 

s t r a i n s .  The a i r c r a f t  must b e  a t  a n  a l t i t u d e  of 700 meters (2000 f e e t )  o r  

less f o r  t h e  laser p r o f i l o m e t e r  t o  work. The Convair 990 w i l l  c e r t a i n l y  

s a t i s f y  t h i s  requirement  , having flown over  a c o n s i d e r a b l e  p a r t  o f  t h e  

Beaufor t  Sea a t  an  a l t i t u d e  of 100 meters. 

Immediately upon complet ion of t h e  low-level  m i s s i o n ,  t h e  a i r c r a f t  

w i l l  f l y  t o  an a l t i t u d e  of 11-13 km t o  perform t h e  h i g h - a l t i t u d e  measure- 

ments. Although SLAR and microwave images of sea i c e  have been ob ta ined  

i n  t h e  p a s t ,  t hey  have been of l i m i t e d  use i n  unders tanding  s e a - i c e  

dynamics because they  w e r e  flown a long  a l i n e  and were n o t  r e p e a t e d .  

We must a t t empt  t o  a c q u i r e  f o r  t h e  f i r s t  t i m e  s e q u e n t i a l  s y n o p t i c  imagery 

of t h e  sea i c e  on a scale t h a t  w i l l  be  u s e f u l  i n  unde r s t and ing  t h e  g r o s s  

dynamical f e a t u r e s  of the i c e ,  such as polynya m i g r a t i o n .  

Given t h e  r ange  of t h e  a i r c r a f t  and t h e  t i m e  ove r  t a r g e t ,  i t  w a s  

concluded a t  t h e  p l ann ing  mee t ings  t h a t  a squa re  area roughly  80 km (50 

n a u t i c a l  m i l e s )  on an edge cou ld  b e  imaged around t h e  A I D J E X  l o c a t i o n .  

I f  t h e  area is  c l o u d f r e e ,  t h e  f l i g h t  p a t h  w i l l  b e  as shown i n  F igu re  3 

and w i l l  r e q u i r e  one hour ,  52 minutes  t o  f l y .  Such a p a t h  would p rov ide  

microwave and SLAR images as w e l l  as h i g h - q u a l i t y ,  f a l s e - c o l o r  photographs 

of t h e  arefa  around t h e  AIDJEX s i t e .  I f  t h e  area is  cloud-covered,  t h e  

a i r c r a f t  w i l l  f l y  a f l i g h t  p a t h  as shown i n  F igu re  4 .  Because t h e  cameras 

would n o t  be  used i n  t h i s  f l i g h t  p l a n ,  fewer p a s s e s  are r e q u i r e d  and t h a t  

p a r t  of t h e  mis s ion  would t a k e  o n l y  one hour.  

A f t e r  comple t ing  each h i g h - a l t i t u d e  m i s s i o n ,  t h e  a i r c r a f t  w i l l  

r e t u r n  t o  .Low l e v e l  and a g a i n  f l y  t h e  p a t h  shown i n  F i g u r e  2 over  t h e  

CRREL-USGS s t r a i n  network. It i s  h i g h l y  l i k e l y  t h a t  i n  t h e  2-3 hours  

between t h e  f i r s t  and second low- leve l  m i s s i o n s ,  measurable  deformat ions  
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Figure 3. Diagram of high-altitude flight plan .  



-- Figure 4 .  Diagram of alternate high-altitude flight plan. 1 I I , s  



w i l l  t a k e  p l a c e  w i t h i n  t h e  area of t h e  s t r a i n  t r i a n g l e .  Thus w e  hope t o  

have h igh -qua l i ty  i n  s i t u  s t r a i n  measurements coupled wi th  h igh -qua l i ty  

photographs and images of t h e  s t r a i n  network and of t h e  sur rounding  area t o  

a d i s t a n c e  of 40 km. It i s  our  f e e l i n g  t h a t  t h i s  k ind  of d a t a  w i l l  be  v e r y  

u s e f u l  i n  determining t h e  r h e o l o g i c a l  p r o p e r t i e s  of sea ice on a mesoscale  

b a s i s .  

The r eade r  can see a t  t h i s  p o i n t  t h a t  t h e  CRREL-USGS experiment and 

t h e  C0nvai.r 990 remote sens ing  experiment  are c l o s e l y  coupled systems i n  

which t h e  des ign  c r i te r ia  are mutua l ly  compatible .  

made i n  t h e  las t  fou r  months have f o r e s e e n  a l l  con t ingenc ie s .  

p o i n t  ou t  t h a t  because we  w i l l  have e x c e l l e n t  communication w i t h  t h e  air- 

c r a f t  and because s c i e n t i s t s  d i r e c t l y  involved  w i t h  AIDJEX w i l l  be  on board 

t h e  a i r c r a f t ,  i t  i s  p o s s i b l e  t o  a l ter  t h e  f l i g h t  p l a n  du r ing  each  mis s ion  

t o  b e s t  s e r v e  our  s c i e n t i f i c  needs.  We f e e l  t h a t  i f  our  p l a n  succeeds  w e  

w i l l  o b t a i n  e x c e l l e n t  d a t a  which w i l l  be  h i g h l y  b e n e f i c i a l  i n  des ign ing  

t h e  f u l l  AIDJEX s tudy  t o  t a k e  p l a c e  i n  1973. 

We hope t h a t  t h e  p l a n s  

But I should 
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D r .  I a n  Henderson 
Defence Research Board 

Ottawa 4 ,  O n t a r i o  
Canada 

DREO 9511-48 

J i m m i e  D .  Johnson 
C h i e f ,  Meteorology Branch 
O f f i c e  of Research and Development 
U.S. Coast  Guard Hdqrs. 
400 Seventh S t r e e t  S.W. 
Washington, D . C .  20591 
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NASA - A m e s  Research Center  
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U.S. Army Cold Regions Research 

and Engineer ing Laboratory 
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Head, Sea I c e  Branch 
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SCIENTISTS SCHEDULED ON NASA CONVAIR 990 FLIGHTS 

March 8 March 1 2  

D r .  Z .  F. Danes D r .  Moira Dunbar 
D e p t .  of Phys ic s  Defence Research Board 
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D r .  Ki rk  Bryan 
ESSA Geophysical  F l u i d  Dynamics 
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P r i n c e t o n ,  New J e r s e y  08540 
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Dept. of Atmospheric Sc iences  
U n i v e r s i t y  of Washington 
S e a t t l e ,  Washington 98105 

D r .  Lawrence Larson 
Dept.  of Oceanography 
U n i v e r s i t y  o f  Washington 
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THE CRREL-USGS ICE MECHANICS AND YORPHOLOGY PROGRAM 

W. Weeks and A .  Kovacs 

Hanover , New Hampshire 
Cold Regions Research and Engineer ing Laboratory 

Pack ice  i s  e s s e n t i a l l y  i n  cont inuous  motion. T h i s  motion 

produces t h e  more s t r i k i n g  f e a t u r e s  of t h e  pack: r i d g e s ,  hummocks, and 

open l e a d s .  However, n e i t h e r  t h e  d e t a i l e d  mechanisms of format ion  of 

t h e s e  f e a t u r e s  nor  t h e i r  r o l e  i n  de te rmining  t h e  s t a t e  of t h e  i ce  cover  

i s  c l e a r l y  understood.  

T h i s  l a c k  of unders tanding  s t e m s  from two main c a u s e s :  a l a c k  of 

good o b s e r v a t i o n a l  d a t a  and t h e  i n h e r e n t  complexi ty  of t h e  o v e r a l l  

problem. The f o r c e s  a c t i n g  on t h e  pack a t  a g iven  l o c a t i o n  are  t h e  

p r e s s u r e  g r a d i e n t  f o r c e  ( G >, t h e  C o r i o l i s  f o r c e  ( C >, t h e  wind and 

water stresses ( T~ and T ~ )  and t h e  i n t e r n a l  i ce  stress ( I >. I i s  

r e l a t e d  t o  t h e  t r a n s m i s s i o n  of stress through t h e  pack, which i n  t u r n  i s  

a s s o c i a t e d  w i t h  t h e  development of morphological  f e a t u r e s  such a s  r i d g e s  

and l e a d s .  The d e t a i l e d  r e s p o n s e  of t h e  pack i s  a l s o  c e r t a i n l y  s t r o n g l y  

a f f e c t e d  by t h e  geometry of  t h e  f l o e s ,  l e a d s  and r i d g e s ,  and t h e  d i s t r i b u -  

t i o n  of i ce  t h i c k n e s s e s  i n  t h e  area of i n t e r e s t - - i n  s h o r t ,  by t h e  deformation 

and thermodynamic h i s t o r y  of t h e  ice. 

and new deformat ion  f e a t u r e s  form and are  modif ied by snow d r i f t i n g  and 

a b l a t i o n ,  t h e  roughness  of b o t h  t h e  upper and lower i ce  s u r f a c e s  changes,  

This  changes t h e  wind and w a t e r  stresses e x e r t e d  on t h e  ice,  which, i n  

t u r n ,  a f f e c t s  I .  To understand t h e  motion of t h e  ice  pack w e  must ,  t h e r e -  

f o r e ,  unders tand  t h e  behavior  of a complex, p a r t i a l l y  i n t e r n a l l y  r e g u l a t e d ,  

feedback system. The CRREL-USGS program i s  designed t o  provide  p r e l i m i n a r y  

d a t a  on several a s p e c t s  of t h i s  problem. 

-f -+ 

-+ -+ -+ + 

A s  t h e  i c e  t y p e s  i n  a r e g i o n  change 

+ 

A t r i a n g u l a r  s t r a i n  n e t  w i l l  b e  l a i d  o u t  n e a r  t h e  main A I D J E X  sea 

i ce  camp; one s t a t i o n  w i l l  b e  a t  t h e  main camp w h i l e  t h e  o t h e r  two s t a t i o n s  

w i l l  b e  at: d i s t a n c e s  of 3 t o  6 m i l e s .  The d i s t a n c e s  w i l l  be  measured w i t h  
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MRA-3 t e l l u r o m e t e r s .  The s t r a i n  s i tes  w i l l  b e  occupied d u r i n g  t h e  remote 

s e n s i n g  o v e r f l i g h t s  and f o r  4- t o  8-hour p e r i o d s  a t  two-day i n t e r v a l s  

d u r i n g  t h e  i n t e r v e n i n g  t i m e s .  The e x a c t  t iming  of t h e  s t r a i n  measurements 

w i l l ,  i n  l a r g e  p a r t ,  b e  determined by p r e l i m i n a r y  o n - s i t e  d a t a  a n a l y s i s .  

The s e q u e n t i a l  remote s e n s i n g  coverage w i l l  serve as  a v a l u a b l e  

complement t o  t h e  s u r f a c e  s t r a i n  measurements, s i n c e  t h e y  w i l l  g i v e  some 

i n f o r m a t i o n  on t h e  mesoscale  deformat ion  i n  t h e  area surrounding t h e  s t r a i n  

network. I n  p a r t i c u l a r ,  t h e  photography w i l l  p rovide  a b a s e  f o r  t h e  i d e n t i -  

f i c a t i o n  of s p e c i f i c  deformat ion  f e a t u r e s  t h a t  can b e  c o r r e l a t e d  w i t h  

observed s t r a i n s .  When p o s s i b l e ,  low-level ae r ia l  photography w i l l  be  

taken  from t h e  s t a t i o n  a i r c r a f t  t o  document f e a t u r e s  of p a r t i c u l a r  i n t e r e s t .  

D e t a i l e d  ground o b s e r v a t i o n s  w i l l  b e  made of t h e  l o c a l  i c e  deforma- 

t i o n  l e a d i n g  t o  t h e  format ion  of r i d g e s  and hummocks. The s u r f a c e  geometry 

and d i s t r i b u t i o n  of e l e v a t i o n s  w i t h i n  and between r i d g e s  and hummock f i e l d s  

w i l l  b e  s t u d i e d .  A t  a t t e m p t  w i l l  b e  made t o  document b lock  s i z e  d i s t r i b u -  

t i o n s ,  t h e  d e g r e e  of bonding b o t h  above and below t h e  water l i n e ,  v a r i a t i o n s  

i n  t h e  v o i d  volumes, and p h y s i c a l  p r o p e r t y  p r o f i l e s  of t h e  i ce  i n  b o t h  

newly formed and o l d  p r e s s u r e  r i d g e s  and hummocks. The geometry of t h e  

lower s u r f a c e  of s e l e c t e d  r i d g e s  w i l l  a l s o  b e  examined by sonar  and by 

d r i l l i n g ,  

of b o t h  r i d g e  and hummock t y p e s  and t h e  s p e c i f i c  l o c a t i o n  on a r i -dge p a t t e r n .  

The v a r i a t i o n s  i n  i ce  t h i c k n e s s  a l o n g  t h e  s t r a i n  l i n e s  w i l l  b e  e s t a b l i s h e d  

by d r i l l i n g .  Also,  a number of tempera ture  and s a l i n i t y  p r o f i l e s  w i l l  b e  

o b t a i n e d  on r e p r e s e n t a t i v e  ice t y p e s  i n  t h e  g e n e r a l  t e s t  area. The r a t i o s  

of t h e  a n i o n s  i n  t h e  s a l i n i t y  samples w i l l  b e  s t u d i e d  f o r  p o s s i b l e  s t r o n g  

d e p a r t u r e s  from t h e  r a t i o s  found i n  normal sea water. 

The s a i l - h e i g h t l k e e l - d e p t h  r a t i o s  w i l l  b e  s t u d i e d  as  a f u n c t i o n  

The laser d a t a  from t h e  non-col inear  p a t t e r n s  w i l l  b e  used t o  es t i -  

mate t h e  two-dimensional a u t o c o r r e l a t i o n  f u n c t i o n .  From t h i s  f u n c t i o n  one 

can c a l c u l a t e  t h e  two-dimensional power spectrum which w i l l  p rovide  

i n f o r m a t i o n  on t h e  d i r e c t i o n a l i t y  of r i d g i n g .  It i s  a l s o  planned t o  u s e  

i d i f f e r e n c e s  i n  t h e  observed power s p e c t r a  a long  a known t r a c k  t o  estimate 

t h e  two-dimensional s t r a i n  t e n s o r  f o r  t h e  ice .  
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NASA FLIGHT PROGRAM 

The f o l l o w i n g  is  a memorandum from Earl V .  P e t e r s e n ,  Expedi t ion  

Manager, NASA AMES, a t  Moffe t t  F i e l d ,  C a l i f o r n i a ,  concerning t h e  1971 

Co n v a i  r 9 9 0 M e  t e o r o  logy- A I D  J E X  exp ed i t i o n  . 

This  memorandum p r e s e n t s  schedul ing  and p lanning  informat ion  f o r  t h e  
1971 Meteorology-AIDJEX Expedi t ion  t o  be conducted w i t h  t h e  NASA-ARC 
Convair 990 (N711NA) a i r c r a f t  i n  February and March 1971. 

The 1971 Meteorology-AIDJEX Expedi t ion  h a s  two major o b j e c t i v e s  (1) t o  
s t u d y  t h e  u s e  of microwave r a d i a t i o n  t o  measure t h e  c h a r a c t e r i s t i c  of sea 
i c e ,  m o i s t u r e  c o n t e n t  of snow and s o i l s ,  and sea s t a t e ,  and (2) t o  suppor t  
t h e  Arctic Ice Dynamics J o i n t  Experiment (AIDJEX), which i s  a c o o p e r a t i v e  
U.S. and Canadian e f f o r t  t o u n d e r s t a n d  q u a n t i t a t i v e l y  t h e  i n t e r a c t i o n  o f  
t h e  motions of  t h e  atmosphere,  t h e  pack ice ,  and t h e  l i q u i d  ocean. The 
CV-990 w i l l  o b t a i n  t h e  remote s e n s i n g  d a t a  r e q u i r e d  by t h e  A I D J E X  sc ien-  
t ists .  This  r e q u i r e s  990 o v e r f l i g h t s  of t h e  AIDJEX ice-based s t a t i o n s  
i n  t h e  Eeaufor t  Sea.  To suppor t  t h e  990 exper imenters ,  t h e  A I D J E X  
s c i e n t i s t s  w i l l  p rovide  ground t r u t h  d a t a .  

The fo l lowing  personnel  w i l l  c o o r d i n a t e  t h e  NASA-ARC and NASA-GSFC s u p p o r t  
of t h i s  e x p e d i t i o n .  

Ear l  V.  P e t e r s e n  ( e x t .  2084) i s  t h e  NASA-ARC Expedi t ion  Manager. 
H e r b e r t  V. Cross  ( e x t .  2084) is  t h e  NASA-ARC A s s i s t a n t  Expedi t ion  
Man,ager . 
Both E .  P e t e r s e n  and H. Cross  w i l l  c o o r d i n a t e  t h e  a c t i v i t i e s  a t  ARC 
t o  p r e p a r e  t h e  CV-990 f o r  t h e  e x p e d i t i o n .  

John W. Weyers ( e x t .  3013) is  t h e  NASA-ARC Technica l  S e r v i c e s  Engineer  - 
r e s p o n s i b l e  f o r  a i r c r a f t  and. l o g i s t i c  s u p p o r t  arrangements  f o r  t h e  
cv-990. 

R.H.  Davidson ( e x t .  2472, 2226) is  t h e  NASA-ARC Engineer  r e s p o n s i b l e  
f o r  f i n a l  equipment stress c e r t i f i c a t i o n  and schedul ing  of equipment 
i n s t a l l a t i o n  aboard t h e  CV-990. 

Harold Z .  Reed i s  t h e  NASA-GSFC Experiment Coordina tor  (GSFC e x t .  4576, 
ARC e x t .  2084). 
p r e p a r i n g  t h e  equipment f o r  i n s t a l l a t i o n .  

M r .  Reed w i l l  b e  a t  ARC by January  27 t o  assist i n  
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The equipment i n s t a l l a t i o n  and f l i g h t  schedule  i s  a s  fol lows:  (Note: 
i n s t a l l a t i o n  d a t e ,  as s t a t e d  i n  a previous  memorandum by D r .  Nclrdberg, i s  
advanced from February 3 t o  February 1 )  

The 

February  

1-18 

1 9  ( F r i )  

20 ( S a t )  

22 (Mon) 

23 (Tue) 

24 (Wed) 

25 (Thu) 

26 ( F r i )  

March 

1 (Mon) 

2 (Tue) 

I n s t a l l a t i o n  of equipment.  Mr. H j a l m a r  Schacht ,  t h e  Airborne  
Sc ience  O f f i c e  l a b o r a t o r y  t e c h n i c i a n ,  w i l l  c o o r d i n a t e  s u p p o r t  
of equipment p r e p a r a t i o n  a s  r e q u i r e d  by v i s i t i n g  exper imenters  
between 8 a . m .  and 4 : 3 0  p.m. P l e a s e  schedule  your work between 
t h e s e  hours  i f  you r e q u i r e  h i s  a s s i s t a n c e .  On weekdays t h e  
hangar  w i l l  b e  c losed  a t  11:30 p.m. A l l  equipment must be 
i n s t a l l e d  on t h e  a i r c r a f t  ( ready f o r  f l i g h t )  and f i n a l  checks 
completed by t h e  evening of February 18. 

A i r c r a f t  weighing. A f t e r  t h i s  d a t e ,  any equipment i n s t a l l e d  
on o r  removed from t h e  990 must b e  recorded on t h e  weight  
and b a l a n c e  s h e e t  pos ted  a t  t h e  990 main e n t r a n c e .  

O p t i o n a l  workday f o r  equipment check-out. A t  t h e  end of t h i s  
day t h e  990 i s  o f f  l i m i t s  t o  a l l  exper imenters  u n t i l  a f t e r  
t h e  p i l o t  p r o f i c i e n c y  f l i g h t  of February 22.  

(1) A i r c r a f t  s a f e t y  and a r c t i c  s u r v i v a l  i n d o c t r i n a t i o n .  

T h i s  i n d o c t r i n a t i o n  i s  compulsory f o r  a l l  f l i g h t  
p a r t i c i p a n t s .  

TIME: 9 a . m .  LOCATION: F l i g h t  Opera t ions  
Conference Room. 

(2) Experimenters '  meet ing 

TIME: 1 p.m. LOCATION: Ai rborne  Sc ience  O f f i c e  
Conference Room 

( 3 )  P i l o t  p r o f i c i e n c y  f l i g h t  

Data f l i g h t ,  M o f f e t t / M o f f e t t  

No f l i g h t  - Experimenters '  i n s t r u m e n t a t i o n  r e p a i r s ,  
c a l i b r a t i o n ,  and check-out.  

Data f l i g h t ,  M o f f e t t / M o f f e t t  

Load a i r c r a f t  i n  p r e p a r a t i o n  f o r  t r i p  t o  Texas and Colorado. 
S u p p l i e s  are t o  be ready f o r  loading  aboard t h e  990 by 2 p.m. 

Data and t r a n s i t  f l i g h t ,  M o f f e t t / E l l i n g t o n  AFB, Texas. To 
a l l o w  adequate  t i m e  f o r  loading  t h e  a i r c r a f t ,  t h e  e x p e d i t i o n  
members must have t h e i r  baggage a t  t h e  a i r c r a f t  1 . 5  hours  
b e f o r e  board ing  t i m e .  

Data and t r a n s i t  f l i g h t ,  E l l ing ton/Buckley  ANGS, Denver, 
Color ado. 
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March 

3 (Wed) 

4 (Thu) 

5 ( F r i )  

6 ( S a t )  

8 (Mon) 

9 (Tue) 

11 (Thu) 

1 2  ( F r i )  

1 5  (Mon) 

1 6  (Tue) 

. 1 7  (Wed) 

18 (Thu) 
1 9  ( F r i )  

Data and t r a n s i t  f l i g h t ,  Buckley/Moffett  

Load a i r c r a f t  i n  p r e p a r a t i o n  f o r  t r i p  t o  Alaska.  S u p p l i e s  
are t o  b e  ready f o r  l o a d i n g  aboard t h e  990 by 2 p.m. 

Data and t r a n s i t  f l i g h t ,  M o f f e t t / E i e l s o n  AFB, F a i r b a n k s ,  
Alaska.  P e r s o n a l  baggage must b e  a t  t h e  a i r c r a f t  1 . 5  hours  
b e f o r e  boarding t i m e .  

Coordina t ion  meet ing w i t h  AIDJEX group 

Data f l i g h t ,  E i e l s o n / E i e l s o n  

Data f l i g h t ,  E i e l s o n / E i e l s o n  

Data f l i g h t ,  E i e l s o n / E i e l s o n  

C a t a  f l i g h t ,  E i e l s o n / E i e l s o n  

Data f l i g h t ,  E i e l s o n / E i e l s o n  

Load a i r c r a f t  f o r  r e t u r n  t r i p  t o  M o f f e t t .  

Data and t r a n s i t  f l i g h t ,  E i e l s o d M o f f e t t .  Baggage t o  be a t  
a i r c r a f t  1 hour b e f o r e  l o a d i n g  t i m e .  

s t a t i o n .  
& Unload a i r c r a f t  and pack equipment f o r  shipment t:o home 

F l i g h t s  are n o t  scheduled f o r  weekends; however, weekend f1ight:s may b e  
scheduled t o  make up f o r  canceled o r  a b o r t e d  weekday f l i g h t s .  The 
s u p p o r t  of A I D J E X  r e q u i r e s  t h a t  f i v e  d a t a  f l i g h t s  be completed from 
E i e l s o n ,  t h u s  t h e  r e t u r n  d a t e  from Alaska could s l i p  i f  a i r c r a f t  o r  weather  
problems d e l a y  our  f l i g h t s .  

An a i r l i f t  between M o f f e t t  F i e l d  and E i e l s o n  AFB, Alaska,has been ar ranged  
f o r  exper imenters  and a i r c r a f t  s u p p o r t  i t e m s .  Any i t e m  which i s  n o t  
r e q u i r e d  f o r  the 990 t r a n s i t  f l i g h t  should b e  s e n t  by t h e  a i r l i f t .  The 
s c h e d u l e  f o r  t h e  a i r l i f t  w i l l  b e  announced a t  a l a t e r  d a t e .  

GENERAL INFORMATION 

F l i g h t  lunches  can be purchased f o r  a l l  f l i g h t s  o r i g i n a t i n g  from M o f f e t t  
F i e l d  from Miss Ann Teshima, Ai rborne  Sc ience  O f f i c e  S e c r e t a r y .  Lunch 
r e q u e s t s  must b e  made t h e  working day b e f o r e  a f l i g h t ;  c o s t  $1.15. A 
q u a r t e r  w i l l  b e  c o l l e c t e d  from everyone f o r  t h e  c o f f e e  fund. 

Hote l  r e s e r v a t i o n s  w i l l  b e  made f o r  a l l  f l i g h t  personnel  by t h e  Airborne 
Sc ience  O f f i c e .  
persons  t o  a room). 

A t  E i e l s o n  AFB w e  w i l l  u s e  t h e  BOQ accomrnodations (two 

For t h e  Alaska t r i p ,  a l l  f l i g h t  personnel  w i l l  b e  f u r n i s h e d  a r c t i c  
c l o t h i n g .  T h i s  c l o t h i n g  w i l l  b e  f o r  your g e n e r a l  u s e  i n  Alaska and i t  
w i l l  a l s o  be p a r t  of your a i r c r a f t  a r c t i c  s u r v i v a l  equipment. Thus, on 
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a l l  f l i g h t s  i n  Alaska ,  t h i s  c l o t h i n g  must be aboard t h e  990. The 
c1othin.g t o  be  fu rn i shed  is  as fo l lows :  

(1) Parka ( o u t e r j a c k e t )  
(2,) Cold weather  f l i g h t  s u i t ,  c o v e r a l l  type  
(3) Boots,  vapor  b a r r i e r  type  
( 4 )  K i t  bag 
(51) Thermal i n s u l a t e d  g loves  
(6)  Combination m i t t e n  se t  
( 7 )  I n s u l a t e d  cap 

I n  a d d i t i o n ,  i t  is  recommended t h a t  each i n d i v i d u a l  supplement t h e  above 
l i s t  of a r c t i c  c l o t h i n g  wi th  t h e  fo l lowing:  

(1.) Three p a i r  of thermal  undergarments ,  waffle-weave type  
(2)  Four p a i r  of heavy wool socks  
(3)  S i x  p a i r  of l i gh t -we igh t  c o t t o n  o r  s i l k  socks  
( 4 )  Warm working s h i r t s  and p a n t s  (wool p r e f e r a b l e )  
(5) F l a s h l i g h t  

To f a c i . l i t a t e  t h e  i s s u e  of a i r c r a f t  a r c t i c  s u r v i v a l  c l o t h i n g ,  please 
complete t h e  enc losed  form and r e t u r n  i t  t o  m e  by n o t  l a te r  t h a n  
January  28, 1971. 
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U. S. COAST GUARD RESEARCH RELEVANT TO AIDJEX 

J. Johnson, J. McIntosh, and L. Breslau 
Department of Transportation 

U. S. Coast Guard 
Washington, D. C. 

Remote sensing of sea ice has consisted, for the most part, of 

periodic photographic coverage. Recently, however, an increasing amount 

of work has used side-looking radar, infrared, and laser systems. Almost 

all this work is research oriented and is directed toward establishing 

methods of observing sea-ice characteristics. 

Of the sensors mentioned above, the Coast Guard is conducting 

research in ice reconnaissance utilizing a side-looking airborne radar 

(SLAR) system. The first experiment of this nature, by the Coast Guard, 

was performed during the MANHATTAN tanker test in the fall of 1969. The 

results of this experiment were promising and indicated that SLAR was 
indeed a useful tool for mapping sea ice. 

The radar system used was an AN/DPD2 SLAR manufactured by Philco- 

Ford. It: mapped an area 10 miles on the left side of the aircraft. Ice 

characteristics easily observed from SLAR imagery were concentration, floe 

size, and water openings. Categorical ice age, topographic features, and 

fracture patterns were more difficult to identify. Future research will 

seek to improve the identification of these latter parameters. 

The SLAR has been modified by an additional antenna to image a swath 

20 miles wide on both sides of the aircraft. The Coast Guard plans to 

conduct SLAR flights over the AIDJEX pilot study area in March, 1971. 

In addition to the SLAR, a T-11 aerial camera will be installed on 

the aircraft (C-130) so that photographs can be obtained to correlate with 

the SLAR imagery. It is hoped that multisensor data can be obtained from 

NASA aircraft, also flying over the AIDJEX area at approximately the same 
time, to correlate with the Coast Guard imagery and with the ground truth 

data collected on the ice. 
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It was found d u r i n g  t h e  MANHATTAN tes t  t h a t ,  l a r g e l y  due t o  t h e  

season  and t h e  geographica l  l o c a t i o n ,  t h e  SLAR d i d  n o t  s a t i s f a c t o r i l y  

d i s t i n g u i s h  f i r s t - y e a r  sea ice  from o l d e r  forms. T h e r e f o r e ,  t o  develop 

a b a s i s  f o r  t h i s  d i s t i n c t i o n ,  t h e  Coast Guard p l a n s  t o  conduct SLAR f l i g h t s  

o v e r  predominately f i r s t - y e a r  i ce  i n  B a f f i n  Bay sometime dur ing  February and 

March. A s  p a r t  of i t s  program t o  extend t h e  Great Lakes sh ipping  season ,  

i t  w i l l  a l s o  conduct SLAR experiments  over  t h e  Great Lakes t o  e s t a b l i s h  

i n t e r p r e t a t i o n a l  techniques  f o r  u s e  i n  o p e r a t i o n a l  reconnaissance .  

Another major  ongoing r e s e a r c h  e f f o r t  by t h e  Coast Guard i s  t h e  

c l a s s i f i c a t i o n  of p r e s s u r e  r i d g e s .  While i t  has  been known f o r  many y e a r s  

t h a t  p r e s s u r e  r i d g e s  are a s e v e r e  impediment t o  a r c t i c  sea t r a n s p o r t a t i o n ,  

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

Arc t i c  have served  as formidable  o b s t a c l e s  t o  s c i e n t i s t s .  The work of 

t h e  Russians and Japanese  h a s  been e i t h e r  t o o  s p a r s e  o r  on t h i n  ice.  

In 1968, t h e  Coast Guard, as  p a r t  of  i t s  p o l a r  marine t r a n s p o r t a t i o n  

miss ion ,  began an  i n v e s t i g a t i o n  of s e a - i c e  p r e s s u r e  r i d g e s  t h a t  might 

impede s h i p s .  Coast Guard and CRREL s c i e n t i s t s  performed p r e s s u r e  r i d g e  

s t u d i e s  d u r i n g  1969 and 1970, and a l though t h e  s u b j e c t  i s  f a r  from exhaus ted ,  

two a u t h o r i t a t i v e  p a p e r s  have r e s u l t e d  from t h i s  e f f o r t .  These s t u d i e s  

seek  t o  l e a r n  about  t h e  methods of format ion ,  d i s t r i b u t i o n  p a t t e r n s ,  and 

mechanical  and p h y s i c a l  p r o p e r t i e s  of p r e s s u r e  r i d g e s ,  and u l t i m a t e l y  t o  

c a t e g o r i z e  them i n t o  d i s t i n c t  groups so t h a t  t h e i r  k e e l  d e p t h s  can be 

c o r r e l a t e d  w i t h  t h e i r  s u r f a c e  h e i g h t s .  Most of t h e  work so f a r  has  been 

l i m i t e d  t o  r a t h e r  s m a l l  r i d g e s  formed i n  f i r s t - y e a r  ice.  T h i s  w i n t e r ,  t h e  

Coast Guard p l a n s  t o  conduct p r e s s u r e  r i d g e  s t u d i e s  i n  mult i -year  i c e  

c o n d i t i o n s  i n  t h e  v i c i n i t y  of t h e  proposed Canadian s i te  n e a r  Banks I s l a n d .  
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NAVOCEANO PARTICIPATION I N  A I D J E X  

Robert  D.  Ketchum 
Sea Ice Branch 

U. S. Naval Oceanographic O f f i c e  
Washington, D. C.  

To p a r t i c i p a t e  i n  t h e  AIDJEX p i l o t  s t u d y  d u r i n g  March, 197'1, t h e  

NAVOCEANO Bi rdseye  a i r c r a f t  has  been scheduled t o  make f l i g h t s  over  t h e  

s t u d y  area on March 22 and 24, w i t h  a p o s s i b l e  t h i r d  v i s i t  on March 26. 

The a i r c r a f t ,  an  NC-121K (Super C o n s t e l l a t i o n ) ,  w i l l  c a r r y  a laser p r o f i l -  

ometer ,  a n  i n f r a r e d  scanner ,  and a CA-14 aer ia l  camera. 

The miss ion  w i l l  o b t a i n  d a t a  f o r  (1) c r o s s  c o r r e l a t i o n  s t u d i e s  t o  

a i d  i n  f u r t h e r  development of d a t a  i n t e r p r e t a t i o n  techniques ,  (2)  s t u d i e s  

of i ce  roughness w i t h  r e g a r d  t o  t o p o g r a p h i c a l  and morphological  c o n d i t i o n s ,  

and ( 3 )  assessment  of d i s t r i b u t i o n  of ice  t y p e s  and f e a t u r e s  and t h e i r  

re la t ive motions.  

During each of t h e  v i s i t s  t o  t h e  A I D J E X  s t u d y  area, t h e  fo l lowing  

f l i g h t  procedures  are planned:  

(1) A t  a n  a l t i t u d e  of  5000 f e e t  (weather  p e r m i t t i n g ) ,  f l y  a r e c t a n -  

g u l a r  g r i d  p a t t e r n  t o  map t h e  s t u d y  area w i t h  s t e r e o  photography and i n f r a r e d  

imagery, and t o  o b t a i n  a g r i d  of  laser t e r r a i n  p r o f i l e s .  

(2)  A t  an  a l t i t u d e  of 1000-2000 f e e t ,  f l y  s e v e r a l  f l i g h t s  over  each 

l e g  of  t h e  t r i n a g u l a r  s t u d y  area ( d e f i n e d  by t h r e e  a u x i l i a r y  s t a t i o n s  out-  

l y i n g  t h e  main c e n t r a l  s t a t i o n ) .  Again,  d a t a  w i l l  b e  o b t a i n e d  w i t h  a l l  

t h r e e  s e n s o r s .  

The i n f r a r e d  imagery, photography, and laser p r o f i l e s  w i l l  b e  c r o s s  

c o r r e l a t e d  t o  a i d  f u r t h e r  development of i n t e r p r e t a t i o n  techniques .  Mosaics 

of t h e  s t u d y  area w i l l  b e  c o n s t r u c t e d  from t h e  photographic  and i n f r a r e d  

imagery. S t r i p  mosaics  w i l l  b e  c o n s t r u c t e d  from t h e  photography taken  

along t h e  l e g s  of t h e  t r i a n g l e .  The mosaicked d a t a  w i l l  e n a b l e  a compre- 

h e n s i v e  assessment  of i ce  c o n d i t i o n s  i n  t h e  s t u d y  area and d e t e r m i n a t i o n  

of changes t h a t  occur red  between t h e  f l i g h t  p e r i o d s .  I n  a d d i t i o n ,  t h e  i ce  

c o n d i t i o n s  r e p r e s e n t e d  on t h e s e  mosaics  can  b e  compared t o  o t h e r  photographic  
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o r  s ide- looking r a d a r  r e p r e s e n t a t i o n s  of i ce  c o n d i t i o n s  o b t a i n e d  by NASA 

and t h e  U. S .  Coast  Guard one t o  two weeks p r i o r  t o  t h e  Birdseye f l i g h t s .  

The s t r i p  mosaics  w i l l  show changing i ce  c o n d i t i o n s  a long  t h e  l e g s  between 

t h e  o u t l y i n g  s t a t i o n s ,  where s t r a i n  measurements and o t h e r  ground t r u t h  

d a t a  are o b t a i n e d .  The several laser t e r r a i n  p r o f i l e s  t a k e n  over  essen-  

t i a l l y  t h e  same t e r r a i n  (between t h e  s t a t i o n s )  w i l l  b e  compared t o  see i f  

similar ice  s t a t i s t i c s  ( i c e  t y p e s  d i s t r i b u t i o n ,  r i d g e s  by h e i g h t )  are 

o b t a i n e d .  Laser and photographic  d a t a  w i l l  b e  used f o r  topographic  s t u d i e s  

i n  t h e  area. 
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NOAA SATELLITE RESOURCES AVAILABLE TO AIDJEX 

Lcdr.  Michael H. Fleming 
N a t i o n a l  Oceanic and Atmospheric Adminis t ra t ion  

Environmental  S c i e n c e s  Group 
N a t i o n a l  Environmental  S a t e l l i t e  S e r v i c e  

Hillcrest  Heights ,  Maryland 

Weather s a t e l l i t e  imagery of t h e  Arc t ic  h a s  been a v a i l a b l e  s i n c e  

1967. The r e s o l u t i o n ,  approximate ly  2 n.mi. d i a m e t e r / p i c e l  ( p i c t u r e  

element) i s  q u i t e  a d e q u a t e  t o  d e l i n e a t e  t h e  pack edge b u t  t o o  c o a r s e  t o  

r e s o l v e  a n y t h i n g  b u t  t h e  l a r g e s t  pack f e a t u r e s ,  and hence too  c o a r s e  t o  

r e s o l v e  any  f e a t u r e s  of pr imary i n t e r e s t  t o  AIDJEX. Sa t e l l i t e  d a t a  are 

v e r y  d i f f i c u l t  t o  re la te  t o  a i r c r a f t  and s u r f a c e  o b s e r v a t i o n s  because of 

t h e  g r e a t  d i f f e r e n c e  i n  r e s o l u t i o n .  T h i s  imagery, however, can  b e  most 

important  i n  f o r e c a s t i n g  m e t e o r o l o g i c a l  c o n d i t i o n s  f o r  a i r c r a f t  m i s s i o n s  

and as a m e t e o r o l o g i c a l  record  d u r i n g  t h e  tes t  p e r i o d s .  

The N a t i o n a l  Environmental  S a t e l l i t e  Service (NESS) o p e r a t e s  t h e  

N a t i o n a l  Oceanic and Atmospheric A d m i n i s t r a t i o n  (NOAA) s a t e l l i t e  systems.  

Two b a s i c  forms of d a t a  a re  a v a i l a b l e .  The d a t a  from one series of 

s a t e l l i t e  i n s t r u m e n t s  are recorded on t h e  s a t e l l i t e ,  and t h e n  t r a n s m i t t e d  

t o  a NESS r e c e i v i n g  s t a t i o n .  These d a t a  are t h e n  te lemetered  t o  NESS i n  

S u i t l a n d ,  Maryland, f o r  p r o c e s s i n g .  From these g l o b a l  d a t a  several com- 

p u t e r  p r o d u c t s  are  produced on a d a i l y  b a s i s .  The second d a t a  form i s  

d i r e c t  readout .  A s  t h e  s a t e l l i t e  ins t rument  is  o p e r a t i n g ,  d a t a  a r e  

t r a n s m i t t e d  i n  real  t i m e .  A l l  receivers w i t h i n  r e c e i v i n g  r a n g e  c a n  

receive t h e s e  d a t a .  The Automatic P i c t u r e  Transmission (APT) from t h e  

v i d i c o n  camera system p r o v i d e s  t h e  d i r e c t  r e a d o u t  of v i s i b l e  c loud  imagery 

NESS can  produce maps from t h e  recorded  v i d i c o n  camera d a t a  a t  a 

r e s o l u t i o n  of 2 n.mi. (augmented r e s o l u t i o n )  ; however, some d e g r a d a t i o n  

of the image m a y  occur .  The b r i g h t n e s s  level  f o r  each p i c t u r e  element 

is a u t o m a t i c a l l y  c o r r e c t e d  f o r  system e r r o r s  and f o r  changes in sun a n g l e .  

A t  h i g h  l a t i t u d e s  and w i t h  t h e  low sun  a n g l e s  t h e r e  is  some l o s s  of 
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c o n t r a s t  due  t o  t h i s  n o r m a l i z a t i o n .  I n  compil ing d a i l y  b r i g h t n e s s  maps, 

on ly  t h e  most r e c e n t  d a t a  are  r e t a i n e d  f o r  p rocess ing  where t h e r e  is  o r b i t a l  

o v e r l a p .  

f rame be ing  used .  I n  t h e  s p r i n g  and f a l l ,  t h e  l i g h t  l e v e l  i n  t h i s  p o r t i o n  

of the photographs is  too  l o w ,  hence no images are r e t a i n e d .  

Th i s  r e s u l t s  i n  o n l y  t h e  " r i g h t  edge" of each  h i g h - l a t i t u d e  

The Improved TIROS O p e r a t i o n a l  Satel l i tes  (ITOS) now c a r r y  i n f r a r e d  

scanning  r ad iomete r s .  A dayt ime and n i g h t t i m e  image can  be  produced. 

Th i s  i n f r a r e d  system h a s  a ground r e s o l u t i o n  of approximate ly  5 n.mi. 

d i a m e t e r / p i c e l .  Programs a re  a v a i l a b l e  t o  enhance t h i s  imagery t:o d i s p l a y  

t h e  thermal  p a t t e r n s  i n  i c e  and water. Direct r eadou t  of t h i s  system w i l l  

a l s o  p rov ide  t h e  b e s t  c loud imagery d u r i n g  March f o r  p lanning  t h e  a i r c r a f t  

mi s s ion .  

During t h e  A I D J E X  pe r iod  s e v e r a l  new s a t e l l i t e  remote s e n s i n g  systems 

w i l l  be  launched.  I n  1972 t h e  NOAA-4 s a t e l l i t e  is  scheduled t o  c a r r y  a 

Very High R e s o l u t i o n  Radiometer (VHRR). Th i s  w i l l  p rov ide  v i s i b l e  and 

i n f r a r e d  imagery a t  a r e s o l u t i o n  of 1 / 2  n . m i .  d i a m e t e r / p i c e l  (900 meters). 

The Fa i rbanks  r e c e i v i n g  s t a t i o n  w i l l  b e  capab le  of r e c e i v i n g  t h e  d a t a  f o r  

t h e  e n t i r e  Arctic Ocean. The VHRR is a d i r e c t  r eadou t  system due t o  t h e  

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

The Na t iona l  Aeronau t i c  and Space Admin i s t r a t ion  (NASA) w i l l  l aunch  

t h e  f i r s t  E a r t h  Resources  Technology S a t e l l i t e  (ERTS) i n  1972. The satel-  

l i t e  w i l l  c a r r y  m u l t j s p e c t r a l  imaging systems t h a t  w i l l  have ground 

r e s o l u t i o n  of about  100 meters. Later ERTS s a t e l l i t e s  w i l l  c a r r y  I R  imagers  

w i t h  ground r e s o l u t i o n  of abou t  250 meters. 

The schedu l ing  f o r  ERTS d a t a  may b e  more d i f f i c u l t  due  t o  t h e  

complex mult i -agency r equ i r emen t s  p laced  on t h e  system. 

t h e  p rocess ing ,  a r c h i v i n g ,  and d i s t r i b u t i o n  f o r  ERTS d a t a  p e r t a i n i n g  t o  

meteorology and oceanography. A r e q u e s t  f o r  some A r c t i c  d a t a  has  been 

p laced  by NOAA/NESS. 

NESS w i l l  hand le  

The f i r s t  passive microwave imager i s  scheduled t o  be  launched on 

Nimbus E i n  1973. 

m o s t  c louds ,  b u t  t h e  r e s o l u t i o n  w i l l  b e  30 n.mi. d i a m e t e r / p i c e l .  

Th i s  imagery w i l l  p rov ide  i c e / w a t e r  i n fo rma t ion  through 

With a l l  t h e s e  new systems be ing  t e s t e d  d u r i n g  A I D J E X ,  g r e a t  care 

w i l l  have t o  be  t aken  t o  a s s u r e  proper  u t i l i z a t i o n  of t h e  s a t e l l i t e  t i m e ,  
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r e t e n t i o n  of t h e  d a t a ,  proper  p rocess ing ,  and t h e  b e s t  a p p l i c a t i o n  of t h e  

d a t a  t o  t h e  experiment .  

I f  AIDJEX f e e l s  t h e s e  new sa t e l l i t e  d a t a  are  u s e f u l ,  i t  is  impor tan t  

t h a t  they  develop  c o n t a c t s  w i t h  NASA and NOAA t o  a s s u r e  t h a t  sa te l l i t e  

d a t a  are ob ta ined  f o r  AIDJEX and t o  a s s u r e  t h a t  AIDJEX feedback :is 

d i r e c t e d  t o  t h e  proper  o f f  ices. 
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CRREL-USGS-USCG FIELD PROGRAM 

Participants 

W. F. Weeks ( G l a c i o l o g i s t ) ,  CRREL, Principal Investigator 
(603) 643-3200, e x t .  261 

Aus t in  Kovacs ( C i v i l  E n g i n e e r ) ,  CRREL 
(603) 643-3200, ext.  211 

W. D. H i b l e r  I11 ( P h y s i c i s t ) ,  CRREL 
(603) 643-3200, e x t .  268 

Stephen Ackley ( P h y s i c i s t ) ,  CRREL 
(603) 643-3200, e x t .  255 

W i l l i a m  J. Campbell ( G e o p h y s i c i s t ) ,  USGS 
(206) 383-2861, e x t .  277 

A l f r e d  Edgerton ( P h y s i c i s t ) ,  A e r o j e t  General  
(213) 688-2000 

James P.  Welsh (Oceanographer),  USCG 
(703) 768-6648 

General 

S t r a i n  measurements d u r i n g  t h e  1970 AIDJEX p i l o t  s t u d y  demonstrated 

t h a t  deformation of  sea ice  over  ranges  of 5-8 km could  b e  measured by 

t e l l u r o m e t e r s .  A CRREL-USGS t e a m  designed a series of s t r a i n  exper iments  

t o  t a k e  p l a c e  d u r i n g  AIDJEX-71 along w i t h  morphological  s t u d i e s  and remote- 

s e n s i n g  o v e r f l i g h t s  of sea ice .  A t r i a n g u l a r  s t r a i n  network w i t h  t e l l u r o m e t e r  

l i n e s  of approximately 8 km l e n g t h  w i l l  be e s t a b l i s h e d  on t h e  sea ice  

u s i n g  t h e  main AIDJEX camp as one vertex and two small ,  o c c a s i o n a l l y  

occupied,  camps as t h e  o t h e r  vertices.  Along each s t r a i n  l i n e ,  measurements 

w i l l  b e  made of snow t h i c k n e s s ,  i c e  t h i c k n e s s ,  s i z e  and d i s t r i b u t : i o n  of 

hummocks and l e a d s ,  i ce  tempera ture  and s a l i n i t y  vs. d e p t h ,  and microwave 

d i e l e c t r i c  p r o p e r t i e s .  

Three remote-sensing a i r c r a f t  w i l l  o v e r f l y  t h e  s t r a i n  a r r a y :  t h e  

NASA-AMES Convair 990 on March 8 ,  9 ,  11, 1 2 ,  and 1 5 ;  t h e  U.S. Coast Guard 

C-130 between March 8 and 11; t h e  U.S. Navy Bi rdseye  C-121 between March 22 

and 26. The Convair 990 w i l l  image and photograph an  area of 80  km by 80 km 

38 



surrounding t h e  AIDJEX s i t e  and w i l l  a l s o  make two low-level  m i s s i o n s  over  

t h e  s t r a i n  network d u r i n g  each f l i g h t .  The Coast Guard C-130 w i l l  perform 

SLAR s t u d i e s ,  and t h e  Bi rdseye  C-121 w i l l  c o n c e n t r a t e  on laser p r o f i l o m e t e r  

s t u d i e s .  

The f i n a l  d e s i g n  of t h e  t o t a l  experiment  i s  t h e  e v o l u t i o n a r y  r e s u l t  

o f  a coupl ing  of t h e  remote sens ing  w i t h  t h e  s t r a i n  and s u r f a c e  morphology 

c r i t e r i a .  I f  t h e  experiment succeeds,  w e  s h a l l  have t h e  f i r s t  mesoscale  

s e q u e n t i a l  s y n o p t i c  images of sea ice and t h e  f i r s t  mesoscale  deformat ions  

t o  i n t e r p r e t  i n  l i g h t  of observed s u r f a c e  changes.  

Remote sensing wiZZ be per fomed  by three  
a i r c r a f t  overf  Z ying the t e  I Zurometer 

network. 
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A I R  STRESS, ENERGY, AND MOMENTUM EXCHANGE (ARCTIC SUBMARINE LABORATORY) 

Par t i e i  pants 

James H. Brown (Research P h y s i c i s t ) ,  ASL, PrincipaZ Investigator 
(714) 225-6851 

Edmund W. Rusche, J r . ,  ASL 

T e r r y  A. L u a l l i n  (Research P h y s i c i s t ) ,  ASL 

Donald E. Al ford  ( P h y s i c a l  Sc ience  Tech.) ,  ASL 

C h a r l e s  E. Davis, Jr. (Jr. Chemist) ,  ASL 

Steven L. S p e i d e l  ( P h y s i c i s t  G e n e r a l ) ,  ASL 

Conrad W. Young ( P h y s i c a l  Sc ience  Aid) ,  ASL 

C l e m  Walton (Exp. Test. Mach.), ASL 

Program 

The Arctic Submarine Labora tory  p l a n s  t o  measure and i n t e r p r e t  t h e  

main energy components ( s e n s i b l e ,  l a t e n t ,  n e t  r a d i a n t  and conducted f l u x ,  

and air-ice s t r e s s )  d u r i n g  t h e  1971 p i l o t  s t u d y .  

l o c a t e d  on t h e  f l o e  w i l l  measure tempera ture ,  h o r i z o n t a l  wind speed ,  and 

Two 10-meter masts 

s p e c i f i c  humidi ty  p r o f i l e s .  

ex tend  t h e  p r o f i l e s  t o  a h e i g h t  of 1000 meters. From t h e s e  p r o f i l e  measure- 

ments ,  scale e f f e c t s  f o r  t h e  s e n s i b l e  energy ,  l a t e n t  energy ,  

and s h e a r  stress should b e  observed.  

A t e t h e r e d  aerodynamic wing w i l l  b e  used t o  

The conducted h e a t  f l u x  w i l l  b e  determined from tempera ture  p r o f i l e s  

and h e a t  f l u x  meters p laced  i n  t h e  snow and ice. Measurements of snow and 

ice  d e n s i t y  w i l l  b e  made. The s a l i n i t y  of t h e  ice a t  v a r i o u s  d e p t h s  w i l l  

be  measured. 

t r i c  c o n s t a n t  of t h e  snow and ice  may b e  computed. 

From t h e s e  measurements t h e  thermal  c o n d u c t i v i t y  arid d i e l e c -  

The n e t  r a d i a t i o n  w i l l  b e  measured a t  several l o c a t i o n s  u s i n g  

d i f f e r e n t  t y p e s  of rad iometers .  It i s  a l s o  planned t o  de te rmine  short-wave, 

long-wave, d i r e c t ,  and d i f f u s e  r a d i a t i o n  components. P y r h e l i o m e t r i c  

measurements w i l l  b e  made w i t h  v a r i o u s  f i l t e r s  t o  o b t a i n  t h e  atmospheric  

t u r b i d i t y  c o e f f i c i e n t s .  
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Water stress measurements w i l l  b e  made w i t h  a h o t  f i l m  probe and by 

t h r e e  s p e c i a l  thermoprobes o r i e n t e d  i n  t h e  v e c t o r  d i r e c t i o n s .  

E f f o r t s  w i l l  b e  made t o  measure a c c e l e r a t i o n s  of t h e  i ce  f l o e  u s i n g  

s e n s i t i v e  a c c e l e r o m e t e r s .  These w i l l  b e  o r i e n t e d  i n  t h e  p l a n e  of t h e  ice  

f l o e  and normal t o  t h e  ice  f l o e .  

SYNOPTIC HYDROGRAPHIC MEASUREMENTS (UNIVERSITY OF WASHINGTON) 

Participants 

L .  K. Coachman ( A s s o c i a t e  P r o f e s s o r ) ,  UW, Principal Investiga75or 
( 2 0 6 )  543-5047 

K. Aagaard (Research A s s i s t a n t  P r o f e s s o r ) ,  UW 
( 2 0 6 )  543-7978 

R. B. T r i p p  (Research Oceanographer),  UW 
( 2 0 6 )  543-5334 

T. L i f f i t o n  (Marine T e c h n i c i a n ) ,  UW 
( 2 0 6 )  543-5060 

E. F l o u r i g  (Graduate S t u d e n t ) ,  UW 
( 2 0 6 )  543-5060 

J. Newton (Graduate S t u d e n t ) ,  UW 
( 2 0 6 )  543-5060 

Program 

Measurements w i l l  b e  made l o c a l l y  of t h e  i n t e r i o r  f low. The q u e s t i o n  

h e r e  i s  t h e  h o r i z o n t a l  and v e r t i c a l  spac ing  of  c u r r e n t  meters nec:essary t o  

t r a n s l a t e  t h e  d i r e c t  stress measurements i n t o  a stress f i e l d  under  t h e  ice. 
2 Measurements w i l l  b e  made of t h e  i n t e r i o r  mass f i e l d  over  a 30 km 

area. This  w i l l  t e l l  u s  i f  i t  i s  p o s s i b l e  t o  u t i l i z e  "geostrophic"  c u r r e n t s  

t o  re la te  t h e  d i r e c t  stress measurements t o  t h e  i n t e r i o r  f low.  I:f t h i s  i s  

p o s s i b l e ,  t h e s e  measurements, though less d i r e c t ,  may p r o v i d e  more r e l i a b l e  

r e s u l t s  f o r  t h e  main A I D J E X  s tudy .  
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Current  meters, bo th  a t  t h e  main camp and a t  two s a t e l l i t e  camps 

S a l i n i t y  10  and 20 m i l e s  away, w i l l  be  p l aced  a t  dep ths  of 10  m and 50 m. 

and tempera ture  w i l l  be  measured a t  30, 6 0 ,  100, 140,  180,  220,  260, 300,  

350, and 500 m. A t  an  unmanned l o c a t i o n ,  i n s i d e  t h e  t r i a n g l e  formed by t h e  

main camp and t h e  s a t e l l i t e  s t a t i o n s ,  c u r r e n t  meters w i l l  be  p l aced  a t  dep ths  

of 10 ,  50,  150, 250, and 500 m. Decca/Lambda r e c o r d e r s  a t  t h e  t h r e e  manned 

s t a t i o n s  w i l l  r eco rd  r e l a t i v e  p o s i t i o n .  

1 

... , . . . .  
. . . . .  

& . .  . . .  
, /  . a .  

Schematic o f  camp and current-meter placement. 

t 

. . . . . . . . .  
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DETAILED WATER-STRFSS MEASUREMENTS (UNIVERSITY OF WASHINGTON) 

Participants 

J. Dungan Smith (Assistant Professor), TJW, Principal Invest igator  
(206)  543-9279 

J. Klink (Engineer), UW 
(206)  543-5060 

M. Welch (Assistant Oceanographer/Diver) UW 
(206)  543-5060 

B. A. Morse (Oceanographer/Cook) UW 
(206)  543-5060 

S. McGowan (Marine Technician/Diver) , UW 
(206 )  543-5060 

M. Swannengson (Marine TechniciadDiver}, UW 
(206)  543-5060 

K. Ward (Marine Technician/Diver), UW 
( 2 0 6 )  543-5060 

G. Rosenberg (Graduate Student), UW 
(206 )  543-5060 

Program 

Measurements made under the ice at Camp 200 in March, 1970, indicate 

that the average boundary shear stress can be at least one order of magni- 

tude greater during storms than under quiescent conditions, thus emphasizing 

the importance of arctic storms in local stress determination. In addition, 

measurements of under-ice topography made both in March, 1970,  ai: Camp 200 

and in past years by nuclear submarines, when combined with boundary-layer 

calculations, demonstrate that significant nonuniform flow effects must occur 

and that proper under-ice stress measurements or calculations must include 

these effects. 

To investigate these problems during the 1971 study, two masts, each 
containing six triplets of current meters, will be placed below a typical 
sheet of arctic ice. One mast will be situated under a thick section of 

ice, and the other mast will be moved to various nearby locations by 
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d i v e r s .  

even d u r i n g  s torms.  

I n  t h i s  way, topographic  e f f e c t s  can be monitored t o  some e x t e n t  

The c u r r e n t  meters t o  b e  used respond t o  f r e q u e n c i e s  up t o  1 0  Hz; 

t h u s ,  Reynolds stress p r o f i l e s  as w e l l  as mean f l o w  p r o f i l e s  w i l l  b e  

measured. 

dependent stress and v e l o c i t y  f i e l d s  i n  t h e  Ekman l a y e r  under t h e  ice  from 

which g e n e r a l  models can b e  d e r i v e d  f o r  under- ice  f low and stress t r a n s m i s s i o n  

between t h e  ice and t h e  water. 

This  experiment  a i m s  t o  p r o v i d e  d e t a i l e d  i n f o r m a t i o n  on t h e  t i m e -  

- 
Masts with t r i p l e t s  of current meters under the i c e .  
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COMPARATIVE HYDROGRAPHIC ACTIVITIES (LAMONT-DOHERTY GEOLOGICAL OBSERVATORY) 

Participants 

K. L. Hunkins (Senior Research Associate), L-D, Principal Investigator 
with crew of two men 

This activity seeks to determine water stress by measuring the 

relative mass transport in the Ekman layer. Ocean currents will be continu- 

ously monitored at six depths: 2, 4 ,  8, 16,  3 2 ,  and 75 m. The current 

meters will be mounted on two inverted aluminum masts placed through ice 

holes in the camp area. 

Placement of current-meter masts. 
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AIDJEX SPOKESMEN 

Sinee the AIDJEX a c t i v i t i e s  on the i c e  w i Z Z  be conducted 
from Camp 200 of the PoZar ContinentaZ SneZf Project and w i Z Z  
be entire29 supported by PCSP operations, final, operationa 2 
authority on a22 matters a f fec t ing  the sa fe ty  and suceess of 

the operation w i Z Z  remain with the designated PCSP authori t ies .  

To f a c i Z i t a t e  operations and avoid misunderstanding, 
it i s  important t h a t  a singZe person have the finaZ authority 
t o  speak for AIDJEX on the i c e .  
Dr. J .  Dungan Smith. 

That person w i Z Z  be 

I t  i s  a l s o  desirabZe t o  have a designated pmson a t  
Tuktoyaktuk with fimZ authority t o  speak for  AIDJEX. 
!This w i Z Z  be Mr. Rol f  B jomer t .  

We ask t h a t  a22 part ic ipants  fuzzy support these AIDJEX 

representatives.  

I/ AIDJEX Coordinator 
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LOGISTIC SUPPORT FOR AIDJEX-71 PILOT STUDIES 

by 
Rolf B j o r n e r t  

AIDJEX Opera t ions  Coordina tor  

The purpose of t h i s  r e p o r t  i s  t o  inform you of t h e  planned opera- 

t i o n a l  and l o g i s t i c  suppor t  f o r  t h e  AIDJEX-71 p i l o t  s t u d i e s .  

The 1970 A I D J E X  p i l o t  s t u d y  w a s  a c o l l a b o r a t i o n  between t h e  P o l a r  

C o n t i n e n t a l  She l f  P r o j e c t  (PCSP) of  t h e  Canadian Department of Energy, 

Mines and Resources and the Department of Oceanography, U n i v e r s i t y  of 

Washington. PCSP served  as h o s t  t o  t h e  U.S. p a r t i c i p a n t s  by o p e r a t i n g  t h e  

mainland camp i n  Tuktoyaktuk, Northwest T e r r i t o r i e s ,  s e t t i n g  up t:he ice  

camp (Camp 200) approximately 240 n.m. n o r t h  of  Tuktoyaktuk, s u p p o r t i n g  

t h e  ac t iv i t i e s ,  and e v a c u a t i n g  a f t e r  t h e  complet ion of t h e  s tudy .  T h i s  

y e a r  PCSP i s  sending o u t  i t s  own Hydrographic-Gravity group,  and i t  w a s  

a p p r o p r i a t e  t h a t  t h e  AIDJEX o f f i c e  a g a i n  r e q u e s t  a s s i s t a n c e  from PCSP i n  

i n i t i a t i n g  t h e  1971 f i e l d  program. I n  view of t h e i r  v a l u a b l e  c o o p e r a t i o n  

l a s t  y e a r ,  t h e i r  w i l l i n g n e s s  t o  h e l p  a g a i n  i s  most welcome. 

The mainland camp w i l l  a g a i n  b e  l o c a t e d  a t  Tuktoyaktuk. From t h e r e  

t h e  p e r s o n n e l  and equipment w i l l  b e  a i r l i f t e d  t o  t h e  ice camp (Camp 200) 

approximately 350 n.m. n o r t h  of Tuktoyaktuk. Camp 200 w i l l  c o n s i s t  of 

t h r e e  subcamps, each under tak ing  a d i f f e r e n t  s c i e n t i f i c  program. 

The f i r s t  subcamp w i l l  c o n s i s t  of 18 men ( D r .  L.  K. Coachman w i t h  

6 men, D r .  J.  Dungan Smith w i t h  7 men, and D r .  K. Hunkins w i t h  2 men) 

housed i n  9 p r e f a b r i c a t e d  b u i l d i n g s .  They w i l l  b r i n g  19,500 pounds of 

equipment i n c l u d i n g  i n s t r u m e n t a t i o n ,  g e n e r a t o r s ,  and camping equipment,  

and w i l l  u s e  129 drums of h e a t i n g ,  g e n e r a t o r ,  and h e l i c o p t e r  f u e l .  The 

t o t a l  weight  f o r  t h i s  group (98,000 pounds) w i l l  r e q u i r e  16 f l i g h t s  by a 

B r i s t o l  a i r c r a f t  from Tuktoyaktuk t o  Camp 200. 

The second subcamp w i l l  b e  d i v i d e d  i n t o  two groups.  One group 

(Dr. J .  Brown w i t h  9 men) h a s  26,500 pounds of  i n s t r u m e n t a t i o n ,  s u p p o r t  

equipment,  e tc .  This  group w i l l  occupy f i v e  p r e f a b r i c a t e d  b u i l d i n g s  and 

one Parcol.1 and w i l l  use 48 drums of g e n e r a t o r  and h e a t i n g  f u e l .  T h e i r  

t o t a l  weight  t r a n s p o r t e d  t o  Camp 200 w i l l  b e  61,500 pounds on 10 B r i s t o l  f l i g h t s .  
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The o t h e r  group i n  t h i s  subcamp (Dr. W. F. Weeks and D r .  A .  Kovacs 

w i t h  5 men) i s  b r i n g i n g  2,400 pounds of i n s t r u m e n t a t i o n  and p e r s o n a l  g e a r .  

They w i l l  l i ve  and work i n  one Parco11 and w i l l  u s e  1 4  drums of h e a t i n g  

and h e l i c o p t e r  f u e l .  T h e i r  s c i e n t i f i c  work does n o t  r e q u i r e  e lec t r ica l  

g e n e r a t o r s ,  and t h e y  w i l l  o n l y  connect  t h e i r  l i g h t s  t o  D r .  Brown's 

g e n e r a t o r s .  

(14,000 pounds) w i l l  r e q u i r e  two B r i s t o l  f l i g h t s .  

The t o t a l  weight  t r a n s p o r t e d  t o  Camp 200 f o r  t h i s  group 

The t h i r d  subcamp c o n s i s t s  of t h e  16-man PCSP Hydrographic-Gravity 

group. Thirty-one B r i s t o l  f l i g h t s  w i l l  t r a n s p o r t  t h e i r  200,000 pounds of 

g e a r  and f u e l  t o  Camp 200. Fuel  f o r  t h e i r  B e l l  204B and B e l l  205A h e l i -  

c o p t e r s  comprises  a major p o r t i o n  of t h i s  weight ,  s ince  t h e y  have scheduled 

300 hours  of  h e l i c o p t e r  t i m e .  A h e l i c o p t e r  consumes approximately 65 

g a l l o n s  of f u e l  p e r  hour ,  s o  a l l  b u t  50 drums ( f o r  g e n e r a t o r s  and h e a t i n g )  

of t h e  460 shipped w i l l  b e  used f o r  t h a t  purpose.  

Twenty service f l i g h t s  by Twin Otter a i r c r a f t  have been scheduled 

between Tuktoyaktuk and Camp 200. They w i l l  c a r r y  food,  s p a r e  p a r t s ,  and 

o t h e r  i t e m s  t h a t  might b e  needed on s h o r t  n o t i c e .  

Camp 200 w i l l  b e  i n  r a d i o  c o n t a c t  w i t h  Tuktoyaktuk and w i t h  t h e  

o v e r f l y i n g  remote-sensing a i r c r a f t .  

For t r a n s p o r t a t i o n  around t h e  immediate area of Camp 200, 45 hours  

of h e l i c o p t e r  t i m e  have been scheduled:  40 hours  f o r  D r .  Coachman and 

5 hours  f o r  D r .  Weeks. The h e l i c o p t e r s  w i l l  assist i n  e r e c t i n g  t h e  

i n s t r u m e n t a t i o n ,  s e t t i n g  up s a t e l l i t e  s t a t i o n s  f o r  t h e  hydrographic  and 

water-stress groups ,  and t r a n s p o r t i n g  personnel  t o  and from t h e s e  remote 

s t a t i o n s .  I n  t h e  camp area i t s e l f ,  Ski-doos w i l l  move equipment from t h e  

a i r s t r i p  t o  t h e  camp grounds and t r a n s p o r t  people  t o  t h e  nearby s t a t i o n s .  

Each camp w i l l  have i t s  own messing f a c i l i t i e s  w i t h  a cook. A 

Camp Master (provided by PCSP) i n  each subcamp w i l l  look  a f t e r  t h e  suppor t  

equipment and t a k e  care of r o u t i n e  matters. 

The experiments  are expected t o  c o n t i n u e  f o r  30 days ;  i f  n e c e s s a r y ,  

a n o t h e r  two weeks can be added. A t  t h e  complet ion of t h e  s c i e n t i f i c  ac t iv i -  

t i e s ,  13 B r i s t o l  f l i g h t s  w i l l  t a k e  back t o  Tuktoyaktuk a l l  t h e  p e r s o n n e l ,  

p r e f a b r i c a t e d  b u i l d i n g s ,  i n s t r u m e n t a t i o n ,  and a n y t h i n g  else worth s a l v a g i n g .  

A p o i n t  of i n t e r e s t  i s  t h a t  t h e s e  b u i l d i n g s  have been p r e f a b r i c a t e d  i n  
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s e c t i o n s  by l o c a l  workmen f o r  t h e  Naval A r c t i c  Research Labora tory  a t  

P o i n t  Barrow. They w i l l  a l s o  e r e c t  t h e  Camp 200 b u i l d i n g s .  

I would l i k e  t o  mention t h a t  space  and accommodations are l i m i t e d  

and have been provided  on ly  f o r  t h e  s p e c i f i e d  p a r t i c i p a n t s ;  i t  would 

t h e r e f o r e  be  i n a d v i s a b l e  f o r  anyone t o  v i s i t  t h e  i c e  camp. Documentary 

coverage by 1 6 m  movie camera w i l l  be  a v a i l a b l e  l a t e r  i n  t h e  yea r .  

i n t e r e s t e d  i n  viewing t h i s  is  welcome t o  c o n t a c t  t h e  AIDJEX offic:e.  

Anyone 
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TIME SCHEDULE FOR THE 1 9 7 1  A I D J E X  
PILOT STUDIES 

February 20 The Decca n a v i g a t i o n a l  system w i l l  be  o p e r a t i n g  and t h e  
s e a r c h  f o r  t h e  i ce  f l o e  f o r  Camp 200 w i l l  beg in .  

February 23 PCSP w i l l  beg in  a i r l i f t i n g  equipment f o r  t h e i r  
Hydrographic-Gravity group o u t  t o  Camp 200. 

February 25 The p r e f a b r i c a t e d  b u i l d i n g s  made a t  P o i n t  Barr low a r r i v e  
a t  Tuk, and w i l l  soon t h e r e a f t e r  b e  t r a n s p o r t e d  t o  Camp 
200. Local  l a b o r e r s  w i l l  assemble t h e  b u i l d i n g s .  One 
o r  two advance men a r r i v e  from each U.S. group t o  p r e p a r e  
t h e i r  g e a r  t o  b e  t r a n s p o r t e d  t o  Camp 200. 

March L It i s  assumed t h a t  PCSP i s  now o p e r a t i n g  a t  Camp 200 
and t h a t  t h e  U.S. p r e f a b r i c a t e d  b u i l d i n g s  are ' e rec ted .  
Begin t o  a i r l i f t  equipment f o r  D r .  Coachman and D r .  Smith. 

March 3 D r .  Brown's d a t a  systems are  flown o u t .  

March 4 D r .  Weeks's group and equipment i s  t r a n s p o r t e d  t o  Camp 200. 

March 5 D r .  Brown's remaining equipment and personnel  w i l l  b e  
flown o u t .  

From now on, t h e  remainder OF t h e  f l i g h t s  vi11 t r a n s p o r t  f u e l  ;and food 
f o r  t h e  e n t i r e  s t a y  a t  Camp 200. 

Weather c o n d i t i o n s  may a l t e r  t h e  d a t e s  mentioned above, b u t  t h e  sequence 
i n  which t h e  v a r i o u s  groups go remains t h e  same. 

The i n t e n t  i s  t o  f l y  o u t  e l e c t r o n i c  equipment,  i n s t r u m e n t a t i o n ,  and one 
o r  two advance men as e a r l y  as p o s s i b l e  so  t h a t  r i g g i n g  and t u n i n g  
procedures  can begin .  F u r n i t u r e ,  p e r s o n a l  equipment and personnel  
w i l l  fo l low.  

The e v a c u a t i o n  d a t e  h a s  n o t  been dec ided .  T h i s  w i l l  be  d i s c u s s e d  w i t h  
PCSP a t  t h e  beginning  of March. 
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A I D J E X  WORKING GROUP ON 
NUMERICAL MODELING AND ANALYSIS 

Third Working Sess ion  Held on November 13 and 1 4 ,  1970, 
a t  t h e  U n i v e r s i t y  of Washington 

A l l  members of t h e  s c i e n t i f i c  community i n t e r e s t e d  i n  t h e  o b j e c t i v e s  

of A I D J E X  recognized from t h e  o u t s e t  t h a t  t h e  development of t h e o r e t i c a l  

concepts  and procedures  f o r  t h e  e f f e c t i v e  a p p l i c a t i o n  of AIDJEX d a t a  has  t o  

be  one s t e p  ahead of t h e  exper imenta l  work. 

t h e  Working Group on Numerical Modeling and Ana lys i s  w a s  t h e  f i r s t  t o  be  

e s t a b l i s h e d .  The i r  f i r s t  meeting w a s  he ld  on J u l y  9 ,  1970, a t  t h e  U n i v e r s i t y  

of Washing ton .  

I n  keeping w i t h  t h i s  ph i losophy,  

Membership i n  t h e  Working Group is  h i g h l y  informal :  anyone w i t h  an 

a c t i v e  i n t e r e s t  and i d e a s  t o  c o n t r i b u t e  is  welcome t o  p a r t i c i p a t e .  So f a r ,  

t h i s  method has  proven t o  b e  p r a c t i c a l  and e f f e c t i v e .  Other working groups 

(such as A i r  and Water S t r e s s ,  and Remote Sensing)  are us ing  t h e  same 

procedure.  

A I D J E X  B u l l e t i n  No. 2 (October 1970) c o n t a i n s  e i g h t  a r t ic les  summarizing 

c u r r e n t  thoughts  on  some of t h e  fundamental  concepts  and problems of sea ice  

dynamics. The Working Group s e s s i o n  r epor t ed  h e r e  sought  t o  (1) communicate 

t h e s e  thoughts  t o  a l a r g e r  group of i n t e r e s t e d  s c i e n t i s t s ,  (2)  l ook  f o r  f a u l t s  

o r  i n c o n s i s t e n c i e s  i n  t h e  p lanning  of AIDJEX,  (3) shop f o r  new i d e a s  and 

p a r t i c i p a n t s ,  and (4) sharpen  and,  i f  necessa ry ,  reassess long-range g o a l s .  

Scheduled a c t i v i t i e s  of t h e  s e s s i o n  were as  fo l lows :  

Fr iday  morning, November 1 3  - I n t r o d u c t o r y  Reviews 

Rothrock - Dynamic behavior  of sea ice  

C a m p b e l l  - Water s t r e s s  

Badgley - A i r  stress 

Thorndike - Ice s t r a i n  

U n t e r s t e i n e r  - H e a t  ba l ance  and i c e  dynamics 

- General  d i s c u s s i o n  - 
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F r i d a y  a f t e r n o o n  - P r o g r e s s  Reports  

Bryan - Ocean models 

Campbell - Viscous i ce  models 

- General  d i s c u s s i o n  - 

Saturday morning, November 1 4  - R e v i e w  of F u t u r e  P l a n s  

F l e t c h e r  - Current  s t a t u s  of o v e r a l l  p lanning  and t i m e  schedules ;  

committed and p r o s p e c t i v e  p a r t i c i p a n t s ;  reviewr of p i l o t  

experiments  planned f o r  s p r i n g  1971. 

Coachman - H o r i z o n t a l  coherence of c u r r e n t s ;  i n t e r p r e t a t i o n  of geo- 

s t r o p h i c  f low from tempera ture  and s a l i n i t y  measurements 

( p i l o t  experiment , s p r i n g  1971) .  

Smith - Water stress , w i t h  s p e c i a l  r e f e r e n c e  t o  ice-bottom topog- 

raphy ( p i l o t  experiment ,  s p r i n g  1971) .  

Hunkins - Water stress and Ekman boundary l a y e r  ( p i l o t  experiment ,  

s p r i n g  1971) .  

Campbell - Small-scale ice  deformat ion  ( o r d e r  of 10 km), and a i r b o r n e  

remote s e n s i n g  ( p i l o t  experiment ,  s p r i n g  1971) .  

- General  d i s c u s s i o n  - 

Summary 

A l l  p r e s e n t a t i o n s  w e r e  fol lowed by d i s c u s s i o n s .  Rather  t h a n  r e c o u n t  

them i n  t h e i r  n e c e s s a r i l y  somewhat r o v i n g  sequence,  w e  have a t tempted  t o  

p r e s e n t  h e r e  a summary t h a t  omi ts  p o i n t s  of prev ious  agreement and emphasizes 

unresolved q u e s t i o n s  and new viewpoin ts .  

A i r  stress from p r e s s u r e  maps. According t o  t h e  r e p o r t  by Badgley, i t  w i l l  

b e  f e a s i b l e  t o  deduce t h e  a i r  stress f i e l d  from s u r f a c e  p r e s s u r e  observed a t  

t h e  manned and unmanned s t a t i o n s  of t h e  A I D J E X  a r r a y  t o  a n  accuracy of 30% 

i n  magnitude and 5 d e g r e e s  i n  d i r e c t i o n .  This  seems adequate  f o r  a f i r s t  

approximation t o  t h e  model t o  b e  developed.  

The inadequac ies  of computing wind stress on t h e  assumption of g e o s t r o p h i c  

f low w e r e  d i s c u s s e d .  Smith a f f i r m e d  t h a t  s l o p e s  of t h e  ice  s u r f a c e  and 
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g u s t i n e s s  of wind would c a u s e  e r r o r s  i n  stress c a l c u l a t e d  from mean wind 

measurements. F l e a g l e  suggested t h a t  Ekman l a y e r  i n s t a b i l i t y  could s i g n i -  

f i c a n t l y  a f f e c t  t h e  a c t u a l  stress. 

Time-dependent Ekman l a y e r .  It w a s  t h e  consensus o f  t h e  group t h a t  g r e a t e r  

a c t i v i t y  w i l l  b e  r e q u i r e d  i n  d e s i g n i n g  s u i t a b l e  models of  time-dependent 

motions i n  t h e  ocean boundary l a y e r ,  A I D J E X  should seek  t o  add t o  i t s  

s t a f f  a f l u i d  dynamic is t  who s p e c i a l i z e s  i n  t h e s e  problems. 

Ice a c c e l e r a t i o n ,  

a c c e l e r a t i o n  a t  t h e  manned s t a t i o n s  by means of s u i t a b l e  a c c e l e r o m e t e r s  

would b e  d e s i r a b l e  t o  d e t e c t  motions on a s h o r t  t i m e  scale. No s p e c i f i c  

recommendations o r  o f f e r s  were made as none of the p a r t i c i p a n t s  had s u f f i -  

c i e n t l y  d e t a i l e d  i n f o r m a t i o n .  

It w a s  agreed t h a t  d i r e c t  o b s e r v a t i o n s  of h o r i z o n t a l  ice  

P r o c e s s i n g  of d a t a  from remote s e n s i n g .  

i n s t r u m e n t s  u s u a l l y  produce unwieldy amounts of d a t a .  

t h a t  a n  exper ienced  s p e c i a l i s t  

added t o  A I D J E X  s t a f f .  A l a r g e  p o r t i o n  of t h e  remote s e n s i n g  work w i l l  

i n v o l v e  t h e  i n t e r p r e t a t i o n  of sequences of images. It i s  n o t  clear a t  

p r e s e n t  how t h e y  should be ana lyzed-- ie . ,how a u s e f u l  set  of parameters  

should b e  d e f i n e d  and how one should d e s c r i b e  t h e i r  changes i n  t i m e .  

It w a s  s t r e s s e d  t h a t  remote s e n s i n g  

It w a s  recommended 

i n  remote s e n s i n g  and d a t a  p r o c e s s i n g  be 

I n t e r a c t i o n  of i ce  s t r a i n  and h e a t  b a l a n c e .  

U n t e r s t e i n e r ,  t h e  q u e s t i o n  of t h e  l a r g e - s c a l e  a lbedo  of t h e  Arctic Ocean 

i s  s t i l l  unreso lved .  Experimental  programs, such  as e x t e n s i v e  a i r b o r n e  

a lbedo  measurements between March and October ,  and o b s e r v a t i o n s  of t h e  h e a t  

b a l a n c e  of l e a d s  w i l l  b e  r e q u i r e d  

ice  dynamics t o  i t s  o v e r a l l  m a s s  b a l a n c e  (and hence t h e  r e s p o n s e  t o  c l imat ic  

v a r i a t i o n s )  can  be achieved .  

According t o  t h e  review by 

b e f o r e  t h e  u l t i m a t e  g o a l  of connect ing 

Mass ba lance  equat ion .  It w a s  suggested by Bryan t h a t  t h e  mass ba lance  

e q u a t i o n  i s  more fundamental  t o  a model of pack ice  t h a n  i s  t h e  momentum 

e q u a t i o n  w i t h  a n  a p p r o p r i a t e  c o n s t i t u t i v e  e q u a t i o n .  

e q u a t i o n  should ,  of c o u r s e ,  e v e n t u a l l y  i n c l u d e  t h e  dependence of i ce  genera- 

t i o n  on dynamics. The consensus w a s  reached t h a t  t h e  n e x t  s t e p  i n  t h e  devel-  

opment of a numerical  model should i n c l u d e  b o t h  a m a s s  b a l a n c e  e q u a t i o n  and 

a momentum e q u a t i o n .  

The mass ba lance  
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Numerical models. Campbell and Rasmussen showed r e s u l t s  of t h e i r  r e c e n t  

computat ions of a model u s i n g  a c o n s t a n t  stress f i e l d  (of g e o m e t r i c a l l y  

r e g u l a r  shape) and v a r i o u s  combinat ions of i ce  v i s c o s i t i e s .  Both r e p o r t e r s  

and p a r t i c i p a n t s  agreed t h a t  s t e a d y - s t a t e  v i s c o u s  models have y i e l d e d  con- 

s i d e r a b l e  i n s i g h t  b u t  t h a t  t h e i r  f u r t h e r  p u r s u i t  should a w a i t  t h e  i n i t i a l  

r e s u l t s  expected from A I D J E X .  

Continuum, o r  n o t .  A l l  work and d e l i b e r a t i o n s  so f a r  have been based on t h e  

assumption t h a t  t h e  i ce  can b e  t r e a t e d  as  a continuum. What should b e  done 

i f  Thorndike ' s  s t a t i o n  d r i f t  p a t h s ,  o r  t h e  i n i t i a l  d a t a  from AIDJElX,  i n d i -  

cate r i g i d  motion of l a r g e  p l a t e s ?  P r e l i m i n a r y  r e s u l t s  from t h e  d r i f t s  of 

NP-10, NP-11, T-3, and A r l i s  I1 d u r i n g  June  and J u l y  of 1962 i n d i c a t e  t h a t  

d i v e r g e n c e s  and s h e a r s  of t h e  o r d e r  of .01  day-' can  be expected f o r  l a r g e  

p o r t i o n s  of t h e  ice (10 km i n  t h i s  c a s e ) .  The assumption c o n t i n u e s  t o  b e  

t h a t  t h e  continuum h y p o t h e s i s  w i l l  b e  used u n t i l  some evidence  a g a i n s t  i t  

appears .  

5 2  

Scales. There w a s  d i s c u s s i o n  about  t h e  space  scale and t i m e  scale .  on which 

s t r a i n  measurements should b e  made. No d e f i n i t e  c o n c l u s i o n  w a s  formed; 

however, t h e  l i m i t s o f  1 0  t o  100 km f o r  t h e  s p a c e  scale and 90 minutes  t o  

weeks f o r  t h e  t i m e  scale were g e n e r a l l y  accepted .  From t h e  d i s c u s s i o n ,  i t  

became a p p a r e n t  t h a t  t h e  c r i t e r i a  on which t o  b a s e  t h e  c h o i c e  of scales are 

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

t h a t  a n  ice-covered ocean be modeled on t i m e  and space  s c a l e s  on which most 

of t h e  important  phenomena d e s c r i b e d  by Newton's e q u a t i o n s  are r e s o l v e d .  

The remaining phenomena can e i t h e r  b e  ignored ,  i f  t h i s  does  n o t  mean a com- 

p l e t e  l o s s  of realism, o r  included p a r a m e t r i c a l l y .  A t  p r e s e n t  t h e  only  

c r i t e r i o n  be ing  cons idered  f o r  choosing a s p a c e  scale i s  t h a t  i t  b e  t h e  

smallest scale on which t h e  pack i c e  behaves as a continuum. We do n o t  now 

know what t h i s  scale i s ,  b u t  i t  is  hoped t h a t  t h e  1971 A I D J E X  p i l o t  exper i -  

ments w i l l  h e l p  t o  d e f i n e  t h i s  scale. 

Finding a c o n s t i t u t i v e  l a w .  

continuum i d e a l i z a t i o n  i s  a p p r o p r i a t e ,  d i s c u s s i o n  ensued on t h e  manner by 

which t h e  c o n s t i t u t i v e  l a w  should b e  deduced. Two approaches s u g g e s t  

themselves 

Following d i s c u s s i o n  of t h e  scale on which 
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A s  was o r i g i n a l l y  proposed, i f  t h e  d i v e r g e n c e  of stress i s  t h e  o n l y  

q u a n t i t y  i.n t h e  momentum e q u a t i o n  n o t  measured i n  the f i e l d ,  t h e n  i t  can  b e  

computed as t h e  r e s i d u e  i n  t h a t  equat ion .  From t h i s  and from f i e l d  measure- 

ments which enable  t h e  d ivergence  of s t r a i n  t o  b e  c a l c u l a t e d ,  some i n f o r m a t i o n  

on  t h e  c o n s t i t u t i v e  law may b e  o b t a i n e d .  

An a l t e r n a t i v e  approach (d iscussed  below in g r e a t e r  d e t a i l )  would b e  

t o  deduce forms of c o n s t i t u t i v e  l a w s  from t h e o r e t i c a l  reasoning  o r  w i t h  t h e  

a i d  of l a b o r a t o r y  models. Then f o r  a g i v e n  c o n s t i t u t i v e  l a w  and f o r  a g i v e n  

s t r a i n  f i e l d  t h e  d ivergence  of stress may b e  computed and compared w i t h  t h a t  

determined from f i e l d  measurements. 

It w a s  g e n e r a l l y  f e l t  t h a t  t h e  second approach would b e  more f r u i t f u l .  

I n t e r p r e t a t i o n  of stress and s t r a i n  d a t a .  A most u s e f u l  p o i n t  concerning 

t h e  i n t e r p r e t a t i o n  of stress and s t r a i n  d a t a  was r a i s e d  by Raymond. 

A s  d e r i v e d  i n  Appendix I t o  t h e  s c i e n t i f i c  p l a n  of A I D J E X ,  t h e  

e q u a t i o n ,  A(6) ,  r e l a t i n g  t h e  a c c e l e r a t i o n  of t h e  i ce  t o  t h e  f o r c e s  a c t i n g  on 

i t ,  c o n t a i n s  t h e  stress t e n s o r  V - T  , which cannot  b e  measured d i r e c t l y .  

Suppose t h a t  stress can be  r e l a t e d  t o  s t r a in  and s t r a i n  rate,  i n  t h e  most 

g e n e r a l  way, by a n  e q u a t i o n  of t h e  form 

-f + 

+ F 3 e  + F q &  e ij ij ij ik j k  T = F ,  6ij + F2 2 

where Fa (a  = 1 , 2 , 3 , 4 )  depend o n l y  on  t h e  i n v a r i a n t s  of s t r a i n  and s t r a i n  

rate. (See Evans, A I D J E X  B u l l e t i n  No. 2 . )  I f  w e  are  w i l l i n g  t o  p o s t u l a t e  

( o r  can somehow d e r i v e )  t h e  form of  t h e  F, , except  f o r  t h e  v a l u e s  of c e r t a i n  

parameters ,  t h e n  w e  can produce a n  e x p r e s s i o n  f o r  V . T  i n  terms of t h e  

s t r a i n  and s t r a i n  ra te ,  and t h e i r  d e r i v a t i v e s ,  and t h e  unknown parameters .  

Thus e q u a t i o n  A(6) can  b e  w r i t t e n  comple te ly  i n  terms of measurable  q u a n t i t i e s  

and some unknown parameters  which can t h e n  b e  e s t i m a t e d  from d a t a .  I f  t h e  

estimates obta ined  i n  t h i s  way are compat ib le  w i t h  independent d a t a  ( t o  

w i t h i n  exper imenta l  e r r o r )  , t h e n  t h e  p o s t u l a t e d  Fa are a c c e p t a b l e .  

rs 

For %he continuum approach,  t h e  proposed 100 km a r r a y  w i l l  t a k e  on t h e  

r o l e  of t h e  " i n f i n i t e s i m a l  element" sur rounding  a p o i n t ,  s a y  t h e  c e n t e r  of 

t h e  a r r a y .  The s t r a i n ,  s t r a i n  r a t e ,  and t h e i r  s p a t i a l  d e r i v a t i v e s  a t  t h i s  

p o i n t  w i l l  b e  computed from r e l a t i v e  d isp lacements  of p o i n t s  of t h e  a r r a y .  

The a r r a y  is t h u s  e s s e n t i a l  f o r  d e t e r m i n a t i o n  of s t r a i n  and s t r a i n  r a t e  
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b u t  n o t  f o r  de t e rmina t ion  of a c c e l e r a t i o n ,  wind stress, water stress, and 

s l o p e  of sea s u r f a c e .  Values of  t h e s e  q u a n t i t i e s  are r e q u i r e d  as an i n t e g r a l  

over  t h e  area of t h e  a r r a y .  Thei r  measurement a t  o u t e r  s t a t i o n s  of t h e  

a r r a y  i n  a d d i t i o n  t o  t h e  c e n t r a l  s t a t i o n  w i l l  b e  impor tan t  t o  ensu re  t h a t  

s e n s i b l y  average  v a l u e s  are  ob ta ined .  

The o r i g i n a l  arguments f o r  t h e  s i z e  of t h e  AIDJEX s t a t i o n  a r r a y  s t i l l  

s t and :  t h e  area must b e  l a r g e  enough so  t h a t  i n d i v i d u a l  s t r u c t u r a l  i r r e g u -  

l a r i t i es  do n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  o v e r a l l  behav io r ,  y e t  s m a l l  

enough so t h a t  s p a t i a l  v a r i a t i o n  of d r i v i n g  f o r c e s  over  t h e  a r r a y  can  be  

e s t ima ted .  
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