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PREFACE 

This r e p o r t  p r e s e n t s  t h e  t r a n s c r i p t  of t h e  Conferenee on S a t e l l i t e  
I c e  S t u d i e s  h e l d  June 1 4 ,  1962, i n  WashinEton, D. C. 

Fep resen ta t ives  from t h e  f i e l d s  of meteorolopy , oceanop-aphy , h y d r o l o w ,  
Feolopy, and photogrnmrretry were i n v i t e d  t o  d i scuss  nnd review t h e  s a t e l l i t e  
PhOtOgraDhy c o l l e c t e d  i n  conjunct ion  w i t h  P r o j e c t  TIREC” and t o  p r e s e n t  t h e i r  
thoughts  and ideas on t h e  use of  sa te l l i t e  obse rva t ions  f o r  i c e  reconnaissance.  

These t r a n s a c t i o n s  are be ing  d i s t r i b u t e d  wi th  t h e  view of s t i m u l a t i n g  
i n t e r e s t  i n  s n t e l l i t e  obse rva t ions  which might also be  u s e f u l  i n  a s s o c i a t e d  

. f i e l d s .  

* I! , jo in t  United States-Caneaian propram t o  i n v e s t i g a t e  t h e  a p p l i c a t i o n  of  
weather  sa te l l i t es  f o r  i c e  reconnaissance.  
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CONFERENCE ON SATELLITE ICE STUDIES 

M r .  Johnson: We would l i k e  t o  welcome you t o  t h i s  conference on behal f  of 
both t h e  Weather Bureau and t h e  Meteorological  Sa te l l i t e  A c t i v i t i e s .  
as you, have been i n t e r e s t e d  i n  i c e  r e c e n t l y ,  p r imar i ly  as a r e s u l t  of ' the  
TIROS meteorological  sa te l l i t e  program and t h e  obvious app l i ca t ion  of  data  
from t h e s e  satel l i tes  t o  s t u d i e s  of i c e  and, hope fu l ly ,  i c e  reconnaissance.  
As M r .  Popham w i l l  po in t  o u t ,  our  i n t e r e s t s  have been l i m i t e d  p r imar i ly  t o  
se rv ing  as a c a t a l y s t  and t o  he lp ing  t h o s e  who are more d i r e c t l y  concerned 
w i t h  i c e  s t u d i e s  and i c e  reconnaissance t o  make use of s a t e l l i t e  data i n  
t h e i r  work, So it is indeed a p l easu re  on ou r  p a r t  t o  welcome you a5 our  
c u e s t s  and t o  i n v i t e  you t o  use our  f a c i l i t i e s .  I c e r t a i n l y  hope t h a t  t h i s  
conference proves t o  be mutually b e n e f i c i a l  t o  a l l  of  you and t h a t  it may 
be a p recu r so r  t o  similar conferences as t h e  s a t e l l i t e  program propresses  
i n  t h e  coming years. 

We, 

We would l i k e  t o  assist you i n  every way during your s t a y  
he re  and subsequently t o  assist you i n  any way w e  can i n  us ing  t h e  data 
which w i l l  be a v a i l a b l e  from sa te l l i t es .  A t  t h i s  time I would l i k e  t o  t u r n  
t h e  conference over t o  blr. Popham, who w i l l  c h a i r  t h e  conference.  

M r .  Popham: We have some i tems on our apenda which s e v e r a l  people have 
i n d i c a t e d  a re  worth spendine more t h e n  t h e  a l l o t t e d  time on; t h e r e f o r e ,  I 
w i l l  keep qv remarks s h o r t  i n  t h e  bepinninp, Since t h e  meetine i s  be ing  
recorded,  i t  would be very h e l p f u l  i n  w r i t i n p  t h e  minutes i f  you would@ve 
your naxre and organiza t ion  when you s tar t  t o  speak. 

For those  not  familiar w i t h  t h e  term, Pro jec t  TIREC was a 
j o i n t  Canadian-United States e f f o r t  t o  i n v e s t i g a t e  t h e  Use of s a t e l l i t e s  f o r  
i c e  reconnaissance and su rve i l l ance .  The purpose of t h i s  conference i s  t o  
b r i n F  t o g e t h e r  t hose  who could use such informfition, as w e l l  as those  who 
could provide it, s o  t h a t  both requirements and c a p a b i l i t i e s  can be made 
known. 

For the  p a s t  t h r e e  days t h e  people who were most c lose ly  con- 
nec ted  with t h e  p lmninp .  and coord ina t ing  of t h e  TIPEC oper8t ion have been 
prepar ing  an index and o v e r a l l  opera t ions  r epor t  on t h e  P ro jec t .  These people 
w i l l  d i s cuss  how t h e  program was conducted, what anolyses they  are performing, 
and what they hope t o  pain from t h i s .  

We w i l l  s tar t  w i t h  P a r t  I1 on t h e  agenda, a Statement of Require- 
ments  - a d iscuss ion  of s p e c i f i c  areas where i c e  information might be appl ied  
without  r eca rd  t o  p r a c t i c a l  l i m i t a t i o n s  of t h e  vehic le .  Following t h i s  w e  
w i l l  qu ick ly  review what t h e  f u t u r e  s a t e l l i t e  proeram w i l l  be s o  w e  w i l l  have 
some idea of how many of t hese  requirements miffht be satisfied. We hope t h i s  
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w i l l  h e l p  those  who are analyzing P ro jec t  TIREC data t o  concent ra te  on some 
s p e c i f i c  areas of i n t e r e s t .  Would someone, perhaps from the Navy Hydrographic 
Office or  the Defence Research Board, ca re  t o  start the d iscuss ion?  

Mr. Clapp: My name is Clapp from t h e  Weather Bureau's Extended Forecast  
Branch. We have a very obvious requirement and desire f o r  data summaries of  
c louds ,  i c e ,  and s n m  cover ,  by week, month, o r  season f o r  use i n  synopt ic  
c l imatology and long-ranRe fo recas t ing .  Furthernore,  t h e s e  data must eventu- 
a l l y  be made o p e r a t i o n a l l y  usefu l .  

M r .  Popham: Might I i n v i t e  comments from M r .  Wil1ia.m Markham? Mr. Markham 
i s  Officer-in-Charge of t he  Department o f  Transport  I c e  Forecast  Cen t ra l  i n  
Hal i fax.  H e  is one of  the persons most c lose ly  connected w i t h  P r o j e c t  TIREC 
and w i t h  t h e  u l t ima te  use of sa te l l i te  i c e  information,  

M r .  Markham: Our requirements vary from season t o  season. I n  t h e  f a l l  w e  
a r e  i n t e r e s t e d  i n  areas of  i c e  formation so tha t  w e  can determine t h e  p a t t e r n  
of growth and a l s o  - i n d i r e c t l y  perhaps - ge t  some information about c u r r e n t s  
from t h e  way t h e  i c e  spreads.  During t h e  win te r  and s p r i n g  our  i n t e r e s t  i s  
d iv ided;  i n  Arc t i c  areas it is  somewhat less than  at o t h e r  seasons i n  t h a t  
w e  are mainly i n t e r e s t e d  i n  t h e  formation o f  leads, b u t  i n  t h e  Gulf of S t .  
Lawrence and Newfoundland waters f u l l  information is desired, I n  e a r l y  sum- 
mer, w e  a r e  most i n t e r e s t e d  i n  fo l lowing  t h e  Arc t ic  breakup p a t t e r n ,  while  
i n  l a t e  summer w e  are v i t a l l y  i n t e r e s t e d  i n  i c e  l o c a t i o n ,  concen t r a t ion ,  and 
t o  some e x t e n t  i n  topography so  t h a t  w e  can assist s h i p s  i n  t h e i r  resupply 
missions . 
LT Dotson: I ' m  LT Dotson 
has similar requirements 8,s 
Arc t i c  Ocean, where w e  have 
could express our  i n t e r e s t s  

of t h e  U. S. Navy Hydrographic Off ice .  Our Office 
those  expressed by M r .  Markham, except  i n  t h e  
rather d i f f e r e n t  i n t e r e s t s . '  Perhaps M r .  Wittmann 
more p r e c i s e l y .  

M r .  Wittmmn: I n  t h e  Cen t ra l  Arc t i c  w e  R r e  most i n t e r e s t e d  i n  t h e  i c e  topo- 
graphy - pressure  r idg ing ,  and t h e  d i s t r i b u t i o n  of d i s c r e t e  s i z e s  of water 
openinps . We a r e  i n t e r e s t e d  i n  t h e  phys ica l  p rocesses  which produce t h e s e  
f e a t u r e s ,  one of t he  most important  be ing  wind stress. We a r e  a l s o  i n t e r e s t e d  
i n  t h e  s t a b i l i t y  of these f e a t u r e s  (e .g . ,  maxima.1 rates of  c l o s i n g ) .  From 
satel l i tes  we hope t o  ob ta in  t i m e  sequence photography and Ret c o n t r o l  i n  t ime 
and space of t h e  topographic  features of  t h e  sea i c e  canopy. "his may be dis- 
c e r n i b l e  from smoothness cons i ze ra t ions  as w e l l  as t o n a l  q u a l i t i e s .  

M r .  Popham: By d i s c r e t e ,  what s i z e  do you mean, say  i n  terms of feet  o r  
miles? 
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Mr. Wittmann: A t  t h e  moment, I would say  150 t o  1,500 feet ( i n  width,  t h e s e  
may run f o r  miles i n  l e n g t h ) ;  t h i s  i s  t h e  average s i ze  of  d i s c r e t e  water 
openings i n  t h e  Cent ra l  Arc t ic .  I n  some ree ions  you get  l a r g e r  openings 
which would be measured i n  miles. The nuc lea r  submarine, SEADRAGON, f o r  
example, steamed 13 miles on t h e  su r face  when it w a s  w e l l  wi th in  t h e  C h t r a l  
Arc t ic  i c e  pack i n  Aueust 1960. 

D r .  Peyton: Our primary i n t e r e s t  at t h e  Univers i ty  o f  Alaska i s  wi th  t h e  
d i s t r i b u t i o n  of sea i c e  i n  t h e  Po la r  Basin,  Our i n t e r e s t  i s  both one of 
p r e d i c t i n g  the  ice cover and 
have looked i n t o  the  th ings  Walt has  ta lked  about ,  and q u i t e  important and 
q u i t e  obvious are the  r a t h e r  small l eads  and openings tha t  occur i n  the  Polar  
Basin throughout t he  yea r .  I n  using s a t e l l i t e  p i c t u r e s ,  i t  would appear t h a t  
we may have problems involving the  r e s o l u t i o n  of the  v id i con  system. 

t h e  snore important meteorological  a spec t s .  We 

M r .  Popham: D r .  Ragotzkie i s ' h e r e  a l so .  We have been t a l k i n g  about sea 
i c e  d i s t r i b u t i o n .  I know you are i n t e r e s t e d  i n  lake i ce .  Would you care  
t o  express your i n t e r e s t s ?  

D r .  RaRotzkie: Yes. I am D r .  Ragotzkie from the  Univers i ty  of Wisconsin. 
We have been s tudying  lake i c e ,  p a r t i c u l a r l y  t h e  breakup and freeze-up of 
t h e  l akes  o f  c e n t r a l  and s u b a r c t i c  Canada. The usefu lness  of t h i s  has many 
f a c e t s .  One of t h e  more i n t e r e s t i n e  i s  t h a t  i c e  formation i n  t h e  l akes  i s  
apparent ly  an i n d i c a t i o n  of  a i r  mass t r a j e c t o r y  and pe r s i s t ence .  
something w e  know very l i t t l e  about because of a l ack  of data. We need infor -  
mation on t h e  t ime of freeze-up and breakup of lakes from l a t i t u d e  4 5 O N  t o  
as far n o r t h  as w e  can g e t ,  p r e f e r a b l y  t h e  Arc t i c  Ocean. We would need B 
r e s o l u t i o n  t h a t  would l e t  us see l akes  of 8 r i l e  i n  diameter o r  smaller. Also 
w e  need t o  t e l l  t h e  d i f f e rence  between snow-covered i c e  and ba re  i c e ,  f rozen 
l a k e s ,  'and snow-covered t e r r a i n .  

This i s  

Observations t o  determine information on freeze-up o r  breakup 
da te s  would have t o  be f requent  - at least twice a week - over our  area o r  
whenever cloud movement permit ted.  Some more of t h e s e  ideas w i l l  be broueht 
out l a t e r  . 
Mr. Popham: Is CDR King he re?  

CAPT Lanterman, Task Force 43: I haven ' t  seen him here. I have spent  a ' 

l i t t l e  time with Task Force 43. I n  t h e  event  you may have s p e c i f i c  ques t ions ,  
I might be ab le  t o  help.  

Mr. Popham: 
p r i n c i p a l  u s e r  of i c e  and weather information i n  t h i s  area. 

Task Force 43 is  t h e  An ta rc t i c  Task Force and, obviously,  a 
I thou&ht w e  
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might d iscuss  requirements i n  t h a t  area with CDR King, who i s  S t a f f  Aero logis t  
with t h i s  Task Force. 

CAPT Lanterman: I t h i n k  M r .  Dotson may have some information on t h a t .  H e  
spent  a l i t t l e  time with CDR King las t  year ,  

LT Dotson: 
t o  those  which would be  encountered i n  t h e  Arc t ic .  A i r  bases  are few; i c e  
reconnaissance coverape is inadequate.  The use of  sa te l l i t es  would provide 
sys temat ic  and wide-area coverage of i c e  condi t ions  i n  t h e  Antarc t ic .  From 
such a v e h i c l e  t h e  Hydrographic Forecas t ing  and I c e  Reporting Sec t ions  would 
have far bet ter  coverape than  anything w e  have had up t o  t h i s  t ime,  e s p e c i a l l y  
coverage of i c e  condi t ions  which may be  encountered i n  e n t e r i n g  and l eav ing  
i n  c e r t a i n  seasons.  

As fa r  as Task Force 43 i s  concerned, t h e i r  problems are similar 

CAPT Lanterman: I t h i n k  t h e r e  i s  one o t h e r  t h i n g  t h a t  might be brought o u t ;  
t h e  runway at VcMurdo Sound is  on i c e .  This l a s t  yea r  t hey  had t o  evacuate  
i n  a hurry.  If t h e r e  i s  any information t h a t  might be a v a i l a b l e  t o  i n d i c a t e  
t h e  e a r l y  breakup o r  t he  e x t e n t  of  t h e  breakup, t h i s  would be  a real. he lp  as 
far as determining when evacuat ion from t h e  i c e  i s  necessary.  

LT Dotson: Weather i s  another  c r i t i c a l  problem i n  t h e  A n t a r c t i c ,  e s p e c i a l l y  
where a i r c r a f t  opera t ions  are concerned. Perhaps weather requirements i n  t h i s  
a r e a  should be considered before  t h e  i c e  requirements.  

CAPT Lanterman: I be l i eve  you should a l s o  po in t  out t h e  inc rease  i n  requi re -  
ments f o r  weather  and i c e  d a t a  on t h e  p a r t  o f  Task Force 43 which has r e s u l t e d  
from t h e i r  attempt t o  l e n e h e n  t h e i r  pe r iod  o f  opera t ion  i n  t h e  Antarc t ic .  
They went i n  e a r l i e r  t h i s  p a s t  y e a r  than e v e r  before .  

LT Dotson : Yes. Here i s  where continuous s a t e l l i t e  observa t ions  could be 
extremely important  . 
Pr. Fapnitzky: My name i s  Magnitzky from t h e  Of f i ce  of t h e  Chief of Naval 
Operations.  I am un fami l i a r  wi th  P ro jec t  TIREC and, as y e t ,  have heard no 
mention whether there  are sensors  aboard T I R O S  which give some i n d i c a t i o n  
of heak exchange. I assume t h e r e  are. Is  t h i s  c o r r e c t ?  

M r .  Popham: Yes, t h e r e  are sensors  aboard t h e  s a t e l l i t e .  While t h e  TIREC 
opera t ion  was d i rec t ed  mainly toward c o l l e c t i n g  comparative d a t a  t o  i n t e r p r e t  
s a t e l l i t e  i c e  photography; it w i l l  be brouFht out i n  d i s c u s s i n e  t h e  d a t a  col-  
l e c t e d  du r ing  TIRFC t h a t  cons ide ra t ions  were a l s o  given t o  ob ta in ing  meteoro- 
l o g i c a l  d a t a ,  such as s u r f a c e  and upper a i r  temperatures ,  mois ture ,  and o t h e r  
parameters which m i p h t  be u s e f u l  i n  i n t e r p r e t i n g  s a t e l l i t e  i n f r a r e d  observa t ions .  
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However, t h i s  may c o n s t i t u t e  a n  a rea  of s e p a r a t e  s tudy.  I f  
somebody h e r e  does become i n t e r e s t e d  i n  t h e  r educ t ion  of t h e  I R  da t a  from t h e  
s a t e l l i t e ,  I would l i k e  t o  r e f e r  them t o  D r .  Wark o r  D r .  F r i t z .  

M r .  Harwood: My name i s  Trevor Harwood. I wear two h a t s  - one as  Chairman 
of t h e  Working Group on Ice i n  Navigable Waters i n  Canada, Canadian Committee on 
Oceanography, and t h e  o t h e r  w i th  t h e  Defence Research Board of  t h e  Department 
of Nat iona l  Defence. Speaking i n  t h e  c i v i l i a n  and m e r c a n t i l c . s i d e ,  i t  i s  q u i t e  
obvious t h a t  a s  f u t u r e  s a t e l l i t e s  a r e  launched t e c h n i c a l  advances w i l l  provide 
much b e t t e r  f e a t u r e  d e f i n i t i o n .  For ice  reconnaissance ,  r e s o l u t i o n  w i l l  have 
t o  improve; I do not  a t  t h i s  moment know t o  what e x t e n t .  Walt Wittmann i s  i n -  
t e r e s t e d  i n  r e s o l u t i o n  of t h e  o rde r  of 100 f e e t .  For s h i p s  ope ra t ing  i n  nav i -  
gable  waters under commercial c o n d i t i o n s ,  I d o n ' t  t h i n k  t h i s  r e s o l u t i o n  i s  nec-  
e s sa ry .  I n  r o u t i n g  s h i p s  i n t o  t h e  Gulf of S t .  Lawrence, f o r  example, s u f f i c i e n t  
l a r g e  open water  areas u s u a l l y  e x i s t  i n t o  which s h i p s  can be  d i r e c t e d .  A t  most 
times i n  t h e  Gulf i t  i s  not  d e l i b e r a t e l y  necessary  t o  r o u t e  s h i p s  through l eads  
i n  t h e  i c e  u n t i l  you a c t u a l l y  g e t  c l o s e  t o  t h e  p o r t  a r e a s .  

It i s  obvious t o  m e  t h a t  changes i n  d e n s i t y  o r  c o l o r  tone  of t h e  
ice  seen  i n  t h e s e  s a t e l l i t e  p i c t u r e s  a r e  i n d i c a t i v e  of r e a l  changes i n  t h e  ice ,  
produced, f o r  example, by c u r r e n t s .  Th i s  in format ion  appears  t o  be c e r t a i n l y  
a p p l i c a b l e  t o  t h e  Gulf of S t .  Lawrence and,  w i t h i n  t h e  next  few y e a r s ,  could 
be  used elsewhere i n  t h e  Marit ime Provinces .  I f  it can be  used h e r e ,  it can 
a l s o  be used i n  o t h e r  a r e a s  by o t h e r  c o u n t r i e s .  

While b e t t e r  r e s o l u t i o n  i s  c e r t a i n l y  d e s i r a b l e ,  another  very  
important  fundamental requirement  i s  communications, i . e . ,  g e t t i n g  t h e s e  da t a  
i n t o  t h e  hands of  t h e  u s e r s .  Th i s  i s  a p o i n t  which I am s u r e  t h e  Department 
of Transpor t  i s  cons ide r ing  w i t h  regard  t o  t h e  readout  s t a t i o n  i n  Canada. 

From t h e  defence  s i d e ,  i c e  i s  c e r t a i n l y  important  i n  submarine 
ope ra t ions .  The submarine c a p t a i n  wants t o  know where i c e - f r e e  a r e a s  a r e  so 
t h a t  he  may su r face .  He a l s o  would seek i c e  a r e a s  t o  prevent  d e t e c t i o n .  Con- 
v e r s e l y ,  a i r c r a f t  or mari t ime commands would want t o  search  t h e s e  a r e a s  f o r  
t h e  submarine. Techniques f o r  submarine searching  i n  i c e  a r e a s  have ha rd ly  
been explored ,  
coord ina te s ,  communications a r e  g r e a t l y  s i m p l i f i e d .  With improvements i n  
s a t e l l i t e  camera r e s o l u t i o n  l a r g e l y  a matter of time, t h e  s a t e l l i t e  can be 
ve ry  u s e f u l  i n  observing t h e s e  boundaries .  Again, t h e  important  t h i n g  i s  t o  
g e t  t h i s  in format ion  i n t o  t h e  hands of t h e  s h i p  c a p t a i n s  and o t h e r  u s e r s  i n  
a form which can be  r e a d i l y  used. 

S ince  i c e  boundaries  can be ind ica t ed  by l a t i t u d e  and long i tude  

D r .  F r i t z :  I s  t h e  r e s o l u t i o n  now a v a i l a b l e  from TIROS IV adequate  f o r  
c i v i l i a n  use  o r  i s  i t  too  poor? 
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M r .  Harwood: While I may s t a n d  co r rec t ed  by Mr. Markham and o the r s  around 
me, I would say t h a t  had t h e  TIROS photographs been cont inua l ly  ava i l ab le  
t o  Captain Kelso, who i s  w i t h  t h e  DOT Marine Uni t ,  he could have prepared 
s h i p  rout ings  i n t o  t h e  Gulf of S t .  Lawrence. He would not have been able 
t o  prepare rou t ings  from t h e  open water areas i n t o  t h e  p o r t s  themselves. 
This would have been done by using a i r c r a f t  observations.  

LCDR McGary: I am Lieutenant Commander McGary of t h e  U. S. Coast Guard 
Reserve. Our missions and needs i n  i c e  reconnaissance a re  very d i s c r e t e  and 
long standing. Our concern i s  t h e  open ocean area j u s t  ou ts ide  M r .  Harwood's 
area. We are i n t e r e s t e d  i n  t h e  movement of s e a  and g l a c i a l  i c e  i n  t h e  v i c i n i t y  
of t h e  Grand Banks of Newfoundland s i n c e  it i s  here  t h a t  they  t h r e a t e n  t h e  
shipping l anes  of t h e  North At l an t i c .  
i n t o  t h e  a r e a  from t h e  Greenland waters  from February t o  early July.  

We are concerned with t h e  i c e  movement 

We are a l s o  i n t e r e s t e d  i n  hiph-resolution photographs s i n c e  w e  
have always had t h e  danger t ha t  an i s b l a t e d  be rg  may get  through our p a t r o l s .  

M r .  Harwood: We m i g h t  po in t  out how much more s e r i o u s  t h i s  i c e  problem i s  
becoming and of what immense value these photographs m a y  be. S i x  yea r s  ago 
you could count on your hands t h e  number of sh ips  t h a t  were going up t h e  S t .  
Lawrence. This yea r  some 270 sh ips  a c t u a l l y  en te red  t h e  Cabot S t r a i t s  going 
i n t o  t h e  Gulf area; of  t ha t  number probably 100 went up well  i n t o  t h e  Gulf, 
while t h e  rest went around t h e  New Brunswick and Nova S c o t i a  coas ts .  So any- 
t h i n g  t h a t  assists us, e.g., i n  reducing insurance rates, and t h i s  i s  one of 
t h e  t h i n g s  t h a t  could o r  might reduce rates, i s  an economic advantage. 

M r .  Dickson: My name i s  Dickson, and I ' m  w i t h  the  Extended Forecast Branch 
of t h e  U. S. Weather Bureau. I t h i n k  w e  might no te  here  t h a t  back i n  t h e  
e a r l y  days of meteorology a good deal of e f f o r t  was put f o r t h  t o  relate i c e  
conditions t o  long-time c l ima t i c  f luc tua t ions .  The Extended Forecast Branch 
has been t r y i n g  t o  follow t h e s e  var ious  i c e  and abnormal snow cover f e a t u r e s  
of t h e  e a r t h ' s  sur face .  One area i n  which data are hard t o  come by i s  t h a t  
area nor th  of Scandinavia and Iceland. Even h i s t o r i c a l  data f o r  t h i s  area 
are ha rd  t o  come by. I t h i n k  t h a t  cu r ren t  i c e  data i n  t h i s  area would provide 
u s e f u l  information f o r  long-range f o r e c a s t  purposes . 
Miss Dunbar: My name is  Moira Dunbar. I wear t h e  same two h a t s  approximately 
as M r .  Iiarwood, though perhaps of s l i g h t l y  d i f f e r e n t  s i z e .  Most of t h e  speakers 
t hus  far  have been t a l k i n g  about t he  ope ra t iona l  use of t h e  satel l i te  f o r  i c e  
reconnaissance, I would l i k e  t o  support t h e  last  speaker on i t s  value f o r  
c l ima to log ica l  s tud ie s .  
areas, where it has been poin ted  out t h a t  it is  not always poss ib l e  t o  have 
as much reconnaissance f l y i n g  as you would l i k e  t o  have. I n  t h e  Arc t i c  the  
sh ipping  season is  very sho r t .  

This i s  p a r t i c u l a r l y  true in t h e  Arc t i c  and Antarc t ic  

So far it has been p r a c t i c a l  t o  have full i c e  
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reconnaissance only a t  the  times and p l aces  where sh ips  are going t o  operate.  
This i s  one area where sa te l l i t es  could f i l l  a very r e a l  need, e s p e c i a l l y  i n  
following t h e  freeze-up pa t t e rn .  
b e t t e r  r e so lu t ion  than  we had with TIROS I V .  

Again, however, w e  w i l l  need considerably 

M r .  Harwood: To more o r  less confirm what bliss Dunbar has said, we have two 
people from t h e  Department of Meteoro1oCl;y a t  McCIill Univers i ty ,  D r .  B i r d  and 
D r .  Boville.  D r .  B i r d  i s  t h e  "Ungava-ite" around here  and may want t o  comment 
on what I have t o  say. Professor  Hare, who s tar ted t h e  Meteorology Department 
at McGi11, i s  w e l l  known f o r  one of h i s  o r i g i n a l  theses i n  which he explained 
how t h e  climate i n  Uneava l i t e r a l l y  changes from maritime t o  con t inen ta l  when 
Hudson Bay f r eezes  over. Few people f l y  across  Hudson B a y ;  s ince  observations 
are so sca rce ,  it is  d i f f i c u l t  t o  p r e d i c t  when t h e  Bay w i l l  a c t u a l l y  f reeze  
over. 

S a t e l l i t e  observations would be extremely use fu l  as an a i d  t o  
fo recas t ing  i c e  freeze-up i n  t h i s  area, which i n  t u r n  would a i d  t h e  mete- 
o r o l o g i s t  i n  p red ic t ing ,  perhaps weeks i n  advance, when t h , i s  c l ima t i c  change 
would occur. Since t h i s  i s  an area where q u i t e  a b i t  of mining and indus t ry  
i s  now t ak ing  p lace ,  t h e r e  would most probably be some gains on the  economic 
side . 
Mr. Popham: I'm a f r a i d  we're not going t o  have time t o  pursue t h i s  sub jec t  
any f u r t h e r ,  so  I would l i k e  t o  summarize b r i e f l y  some o f  t h e  uses of satel- 
l i t e  i c e  observations which have been brought ou t  t hus  far. F i r s t ,  t he re  are 
meteorological app l i ca t ions  which include observing i c e  and snow because of  
t h e i r  e f f e c t  on long-range weather fo recas t inp .  "he synoptic mapping of i c e  
on a l a rge  s c a l e  is one p o s s i b i l i t y  which TdFht be r e a l i z e d  us ing  satell i tes.  
Second, there are  i c e  reconnaissance and fo recas t ing  uses ,  inc luding  observing 
i c e  boundaries and concent ra t ion ,  d i s c r e t e  water openings, i cebergs ,  and i n  
genera l ,  observing and c o l l e c t i n g  data f o r  p r e d i c t i n g  i c e  freeze-ups and break- 
ups i n  l akes ,  r i v e r s ,  o r  oceans. 
such as measuring water cur ren t  motion by observing i c e  movement. 

Third,  t h e r e  a re  oceanographic app l i ca t ions  

As poin ted  out  i n  t h e  d iscuss ions  t h e r e  are both m i l i t a r y  and 
c i v i l i a n  app l i ca t ions  of such observations.  The m a o r  requirements seem t o  
be f o r  r e so lu t ion  and communication. 

We w i l l  leave t h e  sub jec t  there f o r  now and go on t o  a discussion 
and review of t h e  meteorological s a t e l l i t e  proeram by Mr. W i l l i a m  Bandeen of 
NASA. 

Mr, Bandeen: Thank you, Bob. 
on t h e  p a r t  of NASA's Goddard Space F l i g h t  Center t o  discuss  t h e  meteorological 

I t ' s  a p leasure  f o r  me t o  be here t h i s  morning 
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s a t e l l i t e  program. I must p lead  t o  be ing  t h e  f i f t h  choice t h i s  morning. We 
have an impending launch, and hence, t h e  fou r  t o p  d i r e c t o r s  of  t h e  group f o r  
which I work are e i t h e r  i n  F lo r ida  o r  concerned with o t h e r  a c t i v i t i e s  having 
t o  do with t h a t  program. Not havine: pe r sona l ly  been deeply involved i n  t h e  
planninp,, I w i l l ,  a f t e r  my ta lk ,  i n v i t e  t h e  comments of c e r t a i n  menbers of 
t h e  audience I see  who miqht be more familiar with l a t e r  developments. 

' 

Before going i n t o  f u t u r e  meteorological  s a t e l l i t e  programs, I 
The s a t e l l i t e  program as w e  know it would l i k e  b r i e f l y  t o  review t h e  pas t .  

began on Apr i l  1, 1960, with t h e  launch of  TIROS I. 
knows, was i n j e c t e d  i n t o  a nea r ly  c i r c u l a r  o r b i t  about 450 statute  miles above 
t h e  ear th ,  i n c l i n e d  t o  t h e  equator  by about 48.5'. I t  c a r r i e d  two cameras, 
one & wide-angle camera with an angle of  view of  about 104' and t h e  o t h e r  a 
narrow-angle cm.era with an angle of  view of about 12.7'. There a r e  always 
th ings  t h a t  a r e  learned  i n  s a t e l l i t e s  t h a t  are not foreseen t o  begin wi th ,  
and t h i s  morning I w i l l  j u s t  b r i e f l y  touch upon t h e s e  as we l e a d  i n t o  f u t u r e  
programs. 

TIROS I ,  as everyone now 

TIROS I was thought t o  be a sp in - s t ab i l i zed  s a t e l l i t e  before  
launch, bu t  wi th in  hours after launch it was noted  t h a t  it was not spin-  
s t a b i l i z e d  o r  f ixed  i n  space bu t  was indeed movinp i n  an angular  motion i n  
i n e r t i a l  space. This l e d  t o  t h e  determinat ion t h a t  t h e  magnetic f i e l d  of t h e  
e a r t h  p r imar i ly  and secondar i ly  t h e  g r m r i t a t i o n a l  f i e l d  o f  t h e  e a r t h  were 
indeed e x e r t i n g  torques  upon the  s a t e l l i t e ,  causing an angular  motion of  i t s  
sp in  vec to r  i n  f i x e d  space (as  d i f f e r e n t i a t e d  from i t s  revolu t ion  i n  o r b i t  
around t h e  e a r t h ) .  
poss ib l e  throuphout t h e  l i f e  of t he  s a t e l l i t e ,  whereas, had t h e  s p i n  vec to r  
remained f ixed  i n  i n e r t i a l  space,  t h e r e  would have been blank areas through- 
out  t h e  nominal three-xronth lifetime when photopraphy would have been very 
poor o r  impossible.  h r t h e r ,  t h i s  l ed  t o  a development f o r  TIROS I1 ; namely, 
t h e  inc lus ion  of a m a p e t i c  c o i l  which could be  programed from t h e  ground 
with varying magnitudes and d i r e c t i o n s  of  cu r ren t  so t h a t  w e  could t a k e  &dvand 
t a g e  of  t h e  nagnet ic  f i e l d  and thereby s t e e r ,  i n  e f f e c t ,  t h e  s a t e l l i t e  from 
t h e  ground and cause optimum photographic condi t ions  durinp i t s  nominal threed 
month l i f e t i m e .  

This was a b l e s s i n g  i n  one way because it made photographJr 

TIHOS I1 w a s  a l s o  d i f f e r e n t  from TIROS I i n  t h a t  it was t h e  / 
first of t h e  s e r i e s  t o  ca r ry  r a d i a t i o n  experiments. One of t h e s e  was a mediufi 
r e s o l u t i o n  5-channel scannine radiometer.  This radiometer  had a f i e l d  of vieq 
f o r  each sensor  of about 5'. 
and atmosphere; n m e l y ,  two s o l a r  regions and t h r e e  in f r a red .  One of t h e  
s o l a r  sensors  included p r s c t i c a l l y  t h e  e n t i r e  s o l a r  spectrum r e f l e c t e d  and 
s c a t t e r e d  from t h e  e a r t h  and t h e  atmosphere; t h e  second one included a nar- 
rower range i n  t h e  nea r  i n f r a r e d  p a r t  of t h e  v i s i b l e  spectrum, similar t o  t h e  
regions seen by t h e  human eye and t h e  t e l e v i s i o n  vidicon cameras. 

It sensed var ious s p e c t r a l  ree ions  of t h e  e a r t h  
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O f  t h e  t h r e e  i n f r a r e d  sensors ,  one included some 75% of  t h e  
t o t a l  I R  r ad ia t ion  from t h e  e a r t h  and t h e  atmosphere, from about 7 t o  30 
microns. There were two o t h e r  I R  sensors  which sampled narrower regions: 
one of them, a narrow region around the 6.3 highly absorptive water vapor 
band, and t h e  o the r  ave r t ing  absorption as much as poss ib le  i n  t h e  p a r t i a l  
window between 8 and 12  microns. I n  addi t ion  t o  t h e  medium-resolution radiom- 
e te r ,  t h e r e  was a low-resolution radiometer cons i s t ing  of several cones sub- 
t ending  an angle of about 50'. One of  t h e s e  was e s s e n t i a l l y  a black sensor ,  
t h e  o the r  e s s e n t i a l l y  a white sensor. By comparing t h e  equi l ibr ium tempera- 
t u r e s  of t h e s e  two sensors ,  one can der ive  measurements of apparent earth 
black body temperatures and s o l a r  r e f l ec t ances  of t h e  p a r t  of the ear th  viewed. 

An outstanding f e a t u r e  of  TIROS I1 was t h e  poor performance of 
t h e  wide-angle camera. Apparently it was out of focus o r  perhaps fogged by 
products from t h e  t h i r d  s t age  b o t t l e .  I don't b e l i e v e  t h i s  has  been f u l l y  
determined t o  the  s a t i s f a c t i o n  of a l l .  The q u a l i t y  of t h e  p i c t u r e s  was indeed 
poor,  although s t i l l  u s e f u l ,  I has ten  t o  add. Perhaps t h i s  in sp i r ed  Dr. Wark 
and Mr. Popham t o  concentrate on t h e  narrow-angle camera and the re fo re  develop 
s a t e l l i t e  i c e  photography somewhat more ex tens ive ly  than it would otherwise 
have been . 

TIROS I11 was launched i n  July of 1961, and here  again i n  t h e  
development of t h e  TIROS series we  f i n d  changes. The poor performance of 
t h e  wide-angle camera on TIROS I1 l ed  t o  t h e  decision t o  inc lude  two wide- 
angle cameras on TIROS 111, thereby e l imina t ing  the  narrow-angle camera, per- 
haps t o  D r .  Wark's and Mr. Popham's regret. Meteorologists have shown t h a t  
i f  t h e r e  must be a choice it i s  much bet ter ,  f o r  weather fo recas t ing  purposes 
at least ,  t o  have a wide-angle camera as opposed t o  t h e  12.7' very narrow- 
angle camera. In TIROS I11 the re  was another marked improvement i n  t he  system. 
During t h e  per iod  July through November, t h e  hur r icane  season over t he  A t l a n t i c  
reached i t s  peak, and it was decided t h a t  it would be very f i n e  t o  use TIROS 
I11 t o  observe hurricanes.  TIROS I and I1 could not observe hur r icanes  i n  
t h e  A t l a n t i c  because of c o n s t r a i n t s  upon t h e  remote camera clock i n  t h e  s a t e l -  
l i t e .  Only f i v e  hours' capac i ty  i s  included i n  t h e  clock, and from the  las t  
contact i n  t h e  western United S t a t e s  it is more than  f i v e  hours u n t i l  t h e  
sa te l l i t e  c rosses  over t h e  hur r icane  be l t  i n  t h e  At lan t ic .  Hence, it was pro- 
posed t o  establish a t h i r d  s t a t i o n  i n  South America at Santiago, C h i l e ,  whose 
only func t ion  would be t o  s tar t  t h e  clock. The clock could be set over t h e  
western United States but no t  s t a r t ed  and then s t a r t e d  over Santiago. Therefore, 
we would e f f e c t i v e l y  extend t h e  time delay 80  t h a t  p i c t u r e s  could be taken over 
t h e  A t l an t i c  Ocean and t h e  hur r icane  region. 

TIROS I V  was launched last February, and again it exh ib i t ed  some 
improvements . 
r e so lu t ion  camera system, having an angle of view of about 78O i n  p lace  of the  

It u t i l i z e d ,  f o r  t h e  ' first time, a low-distortion, higher- 
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t r a d i t i o n a l  wide-angle 104' camera. 
subs tan t ia l ly  wide coverage t o  sat isSy the  forecast ing requirements of mete- 
orologis ts .  I am sorry t h a t  I f a i l ed  t o  mention t h a t  on TIROS I11 f o r  the  
f irst  t i m e  a t h i r d  radiat ion experiment, Professor Soumi's University of 
Wisconsin heat balance experiment, w a s  included. 
TIROS I V .  

This gave greater resolut ion,  with 

It was a l so  included on 

T h i s  brings us t o  t h e  fu ture ;  TIROS V is  going t o  be launched 
short ly .  It w i l l  have the  same instrumentation as TIROS I V :  t h ree  radiat ion 
experiments and t h e  same two cameras, the t r a d i t i o n a l  104' wide and the  new 
low-distortion 78' angle camera. 

I n  t h e  future  we plan t o  add some addi t ional  experiments t o  
TIROS. A t  t h i s  moment, I do not know what e f f ec t  they w i l l  have on i c e  recon= 
naissance. One of these experiments w i l l  be the  inclusion of a L a n w i r  probe 
t o  measure electron temperatures and electron dens i t ies  at s a t e l l i t e  a l t i tudes .  
This experiment is similar t o  those flown by t h e  University of Michigan during 
t h e  I G Y  and recently by NASA, Also on a future  TIROS we plan t o  subs t i t u t e  i n  
one of t h e  f ive  channels of t h e  medium-resolution radiometer, a sensor which 
w i l l  look i n t o  the  15-micron carbon dioxide absorption band. Looking forward 
t o  t h e  s t ab i l i za t ion  of the  second generation Nimbus meteorological satell i tes , 
it has  been amply proven i n  recent months t ha t  the s t a b i l i z a t i o n  of an earth- 
or iented s a t e l l i t e  i s  rather d i f f i c u l t .  I n  a nongravity environment such as 
t h a t  i n  which a s a t e l l i t e  f inds i t s e l f ,  one must use some s o r t  of sensing, e.g., 
t h e  horizon of the  ear th  o r  stars, t o  or ien t  the s a t e l l i t e  w i th  respect t o  the  
earth. Unfortunately, t h e  horizons, as far as horizon sensors are  concerned, 
are var iable  as temperatures, gas compositions, and clouds vary. We f e e l  t h a t  
the  carbon dioxide region i s  most su i t ab le ,  as far as a constant horizon is 
concerned, because absorption takes  place la rge ly  above the l o c a l  weather. 

The first s l i d e  (figure 1) shows TIROS, The t ransmi t t ing  anten- 
n a s  f o r  t he  subsystems are located on t h e  baseplate  of t h e  satel l i te .  
receiving antenna accepts commands from t h e  ground, programing f o r  t he  readout 
of te lev is ion  p ic tures  and radiat ion data and programing f o r  remote p ic tures  
t o  be taken  at a future  time up t o  f i v e  hours a f t e r  t h e  clock i s  started. 
I indicated e a r l i e r  the clock need not be s t a r t e d  at t h e  west coast s ta t ion .  
It may just  remain i n  a ready condition u n t i l  Santiago, Chile, starts it S o  
t he  At lan t ic  Ocean can be covered. 
of n icke l  cadmium c e l l s  .. which are constantly charged by s i l i con  s o l a r  ce l l a  
covering the top  and s ide  of t he  s a t e l l i t e .  
angle camera lens.  
magnetic or ien ta t ion  c o i l  i s  merely a c o i l  of aluminum wire wrapped around 
t h e  baseplate of t he  satell i te.  The in f ra red  e lec t ronics  are contained i n  
t h i s  t a l l  cy l indr ica l  can is te r ,  

The 

A s  

The power aupply f o r  t he  satel l i te  consis ts  

Here we have indicated a w i d e -  
The Actually there are two of them; .one does not show. 
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I don' t  
rad ioEeter ,  bu t  it i s  
through the  s i d e  and, 

s ee  i n  t h i s  a . r t i s t ' s  conception t h e  medium-resolution 
pos i t i oned  along t h e  s i d e  so  t h a t  it looks out  at 45' 
i n  t h e  o t h e r  d i r e c t i o n ,  at 45' th rou& t h e  basep la t e  

of t h e  sa te l l i t e .  
b u t  i s  i n  t h e  basep la t e  looking p a r a l l e l  t o  t h e  t e l e v i s i o n  cameras. 

The 50' con ica l  low-resolution radiometer  is  not  i n  view, 

This s l i d e  ( f i p r e  2 )  i s  an a r t i s t ' s  conception of t h e  second 
generat ion Nimbus meteorological  sa te l l i te .  We hope t o  launch t h e  f i r s t  
Nimbus i n  t h e  f o u r t h  q u a r t e r  of 1963. 
s a t e l l i t e  i n  o r b i t  at a l l  t imes.  This means t h a t  t h e  fou r  remaining TIROS 
s a t e l l i t e s  w i l l  be launched i n  approximately five-month i n t e r v a l s  so  t h a t  t h e  
l as t  TIROS w i l l  be  i n  o r b i t  and, hopefu l ly ,  w i l l  reach i t s  demise j u s t  as t h e  
f irst  Nimbus goes up. 

It is  t h e  po l i cy  t o  have one ope ra t iona l  

This s l i d e  ( f i g u r e  3) shows a comparison between the TIROS and 
Nimbus systems. The TIROS ' o r b i t  is  at 450 m i l e s  h igh and i n c l i n e d  t o  t h e  o r b i t  
a t  48'. I must mention t h a t  f o r  t h e  fou r  r e m a h i n g  TIROS s a t e l l i t e s  t h e  i n c l i -  
na t ion  of t h e  o r b i t  i s  be ing  r a i s e d  about 10' t o  58'. This w i l l  b r i n g  us about 
overhead at Churchi l l ,  Plmitoba, and obviously w i l l  enhance i c e  research  s tud ie s .  
The Nimbus o r b i t  i s  going t o  be a near-polar o r b i t  i n c l i n e d  t o  t h e  equator  by 
about 100' ( o r  80' i n  a re t rograde  d i r e c t i o n )  meaning t h a t  it w i l l  revolve i n  
oppos i t ion  t o  t h e  r o t a t i o n  of t h e  e a r t h .  This means t h a t  t h e  o r b i t  w i l l  - i n  
accordance wi th  p recess iona l  theory  - r eg res s  toward the  east i n  t h e  same d i r -  
e c t i o n  as t h e  sun. 
i s  such thak the  r e g r e s s i o n a l ' r a t e  w i l l  be p r e c i s e l y  t h a t  of  t h e  sun. Hence, 
t h e  ascending node of  t he  Nimbus o r b i t  w i l l  always occur  at t h e  same l o c a l  time 
and f o r  t h e  f i r s t  one w i l l  presumably be  l o c a l  noon at t h e  equator .  
t h e  a r t i s t  has drawn it he re ,  I take i s s u e  with him, t h i s  i s  t h e  descendine node, 
and it should be night t ime because t h e  ascending node w i l l  be  i n  t h e  sunlit p a r t  
of t h e  o r b i t .  

The i n c l i n a t i o n  of t h e  o r b i t  and i t s  h e i g h t ,  about 600 miles, 

The way 

The i n t e r r o g a t i o n  s t a t i o n  f o r  t h e  f irst  Nimbus w i l l  be at Fairbanks,  
Alaska. 
t o  i n t e r r o g a t e  more o r b i t s  p e r  day, I n  t h e  TIROS system at p r e s e n t ,  t h e r e  are 
only e i g h t  o r b i t s  ou t  of t h e  d a i l y  1 4  which can c u r r e n t l y  be in t e r roga ted .  
t h e  s i n g l e  s t a t i o n  at  Fairbanks,  approximately t e n  out  of 1 4  Nimbus o r b i t s  p e r  
day can b e  i n t e r r o g a t e d ,  l eav ing  a gap of  only four .  

Obviously aga in ,  it i s  poss ib l e  from a h igh - l a t i t ude  a c q u i s i t i o n  s t a t i o n  

With 

This s l i d e  ( f i g u r e  4 )  shows t h e  o r b i t a l  t r a c k s  of a Nimbus s a t e l -  
l i t e  and shows t h e  i n t e r r o g a t i o n a l  p a t t e r n  around Fairbanks,  Alaska. The two 
c i r c l e s  a re  nominal 5' and 10' e l e v a t i o n  angles  above t h e  Fairbanks horizon.  
I f  you can see  t h e  o r b i t s  counting wi th  number 1 h e r e ,  w e  can i n t e r r o g a t e  o r b i t s  
1 through 9. The f i rs t  one, which is  missed i s  o r b i t  10; here  11, l.2, and 13 
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a re  a l s o  missed, and once aGain 14 i s  in te r roga ted .  

Obviously meteorologists as we l l  as i c e  reconnaissance people 
would l i k e  t o  i n t e r r o g a t e  a l l ,  not j u s t  10 out of 1 4 ,  o r b i t s .  
a second s t a t i o n  i s  required. A t  t h i s  t i n e ,  we a re  looking i n t o  t h e  possi-  
b i l i t y  of a second s t a t i o n  on the  east coas t  of North Anerica, i n  Canada o r  
t h e  United States. We have i n v e s t i e a t e d  a S t .  Johns, Newfoundland, s i t e .  
X i t h  S t ,  Johns 8.s wel l  as Fairbanks, we can i n t e r r o g a t e  p r a c t i c a l l y  every 
o rb i t  based upon a two-orbit s torage  c a p a b i l i t y  i n  Nimbus. Perhaps one o r b i t  
m y  be missed every four  o r  f i v e  d a y s ,  but  e s s e n t i a l l y  a l l  o r b i t s  could be 
in t e r roga te  d. 

To do t h i s ,  

This ( f i g u r e  5 )  i s  a p i c t u r e  of t h e  Nimbus spacecraf t .  The 
upper p a r t  contains t h e  s t a b i l i z a t i o n  and c o n t r o l  system w i t h  the  s to rage  bat- 
t e r i e s .  ?he s o l a r  c e l l s  a re  similar t o  those  on TIROS, but t h e  s o l a r  c e l l s  
nust  now r o t a t e  so t h a t  they  are always f ac ing  t h e  sun. 

T o  accomplish ea r th -o r i en ta t ion  we must have e r r o r  signals i n  
a l l  t h ree  axes. For t h i s  reason, w e  have horizon scenners which sweep a cone 
across t h e  horizon both fo re  and aft. These e a r t h  swaths are the  same i f  t h e  
vehicle i s  t r u l y  earth-oriented. I f  t h e  sa te l l i t e  i s  p i t ched  up o r  down, the  
swa ths  a r e  d i f f e r e n t .  This c rea t e s  a p i tch-er ror  s i g n a l  co r rec t ing  t h e  a t t i -  
tude of t h e  sa te l l i t e .  

If a body axis of t h e  s a t e l l i t e  i s  not sy rme t r i ca l ly  placed w i t h  
respec t  t o  t h e  width of t h e  horizon scanner,  t h i s  means t h e r e  is an e r r o r  i n  
r o l l ,  and an e r ro r - s igna l  i s  generated t o  co r rec t  fon t h e  e r r o r .  For purposes 
of yaw con t ro l ,  t h e r e  is  a flroscope. If t h e  s a t e l l i t e  i s  moving as it should 
and i f  i t s  ve loc i ty  vec to r  i s  coincident w i t h  the  X-body ax i s  - the  gyroscopic 
axis being a t  r i g h t  angles - t h e  eyroscope will have no torque exe r t ed  on it 
as t h e  s a t e l l i t e  must necessa r i ly  r o t a t e  once i n  o r b i t  going around t h e  earth.  
However, i f  t h e r e  is yaw, there i s  a component t h a t  exerts a torque on the  gyro- 
scope, thereby in t roducing  a yaw e r r o r  cor rec t ion  s i g n a l .  

I n  t h e  t o r o i d  - i .e.,  t h e  lower p a r t  of t h e  s a t e l l i t e  - a r e  t h e  
sensory subsystems. There w i l l  be a number of subsystems. One of these  w i l l  
be t h e  camera subsystem comprising of three vidicon cameras, each w i t h  800 scan 
l i n e s  and subtending an angle of 35', one mounted v e r t i c a l l y  and t h e  o the r  two 
mounted on e i the r  s i d e  at 35' t o  t h e  v e r t i c a l .  I n  add i t ion ,  a high-resolution 
i n f r a r e d  r a d i o r e t e r  w i l l  be included on Nimbus. The r e so lu t ion  w i l l  be about 
f i v e  miles i n  t h e  v e r t i c a l ,  s e n s i t i v e  i n  t h e  f o u r  micron reg ion ,  us ing  a l ead  
se len ide  radiation-cooled c e l l .  There w i l l  a l s o  be a 5-channel medium-resolution 
radiometer similar t o  t h a t  used on TIROS. I n  t h e  t o r o i d  t h e r e  w i l l  a l s o  be t h e  
necessary te lemet ry  systems t o  measure temperature,  p re s su re ,  and a t t i t u d e .  
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Here ( f i g u r e  6)  we have a quick comparison of t h e  Nimbus and 
TIROS systems. I have o f t en  been t o l d  at my aeency t h a t  it i s  s i l l y  t o  read 
what t h e  audience can alreaiiy see, so  I w i l l  j u s t  l e t  you read  it f o r  a minute. 
Obviously f o r  i c e  reconnaissance, it i s  important t o  note  t h a t  Nimbus covers 
t he  e n t i r e  e a r t h  as opposed t o  t h e  TIROS satel l i te .  

Prof. Cameron: With regard  t o  skipping of o r b i t s ,  i s  it always t h e  same group 
of o r b i t s  t h a t  are skipped o r  do t h e  o r b i t s  t h a t  are missed s o r t  of precess  
around i t ?  

Mr. Bandeen: I n  t h e  case of Nimbus the  o r b i t s  t h a t  are missed would always be 
t h e  same ones r e l a t i v e  t o  t h e  ea r th .  

Mr. Wittmann: Is t h e  he ight  of Nimbus d i f f e r e n t  from t h a t  of TIROS? 

M r .  Bandeen: Yes, approximately 600 n a u t i c a l  miles. 
v i sed  t o  500 n a u t i c a l  miles, b u t  t ha t  i s  ' s t i l l  h igher  than TIROS. 

This may poss ib ly  be re- 

Here ( f i g u r e  7)  w e  have an art ist 's  conception of a t h i r d  genera- 
t i o n  synchronous meteorological s a t e l l i t e  (AEROS) . I poin t  ou t  t h a t  t h e r e  i s  
no e x i s t i n g  program f o r  t h i s  sa te l l i te .  It i s  merely a conception t o  be con- 
cen t r a t ed  on more f u l l y  after w e  l i c k  the  problem of Nimbus. But w e  are cer- 
t a i n  t h a t  i n  t h e  f u t u r e  t h e r e  w i l l  be a s a t e l l i t e  of t h i s  desien whose o r b i t  
has a he ight  of 22,300 miles. This d i s t ance  i s  such t h a t  t h e  o r b i t a l  per iod  
i s  equal  t o  one sidereal day. Hence, t o  an observer on e a r t h ,  t h e  sa te l l i t e  
remains f ixed  above him. The obvious advantage of such a system i s  t h e  a b i l i t y  
t o  observe time changes cons t an t ly  over a given po r t ion  of t h e  ea r th .  For i c e  
reconnaissance t h i s  would have obvious advantages . 

To conclude then ,  t h i s  last  s l i d e  ( f i g u r e  8) shows t h e  t h r e e  
meteoroloeical satell i tes i n  be ing  and contemplated by NASA and t h e  U. S. Weather 
Bureau i n  a j o i n t  program. 
t h e  Nimbus s a t e l l i t e  i n  development and t h e  synchronous meteorological satel- 
l i t e s ,  somewhat i n  t h e  fu tu re .  

These are t h e  TIROS sa te l l i t es  p resen t ly  i n  o r b i t ,  

D r .  Widger: 
F i r s t  of a l l ,  l e t  me say  t h a t  TIROS I V  has e s s e n t i a l l y  ended i t s  u s e f u l  p i c tu re -  
t a k i n g  l i f e .  
n a t e l y ,  however, TIROS V i s n ' t  very far away. 
when t h e  launch date 1 s  deelass i f ied ,and  1 can say  we plan  t o  launch TIROS V 
next week. 
seventh scheduled f o r  t h e  fou r th  q u a r t e r  calendar yea r  1962 and t h e  second 
q u a r t e r  of 1963, r e spec t ive ly ,  wi th  some thought t o  another t o  overlap Nixribus.** 

* 
** 

I can perhaps add a few t h i n g s  t h a t  B i l l  w a s  out of  touch with. 

We are s t i l l  g e t t i n g  IF. data, but we a r e  having problems. Fortu- 
We a r e  now wi th in  t h e  per iod  

The earliest  would be Tuesday." Beyond t h e r e ,  w e  have a s i x t h  and 

~ ~ 9 0 0 0 ~ ~ 0 1 - . ~ ~ ~ . ~ ~ ~ 0 0 ~ ~ ~ ~ ~ ~ 9 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . 0 ~ ~ ~ ~ ~ ~ 0 0 ~ ~ ~ ~ ~ ~ ~ ~ - - - ~ ~ ~ ~ - - - - - 0 - 0 - - - -  

TIROS V w a s  success fu l ly  launched June 19, 1962. 
TIROS V I  w a s  success fu l ly  launched September 18, 1962. 
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With regard t o  Nimbus, t h e  following comments may be worth 
F i r s t ,  owing t o  weipJlt l imi t a t ions  w e  do not intend t o  f l y  both noting. 

radiometers on t h e  first Nimbus but do plan t o  on l a t e r  vehicles.  We a l s o  
plan t o  inc reme  our coverage by placing la te r  Nimbus at 750 nau t i ca l  miles. 

Regarding schedules, I am authorized t o  t e l l  you t h a t  t h e  first 
Nimbus is  planned f o r  the  second quarter  of calendar year  1963, i .e.,  between 
A p r i l  and June. The second one i s  then expected t o  PO up about s i x  months 
l a t e r ,  w i t h  i n t e rva l s  of four  months between t h a t  and successive launches." 

One development t h a t  i s  planned f o r  a la ter  Nimbus s a t e l l i t e ,  
probably not before 1965 o r  1966, is t h e  E lec t ros t a t i c  Tape Camera. 
be of considerable i n t e r e s t  t o  those of you who are concerned w i t h  de t a i l ,  
s ince we  hope t o  have resolut ion on t h e  order of one-tenth of a mile. 
i n  t he  i n i t i a l  stages, t h i s  camera would be used t o  photograph 
1,500 square m i l e s  per  o r b i t ,  

This m a y  

Nowever, 
only m e  area  

This could be programed whenever b s i r ed .  

In  connection w i t h  AEROS, I would l i k e  t o  point out t h a t ,  because 
i t s  posi t ion i n  space w i l l  be i n  t h e  plane of t h e  equator, most of i t s  coverage 
w i l l  be of t h e  lower and middle l a t i t udes .  I bel ieve s tudies  have indicated 
t h a t  the  l i m i t s  of e f f ec t ive  coverage would be about 67' north and south, which 
may not be the  most suitable for  i c e  observing purposes. 

Perhaps t h i s  is not t h e  place t o  br ing  t h i s  up, but  since it i s  

In  8 re- 
not on the. agenda I would l i k e  t o  suggest discussing t h e  e f f e c t  of cloud cover 
i n  meeting the  photo requirements which have been brought out here. 
por t  by D r .  Arnold Olaser i n  1957%" he  pointed out tha t  as we approach the edge 
of the  i c e  belts,  i n  both northern and s o u t h e n  l a t i t u d e s ,  t h e  average cloud 
frequency i s  something of t h e  order of .7 t o  ,9. I would l i k e  t o  know how 
t h i s  mieht a f f ec t  i ce  s tudies .  

M r .  Popham: The problem of cloud cover versus i ce  observing is  something we 
have been concerned w i t h  f o r  t h e  past two years. 
we have considered w i l l  be brou&t out la ter ,  and I would l i k e  t o  defer t h a t  
discussion f o r  the  time beihg, 

I think some of t h e  approachels 

Although Mr. Bandeen's contribution ran over the  twenty minutes 
a l located on t h e  agenda, I ' m  sure  we  a l l  benefi ted by it. 

* A s  of t h e  date of publication of these Conference Proceedings, the schedule 
f o r  Nimbus launches is: second quarter f i s c a l  1964 
** Glaser, A.H., 1957: 
Surface Transmitted from a Satel l i te  Vehicle ,I1 Fina l  Report, Phage II , Contract 
No. AF13(604)-1589, Blue H i l l  Meteorological Observatory. 
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i tem, a d iscuss ion  of TIROS I and I1 i c e  s t u d i e s  w i l l  be cut sho r t  t o  make up 
f o r  some of t h i s  time, e s p e c i a l l y . s i n c e  much of t h i s  is covered i n  t h e  two 
o r  t h r e e  pub l i ca t ions  ava i l ab le  t o  you around t h e  roon;. 
background I w i l l  c a l l  on LT Dotson, Professor Cameron, and M r .  Hea thf ie ld ,  
all of whom have made s i m i f i c a n t  cont r ibu t ions  t o  t h i s  work. 

Af te r  providing the  

Shor t ly  after TIROS I was launched D r .  I i ,  Wexler noted i n  t h e  
sa te l l i t e  p i c t u r e s  what he thought was i c e  i n  t h e  Gulf of S t .  Lawrence. These 
p i c t u r e s ,  taken on Apr i l  1, 2, and 3, were analyzed by t h e  Meteorological 
S a t e l l i t e  A c t i v i t i e s  and compared wi th  Canadian Meteorological Office i c e  
reconnaissance observations taken a week before  and a week later,  
reconnaissance showed i c e  nor th  of t h e  area observed i n  t h e  s a t e l l i t e  p i c t u r e s ,  
while t he  la ter  f l i g h t  showed only a t r a c e  of i c e  but  south of the  area. One 
of t h e  obvious conclusions made i n  t h i s  study was t h a t  clouds could be d i s t i n -  
guished from i c e  on the basis of t h e  pe r s i s t ence  of t h i s  l a t t e r  f ea tu re .  

The e a r l y  

When TIROS 11 was launched i n  November 1960 we attempted t o  
obta in  p i c t u r e s  of t he  Antarc t ic  bu t  were unsuccessful,  

In  December 1960 t h e  people who had performed t h e  TIROS I i c e  
ana lys i s  contacted the U, S, Navy Hydrographic Office reques t ing  t h e i r  coopera- 
t i o n  i n  coordinating a i r c ra f t  flights wi th  TIROS I1 passes over Canadian east 
coast  waters. This was done i n  January 1.961. I n  March ,twelve very exce l l en t  
series of TIROS 11 narrow-angle camera p i c t u r e s  were obtained, and two of these 
series were obtained concurrent with an aerial photo mission. This mission 
w a s  flown through informal arrangements made between t h e  Weather Bureau and 
a squadron s t a t i o n e d  i n  Argentia, Newfoundland, and was most u s e f u l  i n  deter-  
mining how an operation such as TIREC might be coordinated. 

The March Series of p i c t u r e s  were compared wi th  Canadian i c e  
reconnaissance data obtained during t h i s  same period. 
i n  Meteorological S a t e l l i t e  Laboratory Report #8 and i n  ARCTIC. 
were t h a t  we  can observe ice concentrations and boundaries, but t o  see more 
detail would r equ i r e  both bet ter  r e so lu t ion  and more experience i n  i n t e r p r e t i n g  
these p i c tu re s .  

This s tudy  is contained 
Our conclusions 

Professor  Cameron of the Nova S c o t i a  Research Foundation performed 
a s t e r e o  ana lys i s  of TIROS X I  narrow-angle sa te l l i t e  p i c t u r e s  taken on two 
o r b i t s  on March 24; t h e  same day aerial photos were taken  by a USN P2V (Neptune). 
Mr. B a t t i s f o r e  stereo-analyzed the  a i r c r a f t  photos, 
Professor  Cameron t o  expla in  the de ta i l s  of t h i s  study, 

I would l i k e  t o  c a l l  upon 

Prof ,  Cmomn: TIROS I1 p i c t u r e s  from successive o r b i t s  were treated as s t e r e o  
p a i r s ;  t h e  i c e  movement i n  t h e  101 minutes between these two passes recorded 
i tself  as a false p a r a l l a x ,  and it wm q u i t e  poss ib l e  t o  measure t h e  speed of  
the i c e  movement. We made it out t o  be l.49 milee an hour. 
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I would l i k e  t o  poin t  out t h a t  o r d i n a r i l y  any s e q u e n t i a l  photo- 
graphy can be used t o  determine v e l o c i t i e s .  I feel  t h a t  it i s  very important 
t o  note t h a t  we d id  t h i s  with s a t e l l i t e  p i c t u r e s 6  It i s  a l s o  poss ib l e  t o  do 
t h i s  w i t h  r ada r  photography. 

M r .  Popham: Since M r .  B a t t i s f o r e  i s  not here ,  do you r e c a l l  h i s  measurements? 

Prof.  Cameron: Yes, while I measured .49 miles an hour, he measured an even 
.5O miles an hour - a t e r r i b l e  e r r o r ,  I admit! 
purposes these  two checked exac t ly .  

Actually,  f o r  a l l  i n t e n t s  and 

F i r s t ,  M r .  B a t t i s f o r e  t r i e d  t o  s t e r e o  successive p r i n t s  taken 
along one f l i g h t  l i n e .  There wasn't enough time l apse  between photos, so  he 
used adjacent p r i n t s  from adjacent f l i g h t  l i n e s .  Here, t h e  movement showed 
up very n i ce ly .  Ile d i d  t h i s  with t h r e e  sets of p r i n t s  and got considerable 
v a r i a t i o n  from set t o  set. I be l i eve  he was convinced t h a t  t h i s  was due t o  
l o c a l  movement, where a p iece  of t h e  i a e  broke o f f  and moved r a t h e r  quickly. 
Qn two s e t s ,  huwever, t h e  measurements checked exac t ly .  

M r .  Popham: While you ha.ven't discussed t h e  d i r e c t i o n  of i c e  d r i f t ,  a c t u a l l y  
both t h e  speed and d i r e c t i o n  of motion of t h e  i c e  determined from t h e  s t e r e o  
ana lys i s  of s a t e l l i t e  p i c t u r e s  were i n  exce l l en t  agreement with measurements 
obtained by t h e  ana lys i s  of t h e  aerial photographs. 

Now some comments from LT Dotson. 

LT Dotson: 
i c e  f o r  as many years  as some of us here  have, you know i c e  when you see  i t ,  
almost without regard t o  i t s  form. 1 was very s a t i s f i e d  with t h e  r e so lu t ion  
provided by TIROS 11, and, while it may not have been good enough t o  observe 
topographic f e a t u r e s ,  it d i d  give us usable d e f i n i t i o n .  1 am prepared t o  go 
i n t o  t h i s  f u r t h e r  t h i s  afternoon and exp1.d.n what we have done and what w e  
i n t end  t o  do. 

From t h e  i c e  observer ' s  po in t  of view, when you have observed 

M r .  Harwood: TIROS I1 r e so lu t ion  i s  good enough f o r  shipping. 

LT Dotson: I agree. 

M r .  Ilarwood: I t h i n k  w e  might a l s o  poin t  out t h a t ,  although t h e  t h e o r e t i c a l  
r e so lu t ions  may be of t h e  order  of a q u a r t e r  of a mile w i t h  TIROS 11, t h e r e  i s  
no doubt t h e  eye may give b e t t e r  d e f i n i t i o n ,  perhaps even something on t h e  order  
of 200 yards.  

Prof ,  Cameron: We might a l s o  add t h a t  there is  a l o t  of d i s sen t ion  among photo- 
grammetrists. Some claim t h a t  according t o  t h e  r e so lu t ion  of TIROS I1 you 
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should not be able t o  see  topography i f  you s t e r e o  s e q u e n t i a l  p a i r s  of satel- 
l i t e  p i c t u r e s  taken a t  ten-second i n t e r v a l s .  I consider t h i s  t o  be p a r a l l e l  
t o  the  case of t h e  bumblebee. Mathematicians say  they  can ' t  f l y ,  but no one 
t o l d  t h e  bumblebee. We have been able t o  see topography along t h e  nor th  shore 
of t h e  Gulf of S t .  Lawrence and t h e  Gaspe' very n ice ly .  Most of t h i s  relief 
i s  of t h e  order of  203,000 feet. 

M r .  Kowalczyk: 
which was a r a t h e r  quick and d i r t y  one. 

I would l i ke  t o  comment on t h e  tes ts  we ran .on i c e  movement, 
F i r s t  we s t a r t ed  with raw material 

which was not under labora tory  cont ro l .  We had very l i t t l e  data about t h e  
camera c h a r a c t e r i s t i c s  o r  t h e  v i s u a l  photography, and, as Professor  Cameron has  
pointed ou t ,  t h e  time lapse  was not t h e  g rea t e s t .  
s e r i e s  of  photographs you are not going t o  g e t  good measurements. 
s t e r e o  instruments i n  making our measurements. We did  use adjacent f l i g h t s  
and came up with .50 as aga ins t  .49. 

Therefore, i n  consecutive 
We used no 

I t 's  a question of  techniques used and 
how w e l l  you 
ment such as 
p l e t e  camera 
me as urement s 
i c e  movement 
a topograph, 

c o n t r o l  your measurements. We feel t h a t  with p rec i s ion  equip- 
a comparator, and with labora tory-cont ro l led  photography and com- 
data c h a r a c t e r i s t i c s ,  t h e r e  i s  no question t h a t  r e a l l y  good 
can'be made, It is  no more d i f f i c u l t  t o  make a measurement of 
when you have a complete l i n e  of demarcation than it is t o  make 

Height i s  m o t h e r  important f ac to r .  Neither with TIROS nor 
Nimbus can you get c lose  measurement s ince  t h i s  i s  not mapping photography. 
While you may talk about l i n e  r e so lu t ion ,  when it comes down t o  c lose  r e f ine -  
ments it j u s t  can' t  be done. We have looked i n t o  it and w e  have been f a i r l y  
c lose  with Professor  Cameron on t h i s  matter. Now t h a t  w e  have some comparators 
i n  t h e  o f f i c e  w e  can make bet ter  measurements. 

D r .  F r i t z :  
and u t i l i z a t  
l i k e  t o  ask 

Since M r .  Bandeen d idn ' t  have time t o  d iscuss  data acqu i s i t i on  
i o n ,  and no opportunity was given t o  ask him ques t ions ,  I would 
one which i s  uppermost i n  mind, and one t h a t  I feel  i s  an impor- 

t a n t  p a r t  of t he  program. Mr. Harwood mentioned t h e  importance of g e t t i n g  
these  data i n t o  t h e  hands of t h e  users. Since t h i s  i s  a meeting on i c e ,  and 
s ince  previous speakers i nd ica t ed  t h a t  TIROS I V  observations could have been 
U s e d  by t h e  marine rou t ing  o f f i c e r  t o  d i r e c t  t r a f f i c  i n t o  t h e  Gulf I are  t h e r e  
any plans on t h e  p a r t  of t h e  U. S. Navy t o  get t h e s e  data t o  t h e  s h i p  captains 
using TIROS V or  VI? 

_Mr. Popham: 
a l l o c a t e d  t o  a discussion of f u r t h e r  ac t ion  i n  conjunction with proposed mete- 
o ro log ica l  satell i tes.  

Under Item 4 on t h i s  afternoon's agenda, we have s i x t y  minutes 

Perhaps t h i s  question could best  be deferred u n t i l  then. 

Break 
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M r .  Popham: The next subject f o r  discussion w i l l  be Project  TIREC. We w i l l  
attempt t o  follow, with minor exceptions, the out l ine  of t he  Project TIREC 
Operations Report beginning with the  Background, then  t h e  Operations, and, 
i n  general  terms, t h e  data collected.  We w i l l  use one day, April  7 ,  t o  i l l u s -  
t ra te  t h e  operation and da ta  collected.  The appendix t o  t h i s  report  w i l l  con- 
t a i n  maps and charts  showing where and what data were obtained and the  sources 
through which it w i l l  be available.  The s l i d e s  which w i l l  be shown and dis-  
cussed are f o r  the  most pa r t  those which appear i n  the  data fo lder  present ly  
being d i s t r ibu ted  among you now. 

Previous experiments and small-scale p i l o t  s tud ies  conducted 
wi th  TIROS I1 indicated t h a t  very good use of po lar  sa te l l i te  photography 
could be made i n  i c e  reconnaissance and survei l lance.  We f e l t  t h a t  a much 
l a rge r  program than had previously been conducted would be needed t o  evaluate 
the i c e  survei l lance capab i l i t i e s  of t he  satell i te.  Accordingly the  Weather 
Bpreau, i n  association w i t h  t h e  Navy Oceanographic Office,  planned.such a 
program, designated Project TIREC. 

In  November 1961 the  U. S. Weather Bureau f o r  many reasons in- 
v i ted  t h e  Meteorological Branch of t h e  Department of Transport i n  Canada t o  
pa r t i c ipa t e  i n  t h i s  operation. 
area which i s  espec ia l ly  s ign i f icant  t o  Canada---the Gulf of St .  Lawrence--- 
where i c e  i s  of d i r ec t  economic i n t e r e s t .  It was fel t  t h a t  t h e i r  i n t e r e s t  and 
knowledge of i c e  conditions i n  t h i s  area would be espec ia l ly  valuable i n  plan- 
ning and conducting t h e  operation, as w e l l  as i n  t h e  in t e rp re t a t ion  of data 
c o l l e  c t e  d , 

In  pa r t i cu la r ,  we would be operating i n  an 

The spec i f i c  objective of Project  TIREC was t h e  iden t i f i ca t ion  
and in te rpre ta t ion  of sea i c e  fea tures  as seen i n  TIROS I V  photographs, The 
emphasis is placed on t h e  use of s a t e l l i t e s  f o r  i c e  reconnaissance la rge ly  
because it is  i n  t h i s  area t h a t  t h e  most d i r ec t  economic advantaees may be 
real ized,  The ult imate objective i s  t o  make maximum use of sa te l l i t e  data ob- 
ta ined  i n  po lar  regions. It w a s  brought out ear l ier  t h a t ,  t o  varying degrees, 
i c e  and snow dis t r ibu t ion  are of i n t e r e s t  t o  ocehographers , meteorologists,  
end hydrologists.  TIREC w a s  designed around acquiring the  type of information 
which would be most he lpfu l  i n  studying appl icat ions of s a t e l l i t e  data t o  all 
these areas. 

So much f o r  t h e  background. In  discussing t h e  operations we 
w i l l  begin with weather and i c e  conditions f irst ,  
governed t o  a large extent how t h e  operation was conducted. Then w e  w i l l  dls- 
cuss t h e  procedures used t o  acquire t h i s  information. Mr. Markham w i l l  br ief  
us on weather and i c e  conditions. 

since these fac tors  ac tua l ly  
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M r .  Markham: Phase I of TIREC began immediately after t h e  launch of TIROS I V  
on February- 8, Weather w a s  good f o r  t h e  first two days, bu t  t h e  long wave 
trough was approximately along t h e  At l an t i c  seaboard. Severa l  low pressure 
systems moved northeastward across  Newfoundland during t h e  last  t h r e e  days 
r e s u l t i n g  i n  ex tens ive  cloud cover which i n t e r f e r e d  a g rea t  deal with opera- 
t i o n s  on t h e  10th.  l l t h ,  and 12th.  Consequently, most of our more success fu l  
opera t ions  were conducted i n  t h e  northwestern s e c t o r  of t h e  Gulf. 

I c e  cover w a s  nea r ly  complete r i g h t  down i n t o  t h e  r i v e r ,  ranging 
upward from e ight - ten ths  as ind ica t ed  by t h e  mosaic of a i r c r a f t  p i c t u r e s  shown 
on the w a l l ,  There w e r e  some open leads  around Stephenvi l le ,  Newfoundland, 
( I  don't t h i n k  they  extended as far up as Corner Brook) and some i c e  was 
flowing out through Cabot S t r a i t .  
roughly down t o  about 50°N, extending eastward about 100 miles, then swinging 
northward again. 
h igher  percentage of win ter  i ce .  

O f f  east Newfoundland, t h e  i c e  extended 

T h i s  was mostly young i c e ,  whereas i n  t h e  Gulf there was a 

1n.Phase 11, which began on Apr i l  2 ,  i c e  reconnaissance missions 
by Meteorological Branch cha r t e red  a i r c r a f t  were increased. Except f o r  the 
2d, when a storm went through t h e  area, t h e  weather w a s  very good during t h e  
i n i t i a l  stage. Between t h e  3d and 6 t h  t h e r e  was o f t en  nothing more than 
a few s c a t t e r e d  cumulus clouds i n  t h e  area. Good v i s u a l  reconnaissance observa- 
t i o n s  were obtained, and I be l i eve  these t i e  i n  well w i t h  t h e  s a t e l l i t e  data. 
When t h e  operation got i n t o  full gear  on t h e  7 th ,  t h e  weather was i n i t i a l l y  
very good, b u t  conditions d e t e r i o r a t e d  very r ap id ly  so t h a t  poor f l y i n g  weather 
was encountered on t h e  8th.  g t h ,  and 10th. Conditions improved s l i g h t l y  on 
t h e  12th and 13th, then  went sour again from t h e  14th t o  17th  wi th  some f l y i n g  
but  l i t t l e  photography done. 

The following (figure 9) i n d i c a t e s  t h e  loca t ion  of t h e  i c e  a t  
t h e  beginning and end of t h i s  phase. The diagonal shading from nor theas t  t o  
southw@st i n d i c a t e s  t h e  ice-covered area at t h e  beginning of t h e  opera t ion ,  
Apr i l  3 ,  and t h e  northwest-southeast l i nes  show where it was at  t h e  end. 
are q u i t e  s i g n i f i c a n t  motions of i c e ,  c l e a r i n g  i n  t h e  area from t h e  Magdalen 
I s l ands  t o  Chaleur Bay and a c t u a l l y  inc reas ing  i c e  cover i n  t h e  northern p a r t  
of Cabot S t r a i t ,  Although an a r e a  i n  t h e  approaches t o  Sydney i s  shown as 
having i c e  both at t h e  beginning and at t h e  end of t h e  opera t ion ,  it was actu- 
ally c l e a r  a t  one s t age , fo r  t h e  i c e  first moved well  t o  t h e  east and melted 
While more f l o e s  moved southward along the  Cape Breton coast  i n t o  t h e  i n i t i a l .  
area. I n  t h e  no r theas t  arm t h e r e  was a l a rge  retreat w i t h  motion toward the 
northwest,and i n  East Newfoundland t h e  i c e  d r i f t e d  well t o  t h e  east with an 
appreciable amount of melting, An a d d i t i o n a l  surge of i c e  began t o  come down 
from t h e  Labrador coast  i n  t h e  f i n a l  few days, 

There 
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Mr. Popham: 
I n  Phase I1 he was respons ib le  f o r  coord ina t ing  a l l  a i r c r a f t  opera t ions ,  which 
involved U. S .  Navy A 3 D ' s  and P ~ V ' S ,  Canadian DOT Dakota's, RCAF Lancasters ,  
CF-100's, Dakota's and Argus a i r c r a f t .  Most of  t h e s e  a i r c r a f t  operated at 
d i f f e r e n t  a l t i t u d e s  t a k i n g  d i f f e r e n t  t ypes  of observa t ions  as requi red  by fou r  
Control  Group personnel .  I t h i n k  a l l  of us connected wi th  t h e  p r o j e c t  f e e l  he 
i s  t o  be commended f o r  an e x c e l l e n t  job.  

Before F/L Meed begins  I ' d  l i k e  t o  say t h a t  he had q u i t e  a job. 

F/L Meed: 
Halifax. I w i l l  t r y  t o  give you a very b r i e f  run-down of  t h e  opera t ions  as 
they were conducted and t h e  organiza t ion  t h a t  we  used t o  c o l l e c t  t h e  photoeraphs 
as w e l l  as o t h e r  a i r c r a f t  data .  I w i l l  d i scuss  t h e  first and second phases ,  
i n d i c a t i n g  very r ap id ly  t h e  changes t h a t  were made t o  improve i t ,  and give you 
some idea of t h e  s c a l e  of opera t ions  involved i n  a p r o j e c t  of t h i s  s ize .  

I'm F l i g h t  Lieutenant  Meed, RCAF Maritime A i r  Command ( M A C ) ,  

Phase I began February 8 and l a s t e d  t o  t h e  12th.  It was run as 
a j o i n t  ope ra t ion ,  although each aeency c o n t r o l l e d  i t s  own a i r c r a f t .  NAC 
o f f e r e d  communications f a c i l i t i e s  and such a i r  t r a f f i c  c o n t r o l  s e rv i ces  as 
could be  provided. 

This cha r t  ( f i g u r e  10) shows t h e  organiza t ion  of P ro jec t  TIREC. 
A r e p r e s e n t a t i v e  of  each of t h e  fou r  agencies  shown at t h e  t o p  formed t h e  
Control  Group. 
t h e  o rde r s  concerning t h e  deployment of Canadian a i r c r a f t .  The U. S. Navy 
Hydrographic Off ice  e s s e n t i a l l y  c o n t r o l l e d  United S t a t e s  a i r c r a f t .  The U. S. 
Weather Bureau served as United S t a t e s  coord ina tor ,  was l i a i s o n  with t h e  
IIydrographic Off ice  on t h e  deployment of United S t a t e s  a i r c r a f t ,  and i n  asso- 
c i a t i o n  with NASA, provided t h e  sa te l l i t e .  

The Defence Research Board was Canadian Coordinator and  i s sued  

I n  Phase I ,  ope ra t iona l  d i r e c t i v e s  and o t h e r  i n s t r u c t i o n s  were 
passed through s e v e r a l  channels ;  Phase I1 was run as an i n t e g r a t e d  opera t ion  
throuch a s i n g l e  coord ina t ing  agency, and t h e  i n s t r u c t i o n s  were passed throut?h 
a s i n g l e  channel. A i rc ra f t  cons i s t ed  of one DOT Dakota ope ra t ing  out of 
Seven I s l a n d s  i n  Phase I and two a i r c r a f t  i n  Phase 11, one based a t  Sidhey, 
Nova S c o t i a ,  t h e  o t h e r  at Gander, Newfoundland. 
one CF-100 at Chatham, New Brunswick, two Lancasters  and one Dakota a t  Surmerside,  
Pr ince  Edward I s l a n d ,  and two A 3 D ' s  and two Argus a i r c r a f t  at  Greenwood, Nova 
Sco t i a .  

Two P2V's were a t  Argent ia ,  

During Phase I ,  62Ow was chosen as an a r b i t r a r y  d iv id ing  l i n e  
f o r  a i r c r a f t  ope ra t ions ,  wi th  Canadian a i r c r a f t  ope ra t ing  west of and United 
S t a t e s  a i r c r a f t  ope ra t ing  east of t h i s  l i n e .  This d id  not work very w e l l  and 
was disreRarded i n  Phase I1 when opera t ions  were i n t e g r a t e d .  T h i s  proved much 
more s a t i s f a c t o r y .  
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An example of photo f l i g h t  l i n e s  f o r  high-level  A3D and CF-100 
a i r c r a f t  and medium-level Lancaster  a i r c r a f t  is  shown i n  t h i s  s l ide  ( f i g u r e  
11) . The l i n e s  were prepared by t h e  r e spec t ive  agencies.  

This s l i de  ( f i g u r e  12) shows t h e  b a s i c  t r a c k s  most f r equen t ly  
flown by Argus a i r c r a f t  i n  Phase I t a k i n g  radarscope photography and v i s u a l  
i c e  observat ions.  One flew east, over t h e  Newfoundland i c e  pack, through t h e  
Strai ts  of Belle I s l e  and back t o  Greenwood; the second did a concent ra ted  
sweep i n  t h i s  (arrow) area.  

?'his s l i de  ( f i g u r e  13) shows t h e  normal t r a c k s  f o r  DOT Dakota's 
ope ra t ing  from Sidney and f l y i n g  i n  t h i s  area (1) , Gander a i r c r a f t  operated 
i n  t h i s  area (21 ,  and RCAF Dakota's from Summerside flew i n  t h i s  area ( 3 ) .  
P2V's based at Argentia normally f l e w  i n  t h i s  a r e a  ( 4 ) .  Operations c o n t r o l  
o f  a i r c r a f t  was establ ished a t  MAC Headquarters,  and a l l  i n i t i a l  f l i g h t  plan- 
n ing  w a s  done here. Complete records of most aspec ts  of  t he  operat ion were 
c o l l e c t e d  here  . 

Many lessons  learned  i n  Phase I he lped  make Phase I1 opera t ions  
much more e f f e c t i v e .  Major items, such as changing radio c r y s t a l s  t o  improve 
communication, and r e l a t i v e l y  simple i tems ,  such as p l o t t i n g  f l i g h t  t r a c k s  on 
the  opera t ions  board us ing  co lored  t a p e  and photographing it i n  co lo r  i n s t e a d  
of hand-plot t ing them us ing  d a i l y  f i n a l  a i r c r a f t  opera t ions  messages, were 
improvements i n  procedures l ea rned  through Phase I opera t ions .  

This sl ide ( f i g u r e  1 4 P i l l u s t r a t e s  both t h e  type  of  records 
which were kept  i n  Phase I1 md t h e  a i r  opera t ions  f o r  Apr i l  7., t he  day on 
which p i c t u r e s  used t o  prepare t h e  moasaic shown i n  your f o l d e r  were obtained. 
The black  l i n e s  show t h e  t r a c k  o f  t h e  CF-100 which took t h e  p i c t u r e s ;  Argus 
f l i g h t  l i n e s  are i n  r ed ;  Dakota t r a c k s ,  i n  yellow; Lancaster ,  i n  green; and 
P2V, i n  orange. 

I w i l l  be a v a i l a b l e  l a te r  t h i s  af ternoon i f  anyone wishes t o  dis- 
cuss  any p a r t i c u l a r  aspec ts  o f  t h e  operat ion.  A s  a genera l  summary of t he  
o v e r a l l  opera t ion ,  w e  fee l  t h a t  t h e  amount of  e f f e c t i v e  coverage obtained i n  
Phase I1 was a d i r e c t  r e su l t  of experience i n  Phase I ,  which l e d  t o  i n t e g r a t i n g  
Phase I1 opera t ions  us ing  a s i n g l e  l i n e  of communications. 

Mr. Po ham: With regard  t o  satel l i te  coverage, photographs of  t h e  Great Lakes _7_E- and o r  Canadian east coast  waters were obta ined  on f o u r  o r b i t s  during Phase I. 
On two of t h e s e  o r b i t s ,  p i c t u r e s  of  t h e  Gulf of S t .  Lawrence were of  f a i r l y  
high q u a l i t y ,  and a l l  were taken  a t  a very obl ique angle.  
e x c e l l e n t  r e s u l t s  were obtained.  We had 79 passes on which s a t e l l i t e  photo- 
graphs of  i c e  were obtained. Thirty-nine of t h e s e  were over  Canadian east coas t  
waters ;  15 of  t h e s e  39 were of  very high q u a l i t y ,  and 7 were very good. Thirty- 
t h r e e  passes  showed t h e  Great Lakes, and again about 15 of  t h e s e  appear t o  
*Not shown he re  due t o  poor reproduct ion  q u a l i t y .  A p r i n t  may be obtained 
by w r i t i n g  t o  the  e d i t o r s .  

During Phase I1 very 
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ORBIT: 0835 DATE: 7 APRIL1962 

CAMERA: 2 
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MODE: DIRECT 

TIME: 16:46:39 

(477 STAT. MI.) 

Fig. 15 TIROS I S  p i c t u r e  showing i ce  around Prince Edward Island. 
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conta in  very u s e f u l  information. 
and some s t i l l  remain t o  be' checked f o r  qua l i t y .  

Seve ra l  pas ses ,  of course,  showed both  areas, 

This s l i d e  (figure 15) shows a p i c t u r e  from pass  835, one of  t h e  
two picture-programed passes  over t h i s  area on Apr i l  7. Pr ince  Edward I s l a n d  
is  seen i n  t h e  lower p a r t  of t h e  p i c t u r e .  Clouds cover most of Newfoundland 
and t h e  S t r a i t s  of  Belle I s l e ,  b u t  t h e  Caspe' Peninsula  and S t .  Lawrence River 
can be  seen. The b r i g h t  a r e a  around Pr ince  Edward I s l a n d  i s  i c e ;  i n  t h e  
Northumberland S t r a i t s  between PEI and Nova S c o t i a ,  t h e  i c e  i n  p l aces  w a s  over 
twenty f e e t  t h i c k .  I n  p a r t i c u l a r ,  I would l i k e  t o  po in t  out t h e  fa ir ly  dark 
region i n  t h i s  i c e  "peninsula" nea r  t h e  Magdalen I s l a n d s ,  some o f  tne i c e  f l o e s  
which can be  d i s t ingu i shed  i n  t h e  i c e  pack no r th  of PEI, and t h e  fast i c e  along 
t h e  no r th  coast  of t h e  i s land .  You w i l l  see t h e s e  f e a t u r e s  i n  t h e  s l i d e  showin6 
t h e  mosaic of  CF-100 p i c t u r e s  which Major Taggart w i l l  show dur ine  h i s  t a l k .  
This i s  the  p i c t u r e  shown i n  t h e  f o l d e r s  which were d i s t r i b u t e d .  Major Taggart  
w i l l  review RCAF photography obta ined  i n  P r o j e c t  TIREC. 

MaJor TagBart: 
Major is  t a l k i n g  about RCAF photography. 
za t ion ;  t h e r e f o r e ,  t h e  c o l o r  of t h e  uniform doesn ' t  make any d i f f e rence  - w e  
a l l  wear t h e  same "hat," and I speak on behal f  of  t h e  RCAF. 

Before I begin I would l i k e  t o  expla in  b r i e f l y  why an A r q  
I belong t o  a t r i - s e r v i c e  organi- 

The photographic phase of t h e  TIREC opera t ions  was run somewhat 
d i f f e r e n t l y  from normal photographic operat ione i n  t h a t  t h e  cameras were l e f t  
on when f l y i n g  over clouds. This was necessary f o r  our  purposes s i n c e  w e  
needed t o  know exac t ly  what condi t ions  e x i s t e d  at t h e  time o f  sa te l l i t e  pass.  
Therefore ,  a i r c r a f t  operated at t h e i r  ass igned a l t i t u d e s  and d i d  not  tu rn  o f f  
t h e i r  cameras u n t i l  they had f irst  rece ived  approval Prom TIREC Control.  

The RCAF obta ined  a t o t a l  of 370,000 square miles of aerial 
photography during P r o j e c t  TIRXC, of which 150,000 square miles  w a s  v e r t i c a l  
photography from a CF-100 at lt1,OOO feet us ing  a 3-1/2-inch l e n s  i n  an RC-9 
camera. 
coverage over t h e  remaining 220,000 square miles usine 6-inch M24 cameras. 
I n  add i t ion ,  t h e  Lancasters  a l s o  c a r r i e d  an F52 camera with a 20-inch l e n s ,  
v e r t i c a l l y  mounted, t o  t ake  sample photography where s i g n i f i c a n t  changes i n  
t h e  i c e  d e t a i l s  occurred. This was p r imar i ly  t o  provide d e t a i l e d  information 
which could be c o r r e l a t e d  t o  t h e  smaller-scale  photography. About 13,000 
square miles of t h e  t o t a l  photo coverage obta ined  was taken i n  t ho  Great 
Lakes reg ion;  t h e  rest was obtained over Canadian east coas t  waters. I n  terms 
of  a c t u a l  p i c t u r e s ,  1,300 v e r t i c a l  and 11,000 tri-metrogon p i c t u r e s  were ob- 
t a ined .  
indexed and p l o t t e d  s ince  then.  

Lancaster  a i r c r a f t ,  f l y i n g  at 18,000 f e e t ,  obtained tri-metrogon 

The opera t ion  ended on Apr i l  18, and all t h e  photography has  been 
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It is  our in ten t ion  t o  use the  high-alt i tude photos t o  prepare 
mosaics, such as those displayed on the  w a l l ,  t o  compare d i r ec t ly  with t h e  
TIROS pictures .  Tri-metrogon photos w i l l  be s tudied t o  determine i c e  charac- 
t e r i s t i c s  and t o  .prepare i c e  concentration charts  . 

Again, using April  7 as an example, the  following s l ide  ( f igu re  
16) shows t h e  i c e  area around PEI t h a t  M r .  Popham pointed out i n  t h e  TIROS 

pic ture  ( f igure  15 1 . This is  a mosaic made of CF-100 pictures .  The tona l  
changes i n  the  point of i c e  ( i c e  "peninsula") near  t h e  Magdalen Is lands i s  
ac tua l ly  due t o  t h e  broken i c e  f loes  through t h e  center ,  which can be seen 
i n  t h i s  aerial photo, The l a rge  f loes  immediately north of the open water 
north of PEI can be seen, as well as the  fast i c e  along t h e  coast. According 
t o  t h e  t h e o r e t i c a l  resolut ion of TIqOS, t h i s  Past  i c e  should not be seen, bu t  
it is. 

The i c e  concentration char t ,  ( f igure  17 1, prepared from the  
Lancaster photography, i s  shown i n  your' folders .  
show the  slide. '  

In  view of t h e  t i m e ,  I won't 

M r .  Popham: LT Dotson, would you eive us a summary of USN photography? 

hT Dotson: 
Flor ida,  f l e w  t h ree  s o r t i e s  i n  t h e  eas te rn ,  o r  United S ta t e s  s ec to r ,  i n  Phase 
1. and seven s o r t i e s  of f  t h e  eas t  Newfoundland coast o r  PEI area i n  Phase 11. 
Although it w a s  i n i t i a l l y  planned t o  obtain photos from 30,000 fee t ,  almost 
a l l  of them were flown a t  a l t i t u d e s  between 35,000 and 41,000 feet. Approxi- 
nately 175,000 square miles of tri-metrogon photography was obtained using 
CA-14, 6-inch foca l  length cameras . Select ive low-level v e r t i c a l  photography 
was a l so  obtained at o r  below 4,000 feet from U. S. Navy P2V's from Argentia 
using a CA-8, 6-inch foca l  length camera. Usually, t h i s  type of photography 
w a s  obtained i n  s t r i p s  of ten  p ic tures  each where i c e  conditions appeared t o  
be changing rapidly,  However, owing t o  t h e  amount of f i l m  ava i lab le ,  only s i x  
o r  seven s t r i p s  could be obtained. 

U ,  S. Navy A3D j e t  photo a i r c r a f t  from VAP-62, Jacksonvi l le ,  

In  obtaining the' law-level photography, spec ia l  emphasis was 
placed on observing both d i f fuse  end well-defined i ce  pack boundaries, changes 
i n  t o n a l  q u a l i t i e s ,  and i c e  f loes  o r  f i e l d s  which exceeded 3,000 fee t ,  since 
we assumed t h i s  t o  be the  m i n i m u m  f l o e  s i ze  yhich might be resolved i n  TIROS 
IV photographs 

Some of t h i s  photography i s  on hand and is  being indexed. We 
a l so  plan t o  l ay  s t r i p  mosaics of t he  a i r c r a f t  p ic tures  t o  compare d i r ec t ly  
with t h e  s a t e l l i t e  photos. 
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MaJor TaKRar t :  
of a e r i a l  photo~raphy, o r  roughly an area 13 times t h e  s i z e  of t h e  Gulf of St.  
Lawrence, w a s  obtained by the  combined Canadian and United S ta tes  forces. 

I would l i k e  t o  s a y  t h a t ,  en t o t o ,  about 550,000 SqUaxV2 miles 

I would a l s o  l i k e  t o  add t o  my e a r l i e r  discussion the  comment 
t h a t  t he  Lancasters involved i n  th.is operation were from the  408th Reconnaissance 
Squadron, while the CF-100 was from the Central  Experimental Proving Eskablishment 

Mr, Popham: 
collected? 

LT Dotson, would you review t h e  U. S .  Navy radar observations 

LT Dotson: S ix  good 
s o r t i e s  were flown i n  Phase I1 by P2V a i r c r a f t  operating at o r  below 4,000 
feet , and about 90,000 square miles of radarscope coverage w a s  obtained. One 
very in t e re s t ing  point t o  br ing  out here is that the sca les  of the radarscope 
and TIROS pictures  are very neaply the  same, which should qui te  de f in i t e ly  
br ing i n  .a brand new aspect t o  the in te rpre ta t ion  of theqe data. 

No radarscope photography was obtained i n  Phase I. 

M r ,  Popham: Mr, Heathfield, will you review the  RCAF radar flights? 

Mr, Heathfield: 
t o  obtain low-altitude radarscope observations using a 3-em radar se t .  
scope photos were taken about one every t e n  miles. Our s o r t i e s  were flown, 
as M r .  Meed has pointed out ,  ei ther i n  the  area adJacent t o  PEI or  on long 
flights completely around Newfoundland, We had at least one and frequently 
two a i r c r a f t  up on every day, regardless of weather. 
photos have been prepared as mosaics. 

We operated two Argus a i r c r a f t  out of RCAF Stat ion Greenwood 
Radar- 

Almost a , l l  t he  radarscope 

I have a l so  examined the  P2V 3-cm radar end t he  high-altitude 
A3D 10-cm radar. 
afternoon, bu t ,  i n  shor t ,  all three types of radar  equipment have t h e i r  own 
pa r t i cu la r  charac te r i s t ics  which should be he1pf'u.l i n  comparing these photos 

I hope t o  discuss the  analysis of radarscope photos t h i s  

with the TIROS photos. 
very in t e re s t ing  p o s s i b i l i t i e s .  

It is amazing how close they are,-and they show 

M r .  Popham: 
made by Canadian a i r c r a f t  during TIREC? 

Mr. Archibald, would you review v i sua l  i c e  reconnaissance 

s ome 

flights 

M r ,  Archibald: 
Meteorological Branch of Canada is so vitally in t e re s t ed  In t h e  proJect. We 
have been charged with the  respons ib i l i ty  t o  provide i c e  observations for operiL- 
t i o n a l  use and i c e  advisories and forecast  services t o  all users i n  Canadian 
coas ta l  waters from the  Gulf up t o  about &ON, including ce r t a in  inland waters. 
Therefore, we are v i t a l l y  i n t c r e s t e d ' l n  t h i s  proJect ,  and since It is a problem 

I should j u s t  l i k e  t o  take a moment t o  explain why t h e  



42 

of observation and forecast ing,  it f i ts  w e l l  i n t o  t h e  Meteorological program. 
In  addition, w e  have t r a ined  and highly qua l i f i ed  i c e  observers t o  obtain 
aerial i c e  reconnaissance data. We welcomed t h e  opportunity t o  pa r t i c ipa t e  
i n  Project  TIFtEC. 

The detailed observations which the i c e  observers were asked t o  
make included an emphasis on t h e  gradation of the i c e ,  i t s  concentration, 
boundaries, and water openings. 
mum use of Decca navigation equipment aboard two Meteorological Branch-chartered 
Dakota a i r c r a f t .  The Decca andDoppleF navigation systems were very useful  i n  
precis ion mapping of the i c e  so t h a t  we would, within the  space of the  length 
of a ship, precisely loca te  the i ce ,  

Over Canadian eas t  coast waters we made Opti- 

The combined United States and Canadian i c e  reconnaissance opera- 
t i ons  f o r  Phase I covered the period February 4 through 12. 
including two over t h e  Great Lakes (except Lake Michigan), and logged a t o t a l  
9f 209 f l y i Q  hours. 
flew a t o t a l  of 299 hours on 47 missions making a combined t o t a l  f o r  both phases 
of 81 flights and 509 hours. 

We made 34 f l i g h t s ,  

I n  Phase 11, which lasted from April  2 t o  April  18, w e  

In  addition t o  t h e  airckaf't observers w e  a l so  had observers 
s ta t ioned  on icebreakers i n  Phase 11. There were three Canadian icebreakers,  
one United S ta t e s  icebreaker and one U. S. Coast Guard survey vessel.  In  t h e  
Great Lakes, the  research survey vessel  Port  Dauphine provided addi t ional  weath- 
e r  and i c e  data i n  Phase 11. 

Special  supplemental weather observations were a l so  desired. 
This s l i d e  ( f igure  18) shows the land s t a t ions  i n  Canadian eas t  coast waters 
which took spec ia l  observations i n  Phase I. Observations were obtained from 
29 s t a t ions  o r  ships i n  t h i s  first phase. 

We also s o l i c i t e d  the  cooperation of commercial a i r l i n e s  as w e l l  
as pr iva te  a i r l i n e  companies t o  take observations of cloud type above, a t ,  o r  
below flight l e v e l  as w e l l  as observations of snow and i c e  coverage. These 
observations were reported on spec ia l  forms which w e  supplied t o  forecast  off ices  
from Winnipeg through Montreal, Moncton, and New Brmnswick. This s l i d e  ( f igure  
19) shows t h e  coverage obtained. 
pated giving us addi t ional  information even over par ts  of Quebec and Laborador. 

As you can see ,  nine d i f fe ren t  agencies pa r t i c i -  

The last slide ( f igure  20,) shows a map of s t a t ions  which took 
supplemental weather observations i n  Phase 11. As you can see,  we added ten 
addi t iona l  s t a t ions ,  mostly i n  the Great Lakes, giving us a t o t a l  of 38 s t a t ions  
taking spec ia l  observations i n  Phase 11. 



Fig. 4 8  Lend s t a t i o n s  around Canadian E a s t  C o a s t  waters which took s p e c i a l  observations 
durinr Phase I 
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M r .  Popham: 
Great Lakes region were obtained on 33 o r b i t s  with very good p ic tures  obtained 
on 15 of these.  
Coast Guard obtained some aerial photographs w i t h  a hand-held camera along t h e  
northern and eastern shore of Lake Superior during Phase I. I n  addition repre- 
sen ta t ives  of the U. S. Army Corps of Engineers, Cold Regions Research 
Engineering Laboratory who W i c i p a t e d  as in t e re s t ed  observers on t h i s  project  
arranged t o  have ground observations of snow depth i n  the  Keweenaw Peninsula 
a rea  of Lake Superior. I n  addition, low-level aerial photos were a l so  obtained 
i n  t h i s  area,  again arranged by these observers. 

I would like t o  repeat here tha t  s a t e l l i t e  p ic tures  of t he  

N o w ,  covering addi t ional  spec ia l  observations, the U. S .  

That concludes a general  report  on Project TIREC observations . 
We have asked M r .  Harwood i f  he would draw some conclusions now regarding the 
value of the  Project TIREC operations. 

Mr. IIarwood: We've got one more a i r c r a f t  t o  be accounted for.  Since we have 
a member of t h e  Department of Mines a d  Technical Surveys here ,  I m i g h t  as wel l  
mention it, On t h e  4th and 5 t h  of April we had an a i r c r a f t  t h a t  d id  t h e  Gulf 
v i sua l ly  f o r  a somewhat d i f fe ren t  project  which has been going on f o r  about 
s i x  years,  That is ,  t o  have an a i r c r a f t  over t he  Gulf on t h e  same day a t  the  
same time t o  keep a s e r i e s  of geographical s tud ies  of ice.  These have been 
going i n t o  t h e  hands of the ship owners,and t h i s  has turned out qu i te  success- 
fu l ly .  That's probably t h e  last a i r c r a f t  t h a t  came back on t h e  5th. 

I 've been asked t o  draw some conclusions - t h i s  i s  purely t h e  
I ' d  l i k e  t o  go r i g h t  back t o  the  beginning and point out operational side. 

some of t h e  conclusions one can draw from t h i s .  
f i f t e e n  years t o  t h e  Marshall P lan  and t o  the  generosity of t he  American 
people t ha t  financed a defeated nation i n t o  recovery. 
i n  t h i s  world, w i th  possibly t h e  exception of the  North Americans, realize4 
what an act of generosity t h i s  was. 

One is tha t  you can go back 

I th ink  most people 

Here we see t h e  same th ing  happening again. Here are a series 
of meteorological satell i tes being sent  up. The cost  i s  l i t e r a l l y  f an ta s t i c .  
It is  out of t h e  pocketbook of t he  United S ta t e s  taxpayer, and i n  t h e  case of 
t he  r e s u l t s  which are going t o  take place i n  t h e  G u l f  of  St.  Lawrence over 
t h e  next f i v e  years ,  as I 've  mentioned, there  w i l l  be a d i r ec t  accrual  t o  t h e  
Canadian econoqy which i s ,  i n  a sense, i n  opposition t o  the  United S ta t e s  
economy (although i f  the various common markets get a l l  mixed up toge ther ,  we 
m a y  end up i n  t he  American market). 
we can draw and t h a t  is  t h a t  t h i s  open-handedness - t h i s  a v a i l a b i l i t y  of 
s a t e l l i t e  photographs - the  open manner i n  which i t ' s  being given t o  the 
Canadians, t h e  cooperation t h a t  we've received (and I presume tha t  they would 

Whatever we do, there  is one conclusion 
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say  the  same th ing  of us) is  a d i rec t  g i f t  t o  t h e  Canadians of inestimable 
value,  I think a l l  the  Canadians here w i l l  agree w i t h  t h i s .  That i s  the  main 
conclusion I d r a w  from t h i s  Operation TIREC. 
can go on elsewhere i n  t he  world, we'd l i k e  t o  th ink  it would be a far b e t t e r  
world t o  l i v e  i n ,  

O f  course, i f  things l i k e  t h i s  

The second conclusion t h a t  one can draw from it is t h e  immediate 
r e s u l t s  t ha t  we get out of t he  photoeraphy. We have l a i d  the  groundwork, i f  
we take advantage of it, fo r  s a t e l l i t e s  t h a t  are t o  come. 
at the data you see around you, you know roughly what these future  s a t e l l i t e s  
can do f o r  you. Everyone around t h i s  room, cer ta in ly  on the Canadian side, 
has some idea  as t o  how i t ' s  going t o  be used and how it can be used. We get 
t ha t  much out of it - that 's t he  second conclusion. 

Even by j u s t  looking 

The t h i r d  conclusion I would l i k e  t o  draw i s  t h a t  I was not in- 
volved i n  it, but  I 've  never been associated wi th  an operation which was so 
highly complex - and t h i s  t h ing  r ea l ly  is  complex - as Flight/Lieutenant Meed 
pointed out t o  me a couple of days ago. It was j u s t  l i k e  coming up t o  a war- 
time emergency where you were drawing a i r c r a f t  from the i n t e r i o r  of t h e  conti- 
nent and bringing it toward the coast. 
pieces f e l l  together  so easily - and t o  me t h i s  is the  amazing conclusion t h a t  
one draws from t h i s  - i s  s i m p 4  tha t  everyone w a s  i n t e re s t ed  i n  what w a a  going 
t o  happen and what was going on. 
My conclusion i s ,  very simply, t h a t  everybody was highly i n t e l l i g e n t  and highly 
ski l led and highly fr iendly.  

Such a complex operation, where the  

They all f e l l  t o  it and r ea l ly  pul led together. 

There is  one th ing  I would l i k e  t o  sey on behalf of the Canadians, 
I n  and I t h i n k  on behalf of t h e  Americans, which h a s n ' t  been said here yet.  

Canada w e  have t h e  Working Group on Ice i n  Navigable Waters, and, although the 
Department of Transport has the  immediate opeCationa1 program, as everyone 
r ea l i zes  the re  a re  very wide areas where research can be done. For example, 
i n  using bubbling systems, we've had t o  face the  problem, i f  you can keep the 
Lakes open, is it r e a l l y  worthwhile unless you can do something about t h e  ac tua l  
locks i n  the  canals themselves. There i s  t h e  re la t ionship  between i ce  and c l i -  
matic changes and o ther  per ipheral  items t h a t  are on the edge of t h e  economic 
problem. So w e  have t h i s  pa r t i cu la r  group, and it is very for tunate  t h a t  it 
i s  t i e d  i n  w i t h  the  Canadian Committee of Oceanography and equally for tunate  
t h a t  one of t h e  members of t h i s  committee is  a member of the  Defence Research 
Board and i s  t h e  S c i e n t i f i c  Adviser t o  the  Chief of A i r  S t a f f .  I mentioned 
h i s  name - D r .  Arne1 - because t h i s  i s  where the  Canatiian aircraf t  came from, 
and i f  you work i n  Canada y o u ' l l  f i n d  it very hard t o  pluck an aircraf t  out 
of the  A i r  Force no matter what you want t o  do. He presented the  case f o r  
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Canadian par t ic ipa t ion  i n  t h e  TIREC Operation t o  t h e  Chief of A i r  S t a f f ,  and 
the  Chief of A i r  S t a f f  accepted it wholeheartedly. I therefore ,  i n  f ront  of 
t h e  audience here,  give ny thanks t o  Dr .  Arne1 and A i r  Marshall Campbell, Chief 
of A i r  S t a f f ,  f o r  t he  magnificent support they gave t o  t h i s  whole operation. 
I th ink  the  Americans w i l l  second me on t h a t .  Thank you very much. 

M r .  Popham: We do indeed. I think it would be hard t o  add t o  what M r .  
Harwood has s a i d  so I th ink  t h i s  would be a very good place t o  break f o r  lunch. 
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AFTERNOON SESSION 

M r .  Popham: This  a f t e r n o o n  we w i l l  d i s c u s s  g e n e r a l  a r e a s  of proposed 
analyses as w e l l  as p o s s i b l e  ana lyses  which might n o t  have been planned up 
t o  t h i s  p o i n t .  Then w e  w i l l  d i s c u s s  t h e  requirements  f o r  monitor ing t h e s e  
analyses and ,u l t ima te ly ,  devote  the  last  p a r t  o f  the  a f t e rnoon  t o  a d i s c u s -  
s i o n  o f  areas o t h e r  than  i c e  where s a t e l l i t e  p o l a r  photography might be 
of  u se .  This  a g a i n  inc ludes  a p p l i c a t i o n s  t o  Oceanography, Hydrology, as w e l l  
as t o  o t h e r  e a r t h  s c i e n c e s  which might be no ted .  Also dur ing  t h i s  s e s s i o n  
we  w i l l  d i s c u s s  p o s s i b l e  o p e r a t i o n a l  a p p l i c a t i o n s  of s a t e l l i t e  ice  informa- 
t i o n  which might be made i n  con junc t ion  w i t h  any of t he  proposed s a t e l l i t e  
s y s  terns. 

I ' d  l i k e  t o  begin by a sk ing  the  Defence Research Board t o  
bring us up t o  date on any a n a l y s i s  they  may have performed since the comple- 
t i o n  of  P r o j e c t  TIREC. 1 should l i k e  t o  p o i n t  ou t  t h a t  t hus  f a r  the agenc ie s  
involved i n  TIREC have been most ly  concerned w i t h  o rgan iz ing  the  d a t a  r a t h e r  
than  a t t empt ing  any a n a l y s i s .  
Perhaps Major Taggart  o r  Miss Dunbar w i l l  beg in .  

We'll s tar t  w i t h  t h e  Defence Research Board. 

Miss Dunbar: M r c  Johnson s a i d  t h i s  morning t h a t  the  Met. S a t e l l i t e  Lab. 
w a s  a c t i n g  more 'as a c a t a l y s t  than  anyth ing  else i n  t h i s  p a r t i c u l a r  f i e l d .  
The Defence Research Board v e r y  o f t e n  f i n d s  i k s e l f  i n  t h e  same p o s i t i o n .  
Our f u n c t i o n  i n  t h i s  h a s  r e a l l y  been more coord ina t ing  than  anyth ing  e lse ,  
and I would l i k e  to  r e f e r  t h i s  p a r t  t o  Major Taggart  of t h e  J o i n t  Photo In -  
t e l l i g e n c e  C e n t e r ,  who h a s  been doing tremendous work on o rgan iz ing  t h e  
photographic  d a t a .  
t e r p r e t a t i o n , a n d  I t h i n k  he i s  t h e  one t o  t a l k  about  i t .  

Qui te  a l o t  has  a l r e a d y  been accomplished by them on i n -  

Major Taggart :  I could summarize o u r  s i t u a t i o n  a t  JPIC by say ing  t h a t  we are 
up t o , o u r  a rmpi t s  i n  photographs.  However, w e  do have some proposed l i n e s  
of aqlyses a long  which we are working.  One of ou r  f i r s t  c o n s i d e r a t i o n s  i s  
t o  prove t o  ou r se lves  and o t h e r s  t h a t  we are capable  of d i f f e r e n t i a t i n g  be- 
tween cloud and ice  i n  s a t e l l i t e  photography. We a l s o  hope t o  produce a 
paper  shuwing t h a t  t h i s  can  be done. 

I n  i n v e s t i g a t i n g  methods of d i s t i n g u i s h i n g  c louds  from ice i n  
s a t e l l i t e  photographs we have been v e r y  f o r t u n a t e  i n  having ice obse rve r s  and 
me teo ro log i s t s  loaned t o  us by the  Department o f  T r a n s p o r t .  With t h e i r  
knowledge of wea the r  systems and ice and our  knowledge of  photo i n t e r p r e t a -  
t i o n ,  we  have formed a p re l imina ry  conclus ion  t h a t ,  because of  c e r t a i n  
d e f i n i t e  c h a r a c t e r i s t i c s  of i c e  and of v a r i o u s  cloud types, w e  may n o t  have 
d i f f i c u l t y  i n  d i s t i n g u i s h i n g  between the  two. The me teo ro log i s t s  have a l s o  
i n d i c a t e d  t h a t  t h e  accuracy  of i n t e r p r e t a t i o n  may be enhanced i f  reasonably  
up- to-da te  weather  in format ion  i s  a v a i l a b l e  so  t h a t  t h e y  m4v know what type 
of c louds  t h e y  m i & t  expec t  t o  find i n  a given area. 
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To the  i c e  observer ,  the  b r igh tness  c h a r a c t e r i s t i c s  (of the  
ice,  which may i n d i c a t e  d i f f e r e n c e s  i n  concen t r a t ion  of i c e  age) and the  
d e l i n e a t i o n  of  i c e  boundaries i n  these  s a t e l l i t e  p i c t u r e s  seem t o  be p r e t t y  
apparent ;  once you have had some experience looking a t  s e v e r a l  of these  
photographs and examining these  c h a r a c t e r i s t i c s ,  they  are much more ev iden t .  

With regard t o  aer ia l  photographs,  we i n i t i a l l y  propose t o  
make mosaics from p i c t u r e s  c o l l e c t e d  on each h igh -a l t i t ude  s o r t i e  flown, 
f o r  d i r e c t  comparison wi th  the  s a t e l l i t e  p i c t u r e s .  

B r i e f l y  i f  I may, I would l i k e  t o  comment on one i n t e r e s t i n g  
s i d e l i g h t  t o  t h i s  ope ra t ion  which occurred when we prepared a mosaic of some 
of  t h i s  h igh -a l t i t ude  photography. For a l l  i n t e n t s  and purposes t h i s  was 
an  e n t i r e l y  uncont ro l led  mosaic. 
c o n t r o l ,  so w e  simply p ro jec t ed  the  c o a s t  l i n e  from a t r ansve r se  Mercator 
pr .oject ion a t  the  same s c a l e  of the  photos, and l a i d  as much of the  pho- 
tography t o  t h a t  c o a s t  l i n e  as we could.  This  photo run s t a r t e d  over  the  
Gasp6 Peninsula ,  near  t h e  mouth of the  S t .  Lawrence River, ac ross  t o  Ant i -  
c o s t i  I s l a n d .  By simply matching p i c t u r e  t o  p i c t u r e  d e t a i l ,  we found t h a t  
when w e  should have been on A n t i c o s t i  I s l a n d  w e  were a c t u a l l y  going south  
of the  I s l a n d .  A t  f i r s t ,  t h i s  caused some cons t e rna t ion ;  w e  had used GCI 
c o n t r o l  of the  a i r c r a f t  a long  f l i g h t  l i n e s ,  so  t h a t  we knew the  a i r c r a f t  
f lew i n  a s t r a i g h t  l i n e  from Po in t  A t o  Poin t  B .  Yet t he  p i c t u r e s  came ou t  
i n  a curve.  We then  examined these  p i c t u r e s  s t e r e o s c o p i c a l l y ,  and as w e  
suspec ted ,  shear  p lanes  were v e r y  ev iden t  i n  the  photography. The exposure 
i n t e r v a l  between p i c t u r e s  was approximately 50 seconds,  which was enough 
t o  i n d i c a t e  t h a t  the  i c e  between Gaspe and A n t i c o s t i  I s l a n d  was moving o r  
flowing out  from the  S t .  Lawrence River  a t  a f a i r l y  r ap id  r a t e .  Because of 
t h i s  w e  had t o  o f f s e t  our  photographs a l i t t l e  b i t  i n  making our  mosaic. 
I f  YOU looked a t  t he  mosaic which is on the  w a l l ,  o r  a t  o t h e r  p i c t u r e 8  taken 
on consecut ive  days you can see  evidence of t h i s  whi r lpool  a c t i o n  where the  
i c e  appears  t o  hang on the  shore  and t w i s t  as the  c u r r e n t  s t ream c a r r i e s  the  
mid p o r t i o n  ou t  i n t o  the  open p a r t  of  the  Gulf.  

However, we 'did have t o  form some kind of 

We a l s o  p l an  t o  use the  t r imetrogon photography t o  prepare  a 
complete a n a l y s i s  of the  concen t r a t ion  of i c e ,  the  presence of open water  
leads  and o t h e r  f e a t u r e s  of  the  i c e .  I n  t h e  meantime, we have been expe r i -  
menting w i t h  s t e r e o  methods of d i f f e r e n t i a t i n g  i c e  from clouds i n  the  satel- 
l i t e  p i c t u r e s .  While i t  does no t  work ou t  mathematically., i n  t he  s t e r e o  pro- 
j e c t i o n  t h e  ice and clouds do n o t  appear  a t  t h e  same l e v e l .  This  was de- 
termined by looking a t  two frames from the  same o r b i t  placed i n  a s t e r e o  
p r o j e c t o r .  Obviously, i f  we can e x p l o i t  t h e  s t e r e o  a s p e c t s  of t h i s  photogra- 
phy, i t  i s  another  t o o l  i n  the  hands of t he  i n t e r p r e t e r .  I would l i k e  t o  
p o i n t  o u t ,  however, t h a t  t h i s  s t e r e o  e f f e c t  may only  be t r u e  under c e r t a i n  
cond i t ions .  A t  p r e s e n t ,  we haven ' t  examined t h i s  i n  f u r t h e r  d e t a i l  bu t  w e  
in tend  t o .  
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The Department of Mines and Technical  Surveys has a l s o  in-  
d i ca t ed  a n  i n t e r e s t  i n  s a t e l l i t e  photography and has  ordered the  photo- 
graphic  coverage and TIROS p i c t u r e s  from us .  We w i l l  supply them t h i s  i n -  
formation and they w i l l  a l s o  be doing spme analyses .  
Council has a l s o  expressed i n t e r e s t  and has been suppl ied wi th  c e r t a i n  b a s i c  
pub l i ca t ions .  We w i l l  a l s o  be g iv ing  them p i c t u r e s .  

The Nat ional  Research 

M r .  Popham: Would anyone l i k e  t o  a sk  Major Taggart  any ques t ions?  

M r .  Poul in:  My name is  Poul in  from the Cold Regions Research Engineering 
Laboratory,  U. S .  Army Corps of Engineers .  I would l i k e  t o  a sk  Major Taggart  
whether he would be a b l e  t o  say  a t  t h i s  p o i n t  whether o'r not  experienced 
i c e  observers  o r  meteoro logis t s  have had b e t t e r  success  a t  d i s t ingu i sh ing  
clouds from i c e .  

Malor Taggart:  The pre l iminary  assumptions t h a t  we made i n  our  s tudy  were 
a r r i v e d  a t  by an  i c e  observer , '  a meteoro logis t  and a pho to - in t e rp re t e r  s i t -  
t i n g  down and examining the photographs.  
w i th  few re se rva t ions  say  t h a t  t h i s  is  i c e  and t h a t  i s  cloud.  It becomes 
more a p r o b a b i l i t y  r a t h e r  than a p o s s i b i l i t y  using a team concept ,  and I 
th ink  we can be 90% c o r r e c t .  

With t h i s  type of team work w e  can 

M r .  Popham: P a r t l y  i n  answer t o  your q u e s t i o n ,  M r  . Poul in ,  I would l i k e  
t o  po in t  out  t h a t  a year  ago las t  January w e  coordinated v i s u a l  ice recon- 
naissance f l i g h t s  over the  Gulf of S t .  Lawrence wi th  TIROS I1 passes  over 
the  same a r e a .  The TIROS I1 p i c t u r e s  were prepared i n  a mosaic form and 
presented t o  th ree  o r  fou r  people who had been working a t  the readout sta- 
t i o n s  prepar ing  nephanalyses.  
no te  the  cloud type and ske tch  t h e i r  r e s u l t s  on a c e t a t e  l a i d  over the  
mosaics.  We then  compared t h e i r  ana lyses  wi th  the  observa t ions .  For the  
most p a r t ,  they had no idea where the  ice w a s ,  o r  what type of i c e  i t  was ; 
none of them had any background t r a i n i n g  i n  ice observing.  They concluded 
they were looking a t  a l t o - s t r a t u s  c louds ,  when a c t u a l l y  t h e  area was known 
from the  reconnaissance t o  be c loud-f ree .  

We asked them t o  i d e n t i f y  the  i c e  and c louds ,  

. AB a r e s u l t  of  t h i s  and l a t e r  exposure t o  s a t e l l i t e  i c e  pho- 
tography, these  same people had l i t t l e  d i f f i c u l t y  i n  d i f f e r e n t i a t i n g  between 
i c e  and clouds i n  TIROS I V  p i c t u r e s  obtained along the e a s t e r n  A s i a t i c  c o a s t .  
Perhaps t h i s  w i l l  s e rve  t o  i l l u s t r a t e  how experience i n  looking a t  s a t e l l i t e  
p i c t u r e s  of ice w i l l  h e l p  i n  t h e  f u t u r e .  

Maior Tannart:  May I add something t o  t h a t ,  Bob? I don ' t  t h ink  t h a t  
i n i t i a l l y  any p h o t o - i n t e r p r e t e r ,  meteoro logis t  o r  i c e  observer ,  when he sits 
down and looks a t  these  photographs f o r  t he  f i r s t  time, can analyze them. 
By pool ing t h e i r  e f f o r t s ,  o r  i n  e f f e c t  by picking each o t h e r ' s  brains,  they 
can e f f e c t i v e l y  c o n t r i b u t e  t o  t h i s  a n a l y s i s .  What the  b r a i n  comprehends the  
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eye can see, and converse ly ,  what the  b r a i n  doesn ' t  comprehend the  eye 
doesn ' t  s ee .  For anyone t o  s ta r t  i n t e r p r e t i n g  TIROS p i c t u r e s  wi thout  t h i s  
type of c o r r e l a t i n g  informat ion ,  i t ' s  l i k e  ask ing  someone t o  i n t e r p r e t  a i r  
photographs f o r  m i l i t a r y  information.  They don ' t  know what a gun looks l i k e  
on the  ground. 

M r .  Poulin:  That was admi t ted ly  a leading  ques t ion  on my p a r t ,  be- 
cause your r e s u l t s  and what you s a y  seem t o  i n d i c a t e  o r  v e r i f y  our phi losphy 
of photo i n t e r p r e t a t i o n .  

M r .  Harwood: A s  Miss Dunbar has  pointed o u t ,  the  Defence Research 
Board is a c a t a l y s t  and we do have some funds f o r  both g r a n t s  and c o n t r a c t s .  
Unfar tuna te ly ,  Professor  Cameron i s  absent  a t  the  moment. We would l i k e  t o  
b r ing  him i n  and a s k  him what he would l i k e  t o  do. 

Yesterday we telephoned McGill Un ive r s i ty  because they 
have a Department of Meteorology and are obviously competing wi th  Wisconsin 
and Alaska.  Therefore,we thoughtwe would a s k  them down he re .  L e t ' s  a sk  
them i f  they have any ideas  of what they  would l i k e  t o  do wi th  t h i s  ma- 
t e r i a l ,  having seen  some of  i t  t h i s  morning. 

M r .  Popham: They were c a l l e d  down here  r a t h e r  qu ick ly .  Do you wish 
t o  add something now o r  would you r a t h e r  w a i t  u n t i l  a l i t t l e  later on? 

P ro fes so r  Bird: Yes, I would l i k e  t o  leave i t  u n t i l  a l i t t l e  l a t e r  on. 
I do have some i d e a s ,  bu t  I a m  no t  s u r e  i f  they  are t o t a l l y  r e l evan t  a t  t h i s  
p o i n t .  

Professor  Bovi l le :  From my f i r s t  impressions,  I can v i s u a l i z e  a number of 
r e sea rch  p r o j e c t s  t h a t  could use these  d a t a ,  p rovid ing  they  a r e  r e a d i l y  
a v a i l a b l e  and t h e i r  i n t e r p r e t a t i o n  i s  not  misleading.  I f  c louds ,  i c e  and 
snow can be c l e a r l y  d i f f e r e n t i a t e d ,  the  d a t a  would be of major importance 
i n  l a rge - sca l e  meteoro logica l  s t u d i e s .  

Major Taggart:  
from clouds than i c e  from clouds i n  the  TIROS p i c t u r e .  

I th ink  you've go t  a ha rde r  problem d i f f e r e n t i a t i n g  snow 

M r .  Hansen: I have a ques t ion  f o r  you e x p e r t s  who have been looking 
a t  TIROS p i c t u r e s .  Is t h e r e  any kind of  ice t h a t  i s  p a r t i c u l a r l y  easy  t o  
i d e n t i f y ?  Is the re  a type of  i c e  t h a t  is  hard t o  i d e n t i f y ?  I th ink  we've 
been t a l k i n g  about  pack i c e .  What about  s h e l f  i c e ,  icebe.rgs o r  mel t ing 
pack ice? Does anyone c a r e  t o  comment on t h a t ?  

Major Taggart:  
haven ' t  i nves t iga t ed  t h i s  i n  any d e t a i l  whatsoever bu t  w e  t h ink  on one of 
t he  o r b i t s  w e  can see a l i t t l e  clump of i c e  s e t t i n g  o f f  t he  p o r t h e a s t  corner  
of A n t i c o s t i  I s l a n d .  

Well I ' l l  j u s t  have a pre l iminary  sho t  a t  t h a t  one. We 

We haven ' t  as y e t  g o t t e n  i n t o  t h e  aer ia l  coverage of 
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t h a t  a r e a  t o  s e e  i f  t h e r e  i s  a c t u a l l y  i c e  o r  no t .  I ' m  reasonably c e r t a i n  
i t  is i c e  and not cloud because we've got  s equen t i a l  photography which shows 
t h i s  i n  the same spo t  on two d i f f e r e n t  o r b i t s ;  i t  is about the  s i z e  of a n  
iceberg.  

Miss Dunbar: I th ink  t h a t  as f a r  as s h e l f  i c e  goes,  no problem exis ts .  
You know i t ' s  the re ;  i t  doesn ' t  move around and i t ' s  more o r  l e s s  a land 
f e a t u r e .  Very la rge  icebergs I suppose might show up wi th  the  p re sen t  
r e s o l u t i o n  of photography. There were i n  f a c t  a l o t  of icebergs o f f  t he  
east coas t  of Newfoundland a t  t he  time of t h i s  opera t ion .  Is  t h i s  c o r r e c t ,  
B i l l  Dotson? 

L t .  Dotson: No Miss Dunbar. There happened t o  be ve ry  few icebergs 
t h e r e  a t  the  time. 

Miss Dunbar: Well ,  w e  saw some on the  f i f t h .  

L t .  Dotson: S t i l l  t h e r e  were ve ry  few. 

Miss Dunbar: Oh. Well i n  any case  they d i d n ' t  show up. I th ink  most 
icebergs a r e  too small. 

L t .  Dotson: Can I answer M r .  Hansen's ques t ion  about i c e  age? We have 
aerial  v i s u a l  reconnaissance over t he  area between Old Pos t  Poin t  and Anti-  
c o s t i  I s l a n d ,  taken i n  conjunct ion wi th  TIROS 11. I n  the  s a t e l l i t e  photos 
w e  were a b l e  t o  d e t e c t  t ona l  grada t ions  i n  the  ice; using t h i s  as a c l u e  w e  
may even tua l ly  be a b l e  t o  d i s t i n g u i s h  the type and t e l l  b a s i c a l l y  what the 
age o r  s t age  of development of the  i c e  i s .  I don ' t  t h ink  t h i s  w i l l  be too 
much t roub le .  
have v i s u a l  reconnaissance showing la rge  f l o e s  t h a t  a r e  i n  va r ious  s t a g e s  of 
puddling. This  is a l r eady  apparent  i n  the  TIROS I1 photographs. 

Eventual ly ,  w e  w i l l  be examining s a t e l l i t e  p i c t u r e s  where we  

Mr. Popham: We have been a b l e  t o  observe young and win ter  i c e  i n  the  
Gulf of  S t .  Lawrence bu t  as y e t  haven ' t  observed any po la r  i c e .  

M r .  Harwood: I would l i k e  t o  s t e p  back i n  f o r  a moment and rephrase my 
statement  aga in  now t h a t  D r .  Cameron is here .  The DRB, as Miss Dunbar has 
s a i d ,  is a c a t a l y s t  i n  some of the  s t u d i e s  t h a t  may go on i n  the  sense t h a t  
i t  can g ive  g r a n t s  and c o n t r a c t s .  We've asked the  McGill people behind you 
what they would l i k e  t o  do s i n c e  t h i s  p a r t  of the  agenda has t o  do wi th  haw 
the  material could be analyzed. They s a i d  they may be a b l e  t o  s t a y  t o  the  
end of t he  meeting and r e s t a t e  t h e i r  case  a g a i n , . b u t  I know you have some 
s t rong  ideas  which you'd l i k e  t o  pu t  forward. 
h a l f  of yourse l f  o r  the  DRB o r  anybody e l s e  you can g e t  money from. 

You might p re sen t  them on be- 
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Professor  Cameron: This i s ,  I t a k e  it, how w e  use a l l  t h e  photographs? I 
feel  very s t rong ly  t h a t  t hey  should be worked up i n t o  a map showing, no t  
only i c e  cover, but i c e  movement. "he v e l o c i t i e s  of t he  i c e  movement can be 
determined and p l o t t e d .  So much f o r  the  s t r a igh t  photography. 

With regard t o  t h e  r ada r  photography t h e  same t h i n g  can be 
done, thoueh I m u s t  say t h a t  i n  r ada r  photography t h e  q u a l i t y  v a r i e s  so  much, 
even from p l a t e  t o  p l a t e ,  t h a t  one of t h e  t h i n g s  we  should concentrate on 
would be, t a l k i n g  t o  t h e  r ada r  people and t e l l i n g  them t o  get s t r a igh tened  out. 
If they can give us cons i s t en t ly  t h e  q u a l i t y  of photography t h a t  they produce 
every f i f t i e t h  p i c t u r e ,  we would be very happy t o  s t i c k  t o  the job of  mapping 
t h e  i c e  from the  radar photography alone. 
bu t  t h a t ' s  t he  way I feel  about it, 

A very broad stQtement,  I know, 

From my own angle,  our group darn east would l i k e  t o  take 
on t h e  job of converting some of t h i s  jradar photography i n t o  m a p  which would 
f i g u r e  it out. I th ink  there is  a d e f i n i t e  r e l a t i o n s h i p  between t h e  radar 
p a t t e r n  -- what you see i n  t h e  radar p i c t u r e  -- and t h e  type  of i c e  and t h e  
movements of  t h e  i c e  as shcwn i n  r ada r  and i n  t h e  v e r t i c a l  aerial  photography. 
A t  t h e  moment, I ' d  l i k e  € 0  d i g  i n  my paddle backwards and say I mqy t h i n k  of 
something else before  t h e  end of the meeting. 

M r .  Popham: Kirby, w a s  your question answered t o  your s a t i s f a c t i o n ?  

M r .  Hansen: - Yes, Bob, it w a s .  

Mr. Popham: Next, I would l i k e  t o  c a l l  upon the  Department of Transport 
t o ' i n d i c a t e  what they  have done o r  p lan  t o  do. 

Mr. Archibald: 
Taggart t h a t  t h i s  
i n t e r p r e t e r ,  t h e  

I mieht j u s t  say t h a t  w e  agree very s t rong ly  w i t h  Major 
has t o  be i n i t i a l l y  a cooperative affair  amone the  Dhoto- 

i c e  observer,  and the meteoroloeist  . E s s e n t i a l l y ,  it probably 
i s  mainly R meteorol.ogicn1 problem t o  determine R s o r t  of key, b u t  we cannot 
do t h a t  without t h e  a s s i s t ance  of a l l  three. We've had j u s t  a preliminary study 
of t h i s ;  one of the  men from'our research and t r a i n i n g ,  R o y  Lee, and Tom 
K i l p a t r i c k ,  our s e n i o r  i c e  observer,  were p a r t  of Major Tag;part 's group. As 
a preliminary s t e p ,  c e r t a i n  s e l e c t e d  weather conditions have been taken with 
c e r t a i n  weather maps, f o r  example when i t ' s  c l e a r  and when t h e r e  is a c e r t a i n  
amount of cloud. I t h i n k  t h a t  right at t h e  moment i t ' s  t o o  e a r l y  t o  say 
anything, d e f i n i t e ,  b u t  you can see through t h e  c i r r u s  without any d i f f i c u l t y  
unless i t ' s  dense, "he a l t o - s t r a t u s  clouds present  a b a r r i e r ,  but t h e  
meteorologists can usua l ly  d i s t ingu i sh  cumuliform cloud types  w i t h  t h e i r  ex- 
perience.  The problem of e s t a b l i s h i n g  a key f o r  i d e n t i f i c a t i o n  is  s t i l l  i n  
the making, bu t  w e  feel  t h a t  with caref'ul s e l e c t i o n  and t h e  supplementary 
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t h e  700- and 500-mill ibar maps, we may be ab le  t o  come c l o s e r  t o  a r r i v i n g  
a t  some r e l a t i v e l y  e a s i e r  method of i d e n t i f i c a t i o n .  

Fr. Popham: Would anyone care  t o  e.sk Mr. Archibald any ques t ions?  
If n o t ,  w e ' l l  ask a rep resen ta t ive  of t h e  Navy Hydrographic Office t o  con- 
t i n u e  on t h i s  fiame sub jec t .  

M r .  Yotko: Our ob jec t ives  are very much t h e  same as t hose  expressed 
by the  Canadians. One of t h e  t h i n a s  I want t o  brinS; out i s  t h a t  we are n o t  
too o p t i m i s t i c  i n  t h a t  TIROS I V  does not  have t h e  r e so lu t ion  of TIROS 11, 
which demonstrated t h e  p o t e n t i a l  of sa te l l i t es  and s ta r ted  us on t h i s  study. 
We accordingly had t o  downerade our  ob jec t ive  a l i t t l e  b u t  w e  are shoot ing  
f o r  e s t a b l i s h i n g  some key i n  recognizing i c e  versus  clouds and d e l i n e a t i n g  i c e  
boundaries.  
which i n  conjunct ion with t h e  photography mqy be of value.  
t h a t  a pure ly  meteoro logica l ly  i n c l i n e d  sa te l l i t e  does not provide us wi th  
data of s u f f i c i e n t  accuracy of  r e so lu t ion  t o  be u t i l i z e d  ope ra t iona l ly  and 
for  i c e  research.  I r e a l l y  f e e l  t h a t  t h i s  m a y  be one of  t he  f a c t o r s  which 
w i l l  l end  us t o  a c t u a l l y  e s t a b l i s h i n g  t h e  i c e  a n a l y s t ' s  requirements i n  t h e  
s a t e l l i t e  f i e l d .  Our group's ob jec t ive ,  of course,  i n  t h e  f i n a l  ena lys i s  
i s  t o  do two t h i n g s :  (1) provide ope ra t iona l ly  usef'ul information immediately 
and ( 2 )  t o  do some more se r ious  work which w i l l  provide data f o r  developing 
p red ic t ion  techniques.  Bas i ca l ly ,  w e  are t w i n e ;  t o  school t h e  i c e  ana lys t  i n  
p red ic t ion  techniques where he can r e a d i l y  provide t h e  ope ra t iona l  data. The 
team concept,  I b e l i e v e ,  w i l l  have t o  be reserved  f o r  t h e  more s e r i o u s  study. 
We are t r y i n g  t o  school  t h e  i c e  ana lys t  t o  adopt d i f f e r e n t  i c e  i n t e r p r e t i v e  
techniques which w i l l  al low him t o  e x t r a c t  immediately d a t a  which can be sent 
t o  people who need it ope ra t iona l ly .  

Associated wi th  t h e  p r o j e c t ,  we obtained some radar information 
We fee l  perhaps 

Major TaRpart: 
q u i t e  happy wi th  t h e  type of photography t h a t  w e  were g e t t i n g  from TIROS be- 
cause I concur with whht you sa.id. 
t o  g e t ,  bu t  w e  a l s o  b e l i e v e  that  we want a nerrow-anele camera t o  give us 
more de t a i l ,  increased  r e s o l u t i o n ,  e t c .  
it is  feasible t o  do a c e r t a i n  amount of i c e  reconnaissance from even TIROS I V .  

I hope no one took my rernnrks l i teral ly  when I said w e  were 

What we a r e  us ing  t o  da t e  w e  a r e  happy 

I would say ,  however, t h a t  w e  t h i n k  

Mr. Poul in:  
a straight-forward. de l inea t ion  of cloud and i c e  from R C 9  photogrephy? 

Have you been doine much work, Major TaeRart , with j u s t  

Ma.1 or Tagpart : 
RC9 photopaphy i t ' s  pure ly  a matter of p u t t i n g  it under the s tereoscope and 
what i s  uy a r e  clouds a n d  what is  down is  i c e .  

Here I don't  t h ink  t h e r e  is any problem whatever. In  t h e  

Mr. Poulin:  I n  every case? 
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Major Taggart: I n  every case! I don ' t  th ink  the re  is  - and I th ink  
Professor Cameron w i l l  agree  wi th  m e  on t h i s  -- I don ' t  th ink  a n  experienced 
i n t e r p r e t e r  would even momentarily be confused wi th  what was ice and what 
was cloud. 
j u s t  s t a r t i n g ;  then he might confuse t h a t  wi th  open water f o r  a minute o r  
two. 

There may be a r e se rva t ion  here  where you have some c r u s t i n g  

M r .  Heathfield:  
i t ' s  almost a d i r t y  word. 
shown o r  s a i d  much about i t .  Perhaps 
w e  should d iverge  b r i e f l y  from TIROS onto the  problem of i n t e r p r e t a t i o n ,  t he  
va lues  of va r ious  i n t e n s i t i e s  and shapes on a r ada r  scope and t h e  r e l i a b i l i t y  
of t he  opera tor  who's looking a t  those shapes. Eventually,  you're going t o  
have somebody looking a t  the  TIROS photographs who's not r e a l l y  a h ighly  
s k i l l e d  o r  p ro fes s iona l  man -- how are you going t o  t r a i n  him? How are you 
going t o  teach him t o  do t h i s  function'? This, I th ink ,  is what we're grad- 
u a l l y  edging toward. Our primary func t ion  -- I speak h i s t o r i c a l l y  -- was 
t o  t r y  t o  t r a i n  radar  opera tors  t o  f ind  anything on radar  while f l y i n g  over 
t h e  sea; cloud o r  any of our o the r  l i t t l e  f r i e n d s .  I found, by sub jec t ing  
a group o f ,  say 200 ope ra to r s ,  t o  standard phenomena, t h a t  ou t  of 200 con- 
tactd.. one had 100 i n t e r p r e t a t i o n ,  i .e. ,  50% were missed. About 25% t h a t  
were false were given as extra. It seemed that no matter how we r a n  the  
t r i a l  aga in ,  showing people small con tac t s ,  white con tac t s  a g a i n s t  a 
black background, wi th  a noisy environment o r  j u s t  a white noisy environment 
the  r e l i a b i l i t y  of t he  opera tors  who read t h i s  ou t  was about one i n  four4 
So it looks as though somewhere along t h e  l i n e  we've g o t  t o  f a l l  i n  and 
take  ve ry  s e r i o u s l y  M r .  Hawood's suggestion t h a t  w e  have t o  improve reso lu-  
t i o n  techniques i n  order t o  boost our readout c a p a b i l i t y .  I th ink  t h a t  w e  
should do it  not only from t h e  r ada r  s tandpoin t  bu t  a l s o  from t h e  TIROS 
s tandpoint . 

May I say something? We've been hedging around radar  -- 
People have mentioned i t  but  nobody has r e a l l y  

We've a l s o  touched on i n t e r p r e t a t i o n .  

Professor Cameron: It seems l i k e  I 've been on t h e  pad and holding f o r  five 
minutes. I th ink  t h a t  Major Taggart put his f i n g e r  on something t h a t  should 
be looked a t  ve ry  s e r i o u s l y ,  and t h a t  is t he  matter of t r a ined  i n t e r p r e t e r s .  
I heard the  word "key" mentioned twice, and  I winced each time. It is not 
poss ib l e  i n  my opinion t o  take  an  untrained man who doean't  have any back- 
ground i n  the  science and t r a i n  them by subjecting him to a "find it+in.the 
c l u t t e r "  s o r t  of technique. It i s  not  meiely a matter of improving r e so lu -  
t i o n  a l l  along t h e  l i n e ;  we've go t  t o  improve the  t f a i n i n g  of the  people who 
are going t o  do t h e  j o b  i f  t h i s  i s  going t o  become a standard p a r t  of the  
technique of weathe(r fo recas t ing ,  ice fo recas t ing  or any o t h e r  th ing  connect- 
ed wi th  t h i s  work. 
t r a ined ;  they have t o  do t h i s  work continuously u n t i l  they become real  exper t s .  

The people who are going t o  do t h i s  work have g o t  t o  be 
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I might j u s t  s a y  t h e r e  i s  one t h i n g  t h a t  h a d n ' t  been 
mentioned he re  y e t  -- i t  may come i n  l a t e r  -- t h a t  i s ,  the  a n a l y s i s  of  c loud 
movements from these  photographs.  I t ' s  going t o  t ake  some real  e x p e r t s  t o  
c a r r y  t h i s  o u t .  

D r  . Widger * 

About four  yea r s  ago M r .  J .  J .  Aiken and I made some mathematical  c a l c u l a -  
t i o n s  about  t he  p o s s i b i l i t y  of deducing cloud movements from a sa te l l i t e  .* 
The r e s u l t s  were r a t h e r  d i scourag ing ,  and I a m  not  s u r e  t h a t  they  w i l l  be 
any b e t t e r  now. I mentioned t h i s  f o r  the  b e n e f i t  of anyone who may be 
th ink ing  about  looking i n t o  t h i s  f u r t h e r .  

I s t a r t e d  o u t  t o  say  one t h i n g ;  now I ' d  l i k e  t o  say  two. 

However, what I a m  r e a l l y  i n t e r e s t e d  i n  i s  r e p r e s e n t i n g  
t h e  o r g a n i z a t i o n  t h a t  w i l l  have a t  least  p a r t  of t h e  major r e s p o n s i b i l i t y  
f o r  what s enso r s  go on t h e  satel l i tes .  I have been l i s t e n i n g  t o  t h i s  t a l k  
about  improved r e s o l u t i o n .  
s u f f t c i e n t  d e t a i l  t o  see breaks i n  the  major ice packs ,  and times when you 
are n o t  in te re . s ted  i n  the  i n d i v i d u a l  ice f l o e  bu t  r a t h e r  what i s  r ep resen ta -  
t i v e  of the  g r o s s  area. 

I g a t h e r  t h a t  t h e r e  are times when you want 

A s  I i n d i c a t e d  ear l ie r ,  we  hope t h a t  w i t h i n  s e v e r a l  years  
we w i l l  be a b l e  t o  r e s o l v e  something on the  o rde r  of a t e n t h  of a mile, 
u s ing  the  e l e c t r o s t a t i c  t ape  camera. Obviously,  i t  would appear  t o  be v e r y  
i m p r a c t i c a l  t o  observe t h e  whole world us ing  t h i s  camera and r e s o l u t i o n .  I n  
a d d i t i o n ,  eve ry  time we  i n c r e a s e  t h e  r e s o l u t i o n  our  problems go up by the  
f a c t o r  of  t he  square  o f  t h e  improvement. The re fo re ,  we would l i k e  some real  
hard informat ion  as t o  what is r e a l l y  r equ i r ed  r a t h e r  than  going ahead and 
b u i l d i n g  something which we would f i n d  ou t  later we d i d n ' t  need. 

The re fo re ,  we  would c e r t a i n l y  hope t h a t  the  work which 
you have been doing would lead  t o  some s tudy  whereby you would use your 
h igh - re so lu t ion  photography and degrade i t  a r t i f i c a l l y  t o  determine what a n  
a c c e p t a b l e  r e s o l u t i o n  would b e .  

M r .  Harwood: As you can  see by the  d i s c u s s i o n  so  f a r  t h e r e  i s  a 
l imi t ed  amount you can  s a y  w i t h  regard  t o  ideas  o f  what t o  do w i t h  these  
photographs.  There is a v e r y  s imple reason  Sor t h i s ,  t h i s  program was 
thrown toge the r  w i t h o u t  a program. This  i s  v e r y  odd bu t  t h a t ,  in.  e f f e c t ,  
i s  what has  happened. The oppor tun i ty  t o  t ake  these  obse rva t ions  was p re -  
s e n t e d ,  and you are obvious ly  not  going t o  t u r n  down such a n  oppor tun i ty .  
The program t h e r e f o r e  had t o  develop contemporaneously w i t h  the  f l y i n g  and 
sa te l l i t e  photography. F o r t u n a t e l y ,  s i n c e  photography s t o r e s  t h i s ,  i n  t he  
o v e r a l l  p i c t u r e ,  t h i s  is not  t o o ,  d e t r i m e n t a l  f o r  t he  f u t u r e .  

~- - - 

*Aiken, J .J . ,  and W . K .  Widger, 1960: "On t h e  P o s s i b i l i t y  of  Measuring Cloud 
V e l o c i t i e s  from a S a t e l l i t e , "  i n  Con t r ibu t ions  t o  S a t e l l i t e  Meteorology, 
Research Note No. 36, pp. 47-62. Also  summarized i n  Widger and Fowart,  1957: 
Bul. ANS, 38 (9) 521-523. 
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M r .  Winston: There i s  a l o t  of d e t a i l  i n  the TIROS p i c t u r e s  (even 
wide-angle p i c t u r e s )  which could answer c e r t a i n  types of problems. You 
are going t o  have 
and i t  w i l l  be much b e t t e r  as we g e t  i n t o  the  Nimbus series. To what prob- 
lems can you apply  these  d a t a  t o ?  
about keeping t r a c k  of  t h e  i c e  l i m i t  a c ros s  the  A t l a n t i c  o r  P a c i f i c .  

these  p i c t u r e s  on a f a i r l y  r egu la r  b a s i s  even wi th  TIROS, 

I haven ' t  heard anything here  f o r  example, 

Mr. Hamood: As f a r  as w e  i n  Canada are concerned, I can almost gua- 
r an tee  t h a t ' s  one th ing  they w i l l  be doing once we s t a r t  g e t t i n g  the  Nimbus 
photographs i n .  

M r .  Winston: I s  t h e r e  a n  ope ra t iona l  way of using i t ,  t h a t  is of g e t -  
t i n g  t h e  d a t a  t o  the  people who can use i t  r i g h t  away? 

M r .  Popham: We a r e  planning on d i scuss ing  ope ra t iona l  a p p l i c a t i o n s  
later t h i s  a f te rnoon.  
# 

M r .  Harwood: 
Markham. 
U .  S. Coastguard icebreaker  as a t t ached  o f f i c e r ,  I know something of the  
a c t u a l  handl ing of convoys and moving sh ips .  
from TIROS, and M r .  Markham can say  e i t h e r  yes or no as t o  whether 1 might 
be r i g h t  o r  no t ,  the information t h a t  is now a v a i l a b l e  from these  is  s u f -  
f i c i e n t  t o  be a b l e  t o  rou te  sh ips  i n t o  the  Gulf on a 75% c e r t a i n t y  t h a t  you 
w i l l  or you won't meet ice i n  these  areas. 
t h a t  you w i l l  r equ i r e  i n  s p e c i f i c  r e f i n e d  approaches -- i n  o t h e r  words -0 

i f  your t r a n s i t  rou te  is 25 to  30 miles wide those photographs the re  would 
g ive  you enough information t o  rou te  i n t o  and out  of t he  Gulf.  When ap-  
proaches have t o  be made t o  p o r t s  and ha rbor s ,  o r  t o  channels which g e t  
narrower i n  going up the  r i v e r ,  t he  information der ived from these  photo- 
graphs i s  i n s u f f i c i e n t .  This  i s  the  p l ace  where the  d e t a i l e d  i c e  recon- 
na issance  and the  i c e  fo recas t ing  systems of DOT are,I t h i n k ,  going t o  be 
e s s e n t i a l  f o r  a long time t o  come, because I don ' t  th ink  t h i s  type of i n -  
formation w i l l  be a v a i l a b l e  from sa t e l l i t e  p i c t u r e s .  

Now the  second p a r t  of your ques t ion  I ' l l  sha re  wi th  M r .  
Having a c t u a l l y  pushed the  t h r o t t l e s  f o r  nea r ly  seven months on a 

With the  photographs t h a t  came 

It w i l l  not  g ive  you the  25% 

M r .  Winston: Yes, i t  is  easier t o  use this a i r c r a f t  reconnaissance 
nea r  the  harbors ,  and then you can cover the  b igger  areas over  the  ocean 
wi th  s a t e l l i t e  d a t a .  

M r  . Harwood: I f ,  f o r  example, next  year  t he  DOT Marine Routing Captain 
and DOT I c e  Center w i l l  g e t  those photographs,  they  can probably p l o t  75% 
of the  shipping r o u t e s  i n  and out  of the  Gulf .  

M r .  Markham: I would l i k e  t o  d i s c u s s  the  matter of r e s o l u t i o n  a l i t t l e  
more. I feel  t h a t  t he  .5 m i l e  r e s o l u t i o n  that Nimbus would provide is 
about  what we need as f a r  as i c e  i s  concerned. 
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I n  suppor t  of s h i p  o p e r a t i o n s ,  however, w e  w i l l  s t i l l  
have t o  contend w i t h  c louds  which would, of cour se ,  obscure the  ice from 
s a t e l l i t e  a l t i t u d e s .  I f  s h i p s  are moving through the  Gulf of S t .  Lawrence 
on a cloudy day ,  w e  w i l l  s t i l l  have t o  o p e r a t e  and t o  do t h i s  we w i l l  need 
a i r c r a f t .  

v e r y  s u c c e s s f u l l y  f o r  ice reconnaissance .  It may t h e r e f o r e  be p r a c t i c a l  
t o  cons ide r  bas ing  h e l i c o p t e r s  a t  t h e  major p o r t s .  
na i s sance  f l i g h t s  could  be reduced,  w h i l e  t h e  frequency could be s tepped 
UP 

H e l i c o p t e r s  ope ra t ing  from icebreakers  have been used 

The range of t h e  recon- 

With regard  t o  p i c t u r e  q u a l i t y ,  I have t h e  impression 
t h a t  t he  q u a l i t y  of  Nimbus p i c t u r e s  w i l l  f a l l  i n  between TIROS I1 and IV. 
I f  t h i s  i s  r i g h t ,  t hen  I t h i n k  we should be a b l e  t o  d i r e c t  sh ipping  r i g h t  up 
t o  t h e  harbor  on t h e  b a s i s  of  these d a t a .  

M r .  Popham: I t h i n k  one of t he  p o i n t s  t h a t  we,have nude h e r e  is t he  
f a c t  t h a t  a sa te l l i t e  w i t h  a r e s o l u t i o n  such as t h a t  from TIROS I V  
be used o p e r a t i o n a l l y  ' to provide  a t  Least wide-sca le  s u r v e i l l a n c e  , b u t  no t  
the  c l o s e  t a c t i c a l  suppor t  which might be r equ i r ed  by s h i p s  a t  p r e s e n t  -- is  
t h i s  r i g h t ?  

could 

M r .  Harwood: Yes t h a t  i s  q u i t e  r i g h t .  The economical importance is 
ev iden t  if you amor t ize  the  c o s t  of one i ceb reake r  and add on t h e  ope ra t ing  
costs' .  The sav ings  amount t o  something on the  o r d e r  of 1 . 6  m i l l i o n  per  
annum j u s t  by t h e  r e d u c t i o n  of t h i s  one i c e b r e a k e r ,  and t h i s  c e r t a i n l y  i s  
a n  a p p r e c i a b l e  sum of money. 

I n  a d d i t i o n  t h e  insurance  Companies are another  f a c t o r  
t o  cons ide r .  Lloyds f o r  example which i n s u r e s  most sh ipping  has  zoned t h e  
wor ld .  They p u t  p e n a l t i e s  upon c e r t a i n  of t hese  zones and these  p e n a l t i e s  
do i n c r e a s e  from zone t o  zone. The p e n a l t y  zone f o r  North America s tar ts  
south  of Halifax i n  the  win te r t ime  and of course  ex tends  f a r t h e r  n o r t h .  
Twenty years  ago I b e l i e v e  the  p e n a l t y  f o r  Hudson Bay was t e n  s h i l l i n g s  
p e r  hundred which is f of one pe rcen t .  
improving the  s e r v i c e  and f o r  t he  las t  few years doing ice  reconnaissance ,  
t he  c o s t  has  dropped t o  one and s ix  p e r  hundred. So as you can see,  t h e r e  
is a n  i n t a n g i b l e  which a f f e c t s  a l l  t h e  sh ipp ing  companies which is n o t  f i -  
nanced by the  taxpayer ,  bu t  neve r the l e s s  i s  t h e r e .  

J u s t  by p u t t i n g  icebreakers t h e r e ,  

Mr. Popham: D r .  Widger? 

D r  . W idge r  : A couple  of comments -- (1) t h e  ques t ion  of what w e  w i l l  
see on Nimbus r e l e v a n t  t o  what w e  see on TIROS. A s  f a r  as r e s o l u t i o n  goes ,  



t he  s t a t emen t  i s  r i g h t  i n  t h a t  t h e  r e s o l u t i o n  w i l l  f a l l  somewhere between 
TIROS I1 narrow a n g l e  camera and the  I V  wide a n g l e  camera r e s o l u t i o n s  
a c t u a l l y  a l i t t l e  c l o s e r  t o  TIROS I V .  However, l e t  m e  p o i n t  o u t  t h a t  bo th  
a b s o l u t e l y  and r e l a t i v e l y  w e  hope t o  have cons ide rab ly  b e t t e r  g r e y  scale ,  
f o r  whatever t h i s  i s  wor th ,  i n  t he  i n t e r p r e t a t i o n  of ice  type .  Another 
f a c t o r  which I t h i n k  needs t o  be taken i n t o  account  i n  d i s c u s s i n g  r e s o l u -  
t i o n  i s ,  I presume, a r e l a t i o n  between the  time scale of t he  phenomena, and 
the  r e s o l u t i o n  d i s t a n c e  you are concerned wi th .  I f  you are on ly  going t o  see 
a f e a t u r e  once a day ,  t h e r e  i s  no p o i n t  i n  g e t t i n g  down t o  t h e  f i n e  amount 
of d e t a i l  t h a t  you might need i f  you were going t o  see t h i s  same f e a t u r e  
once a n  h o u r ,  because the  t i m e  ra te  of change then  t akes  p l a c e  s o  r a p i d l v  
t h a t  the  a d d i t i o n a l  re f inements  a r e n ' t  worth i t .  

M r .  Popham: M r .  Yotko wishes t o  add something, I b e l i e v e .  

M r .  Yotko: I j u s t  wanted t o  make a s t a t emen t  r ega rd ing  t h e  a p p l i c a -  
t,ion of s a t e l l i t e  d a t a .  People have been t a l k i n g  about  t h e  TIROS-type sa te l -  
l i t e ,  and so  f a r  as t h e  U .  S .  Navy is concerned TIROS i s  p r a c t i c a l l y  non- 
f u n c t i o n a l .  We are w a i t i n g  f o r  Nimbus, of c o u r s e ,  i n  t h a t  our  b a s i c  r e q u i r e -  
ment a t  t h e  p r e s e n t  t i m e  i s  i n  t h e  Po la r  Bas in .  The a p p l i c a t i o n  t o  which w e  
hope t o  p u t  TIROS d a t a  is i n  p e r f e c t i n g  p r e d i c t i o n  techniques  which w e  f e e l  
a r e t h e  most u s e f u l  o p e r a t i o n a l  in format ion  you can  g ive  t o  a command o r  sh ip -  
ping o r g a n i z a t i o n  i n  t h a t  you w i l l  be a b l e  t o  t e l l  them what c o n d i t i o n  t o  ex- 
p e c t  i n  N number of hours  o r  days .  I n  o r d e r  t o  develop p r e d i c t i o n s  l i k e  t h i s  
t he  a n a l y s t  must understand the behavior  of ice. F u r t h e r ,  i n  o r d e r  t o  be 
a b l e  t o  do t h i s  t hey  must be a b l e  t o  synop t i ze  i t .  We have never  had s u f -  
f i c i e n t  d a t a  where w e  could adequa te ly  synop t i ze  the  i c e  c o n d i t i o n s  over  a 
good p o r t i o n  of t h e  e a r t h  i n  o r d e r  t o  understand t h e  r e l a t i o n s h i p s  between 
t h e  o t h e r  environment and t h e  ice .  Th i s  i s  the major breakthrough t h a t  w e  
hope t o  make u t i l i z i n g  s a t e l l i t e  d a t a .  Again,  it w i l l  do  us no good t o  mere- 
l y  observe ice i n  the  Polar Basin i n  t h a t  we know r i g h t  now t h a t  ice i s  t h e r e ,  
so t h i s  i s  no f o r e c a s t .  I must be a b l e  t o  see some of t h e  q u a l i t i e s  of i c e  
t o  understand what goes on i n  t h e  P o l a r  Basin.  
r e s o l u t i o n ;  I must see t h e  d e t a i l s  of t he  ice canopy and no t  j u s t  t he  f a c t  
t h a t  t h e r e  i s  ice. 

T h a t ' s  why t h i s  p i t c h  f o r  

P ro fes so r  Cameron: Some q u e s t i o n s  f o r  t he  people  who are  going t o  p u t  up 
Nimbus. Are the  success ive  s t r i p s  of p i c t u r e s  from the  o r b i t  going t o  over-  
l ap  a t  a l l  l a t e r a l l y ?  

D r .  Widger: 
cerned w i t h .  
Wi th in  a s i n g l e  o r b i t  w e  w i l l  g e t  over lap  between the  p i c t u r e s  forming a 
t r i p l e t  o f  about  t e n  p e r c e n t ,  and a l s o  from p i c t u r e  t o  p i c t u r e  going forward.  
A s  you move up toward t h e  P o l e ,  I would guess  a t  about  70°, you begin t o  g e t  
t o  t h e  p o i n t  where you a lmost  see th ings  eve ry  o r b i t ,  i l l u m i n a t i o n  p e r m i t t i n g .  

They w i l l ,  and p a r t i c u l a r l y  i n  the  areas you are  con- 
We expec t  a s l i g h t  over lap  o r b i t  t o  o r b i t  even a t  t h e  equa to r .  
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Pro fes so r  Cameron: Well t h e  p o i n t  i s  -- w i l l  i t  be p o s s i b l e  t o  s t e r e o  the  
success ive  pas ses  of the  same area? I have i n  mind p a r t i c u l a r l y  the  Gulf 
Stream. From the  p i c t u r e s  from one o r b i t  t o  the  n e x t ,  w i l l  they  over lap  
s u f f i c i e n t l y  t o  g i v e  you s t e r e o ?  

D r .  Widger: I am no t  enough acquain ted  w i t h  the  angu la r  requirements  
on s t e r e o  t o  want t o  comment on t h a t .  This  would have t o  be looked i n t o  
more d e t a i l .  

D r .  Glaser: D e s t a b i l i z a t i o n  i s  going t o  g ive  you some p e c u l i a r  
e f f e c t s .  You no longer  have p a r a l l e l  l i n e s  t o  view.  

Mr . Wood : I would l i k e  t o  make two o r  t h r e e  comments. One, we've 
been d i s c u s s i n g  what Nimbus i s  going t o  do. I ' d  l i k e  t o  p o i n t  ou t  t h a t  
Nimbus A ,  o r  t h e  f i r s t  one up, is going t o  be a l i t t l e  less than  nominal. 
I would l i k e  t o  c o r r e c t  D r .  Widger I t h i n k  t h e r e  i s  going t o  be about  1" 
gap on the  equa to r  on A .  I t ' s  going t o  be a 500 mile o r b i t  u n t i l  they  change 
i t  r a t h e r  than  600, so  t h a t  most of t he  comments made h e r e  on Nimbus have 
been i n  connec t ion  w i t h  the  nominal Nimbus r a t h e r  than  Nimbus A .  

Knowing noth ing  about  i ce ,  I w i l l  v e r y  b rave ly  make 
My r e a c t i o n  t o  what you have p re -  some comments on t h e  d i s c u s s i o n  t o  d a t e .  

s en ted  is that w i t h  t h e  r e s u l t s  of t h e  TIREC d a t a  obse rva t ions ,  one t h i n g  
you can come up w i t h  i s  t o  d e f i n e  a number of scales involved.  
have d i scussed  eve ry th ing  from t h e  o rde r  of 100 f e e t  o r  less up -- Pola r  
Basin s ize .  

I t h i n k  we 

Two, once you have d e f i n e d  t h e  scale you could then  s p e c i -  
f i c a l l y  de te rmine  which of  t h e s e  scales could  be observed w i t h  a Nlmbus type  
s a t e l l i t e .  With t h i s  you could determine what you can o r  cannot handle  and 
what you need t o  handle  by ano the r  method. With ano the r  method of observa-  
t i o n  you have two cho ices  -- t h a t  of recommending a f i n e r  r e s o l u t i o n  camera 
t h a t  might be put  aboard a Nimbus s a t e l l i t e ,  o r  t ak ing  i t  by some s p e c i a l  
a i r c r a f t  obse rva t ions  i n  a l o c a l  area.  You would des ign  your ope ra t ions  as 
t h e  s i t u a t i o n  w a r r a n t s  i t ,  t ime ly  and p r a c t i c a l l y .  

A s  f a r  as Nimbus i s  concerned,  when we s t a r t  t a l k i n g  
about  Nimbus I - -  c o r r e c t  me i f  I ' m  wrong h e r e ,  B i l l  -- t h e  f i r s t  four  
'!Nimbi" are  going t o  be approximately the  same because of the l a g  i n  de-  
velopment of equipment and s o  f o r t h .  I f  w e  s ta r t  t a l k i n g  about  new equip-  
ment aboard and mod i f i ca t ions  of e x i s t i n g  systems on Nimbus, w e  are t a l k i n g  
about  something l i k e  Nimbus 5 o r  l a t e r .  There w i l l  be mod i f i ca t ions  be- 
tween now and launch on Nimbus A ,  I a m  p o s i t i v e ,  bu t  t h i s  w i l l  on ly  be the  
c r a s h  emergency type where a system f a i l s  and w e  c a n ' t  g e t  o f f  t he  ground 
wi thou t  modifying i t .  It  t akes  a long time t o  r edes ign ,  pu t  something 
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aboardand g e t  i t  up, so w e  are t a l k i n g  about t h ings  now t h a t  a r e  two t o  f i v e  
years  away when you are speaking about f i n e r  r e s o l u t i o n .  
a wet blanket  i n  t r y i n g  t o  b r ing  th ings  down t o  a p r a c t i c a l  l e v e l .  I a m  i n -  
pressed wi th  the  d e t a i l s  t h a t  you have gone i n t o  on t h i s  experiment. I th ink  
you w i l l  g e t  a l o t  of va luable  r e s u l t s  ou t  of t he  opera t ion .  
comments about t he  va lue  of t he  observa t ions  and t h e  p r a c t i c a l i t y  t o  the  
nor thern  na t ions  p a r t i c u l a r l y  impressed me.  I th ink  i t  i s  something t h a t  
ought t o  be developed and I th ink  w e  ought t o  keep the  r i g h t  time l e v e l  o r  
t i m e  sphere when w e  t a l k  about what w e  should shoot  f o r .  

I j u s t  want t o  be 

M r .  Harwood's 

D r .  Widger: 
i n  mind. 
apprec iab le  improvement i n  Nimbus i . e . ,  such th ingsas  the  e l e c t r o - s t a t i c  
tape  camera with one-tenth mile r e s o l u t i o n ,  i s  the  l a t t e r  par t  of 1964 o r  
more l i k e l y  1966. This  i s  f o r  one p i c t u r e  per  o r b i t .  I f  you want t o  g e t  
g loba l  coverage o r  the  l a rge  area over t h e  Po le s ,  than add another  year  o r  two 
beyond t h a t .  However, t h i s  ve ry  time lag  which Paul has  emphasized and I a m  
re-emphasizing i s  a reason f o r  needing the  information as t o  what r e s o l u t i o n  
you people want j u s t  as e a r l y  as poss ib l e ,  so t h a t  i t  can be fed i n t o  the  
developments of t h e  preprototypes and pro te types  and f i n a l l y  i n t o  the  f l i g h t  
models. 

However, Pau l , I  t h ink  i t  is ve ry  important t o  keep t h i s  
Admittedly you are r i g h t ,  i n  t h a t  the ear l ies t  w e  could expect  any 

M r .  Harwood: 
a l l  t he  people h e r e  but  p r a c t i c a l l y  everyone has  s a i d  something.The major 
p o i n t ,  as I see i t ,  i s  simply t h i s :  you have p i l e s  of photographs and r ada r  
p i c t u r e s  a t  a l l  l e v e l s  and two yea r s  t o  ana lyze  them. The th ings  t h a t  ought 
t o  be considered have been s t a t e d  ve ry  c l e a r l y  by the  NASA Meteorological  
Representat ive he re ,  D r .  Widgdr, and t h a t ' s  simply t o  use the  material t o  
e s t a b l i s h  your c r i t e r i a .  Q u i t e  obviously the  c r i te r ia  t h a t  the U. S. Navy 
wants i n  the  Polar  Basin i s  going t o  be sqmewhat d i f f e r e n t  from the  r e -  
quirements t h a t  are needed f o r  t he  shipping groups.  But w e  have two yea r s  
t o  r e so lve  i t  and g e t  t he  ideas  out .  I f  everybody i n  th i s  room si ts  down 
and uses  the  material t h a t ' s  a v a i l a b l e ,  y o u ' l l  probably g e t  your answer. 

That po in t  i s  w e l l  made. The Chairman h a s n ' t  gone through 

A l l  of t h e  material i s  a v a i l a b l e .  You can g e t  it s t r a i g h t  
from the  U. S. Navy by ask ing ,  and a l l  of the  Canadian d a t a  by w r i t i n g  t o  the  
Photo Establishment a t  Rockcl i f fe  o r  t h e  Defence Research Board i n  Ottawa. 
It w i l l  a l l  be i n  t h e  r e p o r t .  Anyone can g e t  a l l  of t hese  photographs t o  
s tudy  . 
14r. Popham: This i s  p r e c i s e l y  what th i s  conference was c a l l e d  f o r  -- 
t o  make the .peop le  who have been doing ice res.earch aware of what f u t u r e  
sa te l l i t e  developments w i l l  be,  and conversely,  t o  l e t  NASA know t h a t  people 
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a r e  i n t e r e s t e d  i n  observing ice from s a t e l l i t e s  f o r  s eve ra l  purposes. We 
r e a l i z e d  t h a t  t h i s  would be a r a t h e r  long-term program. 
of  information during TIREC, and we r e a l i z e d  t h a t  w e  would have t o  s i t  down 
and analyze t h i s  q u i t e  thoroughly before  w e  could even at tempt  t o  make any 
recommendations t o  an o rgan iza t ion  such a s  NASA f o r  any changes i n  e x i s t i n g  
o r  proposed s a t e l l i t e  camera system. I th ink  t h e  exchange of information has 
been most va luab le ,  even t o  t h i s  po in t .  

We've gathered a l o t  

M r .  Kowa lczyk: We've heard from t h e  r e sea rch  men, t h e  g e o l o g i s t ,  t h e  
weather man and t h e  i c e  man, bu t  w e  haven ' t  heard from t h e  photogrammetrist. 
H e  has  now entered  i n t o  t h e  p i c t u r e .  We mentioned TIROS photography, es- 
p e c i a l l y  r e s o l u t i o n .  What can w e  do wi th  r e s o l u t i o n  s t e reoscop ica l ly?  I ' d  
say t h a t  r i g h t  now not  too mu&. Instrumentwise,  w e  cannot ,  because t h e  
photogrammetric gear  i s  not on hand. I n  two years ' t ime perhaps w e  would, i f  
we were t o  p u t  some e f f o r t ,  time and money i n t o  i t .  With v i s u a l  photography 
w e  can make an or thographic  p r o j e c t i o n  which would g ive  you s t r a i g h t  l i n e  
measurements. The equipment i s  a v a i l a b l e  and on t h e  market. W e  can use 
image enhancers,  perhaps marrying image enhancing wi th  v i s u a l  photography 
and the  TIROS p i c t u r e s .  

To answer Professor  Cameron's ques t ion  about stereoscopy -- 
no, you'd have t o  have a t e r r i f i c  instrument .  I can v i s u a l i z e  an instrument 
such a s  t h e  M - 2 ,  enlarged maybe t h r e e  o r  four  t i m e s  f o r  t h e  base-height  r a t i o .  
Nimbus i s  almost a v e r t i c a l  s h o t ,  having it on t h e  obl ique would g ive  b e t t e r  
p a r a l l a x .  

These a r e  t h e  th ings  w e  would l i k e  t o  be th inking  about 
and upon which w e  w i l l  even tua l ly  make recommendations. 
reason why your shot  c a n ' t  be p u t  on t h e  obl ique  f o r  s t e r e o ,  i n s t ead  of a 
s t r a i g h t  v e r t i c a l ,  because you apparent ly  have no pa ra l l ax .  
f i v e  o r  t e n  percent  over lap  and t h e r e  i s  not  much you can do with t h a t .  

I c a n ' t  see any 

You have only a 

1 would l i k e  t o  c a l l  on M r .  Helava t o  see i f  he would 
say something about t h i s .  
l e t ' s  see what he  has  t o  say. 

H e  i s  t h e  photogrammetrist on the'canadian s i d e ;  

M r .  Popham: D r .  Widger, could you add something t o  what M r .  Kowalczyk 
sa i d ?  d 

D r .  Widger: I th ink  t h a t  any immediate d iscuss ion  about obl iques on 
Nimbus o the r  than what w e  have wi th  t h e  t r imetrogon type  of arrangement would 
not  be worth t a l k i n g  about on such shor t  n o t i c e .  Most of t h e  meteoro logis t s  
seem t o  want t o  look s t r a i g h t  down a s  much a s  they can. However, t h i s  is 
another  requirement which should be looked i n t o ,  It could guide f u t u r e  d e -  
velopments over t h e  next  decade if t h e r e  i s  a r e a l  va lue  t o  t h e  s t e r e o  wliich 
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would j u s t i f y  t h e  complexity of i t .  A s  w e  ge t  i n t o  l a r g e r  s a t e l l i t e s  and 
rocke t s  wi th  g r e a t e r  l i f t i n g  power, perhaps w e  could consider  adding cameras 
t h a t  would look 45" ahead and back, g iv ing  us  a s t e r e o  c a p a b i l i t y .  But  he re  
aga in  you a r e  t a l k i n g  i n  terms of mi l l i ons  of d o l l a r s  of development and of 
ope ra t iona l  spacecraf t  and you've got  t o  know t h e s e  requirements a r e  r e a l l y  
usable  be fo re  w e  a r e  a p t  t o  f l y  such a camera complex. 

M r .  Helava: My name i s  Helava from t h e  Nat ional  Research Council of  
Canada. 
Kowalczyk, t h a t  i s ,  t h e  TIROS photographs a s  they a r e  now a r e  of very l i t t l e  
va lue  from a photogrammetric po in t  of view. I t ' s  q u i t e  obvious t h a t  t h e  
q u a l i t y  w i l l  improve, and wi th  improving q u a l i t y  w e ' l l  g e t  photography which 
i s  much more use fu l  f o r  photogrammetry. 

I ' d  l i k e  t o  s t a r t  by saying t h a t  I agree  complietely wi th  M r .  

However, t h e r e  i s  one ques t ion  t h a t  I have been asking 
myself p r a c t i c a l l y  a l l  day. 
photogrammetric va lue  a s  w e  a r e  accustomed t o  r i g h t  now i n  photogrammetry, 
t h e r e  i s  s t i l l  some photogrammetric information on them. A s  soon a s  you can 
i d e n t i f y  d e t a i l s  on a photograph, p o t e n t i a l l y  you w i l l  a l s o  be a b l e  t o  l o c a t e  
t h e s e  d e t a i l s  very accu ra t e ly - - - a t  l e a s t  t o  an accuracy which i s  compatible 
wi th  the  i d e n t i f i c a t i o n  accuracy and s c a l e  of t he  photograph. The only th ing  
t h a t  one has  t o  do i s  t o  make s u r e  t h a t  some b a s i c  photogrammetric r e q u i r e -  
ments a r e  m e t ,  and I d o n ' t  t h ink  t h a t  t h i s  would involve very much money. It  
does involve knowing what kind of cameras w e  a r e  dea l ing  wi th .  Not only t h e  
camera but  the e n t i r e  t r ansmi t t i ng  system should be c a l i b r a t e d  so t h a t  w e  
know a t  l e a s t  t o  some degree what t he  d i s t o r t i o n s  a r e ,  what t h e  foca l  length  
i s ,  and where t h e  p r i n c i p a l  po in t  i s  exac t ly  on t h e  photograph. We could 
then  make f u l l  use  of t h e  photographs 
There a r e  some s i m p l e  photogrammetric techniques t h a t  could be appl ied  imme- 
d i a t e l y .  I ' m  th inking  i n  terms of r e c t i f i c a t i o n - - o p t i c a l  o r  e l e c t r o n i c - -  
which would make i t  p o s s i b l e  t o  l o c a t e  and i d e n t i f y  t h e s e  d e t a i l s .  So my 
ques t ion  i s ,  a r e  t h e r e  any p lans  t o  have t h e s e  cameras c a l i b r a t e d  accu ra t e ly?  

Although t h e  TIROS photographs a r e  of very  l i t t l e  

from t h e  photogrammetric po in t  of view 

M r .  Popham: I be l i eve  D r .  Glaser  may be a b l e  t o  answer your ques t ion  
r i g h t  now. 

D r .  Glaser :  I would l i k e  t o  speak about s e v e r a l  t h ings  which have 
j u s t  been brought up. There has  been a cont inuing at tempt  t o  improve t h e  
c a l i b r a t i o n .  It i s  not  an  easy s i t u a t i o n  because of t h e  f a c t  t h a t  w e  have a 
s a t e l l i t e  up t h e r e  which can degrade a s  t i m e  goes by, and nobody can g e t  up 
t h e r e  t o  t w i s t  t h e  knobs. Accordingly,  c a l i b r a t i o n s  have t o  t a k e  i n t o  ac -  
count t h e  f a c t  t h a t  t h e r e  i s  no po in t  i n  very  good i n i t i a l  c a l i b r a t i o n  be-  
cause it won't  be preserved.  C a l i b r a t i o n  techniques have improved, thanks t o  
va r ious  people -- NASA, t h e  Weather Bureau, our own e f f o r t s ,  and those  of RCA 
who bu i ld  t h e  instrument .  
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a l i z e d  types have been cons t ruc ted  f o r  meteorological  purposes.  Now t h e r e  
a r e  some b a s i c  d i f f e rences  between t h e  meteorological  requirement and t h e  i c e  
requirement.  I n  meteorology the  cloud does not  s t a y  p u t  very long, so t h a t  ' 

i n  t h e  length  of time i t  t akes  u s  t o  handle  t h e  da ta  
a 30-minute delay i n  t h e  s to rage  of t h e  da ta  on board t h e  s a t e l l i t e  from t h e  
t i m e  t h e  p i c t u r e  i s  taken till  t h e  time i t  becomes a v a i l a b l e  on t h e  ground, 
and perhaps another  hour before  w e  have done everything t o  i t  t h a t  w e  want t o  
do) an  hour and a h a l f  o r  perhaps two hours have g m e  by.. 
l ength  of time t h e  cloud w i l l  have d i s loca ted  i t s e l f  by anywhere from 30 t o  
100 m i l e s .  This  means t h a t  our accuracy of l o c a t i o n  does not  need t o  be  very 
g r e a t ,  bu t  on the  o the r  hand i t  means t h a t  our speed of da t a  handling has  t o  
be a s  g r e a t  a s  i t  poss ib ly  can be. 

Photogrammetry and photogrammetric techniques of spec i -  

( t h e r e  i s  usua l ly  about 

During t h a t  

And so,  opera t iona l  methods have been developed f o r  crude 
photogrammetric techniques t h a t  work f a s t .  Right now, i n  t h e  TIROS opera t ion  
a t  Wallops I s l a n d  and Poin t  Mugu, a d i g i t a l  computer draws overlay g r i d s  with 
l a t i t u d e  and longi tude  l i n e s  which a r e  based on o r b i t a l  element's and c a r e f u l  
assessments of t h e  a t t i t u d e  of t h e  s a t e l l i t e .  These g r i d s  a r e  a c t u a l l y  p r e -  
pared i n  advance of p i c t u r e  tak ing ,  a s  w e  have t h a t  much confidence i n  our 
a b i l i t y  t o  fo recas t  t h e  o r b i t  and t h e  a t t i t u d e  of t h e  s a t e l l i t e .  The g r i d s  
a r e  drawn on a p l a i n  p iece  of whi te  paper and the  p i c t u r e  i s  simply pro jec ted  
down on t h e  paper when it becomes a v a i l a b l e .  I f  t h e  p i c t u r e  was taken a t  t h e  
t i m e  i t  was supposed t o  have been, t hese  g r i d s  f i t  s u r p r i s i n g l y  w e l l .  The 
c h a r a c t e r i s t i c  e r r o r  i s  about 20 miles. This  e r r o r  i s  not  of any g r e a t  s i g -  
n i f i c a n c e  t o  t h e  meteoro logis t ,  whi le  t h e  i c e  observer  might f ind  it  w e l l  
o u t s i d e  acceptab le  l i m i t s .  

Well-advanced techniques a r e  a l s o  a v a i l a b l e  f o r  a much 
c l o s e r  refinement.  They t a k e  much more t i m e ,  bu t  D r .  F u j i t a  of t h e  Univer- 
s i t y  of Chicago has  developed a technique which w i l l  p e r m i t  t h e  l o c a t i o n  of 
items and r econs t ruc t ion  of a map t o  one scan l i n e  o r  perhaps two scan l i n e s .  
I put  t h e  accuracy measure i n  t h a t  form because of t h e  v a r i a b l e  s i z e  on e a r t h  
of scan l i n e s  depending on t h e  ang le  of o b l i q u i t y  a t  which you a r e  looking, 
This means you a r e  dea l ing  with e r r o r s  now down t o  t h r e e  miles i f  you happen 
t o  be looking s t r a i g h t  down. These techniques a r e  a v a i l a b l e  r i g h t  now to any 
of t he  i c e  r e sea rche r s  who a r e  w i l l i n g  t o  p u t  i n  t h e  t i m e  and the  e f f o r t .  
They a r e  t o t a l l y  d i s s i m i l a r  from c l a s s i c a l  techniques of photogrammetry be- 
cause w e  are t ak ing  advantage of t h e  dynamics of t h e  s a t e l l i t e  i t s e l f .  The 
s a t e l l i t e  f l i e s  i n  an o r b i t  t h a t  has  c e r t a i n  spec i f i ed  phys ica l  c h a r a c t e r i s -  
t i c s  and c a n ' t  bob up and down o r  wiggle around a s  an  a i r c r a f t  can. 
r e s e c t i o n  has  been q u i t e  unsuccessfu l .  
t h a t  t h e  s a t e l l i t e  has t o  follow i n  some s o r t  of a d e f i n i t e  o r b i t  i s  con- 
s ide rab ly  more success fu l .  
t h e  s a t e l l i t e  a.resupposed t o  be by f a r  t he  most success fu l .  
a v a i l a b l e  r i g h t  now. 

Space 
Space r e s e c t i o n  mixed wi th  t h e  f a c t  

Techniques which accept  t h e  o r b i t a l  p o s i t i o n  of 
They a r e  
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M r .  Popham: M r  . Helava. 

M r .  Helava: J u s t  one comment -- you s a i d  the  c a l i b r a t i o n  doesn ' t  
keep. Is i t  p o s s i b l e  t o  add a reseau  (network) i n  the  camera so t h a t  i t  
would superimpose a g r i d  on t h e  photograph? On t h a t  g r i d  you could then  
see what kind of c a l i b r a t i o n  changes you've got .  

D r .  Glaser: I n  TIROS t h e r e  a r e  c e r t a i n  p r a c t i c a l  problems a s soc ia t ed  
w i t h  th is .  
p i c t u r e s  now. It has t o  be apprec ia ted  t h a t  the  a c t i v e  su r face  of the  v i d i -  
con i s  a quar te r - inch  square .  
of t he  v id icon .  Any mistake i n  the p a t t e r n  catls f o r  t h e  d i sca rd ing  of the  
v id ibon ,  and mind you, t r y i n g  t o  e t c h  down t o  those  s i z e s  i s  a n  extremely 
d i f f i c u l t  opera t ion .  Accordingly,  we've had t o  s e t t l e  f o r  what w e  can g e t .  

You're aware of t h e  crude f i d u c i a l  p a t t e r n  w e  have i n  t h e  TIROS 

The p a t t e r n  has  t o  be etched on the  su r face  

Now t he  technique t h a t  D r .  F u j i t a  has developed i s  v e r y  
i n t e r e s t i n g  i n  t h a t  it makes use of t he  a c c i d e n t a l  c a l i b r a t i o n  marks caused 
by imperfect ions i n  t h e  v id i con  screen  i n  t h e  quar te r - inch  square.  He uses  
the  p i c t u r e s  t h a t  were taken  on the  ground, of t he  c a l i b r a t i o n  t a r g e t , l o c a t e s  
every  one of these  t i n y  l i t t l e  b l i p s ,  which always reproduce themselves ve ry  
n i c e l y ,  and keeps t r a c k  of where they should be wi th  r e s p e c t  t o  the  o r i g i n a l  
focus c h a r t .  I t ' s  no t  an  easy  ope ra t ion  b u t  one which can be learned and 
operated by someone who i s  w i l l i n g  t o  put  i n  t h e  time and e f f o r t .  
I haven ' t  been. 

Frankly,  

D r  , Widger: I wonder i f  maybe Paul could g ive  us  an idea  of what they 
are planning regard ing  the  f i d u c i a l  marks on the  Nimbus. 
myself .  

I ' m , n o t  up on i t  

M r .  Wood: There w i l l  be twenty-f ive r a t h e r  than the  f i v e  t h a t  a r e  
c u r r e n t l y  on TIROS. There w i l l  be a f i v e  by f i v e  matrix. 

D r .  Widger: Right .  

M r .  Popham: I f  t h e r e  are no more ques t ions  a t  t h i s  p o i n t ,  I would 
l i k e  t o  begin wi th  P a r t  D under Agenda I tem 1. 

From t h e  i c e  s tandpoin t  -- I speak f o r  MSA a lone  -- w e  
have,  as Dave Johnson ind icabe  th i s  morning, only served as a c a t a l y s t .  We 
p a r t i c u l a r l y  do not .have any o b l i g a t i o n s  o r  commitments t o  do ex tens ive  r e -  
search  i n  MSA on i c e .  We w i l l  f unc t ion  mainly by providing whatever assis-  
tance o r  information w e  can t o  the  people who a r e  doing i c e  research  
ass is t  those people who may be concerned wi th  the  ope ra t iona l  u t i l i z a t i o n  of 
TIROS and Nimbus ice d a t a .  

and 
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We do have people  he re  from o t h e r  branches of t he  Weather 
Bureau; Hydrologic Surveys,  Extended F o r e c a s t ,  t he  Po la r  Meteoro logica l  
Branch-- this  i s  perhaps t h e i r  f i r s t  major i n t r o d u c t i o n  t o  the  s a t e l l i t e  ice  
program as i t  has  been conducted a t  MSA. 
them, as well as t o  o t h e r s ,  t h e  type of in format ion  t h a t  i s  a v a i l a b l e  from 
TIREC, and i n d i c a t e  what i s  proposed i n  the  meteoro logica l  s a t e l l i t e  program 
so t h a t  they  may ana lyze  theseda ta  i n  t h e i r  r e s p e c t i v e  o f f i c e s  and come t o  
t h e i r  own conclus ions  r e l a t i v e  t o  t h e  o p e r a t i o n a l  o r  r e s e a r c h  v a l u e  of satel -  
l i t e  obse rva t ions .  Our p a r t  i n  t h e  TIREC program w i l l  now c o n s i s t  l a r g e l y  
i n  compiling the  d a t a  c o l l e c t e d  du r ing  t h e  p r o j e c t ,  and p u t t i n g  i t  i n  a use- 
f u l  form so t h a t  f u r t h e r  r e s e a r c h  can  be conducted.  

We've been t r y i n g  t o  p r e s e n t  t o  

D r .  Glaser: Is t h e r e  any geographica l  r e f e r e n c i n g  on those  p i c t u r e s ?  

M r .  Popham: Yes, t h e r e  i s .  Most of t h e s e  p i c t u r e s  were obta ined  ve ry  
n e a r l y  from t h e  v e r t i c a l . .  It would appear  t h a t  g r i d d i n g  these  p i c t u r e s  by 
hand, u s ing  t h e  geographica l  p o i n t s  f o r  l o c a t i o n ,  may be the  b e s t  g r idd ing  
procedure t o  use i n i t i a l l y .  The ice d i s t r i b u t i o n  can  then  be p l o t t e d .  

M r .  Poul in:  Arethe g r i d s  going t o  be magnif ied? 

M r .  Popham: They can  be .  

M r .  Poul in:  Those w i l l  be a v a i l a b l e ,  won' t  they? 

M r .  Popham: T h e y ' l l  be a v a i l a b l e .  Right  now, however, they  are only  
a v a i l a b l e  f o r  TIROS I ,  which s topped t ak ing  p i c t u r e s  about  78 days a f t e r  
launch on A p r i l  1, 1960. It w i l l  be a l i t t l e  time be fo re  we c a t c h  up f o r  
TIROS'IV. I ' m  speaking now of  the  most a c c u r a t e  g r i d s  t h a t  can  be prepared .  
For a n a l y s i s  of TIREC informat ion  I d o n ' t  b e l i e v e  i t ' s  necessa ry  t o  w a i t  f o r  
a g r i d ,  w i t h  t h e  good landmarks which are p r e s e n t .  

M r .  Poul in:  Would i t  be p o s s i b l e  t o  g e t  c e r t a i n  s e l e c t i v e  g r i d s ?  

M r .  Popham: Yes, once t h e  g r i d  code has  been prepared.  

(BREAK) 



M r .  Popham: The rest of t h i s  afternoon w i l l  be devoted p r imar i ly  t o  
d iscuss ing  two subJec ts  : poss ib l e  ope ra t iona l  app l i ca t ions  of d a t a  which 
may be obtained i n  conJunction with e x i s t i n q  o r  proposed meteorolocical 
sa te l l i t es ,  and  o the r  areas of i n t e r e s t  where research might be done us ing  
e i t h e r  ProJect TIREC d a t a  or d a t a  t o  be co l l ec t ed .  I'd l i k e  t o  s t a r t  with 
ope ra t iona l  app l i ca t ions  first and ask D r .  F r i t z  and LT Dotson i n  p a r t i c u l a r  
f o r  t h e i r  comments. 

D r .  F r i t z :  I 've been following with a g rea t  deal of i n t e r e s t  t h e  
work t h a t  Dr, Wark, Wr. Popham and o the r s  have been doing over t h e  p a s t  f e w  
years  s t a r t i n g  with TIROS I, 11, and now I V .  It seems t o  me t h a t  it was q u i t e  
c l e a r l y  demonstrated t h i s  mornine, I be l i eve  by M r .  Hamood, t h a t  t o  a cer ta in  
ex ten t  we a l ready  have t h e  c a n a b i l i t y  t o  u t i l i z e  sa te l l i t e  i c e  p i c t u r e s  f o r  
p r a c t i c a l  problems, 
feeling, a l l  a.long t h a t ,  while everybody agrees t o  t h i s  and realizes it, nobody 
i s  a c t u a l l y  doing; anything t o  b r i n q  t h i s  u t i l i t y  i n t o  such a p o s i t i o n  t h a t  
people could a c t u a l l y  do somethinp w i t h  t h e  data. 

I n  my &soc ia t ion  with t h e  program, I 've  had t h e  uneasy 

Nm7, t h e  case of TIFOS I, U r .  Wideer was very i n f l u e n t i a l  
i n  emphasizing, even before t h e  s a t e l l i t e  w a s  launched, t h e  need t o  be 
prepared t o  a c t u a l l y  u t i l i z e  t h e  data which mipht be acquired frorr t h e  satel-  
l i t e ,  i n  o r d e r  t o  get it d i s t r i b u t e d  t o  t h e  people who might be us ing  it, 
even though w e  r e a l l y  d i d n ' t  know what was poinir, t o  happen. As you know, 
t h i s  has grown s t e n d i l y  u n t i l  now it is p r q c t i c a l l y  R wel l -es tab l i shed  world- 
w i d e  procedure, although t h e r e  asre s t i l l  many t h ings  t o  work on t o  improve 
methods of d a t a  dissemination. This very important s t e p  has  t o  be taken i n  
t h e  case of t h e  ice p i c t u r e s ,  and my ques t ion  i s  -- who i s  goine t o  go down 
t o  t h e  reedout s t a t i o n  t o  onalyze t h e  p i c t u r e s  and i n t e r p r e t  t h e  i c e  infor- 
mation which i s  ava i l ab le  t o  m i c e  expe r t  and t o  arrange f o r  g e t t i n g  t h a t  
information i n t o  t h e  hands of a t  least  one cen te r  which is  respons ib le  f o r  
t h e  u t i l i z a t i o n  of ice i n f o r r a t i o n ?  It seems t o  me t h a t  w e  have elrendy 
reached t h e  s t age  where t h a t  could l e  done. It should be done, m d  the  
r e s p o n s i b i l i t y  t h e r e  would l i e  i n  t h e  hands of t h e  United S t a t e s  and Canadian 
s e r v i c e s  who have t h e  c a p a b i l i t y  t o  i n t e r p r e t  p i c t u r e s  and t o  get t h e  i c e  infor -  
mation which i s  required.  Those people should send r ep resen ta t ives  t o  readout 
s ta . t ions ,  and mechanism should be set up t o  r e l a y  t h a t  information at least 
t o  one o r  two key c e n t e r s ,  and then  those  cen te r s  mipht perhaps r e l a y  therr 
fu r the r .  The important thinR i s  t o  Ret s t a r t e d .  I t h i n k  t h a t  one shouldn't  
w a i t  f o r  Nimbus, which would Rive you d s i l y  coverofle, bu t  u t i l i z e  what i s  
a v a i l a b l e  now i n  t hose  times and pl.aces when it i s  ava i l ab le .  What I would 
r e a l l y  l i k e  t o  see  i s  a d iscuss ion ,  perhaps even h e r e ,  of who would do what 
t o  realize t h i s  prop;yam. 
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M r .  Popham: May I c a l l  on M r .  Yotko? 

M r .  Yotko: 
lems t h a t  d e t e r  the  a p p l i c a t i o n  of t h i s  information i n  an opera t iona l  way. 
The bas i c  problem i s  revealed by P ro jec t  TIREC, which i n d i c a t e s  t h a t  we don ' t  
know what w e  a r e  looking a t .  There i s  a danger i n  t r ansmi t t i ng  da ta  when 
even the  envi ronmenta l i s t  doesn ' t  know what i t  i s .  I t ' s  hard t o  give t h i s  t o  
an opera tor  and say  use i t .  It is presumed t h a t  a f t e r  TIREC o r  some subse- 
quent series of experiments t h a t  the  environmental is t  o r  the photo- in te rpre-  
t e r  w i l l  understand what he is  looking a t .  
l y  use fu l  d a t a  t h a t  you could transmit t o  the  opera tor .  
t h a t  e s s e n t i a l l y  the TIROS s e r i e s  doesn ' t  g e t  u s  very  much i c e  information. 
It views only a very  small po r t ion  of our a r e a  of i n t e r e s t .  It may be use-  
f u l  f o r  S t .  Lawrence Seaway opera t ions  f o r  a s h o r t  period of t ime, but  i t  
covers  ve ry  few areas of i n t e r e s t  t o  the  U. S .  Navy. A s  I r e c a l l ,  wi th  
TIROS I V  we i n i t i a l l y  had t o  w a i t  f o r  a favorable  per iod of l i g h t .  We began 
obta in ing  da ta  i n  March and r an  out  of i c e  sometime i n  A p r i l ,  a ve ry  s h o r t  
per iod of time. Accordingly,  we have begun th inking  about u t i l i z i n g  the  d a t a  
ope ra t iona l ly  but  as y e t  we have not  s t a r t e d  implementing the  idea s ince  the  
usefu lness  of d a t a  and the  sources  of the  information are q u i t e  s l i m .  

I th ink  i t ' s  worth commenting t h a t  we have several prob- 

Then you may have some opera t iona l -  
The o ther  problem is  

M r .  Popham: M r .  Harwood? 

M r  . Harwood : I go back i n t o  pas t  h i s t o r y  t o  answer D r .  F r i t z ,  and I 
I may have drawn on M r .  Markham. We s a i d  the  h i s t o r y  of i c e  i n  Canada is  
r e l a t i v e l y  s h o r t ,  as M r .  Markham, M r .  Archibald and Miss Dunbar s i t t i n g  i n  
the  room know. You w i l l  remember t h a t  f i v e  years  ago,  t o  s e t  up the  orga- 
n i z a t i o n  of the  D .  0.  T .  t h a t  we have now i n  Hal i fax  took a g r e a t  dea l  of 
persuading. Some of the  t a sks  t h a t  they were given and t h e i r  terms of 
re ference  were then the  only sources  a v a i l a b l e ,  and these  looked almost 
hopeless .  Gradually,  a program has been developed i n  Canada which i s  a 
coopera t ive  one , involving a l l  s o r t s  of people.  It involves  the  oceanograph- 
ers, a c t u a l l y  the  E a s t  Coast Working Group, the  D. 0. T .  on the c l imato logi -  
c a l  and meteorological  s i d e ,  b i t s  and p ieces  of the  A i r  Force,  Mines and 
Technical Surveys and so f o r t h .  This t a s k  of research  i n t o  i c e  condi t ions  
of the  Gulf of S t .  Lawrence a t  t h i s  s t age  of the  game 
b i t s  and p ieces  so i t  could be picked up by var ious  departments.  
of f a c t ,  i t  has been picked up a t  a g r e a t  speed, and i n  a sense the  capa- 
b i l i t i e s  of the  D. 0. T .  Meteorological  Branch, the  c a p a b i l i t i e s  of the  
oceanographers i n  the  East Coast Working Group and a l l  the  o the r  people have 
increased so r a p i d l y  t h a t  they a r e  r a t h e r  i n  a sense overwhelmed by the  ma- 
t e r i a l  a v a i l a b l e .  We now have another  technique thrown on top of us .  One 

was broken down i n t o  
A s  a po in t  

I 
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of the  th ings  t h a t  w e  have t o  do is  t o  survey ice through clouds and darkness .  
We a r e  now g e t t i n g  i n t o  a . j o i n t  opera t ion ,  p a r t l y  wi th  D .  0. T.  and the  
D, R .  B. on i n f r a r e d .  We've put  up the ideas  of side-ways-looking r a d a r ,  and 
the  A i r  Force has  been looking a t  t h a t .  We have t o  s t a r t  t o  s o r t  them o u t ,  
and now w e  have t h i s  one on top  of u s .  A s  has  been pointed out  f u r t h e r  down 
the  roomyat the  moment you g e t  d a t a  f o r  four  days and then i t  d isappears  f o r  
f i v e  weeks and then i t  comes up aga in .  My own personal  f e e l i n g s  are t h a t  
w e  should a i m  f o r  Nimbus, because more than l i k e l y  the re  w i l l  be a readout 
s t a t i o n  i n  Canada f o r  Nimbus. The techniques of a c t u a l l y  g e t t i n g  these:data  
i n t o  t h e  Maritime provinces  and t o  the  sh ips  would probably be a good d e a l  
easier. A t  the  same time, I would a l s o  l i k e  t o  recommend t h a t  M r .  Atchibald 
support  D r .  F r i t z ' s  i dea  t h a t  somebody should be down a t  the  readout  s t a t i o n  
next  w in te r  when the  next  s a t e l l i t e  goes 'over t h i s  area, even i f  h e ' s  down 
the re  only f i v e  t o  seven days a t  a time. 
idea  of what he can g e t  out  of the  readput  s t a t i o n .  He would be ab16 t o  
give ideas  t o  the  D.  0. T .  and h e l p  them i n  p lans  t o  use the  material they 
are going t o  set  out  of i t  a t  the Nimbus readout  s t a t i o n  a t  Newfoundland 
and j u s t  ou t s ide  Fairbanks,  Alaska.  

A t  least you've go t  one man wi th  an 

I would l i k e  t o  take i s s u e  on one p o i n t .  I don ' t  th ink  
w e  are going t o  g e t  too  much d a t a  o u t  of TIROS because of the  i n t e r v a l  be- 
tween them. I would j o i n  wi th  you on the  o the r  p a r t  -- l e t ' s  g e t  somebody 
down t h e r e  t o  f ind  out  how w e  a r e  going t o  process  t b s e d a t a  when w e  f i n a l l y  
do g e t  continuous records  coming through. 
and s i n c e  i n  t h i s  case  i t  only involves  one man i n  per iods  of about t e n  days,  
seven t o  e i g h t  weeks a p a r t  during the  w i n t e r ,  I th ink ,  though I don ' t  know 
even wi th  the  deprec ia ted  Canadian d o l l a r ,  I th ink  the  Canadian taxpayer 

It's a step-by-step opera t ion ,  

could probably bear  that  load .  

M r  . Archibald : 

M r .  Popham: Might I raise a po in t  he re ,  M r .  Hamood, 
w i l l  a l s o  be looking a t  the  James Bay and Hudson Bay a r e a s  f o r  
of t i m e  . 

I hope so! 

t h a t  TIROS V 
a s h o r t  per iod 

M r  . Hamood: This i s  another  i n t e r e s t i n g  po in t .  One of the  e x t r a o r d i -  
t h ings  about Canada i s  t h a t  w e  know a good d e a l  more about the  a r e a s  no r th  narg of 0' than we do a c t u a l l y  about Hudson Bay. We have a g r e a t  b i g  gap i n  the  

middle of t he  country t h a t  sh ips  sa i l  through and they say  t h i s  i s  a t e r r i b l e  
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b a y , h o r r i b l e  bay, cold bay and t h a t ' s  about a l l  t h a t  has been done, a l though 
the  oceanographers have spent  one and one-half  seasons i n  t h e r e  now. The i c e  
condi t ions  i n  the  bay, t h e  breakup, and t h e  path of t h e  breakup, are only 
bare ly  known. We've no ideas  of how it does break and where i t  goes,  and 
t h e r e  has  been no r e a l  r e sea rch  o r  he lp  given t o  t h i s .  
l i t t l e  b i t  more r e sea rch  on t h e  a c t u a l  p a t t e r n  of freeze-up but  very l i t t l e  
on t h e  a c t u a l  breakup, and where t h e  i c e  d isappears .  
t h e  TIROS series over James Bay would be very use fu l .  
i s  t h e  hea t  s i n k  i n  t h i s  a r e a ,  and I t h i n k  people w i l l  agree  wi th  me t h a t  i n  
e f f e c t  t h e  shallow p a r t  i n  t h e  bay warms up and t h e  ice comes down wi th  t h e  
p reva i l i ng  wind which blows i n t o  t h i s  bas in ,  It melts down a t  the  bottom and 
t h e  speed of t h e  melt up depends on t h e  su r face  water  temperature.  
could g e t  t h e  TIROS photographs t o  show t h a t  p a t t e r n  which does ex i s t  w e  have 
a s t a r t  i n  making some p r e d i c t i o n s  about when t h e  bay breaks up and t h e  con- 
d i t i o n  of ice i n  t h e  bay -- and i t  does some s t r ange  th ings .  

There has  been a 

Any information from 
I be l i eve  James Bay 

I f  w e  

Miss Dunbar: I q u i t e  agree  wi th  M r .  Yotko t h a t  t h i s  technique i s  very 
young and t h a t  i t ' s  f a r  t oo  soon t o  t ake  i c e  information r i g h t  o f f  t h e  
TIROS V p i c t u r e  and throw it ope ra t iona l ly  a t  an  opera tor  who might use  it. 
But  I th ink  i t  would be very  va luable  t o  go through the  m t i o n s  of  doing 
t h i s ,  not  f o r  t h e  sake of t h e  opera tor  but  f o r  t h e  sake of t h e  i c e  f o r e c a s t e r ,  
f o r  comparison wi th  t h e  da ta  h e ' s  g e t t i n g  t o  see , in  f a c t  what you do g e t  , 
and I t h i n k  t h a t  an  experienced i n t e r p r e t e r  can g e t  enough out  of t h e s e  p i c -  
tures  t o  be of some i n t e r e s t .  It would be very i n t e r e s t i n g  t o  check t h e  
accuracy of what you can g e t .  

M r .  Popham: I n  e f f e c t ,  YQU would suggest a p i l o t  s tudy? 

Miss Dunbar: Yes, provided someone was a v a i l a b l e  t o  be a t  the  readout 
s t a t i o n .  
i t  i s  not  too  soon t o  do t h a t .  

I t h i n k  a p i l o t  study of t h a t  na tu re  would be very va luable ,  and 

M r .  Popham: D r .  F r i t z .  

D r .  F r i t z :  I would l i k e  t o  comment b r i e f l y  on a po in t  t h a t  previous 
speakers  have made i n  regard t o  t h e  i n a b i l i t y  t o  i n t e r p r e t  t h e  ma te r i a l  on an 
ope ra t iona l  b a s i s  now. I would go along wi th  M r .  Harwood's statement made 
e a r l y  t h i s  morning i n  which he sa id  t h a t  i f  t h e  TIROS I V  p i c t u r e s  had been 
a v a i l a b l e  t o  t h e  proper o f f i c i a l  i n  t h e  Gulf of S t .  Lawrence, he could have 
used those  p i c t u r e s  a t  t h a t  t i m e  t o  d i r e c t  shipping.  This  t o  m e  means t h a t  
it would have been ope ra t iona l ly  u s e f u l  had i t  been a v a i l a b l e  then.  
understand these  recent  remarks which say t h a t  one could not  i n t e r p r e t  i c e  i n  
t h e  l a r g e r  sense.  

I don ' t  

M r .  Popham: 
a v a i l a b l e  throughout t h e  winter it could be very  va luab le  ope ra t iona l ly ,  but  

I be l i eve  he was r e f e r r i n g  t o  t h e  f a c t  t h a t  i f  i t  were 
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s i n c e  i t  i s  a v a i l a b l e  f o r  only a s h o r t  per iod of t i m e  it i s  not .  

Mr.. Harwood: You understood me  c o r r e c t l y ,  b u t  perhaps you misunderstood 
t h e  f a c t  I was w k i n g  t h e  assumption t h a t  you knew when t h e s e  th ings  would 
be over t h e  Gulf f o r  f i v e  t o  seven days separa ted  by s ix  weeks. 

D r .  F r i t z :  I n  o the r  words, f o r  a five-day per iod it would have been 
of use?  

Mr. Harwood: If you look a t  t he  p i c t u r e s  i n  the  f o l d e r  t h a t  was passed 
o u t ,  t h e  s a t e l l i t e  i s  see ing  i n  e f f e c t  what t h e  ice people draw, and what 
t h e  CF-100 and Lancaster  saw i n  d i f f e r e n t  degrees  of d e t a i l .  That a i r c r a f t  
p i c t u r e  on t h e  w a l l  shows t h a t  t h e  l i m i t s  of t h e  i c e  a r e  q u i t e  c l e a r l y  or- 
ganized. 
breakers ,  o r  rou t ing  sh ips  i n t o  t h e  Gulf ,  t o  steer them clear of t h e  main 
pack. It i s  not  good enough, a s  I have pointed o u t ,  f o r  t h e  l a s t  25% of t h e  
t r i p  when t h e  channel g e t s  narrow and ice f i l l s  t h e  approaches. 

It i s  good enough f o r  a &n forming a convoy, f o r  rou t ing  ice 

D r .  F r i t z :  
use  i t  where you c a n ' t .  

I n  o the r  words you use i t  where you can and you d o n ' t  
Here i s  a p l ace  where you can use  i t  ope ra t iona l ly .  

M i s s  Dunbar: 
'I d i d n ' t  mean t o  say t h a t  you couldn't g e t  anything from them; I was saying 
i t  was too  soon t o  use t h i s  t o  r e p l a c e  o t h e r  techniques.  A l l  you could do 
now i s  make g p i l o t  study. 

I t h i n k  perhaps I d id  no t  make myself q u i t e  c l e a r  e i t h e r .  

M r .  Markham: I am very keen t o  see something l i k e  t h i s  s t a r t e d  f o r  TIROS 
V ,  because ice reconnaissance i n  t h e  Hudson Bay i s  much d i f f e r e n t  from i c e  
reconnaissance i n  t h e  Gulf of S t .  Lawrence. You can make a comparison of t h e  
d i f f e r e n c e  i n  a r e a  between t h e  Gulf and Hudson Bay by looking a t  t h e  map on 
the w a l l ,  even though Hudson Bay i s  only h a l f  shown. I f  w e  can g e t  anything 
a t  a l l  t h a t  w i l l  assist i n  the reconnaissance of  ice i n  t h e  Bay, I a m  a l l  
f o r  it. To g e t  good a e r i a l  coverage, one would have t o  base s e v e r a l  a i r -  
craf t  i n  t h e  a r e a  and t h i s  i s  not  economical. Because of t h e  weather f a c t o r ,  
w e  a r e  very o f t e n  working wi th  a l i t t l e  less than t h e  minimum amount of  da ta  
when cons ider ing  t h e  shipping r o u t e  a c r o s s  t o  Churchi l l .  The c r i t i c a l  f a c t o r  
i s  one of t iming f o r  t h e  per iod when observa t ions  are  v i t a l ;  
J u l y  t o  t h e  second week of August. 
s u f f i c i e n t l y  t o  a l low sh ips  t o  g e t  i n t o  Church i l l  wi thout  any t roub le .  
t h e  f i v e  days t h a t  TIROS i s  viewing Hudson Bay doesn ' t  happen t o  match t h i s  
very  w e l l ,  I am a f r a i d  w e  had b e t t e r  wa i t  f o r  Nimbus, bu t  i f  they do, I would 
l i k e  t o  be g e t t i n g  a long d i s t a n c e  phone c a l l  from Wallops. 

it lasts from mid 

If 
A f t e r  t h a t  t h e  ice has  usua l ly  r e t r e a t e d  
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Mr. Popham: Would you l i k e  t h e s e  t o  be p i c t u r e s  on a f acs imi l e?  

D r .  F r i t z :  
who could send you t h e  te lephone call. 

%'his means you would have t o  send a m a n  t o  Wallops 

D r .  Glaser: I would simply l i k e  t o  review t h e  meteoroloFicFt1 
experience on t h i s .  Before TIROS I went up t h e  a t t i t u d e  was r a t h e r  
similar, i .e. ,  here  i s  somethinp which i s  Aoinf t o  be t ak inp  essen- 
t i a l l y  s c a t t e r  gunshots here  ond t h e r e  over m e a r t h  which i s  alree,dy 
well  populated with obscrvinq s t ek ions ,  so  l e t ' s  j u s t  wait and see 
what it does. I th ink  D r .  Forsythe o remized  a team t o  work a t  t he  
two readout s t a t i o n s  f o r  TJPOS I ,  RS i f  t h e  world i s  going; t o  be  list- 
ening t o  US. We were r a t h e r  s t a r t l e d  t o  f ind  t h a t  people were list- 
ening a t  t h e  o the r  end of our extremely 'crude communications. In  my 
case I was s i t t i n e  i n  H a w a i i  f o r  t h e  TIROS I a c t i v i t i e s .  One dny R 

ma,jOr Storm came between Los AnFeleS end IIawaii causinp t o t a l  COnSter- 
na t ion  t o  t h e  normal forecast inf l :  procedure. We weke lookinF a t  it md 
were eb le  t.0 r i v e  concise i n s t r u c t i o n s  as t o  whet was going on and 
what was going t o  happen next and a minor pe t eo ro loc ica l  catastrophe 
was p a r t i a l l y  aver ted ,  g i v i n r  us and, of course,  anyone t h a t  hod my- 
thing: t o  do with t h e  exe rc i se  p e a t  hope f o r  t h e  fu ture .  

Uut more important it gave us experience on what we 
were supposed t o  be doing at  t h e  end where t h e  s i g n a l s  were f i r s t  i n t e r -  
p re t ed  and f i n a l l y  experience at t h e  o t h e r  end g iv ing  these  i n t e r p r e t -  
a t i o n s  some meaning. You c m  only acqui re  experience by doinF; conten- 
p l a t i o n  is  not  enouch. When Nimbus becomes ava i l ab le  you w i l l  want 
t r a i n e d  personnel ,  and they can only be t r a i n e d  by ac t ion .  If t h e  
meteoro loe ica l  experiences are any guide,  t h e  ear l ies t  opportuni ty  t o  
get  t h i s  t r a i n i n g  i s  t h e  proper  opportunity.  

D r .  WidEer: We have heard a l o t  of c o m e n t s  here  about t he  f a c t  
you are only pint t o  view t h e  S t .  Lawrence f o r  about f i v e  days R t  R 

time roughly two months apar t .  Perhaps you m a y  be th ink inp  i n  terms 
of  t h e  las t  four  s a t e l l i t e s ,  which were placed i n  a 48' o r b i t .  
V w i l l  be placed i n  a $a0 o r b i t .  
see  nor th  o r  south t o  6 5 O  l a t i t u d e ,  o r  rouFhly t o  obtain covernFe R t  

one t ime o r  another  from t h e  Arc t i c  C i r c l e  t o  t h e  An ta rc t i c  Ci rc le .  
In  add i t ion ,  at the  peak of t h e  o r b i t ,  f o r  example, over t h e  upper p a r t  
of James U g y ,  you moy be ab le  t o  ge t  per iods  of coverage perhaps t h r e e  
t o  four weeks i n  durat ion.  As a roue,h estimate, I would s a y  about 25% 
of the  t ime, t h e  s a t e l l i t e  w i l l  be able t o  observe i c e ,  e i t h e r  i n  t h e  
nor thern  o r  southern herrisphere, no t  J u s t  10% of the  time. 

TIROS 
This means that  you w i l l  be able  t o  
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Perhaps it i s n ' t  worth wh i l e  keeping an i c e  observer  
a t  the readout s t a t i o n  a l l  t h e  t i m e ,  bu t  i f  you could at least send 
one down t h e r e  p a r t  of t h e  t i m e  he cou ld r rece ive  some t r a i n i n g .  In  
add i t ion ,  t h e  meteorologis ts  who are t h e r e  f u l l  time may p r o f i t  by 
h i s  being t h e r e  i n  t h a t  h i s  experience may he lp  meteoro logis t s  i n  
d i s t ingu i sh ing  i c e  from clouds . 
M r .  Popham: Severa l  people here  seem t o  fee l  t h a t  w e  would only 
view t h e s e  i c e  areas f o r  a per iod of f i v e  o r  s i x  days. If you r e c a l l  
our  experience with P ro jec t  TIREC we obtained TIROS I V  p i c t u r e s  over  
t h e  Gulf of S t .  Lawrence f o r  a per iod  of  approximately 23 days. 

M r .  Yotko: I would j u s t  l i k e  t o  c la r i f 'y  my s ta tement  and main- 
t a i n  t h e  controversy a l i t t l e .  I b e l i e v e  i n  e x e r c i s i n g  t h e  ana lys t .  
I be l i eve  he should b e  schooled,  and should t r y  t o  d i sce rn  from t h e  
sa te l l i t e  p i c t u r e s  whether t h e r e  i s  o r  i s  not  i ce .  That ' s  what w e  
are t r y i n g  with TIREC, as a matter of f a c t .  But I am wholeheartedly 
aga ins t  providing what w e  consider  information ope ra t iona l ly  unless  
t h e  ana lys t  i s  su re  what he is g iv ing  out.  I would r a t h e r  pive no in fo r -  
mation at a l l  than  information t h a t  i s  inhe ren t ly  r i sky .  I f e e l  t h a t  
t h e  q u a l i t y  of  TIROS I V  at  t h e  present  time does not  provide t h e  ana lys t  
with any c e r t a i n t y  of what he i s  seeing.  It took somethinc l i k e  20 p lanes ,  
100 men, and many d o l l a r s  t o  ge t  us s i t u a t e d  with TIROS I V .  I hea r  t hese  
s ta tements  about how t h e  photopraphy and t h e  r a d a r  and a l l  t h e s e  o t h e r  
parameters agree with TIROS I V ,  bu t  it took a l o t  of a d d i t i o n a l  e f f o r t  
t o  f i n d  out what TIROS was reading  out.  I s t i l l  don ' t  t h ink  w e  have t h e  
c a p a b i l i t y  of looking at a sa te l l i t e  readout and say ine  t r u l y  t h a t  t h i s  
i s  i c e  and t h a t  t h i s  is t h e  limit. I t h i n k  t h a t  w e  would be p iv ine  out 
information with a high degree of r i s k  and perhaps t h e  ope ra to r  would 
develop lack of confidence i n  t h i s  information i f  w e  disseminate  it pre- 
maturely. I am not  aga ins t  school ing t h e  a n a l y s t ;  I b e l i e v e  t h a t  t h i s  
should be done and we should run p r a c t i c e  sess ions .  But w e  shouldn ' t  
be premature i n  delving out t h i s  information d i r e c t l y  t o  opercLtione.1 
u n i t s  u n t i l  w e  develop a degree of confidence i n  it. 

Professor  Cameron: You c a n ' t  G e t  s t a r t e d  i n  t r a i n i n F  t h e s e  people t o o  
soon. L e t  us ge t  a man down t o  Wallops as soon as poss ib l e  and  make a 
dry run t o  f i n d  out what can be done. H e  could pu t  out  some m a t e r i a l  
with a note  on t h e  bottom saying ,  don't  p lace  t o o  much r e l i a n c e  on t h i s  
information. Following t h a t  l i n e  I t h i n k  t h a t  t h e  sooner A. mm g e t s  
s t a r t e d  reading t h e s e  t h i n g s  t h e  more p r a c t i c e  he i s  going t o  get  and 
t h e  more exper t  he w i l l  be  when Nimbus is  launched. 
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Mr . Wood : I th ink  it would be very smart t o  set up t h e  mechanism 
whereby t h e  information is  disseminated t o  major sea-ice ana lys i s  centers.  
If you have t h e  mechanism f o r  t h e  t r a n s f e r  of informetion from t h e  readout 
s i t e  t o  t h e  cen te r s ,  you can a t  least s tar t  eva lua t ing  what can be produced, 
whether it i s  u l t imate ly  used ope ra t iona l ly  o r  not.  

Getting back t o  t h e  comments made before  about TIROS I V  
experiments, r i g h t  now the  photography from TIROS I V  is  e s s e n t i a l l y  use less  
as far  as dissendnrttion t o  t h e  f i e l d  i s  concerned. However, they are s t i l l  
reading out t h e  photography and t r y i n g  t o  analyze it l o c a l l y  t o  see what 
s ign i f i cance ,  i f  any, i s  there .  I t h i n k  the  mechanism i s  worthwhile pur- 
su ing  whether  o r  not it i s  disseminated. 

M r .  Harwood: You have t o  remember one t h i n g  -- i f  you have some'cme down 
t h e r e  analyzing photoeraphy o r  i c e  conditions,  f o r  example i n  t h e  Gulf, i t ' s  
going through a f i l t e r  system which would cons is t  of M r .  Markham and h i s  
crew . . 
D r  . W i dge r : This i s  t h e  same t h i n g  w e  are doine with t h e  meteorological 
i n t e r p r e t a t i o n  of t hese  TIROS photos; t he  nephs t h a t  come up from Wallops are 
f i l t e r e d  throuph NMC and MSA t o  determine whether it looks sufficientl ,y re- 
l iable  t o  justir ly sending it out. 

Mr. Cronin: My name i s  Cronin from All ied Research. I have been holding 
back seve ra l  p o i n t s ,  and I ' l l  take the  immediate one first. My background is 
geo low and geophysics, w i t h  some experience i n  t h e  Arctic.  When t h e  satel- 
l i t e  i c e  p i c t u r e s  were being obtained i n  Apr i l ,  I was at Wallops I s l a n d  and 
worked w i t h  Jack Woods, who represented t h e  Hydrographic Office. 
marvelous job. 
some of  t h e  small areas, except where t h e  cloud cover was very dense. 
t h i s  happened, w e  w e r e  able t o  c a l l  upon a meteorologist t o  he lp  us i n  our 
i d e n t i f i c a t i o n .  We genera l ly  agreed on what should be ind ica t ed  on t h e  
nephanalysis as i ce .  It was a l s o  not t o o  d i f f i c u l t  t o  d i s t ingu i sh  between 
clouds and snow. 

He d i d  a 
We had no d i f f i c u l t y  whatsoever i d e n t i f y i n g  i c e  even i n  

When 

I had been doing t h i s  type of work f o r  t h e  last fou r  months 
f o r  t h e  A i r  Force k o p h y s i c a l  Research Direc tora te ,  i n  a s soc ia t ion  with John 
Conover. Working i n  ad jo in ing  o f f i c e s ,  w e  t aught  each o the r  how t o  i d e n t i f y  
these  f ea tu res .  A t  one time a lake covered by clouds was i d e n t i f i e d  as a 
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f rozen lake.  This  type of mistake i s n ' t  being made anymore, a t  l e a s t  by 
John and t h e  people working wi th  him. (Perhaps t h i s  i n d i c a t e s  how va luab le  
experience i s  i n  i n t e r p r e t i n g  these  p i c t u r e s . )  

My second po in t  has t o  do wi th  p i c t u r e  gr idding .  The F u j i t a  
method may take  a day o r  a day and one-half  t o  l ea rn .  Af t e r  l ea rn ing  t h i s  
method an e n t i r e  series of 32 p i c t u r e s  could be .gr idded  i n  one day. I f  you 
have j u s t  one geographical  po in t  of r e fe rence  and four  o r  f i v e  frames wi th  
hor izons ,  you can ge t  remarkably p r e c i s e ,  g r idd ing  these  p i c t u r e s  t o  wi th in  
one degree wi th  an accuracy down t o  one-tenth of a degree.  

My next  po in t  has  t o  do wi th  r e s o l u t i o n .  Because of t h e  
high r e f l e c t i v i t y  of some of these  i c e  f e a t u r e s ,  some of t h e  i c e  o b j e c t s ,  
even though they a r e  small appear t o  be l a rge .  Therefore ,  I b e l i e v e  you 
can see o b j e c t s  smaller than  th ree -qua r t e r s  of a m i l e .  

, D r .  Glaser:  . When w e  f i r s t  s t a r t e d  looking a t  TIROS I p i c t u r e s  w e  could 
not  t e l l  clouds from ice; w e  could not  t e l l  c louds from t h e  sands of t h e  
Sahara Desert. Many of t h e  newer people s t i l l  make t h e s e  errors. 

The only way t o  ge t  over t h i s  was t o  have t h e s e  people look- 
ing a t  p i c t u r e  a f t e r  p i c t u r e .  Af t e r  a whi le  they learned t h e  geography of 
t h e  world and a l s o  learned t h a t  c e r t a i n  f e a t u r e s  which apqyar t o  be clouds 
don ' t  ever  seem t o  move. 
scale of t h e  p i c t u r e s  so t h a t  whi te  sand would not  appear a s  whi te  clouds.  

We persuaded t h e  photographerb ,fo change gray 

The p resen t  system i s  s t i l l  f a r  from p e r f e c t ,  f o r  t h e  s i m p l e  
reason t h a t  w e  don ' t  have r e a l l y  good communications between t h e  readbut  s t a -  
t i o n s  and the  consumer. 

M r  . W i t  tmann: I would l i k e  t o  a s k  M r .  Cronin a ques t ion ,  and i n v i t e  ad- 
d i t i o n a l  comments from o t h e r s  he re ;  i n  conducting prel iminary work, what 
ice f e a t u r e s  would be analyzed? What 
would be t h e  n a t u r e  of t h e  p i l o t  s tudy? Would you j u s t  be  moving t h e  boun- 
d a r i e s  around o r  would you at tempt  t o  d e l i n e a t e  a r e a s  of  g r e a t  and small  
concent ra t ion?  

Would you cover t h e  whole A r c t i c ?  

M r .  Cronin: I t h i n k  t h a t  t h e  abundance of s a t e l l i t e  i c e  photos a l r eady  
a v a i l a b l e ,  showing such a r e a s  a s  t h e  S t .  Lawrence and t h e  Great Lakes, could 
be  analyzed a s  a prel iminary s tudy.  

I am a l l  i n  favor  of sending someone t o  Wallops and Point  
Mugu t o  observe photos a s  they come i n .  
photos t h a t  he thought were i n t e r e s t i n g .  

I b e l i e v e  Jack Woods d id  send out  



M r .  Wittmann: 

M r .  Cronin: 
same fa s ion  a s  i t  
made, bu t  working 
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Would t h i s  be i n  t h e  na tu re  of a nephanalysis?  

Exact ly .  
i s  done f o r  cloud s tudy.  Surely t h e r e  w i l l  be mistakes 
toge the r  you w i l l  narrow t h e  e r r o r s  down so t h a t  you a r e  

There i s  no reason t h i s  couldn ' t  be d.one i n  t h e  

making only one or two percent  e r r o r s  a t  t h e  most. 

D r .  Glaser :  One poin t  t h a t  may not have been made c l e a r  about t he  d e -  
s i r a b i l i t y  of doing work, even i f  i t  i s  only research  work, a t  t he  readout 
s t a t i o n ,  a s  opposed t o  doing i t  a t  home, i s  simply t h a t  a t  t he  readout s t a -  
t i o n  one has t h e  complete spectrum of information a t  one ' s  f i nge r  t i p s  re- 
qui red  t o  handle t h e  p i c t u r e s .  
cerned wi th  nothing more than  handl ing t h e  photogrammetry and t h e  a t t i t u d e  
determinat ion of t h e  s a t e l l i t e .  I f  one man a t tempts  t o  handle a l l  t hese  
th ings  by himself back i n  h i s  own labora tory ,  he g e t s  bogged down with t h e  
mechanics of managing t h e  p i c t u r e s ,  and has  p r a c t i c a l l y  no t i m e  l e f t  f o r  t h e  
job of worrying about wha t ' s  r e a l l y  i n  them. 

One has  a l a r g e  s t a f f  of people who a r e  con- 

L t .  Dotson: I t h i n k  t h i s  might be an appropr i a t e  t i m e  t o  d i scuss  what 
t h e  Hydrographic Of f i ce  proposes t o  do from TIROS I ,  11, and I V .  We have 
seve ra l  thousands of p i c t u r e s  of i c e .  I n  analyzing p i c t u r e s  t h e r e  a r e  two 
primary cons ide ra t ions ;  research  a p p l i c a t i o n s  and ope ra t iona l  app l i ca t ions .  
Before we can develop ope ra t iona l  uses w e  w i l l  have t o  do a l o t  of i n i t i a l  
research .  

F i r s t  w e  w i l l  be a t tempt ing  over a per iod of about s i x  
months t o  b r i n g  toge ther  t h e  type of people who could b e s t  a s s i s t  u s  i n  
ana lyz ing  t h e  s a t e l l i t e  and o the r  i c e  observa t ions  taken during TIREC. Our 
approach w i l l  be t o  s t a r t  wi th  t h e  ice observers  concept of what he sees 
us ing  da ta  s e l e c t e d  f r o m t h e  b e s t  per iod  of observa t ions .  Then w e  w i l l  let  
t h e  i c e  f o r e c a s t e r  make h i s  fo recas t  and compare t h i s  with the  da ta  obtained 
a couple of days l a t e r  i n  t h e  same a r e a .  
using t h e  TIROS observa t ions .  

W e  w i l l  then do a s i m i l a r  s tudy 

By determining what our  c a p a b i l i t i e s  and requirements using 
s a t e l l i t e  da ta  would be ,  w e  hope t o  be a b l e  t o  answer some of t h e  ques t ions  
t h a t  NASA has asked regard ing  t h e  ref inements  t o  t h e  s a t e l l i t e  t h a t  would 
be requi red  t o  s a t i s f y  our needs. 

I am very much i n t e r e s t e d  personal ly  i n  developing opera- 
t i o n a l  c a p a b i l i t i e s  using s a t e l l i t e  d a t a ,  hopefu l ly  be fo re  Nimbus goes up. 
I a l s o  agree  t h a t  we should conduct some p i l o t  s t u d i e s .  Perhaps t h e  group 
t h a t  w e  hope t o  form i n  t h e  near  f u t u r e  w i l l  serve as t h e  nucleus f o r  con- 
duc t ing  some of t h e s e  p i l o t  s t u d i e s .  I be l i eve  t h a t  t h e  Canadians a r e  
a t t a c k i n g  t h i s  problem about t h e  same a s  we w i l l  be doing. The Hydrographic 



Office i s  aware of many of the  problems which have been s t a t ed  here,  and we 
have already taken s t e p s  t o  come up with the  answers. 

M r .  Popham: With one exception, a l l  of t he  people here who have spoken 
on t h i s  subject  seem t o  f e e l  t h a t  some s o r t  of a p i l o t  p ro jec t  t o  in t e rp re t  
and transmit s a t e l l i t e  i c e  information should be attempted, The next ob- 
j e c t i v e  would appear t o  be t o  e s t ab l i sh  spec i f i ca l ly  who would do t h i s  
study. Perhaps a small working,group or  organization, could put t h i s  i n t o  
pract ice .  Perhaps t h e  Meteorological Branch of t he  Department of Transport 
might be in te res ted  i n  having somebody a t  t he  readout s t a t i o n  t o  conduct 
a r a the r  l imited p i l o t  study i n  connection with the  in t e rp re t a t ion  and d i s -  
semination of s a t e l l i t e  informa,tion. Would you care  t o  discuss  t h i s  now, 
or  would you suggest some group be set  up t o  look i n t o  t h i s  fur ther?  

M r .  Archibald: I might say tha t  we would be very happy indeed t o  send 
someone down t o  the  readout s t a t i o n s ,  but before  w e  can do t h a t  w e  would 
have t o  get  t h e  necessary approval. For our p a r t ,  I should th ink  t h i s  i s  one 
thing we would l i k e  t o  take under consideration fo r  t he  next few weeks, es- 
pec ia l ly  u n t i l  we know d e f i n i t e l y  about t h e  proposed readout s t a t i o n  i n  
Canada. I think t h a t  a s  soon a s  t h a t  decis ion i s  made we  would immediately 
f e e l  t h e  requirement t o  send someone dom t o  t h e  readout s t a t ion .  

While I am on my f e e t ,  t he re  i s  one other  th ing  I would l i k e  
t o  i n j e c t  here. I am not sure  whether t h i s  i s  qu i t e  t h e  r i g h t  place o r  not ,  
but w e  have been ta lk ing  e n t i r e l y  about ice, it seems t o  m e  t h a t  t h i s  has 
some appl ica t ions  other  than ice, fo r  example, appl ica t ions  t o  fo re s t ry  t o  
record fo re s t  f i r e s .  I n  our country t h e  fo re s t  f i r e  problem i s  qu i t e  a 
ser ious one. There i s  a grea t  deal of t i m e ,  e f f o r t  and money spent on fo re s t  
pa t ro ls .  It seems t o  m e  t h a t  t h i s  i s  one experimental phase t h a t  we might 
t r y  t o  see what we can get  out of i t ,  perhaps i n  conjunction with TIROS V. 

M r .  Popham: M r .  Yotko appears t o  have some comments t o  add on poss ib le  
operat ional  procedures i n  conjunction with TIROS. Perhaps w e  can conclude 
the  discussion of operat ional  appl ica t ions  with h i s  remarks, and then begin 
discussing other  research areas.  

M r .  Yotko: I wanted t o  make a remark regarding the  establishment of a 
working group. 
Archibald t h a t  t h i s  conference i s  not t h e  proper vehic le  fo r  s e t t i n g  it up. 
I n  order t o  take  it  i n t o  consideration, some formal exchange w i l l  be neces- 
sary before we commit ourselves t o  a group. 

I speak f o r  the Hydrographic o f f i c e  and concur with M r .  

M r .  Popham: We have been ta lk ing  spec i f i ca l ly  about t he  operat ional  
aspec ts  of the program and a l s o  the i c e  ana lys i s  from the  Pro jec t  TIREC stand- 
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po in t .  I know t h e r e  are o t h e r  people here  who a re  i n t e r e s t e d  i n  doing some 
research  with t h e  TIROS and Nimbus veh ic l e s  o the r  t han  i n .  those  areas which 
we have s p e c i f i c a l l y  discussed so far today. 
t o  begin w i t h .  

Bob, I know you have something 

C r .  Repotzkie: (Univers i ty  of  Wisconsin) I asked t h a t  I could s a y  a f e w  words 
about t h i s  p a r t i c u l a r  sub jec t  because t h i s  seems t o  be t h e  p lace  f o r  it. We 
have been t a l k i n g  mostly about opera t ions  up t o  now. Coming: from t h e  Univers i ty  
a rena  we are l e s s  concerned with opera t ions  and more concerned with research of 
course.  
use of s a t e l l i t e  data f o r  research  work. Today w e  a r e  t a l k i n g  about i ce .  These 
s a t e l l i t e s  have opened up sources  of information which up t o  now meteoro logis t s ,  
oceanographers, mine ra log i s t s ,  and geographers have not  hac?. 
have t h i s  k ind  of i n f o r m t i o n  -- information t h a t  i s  p loba l  -- they have, f o r  
t he  rrost p a r t ,  ignored problems which could only be solved by t h i s  k ind  of data .  
Some of us a re  heginninp t o  work with t h e s e  problems of c l imate  and o t h e r  pro- 
blems which a r e  i d e a l l y  adapted t o  s a t e l l i t e  i n v e s t i p a t i o n  and which could never 
be  examined before .  

I would l i k e  t o  make a small p l e a  f o r  a l i t t l e  more e l a s t i c i t y  i n  t h e  

Since they  do not  

Mr. Iiarwood mentioned Professor  Hnre's work on Hudson Bay's 

I would l i k e  t o  add t o  t h a t ,  g iv ing ,  s t r i c t l y  as 
e f f e c t  on cl imate .  T h i s  was one of t h e  f i r s t  q u a l i t a t i v e  s t o r i e s  about t h e  e f f e c t s  
of i c e  and water  on cl imate .  
an example, our own work on t h e  Cent ra l  Canadian Arc t ic .  Here we do not  have a 
cont inent  i n  t h e  t r u e  sense ,  s ince  t h e  su r face  i s  usua l ly  about 25% water. 
i s  not c o n t i n e n t a l ,  it i s  maritime. As soon as t h i s  su r f ace  f r e e z e s ,  however, 
it becomes con t inen ta l .  But,  we don ' t  know when it f reezes .  I have searched 
f o r  t hese  d a t a  f o r  two yea r s  now and only last  f a l l  had an opportuni ty  t o  ge t  it. 
We surveyed p a r t  of t h i s  area f o r  t h r e e  weeks with a U. S. NRW P2V j u s t  t o  f i n d  
out  more about t h e  lakes  i n  t h i s  area and when they freeze. As it turned  out 
we found a Great d e a l  more, When a l l  l akes  i n  an area a r e  f rozen ,  t h e  cha rac t e r  
of t h e  a i r  mass has chanped. Whether it i s  because t h e  l akes  f roze  when t h e  a i r  
mass moved i n ,  o r  t he  a i r  mass cha rac t e r  champed because t h e  l akes  were f rozen ,  
I am not sure .  Nevertheless ,  t h e  l i n e  d iv id ing  t h e  zone from a l l  l akes  f rozen 
t o  some lakes  frozen a l s o  d iv ides  t h e  area of c loudiness  and t h e  area of c l e a r  
air. 
observer  can t e l l  you who has flown t h i s  area. There is another  l i n e  south of 
which t h e  weather i s  ap t  t o  be more c l e a r  than nor th  of it. 

This  

Also, t h e r e  i s  n very sharp  l i n e  between roueh a i r  and smooth air ,  as any 

So w e  have two l i n e s  between which w e  f i n d  a zone where some 
l akes  are frozen and some l akes  a r e  not .  I n  t h i s  zone it is almost always 
cloudy, l a r g e l y  cumuliform c louds ,  and t h e  a i r  is very roueh. We a l s o  
measured albedo, ahd we f i n d  t h a t  i n  t h i s  zone t h e  albedo is  extremely v a r i a b l e ,  
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whereas nor th  of t h i s  l i n e  the  albedo i s  uniformly h igh ,  while  south of t h i s  
l i n e  the  albedo is  jumping up and down twenty t o  n ine ty  percent  depending 
upon what t e r r a i n  f e a t u r e  you a r e  over .  

I w i l l  not  prolong t h i s  example, bu t  w i th  one a i r c r a f t  we 
found these  th ings  which before  w e  could only specu la t e  about .  It seems t o  
me t h a t  TIROS V and f u t u r e  s a t e l l i t e s  a r e  going t o  g ive  us photography and 
perhaps r a d i a t i o n  d a t a  and w i l l . g i v e  us an area view r a t h e r  than a t r a n s e c t  
observa t ion  of such phenomena. We would c e r t a i n l y  l i k e  t o  pursue t h i s .  

We th ink  a l s o  t h a t  we have requirements f o r  s a t e l l i t e  d a t a ,  
and we don ' t  look on t h i s  as tak ing  what we can g e t ;  r a t h e r ,  we would l i k e  
t o  present  our requirements.  These are more modest than many of the  opera- 
t i o n a l  requirements but  i f  our requirements a r e  compatible wi th  ope ra t iona l  
needs i t  is  f i n e ;  i f  not  w e  would c e r t a i n l y  l i k e  t o  express  our  views i n  
some way. 

There was some mention of sending a man t o  the  Wallops I s l and  
readout  s t a t i o n  t o  see  what i s  corning i n ,  sc reen  i t  and determine what was 
most u s e f u l .  
be t h e r e  tomorrow. We a r e  ready,  because w e  want t o  look a t  weather as i t  
happens. 

I f  someone were t o  a s k  us t o  send a man t o  Wallops he would 

D r .  Peyton of the  Univers i ty  of Alaska I th ink  has  o the r  
problems and I would c e r t a i n l y  l i k e  t o  hear  his needs and requirements f o r  
s a t e l l i t e  d a t a .  

D r .  Peyton: I rep resen t ,  from the  Univers i ty ,  a r a t h e r  small group i n -  
r e re s t ed  p r imar i ly  i n  po la r  problems. Others cou ldn ' t  come, o r  have o the r  
problems. I a m  a Civi l  Engineer who has  g o t t e n  i n t o  geophysics,  and I have 
worked f o r  s e v e r a l  years  a t  the  A r c t i c  Research Laboratory i n  sea  i c e  
phys i c s ,  mechanical p r o p e r t i e s ,  e t c . ,  and of course ,  have become ve ry  
much i n t e r e s t e d  i n  the  mechanisms of sea i c e  d i s t r i b u t i o n  and the  i n t e r -  
r e l a t i o n s h i p  wi th  oceanography and meteorology. 
which are h igh ly  s i g n i f i c a n t  i n  understanding the  Arctic and Polar  r eg ions ,  w e  
s e e  i n  the  s a t e l l i t e  a new t o o l  which is  a t  least an  order  of magnitude amre 
powerful than  anything we have had i n  the  p a s t ,  p a r t i c u l a r l y  i n  the  broad 
a spec t s .  

When w e  view the  problems 

I n  observing some s a t e l l i t e  p i c t u r e s  ve ry  c a s u a l l y ,  not having 
had the  oppor tuni ty  t o  look a t  them i n  d e t a i l ,  many th ings  become immediately 
obvious; they are much more obvious t5an when you are on an i c e  i s l a n d ,  o r  
c rash ing  through ice i n  an i ceb reake r ,  or f l y i n g  300 t o  400 miles  n o r t h  of 
the c o a s t l i n e  i n  the wintertime. This  seems t o  be a beau t i f i r l  tool t a  use. 
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We have a ve ry  good man who has  been a l l  over t he  world 
s tudying snow problems. H i s  name is  Carl Benson, and he i s  v i t a l l y  i n t e r e s t e d  
i n  the  e n t i r e  water shed of the  Yukon River, p a r t i c u l a r l y  upstream from Ram- 
p a r t .  It appears as i f  t h e  dam i s  going t o  be b u i l t  and the  hydrology i s  
unknown. We planned t o  s tudy  the  immense hydrology problem exc lus ive ly  from 
the  ground o r  wi th  a i r c r a f t .  It may be poss ib l e  t o  see  s a t e l l i t e  da t a  t o  
determine some of t he  g ross  hydrologic  f e a t u r e s  of the  a r e a .  

The b e t t e r  the  p i c t o r i a l  q u a l i t y ,  the  b e t t e r  use we can 
make of t he  d a t a .  Thus i f  recommendations a r e  i n  order ,  I recommend r a t h e r  
high p r i o r i t y  be given t o  r e s o l u t i o n .  

Professor  Bird: The spread of sea  i c e  as the  win te r  approaches -- and 
conversely the  retreat  of t h e  boundaries of the  sea  i c e  i n  t h e  summer i s  
c l e a r l y  of g r e a t  i n t e r e s t .  T h e ' d i s t r i b u t i o n  of i c e  of f  the  Labrador coas t  
immediately comes t o  mind. 

There i s  another  a spec t  t h a t  I th ink  should be considered.  
The e a r t h ' s  surfac,e r evea l s  d i f f e r e n t  p a t t e r n s  depending on the  s c a l e  on 
which we look a t  i t .  It may be t h a t  t he re  a r e  geographical  p a t t e r n s  on a 
c o n t i n e n t a l  s c a l e  t h a t  nobody has  recognized,  We t r y  t o  do t h i s  wi th  mapping 
techniques but  I know from s t u d t e s  w e  have made i n  the  A r c t i c  t h a t  mechani- 
c a l  reduct ion  i n  s c a l e  of l a rge - sca l e  a n a l y s i s  from a i r  photographs does not  
show the  same p a t t e r n s  as high a l t i t u d e ,  smal l - sca le  photographs. The s u r -  
face  of the  Arc t i c .  . . It may w e l l  be t h a t  they show something ve ry  d i f -  
f e r e n t  when seen from a sa t e l l i t e  than from a d e t a i l e d  s tudy  of the  ground. 
Of course ,  t h e r e  a r e  a l r eady  the  Mercury capsule  f i lms  which can be examined. 
It is  obvious t h a t  t h e r e  are ve ry  pecu l i a r  p a t t e r n s  i n  p a r t s  of the  world.  I 
doubt wliether we are going t o  see  these  from TIROS or  Nimbus, bu t  sooner o r  
later w e  a r e  going t o  s e e  i t .  

It may be t h a t  the  geographer,  l i k e  the  photogrammetrist ,  
is going t o  r equ i r e  a f i l m  t h a t  can be r e t r i e v e d  from ou te r  space a t  sorde 
t i m e .  He is  dea l ing  wi th  a phenomena t h a t  i s  e s s e n t i a l l y  s t a t i c ,  t h e r e f o r e ,  
t i m e  sequence photography does not  seem as important a requirement as i t  does 
t o  o the r  a r e a s  mentioned he re .  

Therefore ,  I would l i k e  t o  suggest  t h a t  a program be s t a r t -  
ed i n  which TIROS photographs of c loud-f ree  areas would be examined, t o  see  what 
geographical  f e a t u r e s  can be i d e n t i f i e d .  Then as r e s o l u t i o n  improves, t h e r e  
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a l l y  ge t  i n t o  something w e  recognize from our a e r i a l  photographs. 

D r .  Glaser:  There a c t u a l l y  a r e  s e v e r a l  research  e n t e r p r i s e s  under way 
a t  t he  moment with t h i s  i n  mind, t o  make u s e  of TIROS and o the r  photography 
t h a t  i s  a v a i l a b l e .  
i n  which t h e  concern i s  more s p e c i f i c a l l y  t h e  background of t h e  e a r t h  a s  
something one sees clouds a g a i n s t .  There w i l l  n e c e s s a r i l y  be a f a i r  amount 
of f a l l o u t  i n  t h e  form of l a rge - sca l e  s t r u c t u r a l  geology and l a r g e - s c a l e  geo- 
graphy. It becomes q u i t e  obvious t h a t  l a rge - sca l e  changes i n  t h e  r e f l e c t i v i -  
t y  of t h e  su r face  of t he  e a r t h  a r e  robbed by t h e  cumulative e f f e c t s  of c l ima te  
o r  c l i m a t i c  a b e r r a t i o n s .  I am s u r e  t h a t  i f  one performed an  a n a l y s i s  of t he  
drought a r e a s  of  China, t h e  r e f l e c t i v i t y  would show t h e s e  changes. 

A l l i ed  Research i s  doing one under A i r  Force sponsorship,  

A l l  t h e s e  th ings  a r e  availab3e so t h a t  you have both a s t a t i c  
p i c t u r e  and non- s t a t i c .  What s t a r t e d  u s  o f f  on t h i s  was the  discovery of t h e  
San Andreas Fau l t  which showed up very  c l e a r l y  i n  t h e  TIROS p i c t u r e s .  
l a r  f a u l t s  then  were hunted down i n  Afr ica  and o ther  p l aces ,  and some of 
t hese  were found i n  t h e  p i c t u r e s  t o  extend beyond what t h e  geo log i s t s  thought 
t h e i r  ex ten t  was. 

Simi- 

So i t ' s  a f a s c i n a t i n g  bus iness .  It g e t s  even more f a s c i -  
na t ing  from t h e  po in t  of view of NASA, s i n c e  a f t e r  a11 t h i s  i s  t h e  way w e  
a r e  f i r s t  going t o  t a k e  a look a t  o t h e r  p l ane t s .  It might be a good idea i f  
w e  understood t h e  r e l a t i o n s h i p  between our convent ional  geography and geology 
as w e  know i t ,  and t h a t  which i s  seen from TIROS, i n  order  t o  b e t t e r  under- 
s tand  t h e  geography and geology of t h e  o t k r  p l a n e t s  when w e  g e t  s u f f i c i e n t l y  
c lose .  

M r .  Harwood: This  
cont inent  and develop a 
American. For example,  

i s  a very  important p o i n t ,  We c a n ' t  j u s t  s i t  on t h i s  
p a t t e r n  of s t r u c t u r a l  geology which i s  pure ly  North 
w e  t h ink  of t h e  co re  o f  t he  con t inen t  and t h e  geosyn- 

c l i n e  around i t ,  while  t h e  Europeans t h i n k  of  platforms i n  t h e  i n t e r i o r  of 
t h e  cont inent  and t h e  geosyncl ine between them. When you s t a r t  looking a t  the 
globe it s t a r t s  t o  dawn on you t h a t  North America and Eurasia  a r e  one; they 
comprise t h e  major land masses of t he  whole e a r t h ,  every th ing  else i s  s tuck  
around it .  This  i s  e s s e n t i a l l y  what it amounts t o .  

One of t h e  th ings  you n o t i c e  about European s t r u c t u r a l  
geology, p a r t i c u l a r l y  Russian s t r u c t u r a l  geology, i s  t h e i r  g loba l  concept ,  
whereas i n  North America t h e  geology has  been aimed a t  t h e  mining and o i l  
i ndus t ry  i n  t r a i n i n g  a t  t h e  u n i v e r s i t i e s .  
tend t o  look a t  s t r u c t u r a l  geology on a r a t h e r  pa roch ia l  b a s i s ,  and it i s  
ve ry  d i f f i c u l t  t o  g e t  any connection. 

The North Americans and Canadians 

I f  you s tudy a geologica l  map of  t h e  United S t a t e s ,  which 
s tops  r i g h t  a t  t h e  border ,  and then  t r y  t o  match t h i s  wi th  a s i m i l a r  map of 
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Canada, which begins a t  t he  border ,  they d o n ' t  match, because people have a 
d i f f e r e n t  idea of t h e  s t r u c t u r e  and i n  a d d i t i o n  they a r e  not  n e c e s s a r i l y  on 
t h e  same s c a l e .  
t o  Eurasia  nothing f i t s  toge ther  because of t he  same philosophy. 

This  i s  even worse when you g e t  t o  Alaska,  and when you ge t  

The s a t e l l i t e  i s  going t o  look a t  the  s t r u c t u r a l  geology of 
t h s  in te rconnec t ion  between Eurasia  and North America, and i t ' s  t h i s  i n t e r -  
connection a t  which the  geo tech tdn ic i s t  i s  eager t o  look a t .  This i s  going 
t o  begin t h e  f i r s t  steps i n  e s t a b l i s h i n g  t h e  geologica l  r e l a t i o n s h i p  between 
Eurasia  and North America i n  a manner which has never been done before .  The 
only people who have thought very much about t h i s  in te rconnec t ion  a r e  t h e  
Sov ie t s ,  who have fo r  example come up wi th  var ious  ideas  of what t h e  A r c t i c  
Ocean bottom i s .  They range from p u r e  oceanic s t r u c t u r e  i n t o  a s t e p  s t r u c t u r e .  
The only persons t h a t  I know i n  North America who has  given t h i s  very much 
thought and w r i t t e n  r e a l l y  se r ious  papers  on it i s  Ostenso and Woodward,in 
Wisconsin, who p o s t u l a t e  a s t e p  s t r u c t u r e  from Eurasia  through Alaska i n t o  
t h e  North American cont inent .  
can a c t u a l l y  see.  This  s a t e l l i t e  photography, I t h i n k  i s  going t o  present  
an i d e a l  method and oppor tuni ty  t o  g e t  s t a r t e d .  

The geotecht?mic s t r u c t u r e s  a r e  th ings  you 

When you look a t  t h e  A r c t i c  i s l a n d s ,  you ge t  l i n e a r s  and 
aggregates  t h e r e  which a r e  b a s i c a l l y  t e c t o n i c .  

There i s  . t he  o the r  po in t  i n  t h e  A r c t i c  which i s  obvious s ince  
t h e  prowandering; i t  has  kept i t s  geotechtonic  forms without too much geomor- 
phology modifying i t .  
s a t e l l i t e .  

You w i l l  see t h e  o ld  s t r u c t u r e  much e a s i e r  from t h e  

M r .  Cameron: Get t ing  back t o  s p e c i f i c  p r o j e c t s ,  I would l i k e  t o  examine 
t h e  Gulf Stream, and perhaps a l s o  t ake  on a l l  t h e  o the r  ocean c u r r e n t s  of t h e  
wor ld . .  I t h i n k  w e  have a f i e l d  of endeavor here  where Nimbus i n  p a r t i c u l a r  
might be a b l e  t o  g ive  u s  a very good p a t t e r n  of t he  oceanic c u r r e n t s .  
had narr'ow angle  p i c t u r e s  of t h e  Gulf Stream o f f  Nova Scot ia  w e  might be a b l e  
t o  n a i l  down some of t hese  wierd meanders t h a t  some people c la im e x i s t s  i n  
t h e  stream. I know t h a t  t h e  oceanographers w i l l  immediately say you al;e j u s t  
g e t t i n g  the  su r face .  Well, they can go a f t e r  t h e  deep s t u f f  with t h e i r  hooks 
i f  they want t o ,  bu t  l e t ' s  g e t  t he  su r face  a l s o .  

I f  we 

The second f i e l d  i s  exac t ly  t h e  one t h a t ' s  been mentioned 

I have been s tudying 
twice now, geomorphic s t u d i e s .  
t h e  back t h a t  t h e r e  i s  one p r o j e c t  a l ready ,under  way, 
t h e  At l a s  Mountains i n  Mercury p i c t u r e s  and t h e r e  i s  a very  i n t e r e s t i n g  s t r u c -  
t u r e  t he re .  
a model t h a t  I have seen on e x h i b i t  i n  f r o n t  of t h e  meetings i n  Washington 
showing t h e  mid-Atlant ic  r i d g e  wi th  i t s  accompanying r i f t .  

I would a l s o  l i k e  t o  inform t h e  gentlemen a t  

The only th ing  I can f ind  t h a t  c l o s e l y  resembles i t  anywhere i s  

This  may not  be a 



r i f t ,  it may be  something else, bu t  t h e  very  f a c t  t h a t  I could th ink  
of such a th ing  from such p i c t u r e s  g ives  you some idea of how t h i s  type of 
photography broadens your out look.  

I f e e l  t h a t  i f  we had t h e  whole world covered wi th  v e r t i c a l  
photographs -- r e a l  photographs -- not  t ransmission-type things--we would be  
w e l l  on t h e  way. The old s ta tement  t h a t  w e  know more about t h e  moon than w e  
do about t h e  bottom of  t h e  sea I t h i n k  could be extended; t h e r e  i s  a g r e a t  
d e a l  about t h e  su r face  of the e a r t h  about which w e  d o n ' t  know anything.  I 
would l i k e  t o  s t ake  a c la im on ocean c u r r e n t s ,  i f ,  as and when w e  ge t  t he  
p i c t u r e s ,  

M r .  Harwood: Who i s  going t o  dye them f o r  you? 

M r .  Cameron: We d o n ' t  need 8 dye. There has  been a g r e a t  dea l  of d i s c u s -  
s i o n  on t h e  technique of measuring water c u r r e n t .  The p e s s i m i s t s  say you 
have t o  mark them wi th  i c e  or  dye; nobody . to ld  t h e  water  about i t ,  and w e  
have been measuring p e r f e c t l y  good c u r r e n t s  i n  t h e  Rideau River i n  Ottawa 
and elsewhere.  The water  i s  not  only c l e a r ,  i t  i s  almost b lack;  and y e t  you 
can see t h e  p a t t e r n  of t h e  c u r r e n t s ,  We have a l s o  done it  down i n  Nova 
Sco t i a  - -  w e  can be accused of  having muddy water  t h e r e  - -  but  neve r the l e s s  
it works. 

M r ,  Hatwood: 
don ' t  know whether D r .  Tul ley  has  been down here, but  D r .  Tu l l ey  i s  very 
f a m i l i a r  w i th  t h e  oceanography of t h e  West Coast.  
F i s h e r i e s  people  and f o r  t h e  s e r v i c e s  what he c a l l e d  an  ocean system. It i s  
r a t h e r  complex but  i n  e f f e c t  i t  p o s t u l a t e s  a pool of  f r e s h  water  i n  t h e  
North P a c i f i c  which he c a l l s  a s u b - a r c t i c  l ake ,  This  i s  where t h e  salmon go 
and they p lay  around i n  t h i s  pool of f r e s h  water .  The a c t u a l  s t r u c t u r e  t h a t  
dominates t h e  cu r ren t  system on t h e  w e s t  coas t  of Vancouver northward, a 
t o t a l  amount of  f r e s h  water  t h a t  g e t s  i n  t h e r e  and t h e  sea s u r f a c e  tempera- 
t u r e s  a r e  dominated by t h e  Aleu t i an  low over t h e  P a c i f i c .  He has  done su f -  
f i c i e n t  work f o r  t h e  F i s h e r i e s  Research Board i n  Canada t h a t  they can now 
f o r e c a s t  wi th  some (more than  50%) c e r t a i n t y  t h e  r o u t e  of t h e  salmon n o r t h  
o r  south of  Vancouver I s l a n d .  Of course ,  economically i n  Canada, t h i s  means 
a g r e a t  dea l  because i f  they a l l  go over on t h e  n o r t h  s i d e  of  Vancouver 
I s l a n d ,  Canada g e t s  a l l  t h e  salmon and t h e  Americans ge t  none, and i f  they 
go on t h e  sou ths ide  you sha re  i t  50-50 wi th  your neighbors .  

There a r e  two o t h e r  t h ings  I would l i k e  t o  mention. I 

He  produced both f o r  t h e  

So i t  has  a g r e a t  dea l  of  i n t e r e s t  t o  them, but  i t  a l s o  has  
a g r e a t  d e a l  of i n t e r e s t  t o  t h e  services .  The s a t e l l i t e ,  both through i t s  
photography and i n f r a r e d ,  g ives  you some idea of t h e  t o t a l  amount of c louds 
over t h e  s u r f a c e  of t h a t  a r e a  of t h e  P a c i f i c  which a c t u a l l y  dominates what D r ,  
Tul ly  c a l l e d  h i s  ocean system, and t h e  F i s h e r i e s  Research Board system which 
p r e d i c t s  salmon. 



a5 

Now on t h e  e a s t e r n  s i d e  of North America t h e  Greenland cu r -  
r e n t  i s  i n  some years  s t ronger  than o the r s .  I f  you cons ider  t he  A r c t i c  Ocean 
a s  a g r e a t  d e s e r t  g e t t i n g  a sp r ing  f r e s h e t  f o r  a period of s i x  weeks, produced 
by 10% of i t s  i c e  volume melt ing,  you put  on t h e  su r face  of t h e  Arctic Ocean 
something of t h e  order  of 2-1/2 t o  3 f e e t  of f r e s h  water and probably more. 
I n  e f f e c t ,  t h e  Ardic Ocean then  has  a s lope  towards t h e  A t l a n t i c  of 2 f e e t  
over 3 t o  4 thousand miles. Thus, superimposed on t h e  Greenland Current  i s  
t h i s  sp r ing  f r e s h e t ,  which m u s t ,  and obviously does a f f e c t  t h e  volume of t h e  
cu r ren t  i n  some way. The speed o r  t h e  volume of t h e  Greenland Current i s  what 
br ings  t h e  i c e  around t h e  Greenland coas t  and takes  i t  up toward Disco I s l and .  
I f  you can ge t  any system a t  a l l ,  such a s  a good s a t e l l i t e ,  which would g ive  
t h e  t o t a l  volume of ice t h a t  has  melted o f f  t he  Arc t i c  Ocean (you might be 
a b l e  t o  do t h i s  even wi th  j u s t  t o t a l s )  you could make some kind of pred ic-  
t i o n  of what t h e  Greenland Current  i s  going t o  do. 

One f i n a l  po in t .  P a r t  of t h e  Greenland Current meets wi th  
and aga in  a f f e c t s  t h e  Labrador Current .  This  i s  t h e  one which b r ings  ice- 
bergs  southward along t h e  Labrador and Newfoundland coas t s .  Any change i n  
t h e  Greenland Current thus may a f f e c t  t h e  numbers of  bergs  i n  t h e  shipping 
lanes .  

Mr. Magnitzky: Has anyone attempted t o  t ake  r a d i a t i o n  da ta  from TIROS and 
e s t a b l i s h  a r e l a t i o n s h i p  between i t  and observe sea su r face  temperature t o  
determine i f  i t  was p o s s i b l e  t o  map t h e  sea su r face  too?  

M r .  Harwood: No, but  t h i s  i s  exac t ly  what I was asking.  

M r .  Popham: M r .  Poul in  has  a ques t ion  f i r s t .  Then w e  w i l l  come back t o  
t h i s ,  because I know t h e r e  a r e  o t h e r  people i n  the  Hydrographic Of f i ce  who 
a r e  i n t e r e s t e d  i n  t h i s  sub jec t .  

M r .  Poulin:  When you t a l k  of using meteorological  s a t e l l i t e s  f o r  such 
th ings  a s  geomorphic s t u d i e s ,  t h e  exposure f o r  which t h e  camera i s  set i s  f o r  
high r e f l e c t a n t  su r f aces  such a s  c louds and i c e .  I wonder whether t h e r e  i s  
any p o s s i b i l i t y  of g e t t i n g  another  exposure b u i l t  i n ,  one t h a t  i s  s e l e c t i v e  
on command, f o r  land s t u d i e s ?  

M r .  Wood: As f a r  as TIROS i s  concerned, I th ink  w e  a r e  a t  t he  s t a g e  
i n  i t s  l i f e  where t h e  only modi f ica t ions  t o  t h e  TIROS program would be  t h e  
emergency type where w e  have a c o n s i s t e n t  f a i l u r e .  I n  o the r  words, i t  has  
been developed a s  f a r  a s  it i s  going t o  go. 

As f a r . a s  Nimbus is concerned, t h e  exposure time I b e l i e v e  
i s  ‘fixed. They a r e  going t o  have a v a r i a b l e  i r i s  which w i l l  be  con t ro l l ed  
by t h e  s o l a r  pane ls ,  which a r e  d i r e c t l y  r e l a t e d ’ t o  t h e  i l l umina t ion  of t h e  
su r face  Mlow. I n  a d d i t i o n  t o  t h i s  t h e r e  i s  a command p o s i t i o n  of  t h e  i r i s  i n  
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case  t h e  automatic  f e a t u r e  f a i l s .  
what you want of t h i s  type of opera t ion .  

Y'ou would have some p o s s i b i l i t y  of g e t t i n g  

M r .  Popham: Get t ing  back t o  M r .  Magnitzkycs ques t ion  about t h e  r a d l a -  
t i o n  measurement's of sea su r face  temperatures ,  D r .  Wark has  done much of t h e  
work wi th  t h e  TIROS I R  d a t a ;  perhaps he could g ive  a review of what has  been 
done thus f a r .  

D r .  Wark: We have t h e  same problem of g e t t i n g  sea su r face  temperatures 
from t h e  s a t e l l i t e  you have i n  t r y i n g  t o  observe i c e ,  except i t  i s  worse be- 
cause our r e s o l u t i o n  i s  so much poorer .  I n  a d d i t i o n ,  one can see ice through 
t h i n  or s c a t t e r e d  c louds ,  whi le  they completely des t roy  information from 
r a d i a t i o n  sensors .  
any r e l i a b l e  su r face  information a t  a l l .  
c loudiness  t h i s  i s  a very poor technique. 

You must have completely c l e a r  s k i e s  be fo re  you can ge t  
Therefore ,  i n  regions of p e r s i s t e n t  

Haze can a l s o  e f f e c t , t h i n g s ,  bu t  probably more important i s  
t h a t  you have t o  know how much water  vapor is present .  
t i o n s  i n  t h e  atmosphere g ive  an  unce r t a in ty  t o  t h e  f i n a l  v a l u e b y  s e v e r a l  de- 
g rees ,  and t h i s  might be  i n t o l e r a b l e  t o  somebody t r y i n g  t o  use  sea tempera- 
t u r e s .  I don ' t  know what t h e  l i m i t a t i o n s  a r e  s ince  i t  probably v a r i e s  from 
one a rea  t o  another .  But t o  ge t  t o  I" i s  extremely d i f f i c u l t .  I am very  
pess imis t i c ;  o t h e r  people l i k e  M r .  Winston a r e  more o p t i m i s t i c  than I am. 
Would you c a r e  t o  comment on t h i s ?  

Here aga in  t h e  absorp- 

M r .  Winston: * 

d i e n t .  Aside from j u s t  g e t t i n g  abso lu te  va lues  I th ink  t h e r e  i s  more chance 
of g e t t i n g  the  g rad ien t .  
su r f ace  temperature d i s c o n t i n u i t i e s  us ing  TIROS r a d i a t i o n  da ta  a l though I 
don ' t  know whether w e  have r e a l l y  made an ex tens ive  search.  

The one t h i n g  you d i d n ' t  mention was t h e  temperature gra-  

So f a r  I d d n ' t  b e l i e v e  w e  have i d e n t i f i e d  any sea 

We have one case ,  a w in te r  case  where we have a very  c l e a r  
o u t l i n e  of t h e  F lo r ida  t o a s t .  
over t h e  land,  while  t h e  Gulf of Mexico on one s i d e  and t h e  A t l a n t i c  on t h e  
o t h e r  were c l e a r .  
the coas t .  
sharp g rad ien t s  of sea su r face  temperature.  

This  was a dry  s i t u a t i o n ;  t h e r e  was a cloud mass 

The temperature g rad ien t  was concentrated sharp ly  along 
Therefore ,  you might be  a b i t  o p t i m i s t i c  about observing very 

Now a s  t o  whether you g e t  the abso lu te  va lue ,  there might 
be some quest ion.  Even he re  I t h i n k  wi th  enough da ta  you might be a b l e  t o  do 
t h i s  by s t a t i s t i c a l  means a f te r  a long t i m e .  
t i o n s  by phys ica l  equat ions  and a l o t  more could be gained by summarizing t h e  
da t a  s t a t i s t i c a l l y .  
Gulf S t ream o r  o t h e r  c u r r e n t s  which have r a t h e r  sharp g rad ien t s .  

You c a n ' t  make a l l  t h e  cor rec-  

Therefore ,  I t h i n k  t h e r e  is  some hope i n  observing t h e  

D r .  Wark: I f  you can g e t  enough clear ek ie s  f o r  t h e  purpose. 
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D r .  Glaser:  I t h i n k  t h e  p e a t e s t  hope, no t  only from t h e  poin t  of view 
of  s e a  su r face  temperatures but  a l s o  i c e  reconnaissance,  i s  poinr  t o  be t h e  
h i  Eh-resolut i on i n f r a r e d  radiometer observ8.t i ons present  e d i n  p i c t o r i  a1 forrr . 
!Iere we a re  t a l k i n p  about r e so lu t ions  not f a r  d i f f e r e n t  than cur ren t  TIROS 
r e so lu t ions  and a p i c t u r e  c rea t ed  by t h e  self-emission of t h e  F a t e r i a l .  A 
l o t  of t h e  u n c e r t a i n t i e s  as t o  t h e  na ture  of t he  i c e  and snow a t  the  su r face  
w i l l  be resolved by thermal  e f f e c t s ,  i n  t h e  sense t h R t  snow-covered i c e  i s  
a. b e t t e r  i n s u l a t o r  t han  J u s t  p l a i n  snar .  As a r e s u l t  you w i l l  get  e i t h e r  
co lde r  o r  warmer readings ,  depending on what t h e  ambient a i r  temperatures  a re .  
You w i l l  be able t o  see c o n t r a s t s  of a d i f f e r e n t  na tu re ,  which, I t h i n k ,  when 
one once l e a r n s  t o  i n t e r p r e t  t hese  unfamiliar p i c t u r e s  it w i l l  be q u i t e  help- 
f u l .  S i m i l a r l y  t h e  Gulf Stream and f e a t u r e s  l i k e  t h a t  w i l l  show up very n i c e l y  
i n  t h e i r  own p i c t u r e s ,  complete w i t h  a.11 t h e i r  edd ie s ,  somethinp; w e  have been 
unable t o  see before .  Th i s  i s  something we have been looking forward t o  s o r t  
of on the  edpe of  our c h a i r s ,  because it i s  going t o  open a whole new world 
t h a t  is  unavai lable  t o  us now. 

D r  . Wark : I should mention, i n  regard t o  t h i s  type of  instrument ,  t h a t  
t he  p re sen t  development does not  give us r e so lu t ion  comparable with t h e  v id i -  
cons. It is an orde r  of magnitude lower. 

D r .  Glaser:  This mqy not b e  bad because as w e  have a l ready  discovered 
i n  t h e  vidicon p i c t u r e s  w e  can s t and  a degradation by en order  of magnitude 
without s u f f e r i n g  very badly.  

blr. Wood : We h8ve had a l o t  of t r o u b l e  with t h e  I R  data reduct ion 
program, a f a c t  which has he ld  up t h e  e x p l o i t a t i o n  of  much of these  data. 
Hopefully,  we are i n  t h e  f i n a l  stages of ironing: out some o f  t he  ma,lor e r r o r s .  
We hope t h e  bot t leneck  w i l l  soon be removed. 

The o the r  comment I have i s  j u s t  what D r .  Wark s ta r ted  t o  
ta lk  &out. Unfortunately on Nimbus t h e  I R  sensor  had t o  be wide because of 
t he  f a i l u r e  of' t h e  development of t he  sensor.  My understending is t h a t  t h e  
r e so lu t ion  is something of t h e  order  of 5 miles i n  t h e  v e r t i c a l .  

D r .  Wark: Yes, we s t i l l  hope t h a t  i n  t h e  f u t u r e ,  perhaps,  with o t h e r  
cool ing techniques ,  t h a t  we can get  down t o  something conparable t o  t h e  v id i -  
con . 
Ilr, Claser :  Is t h e r e  an i n t e n t  for  a p i c t o r i a l  p re sen ta t ion?  

D r  . Wark : I t h i n k  t h e  best way of  doine t h i s  i s  by an analog system. 
I don't  p a r t i c u l a r l y  l i k e  the  d i g i t a l  system because i t ' s  80 much rlower. I 
do not  know what NASA's plans  are .  

b!r. Wood: They a re  s t i l l  developing R facs imi le  with m t i c i p a t i o n  
t h a t  it vi11 be ready by 18,unching. 
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M r .  PoulZn: What i s  t h e  angle.of view of your I R  sensor? 

D r .  Wark: I don't  have the  f igures  a t  hand r i g h t  now. Is  t h i s  the  
high reso lu t ion  you are t a l k i n g  about? 

M r .  Poulin: Yes, any of them ac tua l ly .  

D r .  Wark: 
5", which i s  about 50 m i l e s  on a s i d e ,  so t h e  o ther  one would be about 1/2". 

The medium reso lu t ion  radiometer has an angle of view of 

D r .  Boville: M c G i l l  University.  I have j u s t  a couple of comments. The 
general  discussion on s a t e l l i t e  ice observing appeared t o  be concerned with 
looking a t  i t  from a very small-scale point  of view. 
the  approach of t h e  p h y s i c i s t ,  where f i n e  d e t a i l e d  observations a r e  r e q u i r e d .  

This i s  e s s e n t i a l l y  

Most of the  people associated with t h i s  program a r e  w e l l  

Meteorologists must i n t e r p r e t  data  on many d i f f e r e n t  s c a l e s  
aware of t h e  meteorologis t ' s  approach which i s  usual ly  concerned with a much 
l a r g e r  scale. 
and m y  have l i t t l e  cont ro l  over t h e  observations.  Again t h e r e  are two d i f -  
f e r e n t  approaches here;  one, t h e  p h y s i c i s t ' s  approach where individual  mea- 
surements a r e  made t o  determine f ine-sca le  accuracy. 
c i r c u l a t i o n  approach where he i s  i n t e r e s t e d  only i n  u t i l i z i n g  the  measurement 
i n  some s o r t  of a system, and i n t e g r a t i n g  it on a very la rge  scale .  

Then there  is the  general  

I th ink  t h e  same i s  very much t r u e  of ice. I f  t h e  general  
c i r c u l a t i o n ,  o r  synoptic dynamic meteorologist ,  i s  given information on ice 
and cloud coverage over c e r t a i n  a r e a s  a t  s p e c i f i c  t i m e s  he can then do re- 
search on t h i s  p a r t i c u l a r  material. 
thousand p i c t u r e s  and s o r t  these  parameters, he i s  automatically discouraged 
from t h i s  type of research and he wai ts  u n t i l  someone with t h e  approach of a 
phys ic i s t  extracts t h e  data and codes i t  for  a systems approach. 

I f  he  has t o  go through a set of a 

I th ink  i t  i s  very necessary t h a t  these minute approaches 
be taken, t h a t  one g e t s  a l o t  of experience a t  i n t e r p r e t i n g  these p i c t u r e s  
so t h a t  one may r e a d i l y  say what i s  i c e ,  what i s  snow and what a r e  clouds and 
t h e  approximate information is then a v a i l a b l e  f o r  general  research on t h e  
broader problem. 
r e a l l y  wai t ing for .  This ,  of course,  does not solve the problem of the man 
who wants t o  forecas t  a given lead i n  a given r i v e r , b u t  I think here again we  
w i l l  have t o  take i n i t i a l l y  a broader s c a l e  approach t o  t h e  problem. 
t a i n l y ,  when Nimbus has given us very la rge-sca le  coverage, knowing the  ice 
coverage on a planetary s c a l e  i s  going t o  be a very f i n e  t o o l  i n  general  c i r -  
cu la t ion  research. 
want t o  go back through a l l  of t h e  individual  b i t s  of co l lec ted  data .  
want some kind of p r i n t o u t  t h a t  i s  usefu l  t o  them. 

I th ink  t h a t  t h i s  i s  what t h e  general  c i r c u l a t i o n  man i s  

Cer- 

There again t h e  people who are using t h e  output don ' t  
They 
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P t h ink  t h a t  i n  t h i s  i n i t i a l  s t age  i n  t h e  i c e  program some 
I n  very f i n e  work can be done s ince  t h e r e  i s  an opera t iona l  requirement. 

meteorology a n  opera t iona l  requirement has o f t e n  provided t h e  impetus t o  ob- 
t a i n  new observa t iona l  da ta  which provides a b a s i s  f o r  f u r t h e r  research  and 
as i t  g e t s  going t h e  research follows along. So, I am very w e l l  pleased t o  
see t h a t  t h e  Meteorological Branch i n  Canada i s  i n t e r e s t e d  i n  t h i s  from an  
ope ra t iona l  po in t  of vie* as t h i s  po in t s  toward a new area .  

Wow with regard t o  t h e  in f r a red  problem, I was wondering i f  
t h e  i n f r a r e d  temperature does g ive  an J 'ntegrated temperature, f o r  ins tance ,  
t h e  temperature t h a t  i r r a d i a t e s  t h e  ozone layer.  

D r .  Wark: 
t o  1 2  micron region which includes t h e  ozone. 
be nartowed t o  t h e  region from 10 t o  11 microns which w i l l  avoid t h e  ozone, 
so t h e r e  w i l l  be no ozone cont r ibu t ion .  
p r  ob l e m  . 

I n  t h e  TIROS radiometer t h e r e  i s  a sensor covering t h e  8 
I n  Nimbus, however, t h i s  w i l l  

Water vapor, however, i s  t h e  b i g  

D r .  Boville:  ' I am not t r y i n g  t o  ge t  t h e  ozone temperature, I am t r y i n g  
t o  f ind  out  i f  t h i s  w i l l  give t h e  temperature which is  i r r a d i a t i n g  t h e  ozone 
l aye r  from below. This gives an ind ica t ion  of t h e  black body temperature be- 
low, regard less  of whether i t s  t h e  water sur face ,  land su r face  o r  cloud top.. 

D r .  Wark: I don ' t  q u i t e  see t h e  connection with t h e  ozone. 

D r .  Boville: The ozone band is  i r r a d i a t e d  from below and i n  t h e  r a d i a t i o n  
budget f o r  t h i s  layer ,  it i s  presumably t h e  important f ac to r .  What i s  ir- 
r a d i a t i n g  t h e  ozone from below su re ly  i s n ' t  known. We don't  lgbtJ what tem- 
pe ra tu re  i n  t h e  mean i s  i r r a d i a t i n g  t h e  ozone l aye r  over t h e  P d f i c ,  f o r  
i n s t ance  . 
D r  . Wark: 
r a d i a t i o n  coming t o  t h e  ozone layer'. 
it would be b e t t e r  t o  use in f r a red  because t h i s  is  what mainly comes up t o  
t h i s  layer ;  most of t h e  r a d i a t i o n  comes from below, even t h a t  emitted by 
water vapor. However, t h e  r a d i a t i o n  absorbed by t h e  9.6 micron band i t s e l f  
can b e s t  be estimated from measurements i n  t h e  nea r ly  10 t o  11 micron i n t e r -  
val;  even wi th  t h e  TIROS 8 t o  12 micron radiometer, good adjustments can be 
made t o  account f o r  emission by t h e  ozone l aye r  i t s e l f .  

The radiometer i s  sensing probably q u i t e  accu ra t e ly  t h e  
To measure t h e  f l u x  a t  t h e  ozone level 

D r .  Boville:  This then could come out of t h e  i n f r a r e d  data.  

D r .  Wark: Yes. 

M r .  Popham: I would l i k e  t o  i n v i t e  our v i s i t o r s  on a s h o r t  t ou r  of t h e  
labora tory  a f te r  t h i s  meeting i f  they wish. 
u t e s  l e f t ;  i f  t h e r e  are any o the r  areas t h a t  people are i n t e r e s t e d  i n  d i s -  
cussing any podnta . .  we haven't covered which you f e e l  should be ra i sed .  

I t h i n k  we have a few more min- 
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D r .  Boville:  Can we now t e l l  t h e  cloud cover, ice cover, o r  amount of 
open water Over say, t h e  Hudson Bay, from TIROS? I ge t  t h e  impression t h a t  
t h i s  could be done, even a t  t h e  present  s t age  of r e so lu t ion .  

D r .  Wark: 

D r .  Boville:  

Do you mean from r a d i a t i o n  measurements? 

No, from t h e  t e l e v i s i o n  cameras. 

D r .  Wark: 
For example, we thought we were looking a t  some ice i n  one of t h e  TIROS I V  
p i c tu re s .  The next day we received a p i c t u r e  of t h e  same a r e a ,  and t h e r e  
w a s  no ice the re .  

No, not i n  every case. We have been fooled on occasions. 

We were misled by a b i t  of cloudiness.  

I t ' s  only through: experience, both by ice observers and by 

When you have d a i l y  observations i n  t h e  area, then much of t h i s  
meteorologists,  and through pe r s i s t ence  t h a t  we can d i f f e r e n t i a t e  between ice 
and clouds. 
uncer ta in ty  i s  swept away unless  t h e r e  i s  p e r s i s t e n t  cloudiness.  A t  t h e  t i m e  
when Nimbus i s  f u l l y  opera t ing ,  1 th ink  we w i l l  be a b l e  t o  say t h a t  we have 
snow, ice o r  clouds. From t h e  r a d i a t i o n  da ta  we can ge t  f u r t h e r  information 
on t h e  presence of clouds because they are  genera l ly  co lder  than t h e  ground, 
except i n  c e r t a i n  cases i n  t h e  Arctic where they might be warmer. But a t  
l e a s t  we d i s t i n g u i s h  between cold and warm, and we can use t h i s  a s  an  a i d  i n  
deciding whether t h e r e  a re  clouds, snow or ice. 

M r .  Popham: I would l i k e  t o  show a composite of s ix  p i c t u r e s  from 
TIROS I V .  (Figure 20). The p i c t u r e s  were taken on Apr i l  3, 4,  .5, 6 ,  7 and 12. 
This  f i r s t  p i c t u r e  was s e n t  t o  Hal i fax  during TIREC; M r .  Markham, Miss Dunbar, 
Major Taggart, M r .  Meed and I examined it. 
Pr ince  Edward I s l and  was ice, but we couldnl'.t determine how much of t h e  b r i g h t  
area nor th  of t h e  major ice area was cloud and how much was ice .  Major 
Taggart attempted a s t e r e o  a n a l y s i s  of t hese  A p r i l  3rd photos. 
w i l l i n g  t o  say i t  was a l l  cloud o r  t h a t  p a r t  of i t  was ice. However, he  was 
p o s i t i v e  most of i t  was  cloud cover. Also, he  sa id  t h e r e  were some clouds 
over ice around Prince Edward Is land .  Of course,  with t h e  Apr i l  4 photo 
which a r r i v e d  a couple of days later, i t  was evident t h a t  t h e  ques t ionable  
area was a l l  cloud, e s s e n t i a l l y  v e r i f y i n g  Major Taggar t ' s  ana lys i s .  

We knew t h e  b r i g h t  a r ea  around 

He  wasn't 

Perbaps I should a l s o  mention t h a t  t he  rest of us were 
divided i n  our opinions of which was which. 

This shows t h a t ,  on t h e  b a s i s  of pe r s i s t ence ,  we can d i s -  
t i ngu i sh  between clouds and ice, where s u f f i c i e n t  background c o n t r a s t  exists. 
This i s  obviously t h e  easiest way. 

On A p r i l  7 we obtained a s u b s t a n t i a l  amount of a e r i a l  pho- 
tography over t h e  ice around Pr ince  Edward Is land .  
e a r l i e r  t h i s  morning. 
some ice up i n  t h e  S t r a i t s  of Belle Isle,  and ice i n  Chaleur  Bay. The b r i g h t  

Thie was pointed out 
The weather was mostly clear, with a few clouds and 
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spot  on A n t i c o s t i  I s l a n d ,  t e n t a t i v e l y  identifi ,ed as snow covering a 1957 
f o r e s t  f i r e  burn, and t h e  b r i g h t  a r e a s  on Gaspe, probably snow cover, have 
repea ted ly  been observed from TIROS I, IS ,  and I V .  
moving i n t o  t h e  area, and p i c t u r e  q u a l i t y  i s  a l i t t l e  poorer. 

On the 8 t h  we have clouds 

I n  a r egu la r  sequence, you see t h e  s u b s t a n t i a l  changes i n  
t h e  ice which have taken p l ace  from Apr i l  3 through Apr i l  12. 
s l i d e  would b e s t  i l l u s t r a t e  what we can see regarding ice i n  sa te l l i t e  p i c -  
t u r e s  b e t t e r  than  t h e  one p i c t u r e  which was shown t h i s  morning. 
Bay - Hudson Bay area p i c t u r e s  would probably be of t h i s  order.  

I thought t h i s  

I n  t h e  James 

M r .  Poulin: I t h i n k  i n  these  cases you can d i s t i n g u i s h  between clouds 
and ice from successive p i c t u r e s  of  t h e  same pass. 

Mr. Popham: Right. 

M r .  Markham: Does MSA have any i n t e n t i o n s  of pursuing t h i s  s te reographic  
viewing of a l t e r n a t e  p i c t u r e s  a s  Major Taggart has described? 

M r .  Popham: I don ' t  be l i eve  so. 

M r .  Markham: 
d i s t i n g u i s h  clouds from snow-covered ground or ice. 

I w a s  th inking  of t h i s  on a n  ope ra t iona l  b a s i s ,  t o  he lp  

M r .  Popham: A t  p resent ,  no such p lans  have been made. 

Major Taggart: 
However, we haven't  done enough a n a l y s i s  as  y e t  t o  r e a l l y  prove it  t o  our- 
selves. 

We th ink  we have something t h a t  can be used opera t iona l ly .  

I would l i k e  t o  add t h a t  t h e  DOT personnel examining these  
photographs f e l t  they had i d e n t i f i e d  two f r o n t a l  systems i n  t h e . s a t e l l i t e  
p i c t u r e s  shown here. They la ter  v e r i f i e d  t h i s  on t h e  meteorological cha r t s .  

M r ,  Popham: Perhaps we could poin t  out he re  where t h e  meteorologist  
would be  u s e f u l  i n  i n t e r p r e t i n g  ice p ic tu re s .  The lower r i g h t  p i c t u r e  shows 
p a r a l l e l  cloud bands, o r  lee wave p a t t e r n s ,  near Cape Breton Is land .  I f  we 
had p i c t u r e s  from only one pass i n  a two o r  t h r e e  day period we would not be 
l i k e l y  t o  c a l l  t h i s  ice, l a rge ly  because of t h i s  p a r a l l e l  o r  banding o r i e n t a -  
t i o n  of these  f ea tu res .  The ice i n  t h i s  area, a s  you can see, has  a r a t h e r  
sharp boundary. 

Major Taggart: 
t i o n  t o  t h e  broken pa t t e rn .  I f  the sun angle  i s  r i g h t ,  you may a l s o  g e t  very 
marked cloud shadow on t h e  edges of these  convective type clouds. 

These clouds a l s o  appear t o  have a lumpy e f f e c t  i n  addi -  

M r .  Poulin: 
s i g n i f i c a n t .  

The relative sun ang le  between d i f f e r e n t  p i c t u r e s  may be 
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Major Taggart: 
p a r t  i n  analyzing these  p i c tu re s .  We decided t o  follow up t h e  movement of 
t h i s  cloud system t o  see whether it disappeared o r  moved i n  some p a r t i c u l a r  
d i r ec t ion .  We estimated t h e  speed of movement of t h i s  cloud, based on t h e  
upper wind da ta ,  and pro jec ted  i t  ac ross  Newfoundland. A t  t h e  t i m e  of t h e  
s a t e l l i t e  pass ,  Gander was r epor t ing  high c i r r u s  clouds. Our p ro jec t ion  
placed t h i s  heavy cloud area  over Newfoundland wi th in  an  hour, and wi th in  an 
hour Gander was repor t ing  snow f l u r r i e s .  

Perhaps I could add another example of t h e  meteorologists '  

I mentioned earlier t h a t  I don ' t  f e e l  t h e  photo i n t e r p r e t e r  
can work properly and ge t  everything out of a sa te l l i t e  photograph without 
t h e  he lp  of o the r s  with a meteorological and ice observing background. 

M r .  Popham: I f  t h e r e  a r e  no more ques t ions  I th ink  w e  can b r ing  t h i s  
meeting t o  an end. 
p r o f i t a b l e ,  and I ' m  glad we  had t h e  opportunity t o  ge t  toge ther  l i k e  t h i s  t o  
exchange ideas  and information. 
can t o  he lp  those who a r e  concerned wi th  e i t k r  t h e  research  o r  ope ra t iona l  
a spec t s  of t h e  meteorological s a t e l l i t e  program. We would l i k e  t o  extend our 
apprec i a t ion  t o  those  who helped i n  preparing t h e  material f o r  t h i s  confer- 
ence, and we hope we have l a i d  t h e  foundation f o r  a more thorough understand- 
ing  of t h e  p o t e n t i a l  app l i ca t ions  as w e l l  as t h e  c a p a b i l i t i e s  of weather 
s a t e l l i t e  observations.  

I hope t h a t  everyone has found t h i s  meeting mutually 

The MSA w i l l  continue t o  do everything w e  

With t h i s  I would l i k e  t o  adjourn t h e  meeting. 

END 
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