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PREFACE
‘l ii i s i~ t h e  63rd in ut sel ies of annual reports on the Internat ional  Ice

Patrol Seu~ ice in the  North A t l a n t i c  Ocean. It co uu ta ins infor ni a t  ion on Ice
l’n t i - oI ou-gan i7.at ion. couuuui iuu i i ca l  ions and o} e 1 a I  oilS . h u l l  (III l Ie  and environ—

— II tent i t t  coin h i t  ions an I t liei r re lat n )ns lu ps in 1 977.
The authors of thi s  report . Lieutenants  K. N. KNUTSON and T. .J.

N E  ILL. I ‘S( ‘( l . acknowled ge app hie a l) l e i ( e~ w-eat lieu and oceanograp hic data
prov ided I v  the (‘imadian 1)epart tuent of the Environ m ent, U.S. National
W e ather Scivi c e .  U. S. Naval  Weather Service and U.S. (‘oast Guard Oceano—
gra~) hIi c  I n i t .  Recognition is given to Chief Marine Science Technician
N. 0. TIBAYAN . Marine Science Technician First ( ‘ la -s  C. W. .J F N N I  NG S.
Marine Science Technician Third (‘las s .1. U. STEELMAN and Yeoman
Secoiti I ( lass T. L. GEST , all USCU , for their  assis t aul c e in the I)rep alation
of this  manuscript and il lu st r ions for this  report.

The U.S. National Aeronautical and S pace A dn u in  ist rat ion contr il)ution
to th e  cont inuing effort to devise an al l—weather method of ilet ec.tmg and
ii l e. n t  i f v i i i g  icebergs is gratefully acknowled ged.

The continued cooperation and generosity by Canadian Coast Guard
Radio Station St. .1 ol in s - \ O N  is wort hy of pa l l  icular note and gratitude.
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INTERNATIONAL ICE PATROL, ~977
The 1977 Internat ional  Ice Patrol Service in Vice Admiral William F. REA 111, U.S.

— the Nort h Atlant ic  Ocean was conducted by the Coast. Guard , was Commander, International Ice
United States Coast Guard under the provisions Patrol. Commander Albert D. SUPER, U.S.
of Title 46. I ni te d States ( ‘ode, Sections 138, Coast. Guard , was directly responsible for the
738a through 738d, and the International Con- m anagement, of the Patrol.
vention for the Safety of Life at Sea, 1960, Preseason Ice Patrol flights were made in
Regulations 5 throug h S. The International Ice January and late February-early March 1977.
Patrol is a service for ob.serv~ng and dissemi- The Aerial Ice Reconnaissance Detachment wasnating information on ice conditions in the
Grand Banks Reg ion of the Northwest Atlantic deployed to St. John ’s, Newfoundland, on 15

March 1977. The Detachment returned to theOcean. During the ice season , the southeastern ,
southern and southwestern limits of the regions United States on 22 June 1977, after completion
of icebergs in t h e  v ic in i ty  of the Grand Banks of a Post Season fli ght on 21 June 1977.
of Newfoun dland are guarded for the purpose The 1977 Ice Season officiall y comnnienced at.
of inf orn u ing passing shi ps of the extent. of this 0000 GMT, 13 March 1977, when the first Ice
dangerous region. The International Ice Patrol Bulletin was broadcast by International Ice
also stwhies ice conditions in genera l with empha- Patrol Radio Station Boston/NIK ; U.S. Navysis on the form ation, drift  and deterioration of
icebergs . and assists shi ps and personnel requir- LCMP Broadcast Radio Stations Norfolk/NAM ;

ing aid wi th in  the l imits of operation of the Ice Canadian Maritime Command Radio Station
Patrol forces. Mill Cove/CFH ; and Canadian Coast Guard

The International  Ice Patrol is directed from Radio Station St. John’s/VON. Ice Patrol
the - Ice Patrol Office located at- the U.S. Coast Radio Station Boston broadcast an ice radio
Guard Base . Governors Island , New York. The facsimile chart once a day.
Office gathers ice and environmental data from a The USCCC EVERGREEN, commanded by
variety of sources , maintains an ice plot , fore - Lieutenant Commander Joseph H. DISCENZA,
casts ice con( lit ion s . prepares the twice-daily Ice USCG, conducted oceanographic cruises for the
Bulletin , rep lies to  re ( 1uiCs t s for special ice infot- Ice Patrol from 1 Apri l to 1 May and 23 May toni at ion .  and executes operational control of the

28 June 1977.Aerial Ice Reconnaissance Detachmnent , the Ice
Patrol oceanograp hic cutter.  and the Surface During the 1977 season, an estimated 22 ice-
Patrol cutter when assigned. bergs drifted south of 48°N.
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AERJAL ICE RECONNAISSANCE
During the period 1 September 1976 to 31 and the Ice Patrol operating airfield at St. John s.

August 1917, a total of 72 ice observation fli ghts Newfoundland for crew relief or aircraft main-
were flown; 13 preseason , 58 seasonal, and 1 post tenance.
season. The objective of the preseason survey Aerial ice reconnaissance was accomplished by
was to study the iceberg distribution patterns in U.S. Coast Guard HC—130B (Lockheed Hercu-
the Labrador Sea and to evaluate the iceberg les) four-engine aircraft from Coast Guard Air
potential of the developing ice season. The Stations at Elizabeth City, North Carolina and
season flight objectives were to locate the south- St. Petersburg, Florida. During the ice season,
western, southern , and southeastern limits of ice- the aircraft operated out of Torbay Airport , St.
bergs, to evaluate the short-term iceberg potential John’s, Newfoundland, Canada.
of the waters immediately north of the Grand .

On 15 March , the Ice Reconnaissance Detach-Banks, and occasionally to determine the iceberg
distributions along the Labrador coast. One post ‘nent. deployed to St John’s. This location con-

season flight was m ade to conduct a final census tinues to be the mnost operationally effective and

of the icebergs south of 50°N. efficient location for staging Grand Banks recon-

The fli ght statistics shown in Table 1 do not naissance. The Detachment remained at St.

include fli ght time required to make the passages John’s through the season, returning to the
between U.S. Coast Guard Air Stations Elizabeth United States on 22 June upon completion of the
City, North Carolina and St. Petersburg, Florida single post season reconnaissance.

TABLE 1—Aerial Ice Reconna issance Statistics
1 Septem ber 1976 to 31 August 1977

Number of FUghts Flight Hour8
Month VZSUGZ SLAR Visual ULAR

PRESEASON
September-December 1~ 13.9*
January 4 20.1
February 5 31.5
~vfarch 3 18.7

Preseason Total 13 84.2

IN SEASON
~ifarch 8 0 37.1 0.0
Anri l 17 0 91.4 0.0
M~y 19 3 99.3 14.2
June 4 7 1~~8 33~

In-Season Total 48 10 244.6 48.1

POST SEASON
June 1 6.0
July-August 0 0.0

Post Season Total 1 6.0

Season Totals 62 10 334.8 48.1
72 382.9

* USCG Ice Observer participation in a USN ice reconnaissance flight on 10 and 11 November 1976.2



COMMUNICATIONS

b c  Pat 1(11 coul i i i i i f l i ( at ions included ice mep om ’t s. Special broadcasts were niade by Canadian
eit~ i r u imi ime nt a l  conditions. Ice Bu llet  i l ls , special ( ‘ou st Guard Radio Stat ion St. John ’s/V ON as

Vt advisories . a da i l y  li acsuni le ( ‘ha mt ,  a m i t i  t lie require d when icebergs were sighte d outside the
a l i i i in j s t  rat ly e and operational t m a fh c necessary l i m i t s  of all known ice between regularl y sch ed—

to the coi ,dmict of the Patrol. The 1t~ Bullet  in uled broadcasts. These tmansi mi issi ons were pre—

~va~ r an sm i i i t t e d  by teletvpe fr ormi t lie I t t  Pat iol  ceded by t h e  In t emna t  ional Safe ty  Si gnal (TTT)
office in New York twice each day to over 3(1 (iii 500 klI~.
a’ Id iI s se es . including those radio s ta t  ion s W h i c h  Sea ice information services for the Gulf of
l r oatl cuis t  t i t e Bull etin.  These stat j o i l s  were the St. JAlwrence , as well as the . approaches. fmommm
U.S. Coast Guard C on m mi iuni en t ions  Stat i on 

~~ t)o’W to 66°30’W longitudes including the
lb -ion N 1K ‘NMF. U.S. Naval Radio Slat  iom i

- , - Strait  of Belle Isle to west of Belle Isle- itself
N orfoik , N _~~ M. I .5. N aval  Radio Stat m oi m Lou —

- . . were provided by the  Canadian Ministry of
don,lerrv -, N ST . U.S. N aval Rad mo St at iou
Thurso ( ;X I l, IT .5. Naval Radio Stat iom i heflui - ‘r?~Lfl 5~Olt  during time period from I)ecember to

v ik  ‘NBK. Canadian Coast Guard Bnilio Stat io n n~)pr oxJim 1at el y late •) une. Shi ps obtained ice in-

St . .J ohm n ~s AV ON . and Canadian Ma cit  i i ime C omi m - formi t at ion by contacting the Ice Operations
u i t a n d  Radio Station MW Cove/CFII . Officer , I)artniouth , Nova Scotia via any east

Int erm i at iona l  Ice Patrol lee Bullet ins were toast Canadian Coast Guard Radio Station .

1 m oa , lc au~t by Coast Guard (‘onin iun i cat  ions Sta - Simpp lei mientary ice conditio’m and navi gational
t ion Boston , ‘NMF ’NIK by CW at 0018 GM’J ’ on warnings for the Strait  of Belle Isle, the. coast of

~3~ I } and ~502 kHz and at. 1218 (iM’I’ on 850~ Newfoundland , and t h e Grand Banks were ob-
and l~ 7~t ) kllz. After a tw o -m m iinut e  ~~~ of tai mi ed by contacting Canadian Coast Guard
tes t signals . the transmissions were iiiade at Radio Stations : St. Anthony / ’

~ (/M , Comfort

twent y -f ive  (~~) words per minute and f u el) m e- (/ove/VOO , St. j ohn’s/VON , and St. Lawrence/
peatetl at sixteen ( 16) words per nmi n m m t e .  Coast VCP.
Guard Communications Station Boston/NIK/ Comnmnunications statistics for the period 1
NMF also transmitted a dail y radio fac simi u i l e  September 1976 through 31 August 1977 are
broadcast dep icting the locations of icebergs and shown in Table 2.
sea ice at 1600 GMT simultaneously on 8502 and
l~ 7~ () kIIz at a drum speed of l~

( ) r evolutions TABLE 2—COMMUNICATIONS STATISTICS

Per minute.  Numnb er of ice reports received from ships 316
Ice Bulletins were also i,roadcast twice dail Number of ships furnishing ice. reports _ _ _  52

by P.S. Naval  Radio Stations Norfo lk /N AM , -Num obe r of ice reports received from coin-
London derry/XST. Thurso/GX 1I, and Keflavik/ mui ercia l aircraft 1
N H K on the LCMP Broadcast s between 0500— -N umber of sea surface temperature reports 1,150
0600 (,~siT and 1700—1800 GM I on a wide range .Nu u imb e r  of shmps furnishing sea surface
of frequencies. Canadman ( oast ( i tua r d  Radio

• . . 
teml)erat imr e reports 44

Stat mon St. John s/S ON made ( Vt hro;o ( ( as t  S at . .N u m ber of ships requesting special ice in-
0000 and 1330 (~M1 on 4~S kIlz . and ( a i i u u d m a n  - formation 
Mur it  i in e Radmo Station ~%I i l l  Cove ( ‘l~ II also -N i imnibe r of N 1K Ice Bulletins issued 195
broadcast at 01.40 an(l 1330 GMT on a wide range • -N umber of N 1K facsimile broadcasts 97
of low to hig h frequencies. 
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( ) f t I l t  i t i t i t i l  i ’  of shi ps f u i r u t  ~. l t i ng  Icc Pal m i d
w i t h  i i i  I’ t 1 ’ i ’ i ’ t  — uumn l  — j a i l l i l  —c u t  — t j i ’ f a c t  l e u u i l t ( l’ ui-
I t i c  o I t — t ’ i ’ ~~u t I  to i ls . t hi & six mu l t i s i  o u t t s t u i i t t h i i i g  oi l —
t m i l  t iu l  I I —  W t n ’ , :
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ICE CONDITIONS, 1977 SEASON
September-December preseason survey (Figure 3). About half the

I ) i t , ’  I lut  i ,it I It p:i i I  i - ~ - f l o u t I In ’  n i t r i c’, in— normal numuber of icebergs were sighted with
t ’ i i u t l i u t g  i i  t e e  u I v t i’ ul ~ !’e t e i i i I a ’ u u i I  t i l e s  amid pm e va i l -  onl y 145 medium and large icebergs south of

i i  i t ’  Wi i t  — i i  t u t u  t l i t ’  I ~u i I ou t ,  Ioi  ‘i tu c- t . ~m 63° N. The relative scarcity of icebergs confirmed
n e  f o i n t i u t i  lou  an  I t i  ~ u i i i  t e t i t t e i l t  iv em ’t ’ gl’eatly that the overall season would be light (Figure

i i l , i I , l i t ’ f .  IL  t l ~ ci i i of  ( ) i t o l t e i ’ . only the 4 ) .  The first iceberg south of 48°N was reported
t l i i i ’ i l t w t ’ -i t i n  I io i ’I  i i i  of  Uui l l i i t  I ~:tv  t u i t i  t h e  near in position 47°23’N, 50°55’W on 28 February.
-.hi i t  a l t  > i i ~~ 1 ~: t i l u u t  I ~I : iu t ,  I I wi t  l i i  ( ‘i t i t i h i e m l a n d  I~v the end of the m onth , new sea ice extended

i i i  i v en - t ’ f i t  v c i l ,  I ’h i ’ oi t u. rh i i t i i l  N i i v t ’ u t i h t t r. ad— almost to Cape Race , Newfoundland and as far
t i i t ’ i i t t i i l  l i t  i u i t l ( ’ . I  l i ’ l t i ’ s h t i t i ’ ( . w }l t’u’ ( ’ new ice east . as 49°W. The easternmost pack ice (6 to 8

t ’ iivt ’ i’ t t I ( l i t .  ! , : t l t u ’ u i t l i , i  last t o  u l l t i t u l i  3)) t i t h es off— oc tas  of young and first year light- ) reached

~h ii n t  fr i  in I ( i t t ~~i I ~u i v  i n n t  I i .  I ) i ’t ’ i ’ i i l l i ( ’ i ’  t iosed 47c30’ N , 50°W and extended north northwest-
w it  I t i i t ~ I ’ . ,’ j t l . -i T • t ’ : t t i i i u i : ~! t h e  t t ’ t i ’ I  Iie i ’i i t i p  of ivard. Only th ree icebergs drifted south of 48°X
\t ~ v f i t i i i i t h I u i u i t l .  l ’~ t uioi ’l ln i ’ui Si i’ : t l I  of Bell , during February.
I — i t ’  w :e— I t oxi n ol i i ’  t n t i  — t ’ : i  ice t ’x t , ’ i t d e t l  100 to
1 i 1  I i i t t l t - i t I l ’ -ho i i  ut i t  i i t ~~ I l ie Lu i h i ra d o r  coast. March

) i t l  v I i t u t ’ , ’  i t ’ t ’ i t i ’ r u ~— \ V i ’ l i ’  i ’t ’ j t i t i ’ t i ’ t l  du im ’ing  this  The southern and southeasterly flow continued
1tt r i i i , l .  ut l  I i v  — I i q t —  tp~ t u’ t t ; i t h t i i i ~.i’ I lie St t a i l  of through March with above average temperetures
I ~t - i I c  I - k .  ~~i ,  d i  i t i im’ t  i t  of ::~ N . inhibiting sea ice growth. As storm fronts

passed through the Grand Banks region , the sea
Janua ry  ice was broken up and spread out. Although the

‘I ’ht ’ sl ut i t ’  t i l e t i t t i n t i  I t s  l i t l v : ln i i ’ & ’ . thoug h leading edge of the consolidated pack began its
. h i , w l v  hi t , ’  l i t  i i i , ’  ‘i t i l t  I t  i t t  I l i v  lu i t  i i t i t  f r o m i t  nom’— retreat , the resulting brash and small floes of

- t i t t  l i t  i o n — . 1k I lii  i i  I o f  . J u i  i t  i t a l y , new sea first year light ice rem ained in the northern
i t  l i l t  I l t t r t t i c t l  i l l  I l I e  WuI ,V t o  ( ‘:ipt ’ Bonavista , Grand Banks area. Preseason reconnaissance
\ t w f t t t i i t t  I l u i u i t i .  t t t  i i t i l  , x t , ’ u i t l l i i u r  t ’ : i s t  wam ’d I)e- fli ghts on 3, 4 and 5 March encom passing the

~i i t I ~ I ‘t V , , \ I ’ I i  ‘i l .1 u l i t t i : t i ’ V  u~~~~~~ii ~~~~~~~~~~ 
l i m its of all known ice south of Belle Isle, located

f o u t i i t i  I i t t l i , ’ : i i  l o u t- .  of  ut \ t ’ i \ ’  I i ~iii i  seut -oii ( Figui’e 8 icebergs and 6 growlers (Fi gure 5). Eight
1) .  It ’ t ’ iit .i’g . 1 u d t i i t  ion a It t iiu .r i l i t ’  Labrador m ’egular ieconnaissance fli ghts were made subse —

— I \ a — i l l  I ~~ w i t  c i i ’ . — l e t  ~v it  gn u  p hic all y (b ent to commitencemuent of the 1977 season on
I t y  J : i i  u t , ) ,  J” j ’ i t i ’ ,’ 0)  \ t o t u t ]  ~f 34 it~ hieigs March 13. Ice observation fli ghts on 18 and 20
w e n t ’  h i t - a l , ’  I i t t  wei ’ii ~i i  aut h N . No icebergs March (Figure 6) surveyed the limits of all

~‘,‘i ’ i t ’ - t ~~ h l t ~ ’ t~ - t Oi l  I t  c t f  . t . t  N .  N o sh ip  report s known ice from 44°N to 48°N. Onl y 4 icebergs,
w i t , ’  i i ’ ’ ’ I v i t ]  i t  . J a i i t u i u \  2 growlers and 1 radar contact were observed.

The easternmnost and 1977 season’s southernmost
February extent of sea ice, 47°30’N , 47°30’W and 46°20’N,

— ci i i i ’ , i i c i l t  t~ i, :i l - t t i l t  l i t  o h -  I t ’gu ii i to u ior ni a l -  ~~ 25’\V respectively, occurred about 29 March
it’ it  h i t ’ I~’i ’ f t i n t  i v  i v i t  Ii au i i i  t i - , ’ :i -e t l  oi i t h er lv ( Fi gure 7). During this month , 7 icebergs

: i i t t l - ‘ t t i l h i u i — i , ’ i ’ ! v  I l IW ’ , j t ’ t ’ l t , i ’~s— , i n t l  — t a  l i e  mip — drifted south of 48°N.
t : i t ’ i i i ’ t  I iii I ;  r ’ : i i i t l  1 ~:t u k ’ . Br i i t i t l — 1 ’ e lin ’uary

t i l t  - i ii t i  ta d i , ’ : i i ’ l i i i I Pt • St .  l’ i ’u i i i t ’ i and ice— Apri l
I t i i ~ u’— I t i u,~:i i i  t o ,  x i t  f i ’ t i u i i  I l i t ’  ice pack ‘i nearly By m id-April , conditions began to revert to the

t i i t j  t i e t  i i ’  i t — i t s  i i i —  i i i  lu i i n u i  I l i i i i t ~ r t h e  per ioil aL)nor lnals observed in Decemnber and January.
I ’ t ’ I , i ’ t i u i m ’ ~ i i u ~~~~I S l a t - li i iu i  l i i i ’  February Predominant onshore winds along the Labrador

5
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cout- l  l i n t ]  ‘ i t t i i i ~ t t ’ f i ’ i ’ hv  w i n , ] ’ . t i 1  I h i t  t ’ t t : t — i  il ’ June
i t ’  l t ’ u ’ u t i e t l ~t ’ : t  i t -  l i u t t ’ ) s  t t ’ I I t ’ , t I  I ’ : t i - I ~ , l e i i t ’  ~ i t i ’ ~~t ’~ - t i i - ’ ] t ~- t- . l a t : t i :  k

n i l  H - i - . , I l I t , ’  I ’ t ’ i t ’ t ’ ~ -. t ’ : t - l \ \ : t i t l  : i l t n~~ N ~~~. 
~~~~~~~~ ~~~~~~~ l i t ’ u t t t ’ i h , I w  i i i :  .‘ t t~ - l i i i )

I , ’ ,’ o~~t i I t t i l t  t h i ~~ I t s i t i t  ~~, . t , 7 t e l  l i t  .\ I t i  ;.~ \ .\ ~~~~t i t ’  w I t i ’ t - ~~ t t i t t t ~ l ~t , i t t h i .  - t i l t ’
- i l r \ t ’ \  i t ~~ i t i t ’ ] I i l i i i s  i t  k i t t t ~v i t  t i e  l i - u t  I :  :~ t i ’\ , t i ’ i f t t . )  I t t ’ I i t w  9 t i t i e t h e t l .  l~t ’~ tt l : t i ’  u i i l i
t o  h ’ \ . h” f t r i i i ’t ’  s~~, : I i : i - i i’ u t l i  th j~ j , I t t ’ : i t t l J : t ’ i t t i i . I l i t u t  n i t  t i l e  Si i : i i i  i f  P ’ l ) t ’  I - I t ’  t t i ’ t t t  t i ,
o n ly  3 f l h ~ 3n 1 h i -  t ’ i t - i ~~~- ~~t i ’  S i t t l i l l  t t l  i l ~ u t b t t i t ~ h i t ’  i . : t i n i t l i t i ’  - t , : i - t i - , t i t — i — i , ’i i  ‘, f I ; i t

t~ N .  I c ~i i i t i I t i ’ i ’ i t i i i t t - i  j t ’ t ’ I , ’ i ’ ~ i f  i l i t ’  - t  . 1 ‘i i i  
t t ’i u c ’  f l i t - I  \ t ’ : U ’  h i ~~l i i  un t i l i t t t - . i i I i l l  t ’ \ i t - l i , i I I i ~~ l i t
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OCEANOGRAPHIC CONDITIONS— 1977

‘l i l t  l i i l ’i u t : t t  i , i i t a i  I t -i ’ 15 ~t tu’ i i I i i t - t l i u i t t g u l i ~i IL i i ’  i t t ’ t - ; i i i l , ~,I ’ i  i~t I i i t  — t ’ t ’l I i t I I _  I i ’ u i i ! I t ’ i  I I  i i i ’  i~ t l ~i I i l \  ~~i i

I t i i ~~) — i t t i i  l it 11 i 7 t t t i ~ i~ it - I i i i ’ I \ \ t i  1~ ”( ( ( ‘ i- , \ ’I~:1: l i ’ i i i  i t i t  I’ , ’ t ’ t i t i i t ’  t i t T t L I ’ i I I i ’ i i i i i  i t l ~~ ( - - , ‘ t l ~

; I ~ I-: I - :~—~ 
‘
~\~~ i ( ) )  _~t i .’i )  t ’ i ’ I i I ~~t ’ — i t t  l I l i  (~~ ‘ : i i l i I  ~t u i t I  ~ t I i i t i t ~ - ‘ l i l t ’  t i i , t i —  ‘ ; I u i ~~i l ’ t I  f t t i n t  t t 7  - i i ,

I1ai i l~s o f N t - , v f o t u i t t l i a i u i l  f u o t o  I ~\ I t t - i l  I i  I M t ~
- . Lt / 

. i i u i l _~:I _\ f ; i - t ~~~ . J i t u i i -  I1 t ~~ . I ’ l i i - ~e t r i l l  i t l t ’ t l  ( i l i i - , I i t i o u i ~
, i l i u u  in g  f IR ’ l !t ’ ’  . —t- : l ~~~t u I  u u u ’ l t t t l t ’ t I

F - I l  t ’ i n - i - i ’ u i t  h u l a  f i’ oun  i i v t I i ’ i t ~’ u - i~i l i i t ’ ‘n iH - v .  I i i ’  t l t ’p l t i v i i i t ’ i i l  i t i l i t ’ . ’ I vi - i ’v  i i i  l I t  i i i u i t - I i t  n i t - l i t ’

Itt . - t i I ~~ I i u u ( ’u’  i t i i ’ h I j ’ l  l out  ii ’ i t ’ i I i ~ t~~ l i i i ’ ) _ “ t l i ’  I i i i l t t t t i u ~~,~— i i  t I i i -  I i i ’  I’ tI t o !  i t ’ l l . ( t u n ’  I i i ( t t I i i l i ~~
. 1 1 1 ’  t i ’ a t ’kt’ i l  i l i - og iu&- i I l t i t v ~ I 1~YI’’’— )  lVi~l- i’ i i t i l  \\ i —  IOi ) I t t i l  l i t  l i i i ’  I . t l t i i t l t i r  ( ‘ n i - i t - f l u  i t  - I~ i ’’\ ,

l i i i ’  l i i . ~ —I - on I t ’ t t t t — t - I ’ l i I  vi-  v t - a u -  t o  v i - i - l f v ’. i t i t l  I t  ( ) l l ’\\’ i i i  I I t I i i i  t i  \ v t t e l ’ , 1 i ( ’  t - t - i t l l I I  lt :N I I I

n t 1 ) I I i v , -  t i l I l i u t  i i i u n i l  l t ’ t i tt t ’ ~~ d i i  ft I t v  u i t : t I ~iu i ~ I: ~ ~t t~~~\ ,  7 - II \V i ui  , . i ) t t i i i  of ~v i l e r  n t - a r  l i t ’
I i~~ i ’ : u i i i ~ i ; i u i  t u t i ~ I~ i t i ’ i ’ f l i t i i N  of ~t t  t - t t r u ’ t - i i u  l i t  ‘ t I l i - \ I . - - t t ’ r i i  t ’ i I t ~t ’ i l f  I lie N o i ’ll i  A l  I t u i t  i -  ( n u ’ i e u i l ,

- l i e  ‘t i i  t - t  ut ah ’ — o l i l t i i i i ’ t l  l v I l i t ’ l t v i I r o ~~u ’ t p l i u t -  l I t t -  n l i I I t u ’ i i t ~~
’ - F y I - i t ’  n t f  i~~~’’ i ’ t l i i t ( ’ t i  w i t -  a u t t l  t ’ i Ii

t a r t  t I  . \ - _ a i t ’, t i h l i i  i t t u t i l  t i — — i ., of  t i n ’  I I l ~ u r t ’ l u , I i - t l  I F y I )  v t ’ t ’Wi  t F ’ t ’ u - t g i t i ~_r t ’ n i ’ u ’ ( ’ u i t  i l i ( ’ t I ’ l ’ ~ - t i

-
, 77 ‘ ‘ i n —i- . j i ’ t- I t i ’ i ’ 1,t’ n i t !  t I u o g t t r i l  I t t i t i v  th’i  ft i l u t f ; i  t l t l t u i t x i t n t t I - I V  l i t t l i t  t u i t l  l i t t I w  l i t - p i l l ,  - I I i ’  t l t ’ t ’ i

‘ ‘ ‘ r i ’ I ’ U l l i ’ I ’ t ( ’ i l  t i t ( i t l ’ i l  l i i i ’  I ’\  1- I ~( 1~ I’ I’ N for i i i  u l u t t o r i i t g  : i I—t  n t - l a t h - t i  a I l l u n  u i - i - , i u t h i i ~r ih ’pl h
‘ i i  , r t t i , t ~~ i t - —I i r I ~ }iioj t’n ’t ~v i t  It  l i t -  i t i i j i - i - l 1 1  i ’  i i ’  g t i i ~~’i- ; i I t t t~ I’ h i t ’  i t i ) I F ( ’ l  - i t i i ’ t l h  u n e l e t ’ .

i t u i i i t S v u i t ~,r 1t ~’ ~ ‘~~l 1 - 1 ’ ~’ ~~ ~~ ~~~~~~~ 1 i u t ’ ~I -I t1 l _\ t t s~u l h i t  t ’ t i u ~~(’~ ih i n - t i - u ’  u i u , i , i - i u u i _ ’ I t ’  ~_ t a i u t i  t h e
l iv  l i t ’  h i t t i ’ u u ; t t  i i i u t t I  l i - i ’ 1’;t t  u i t l _ 1” n t I  l i , ’ r i i u t i u - t ’ . It  t a t — I  h u t 1  i t t ’  t h t ’ i > h i t v u t i t ’ i i l  ~ — i ’ i - i’ — n n i l t u -  l i t  t h a i  i i i ’ —
u’ ,- - i - t u ’ i - l i i ’ i ’  f i o u n  t h e  U n i v - u - t v  i t f  \ V : i - I t i i u g t i t i t .  

~‘ - u - i l t t - t l  in l I t -  i~t ’ I t t i u )  of h it - l a t i n - t a i l  i t i u t i  I I F , ’
“• t ’ ) i i t l t ’ . \\ : i — i i  i I ) I ! t i  I I  i -on i l iu i ’ t i ’ i I  i i i  j n v t ’~~t gal IOu L~nl m l  S(- ,-v it ’n in  I hit ’ N , iu - t  It .\l i t t i h i t  ( ) t - t ’ a u i .
t . x i i i l i u i i u t L r  t h e  p I~ ’~i ’al N I I I . t ’ u _  ( i f  i t - ( ’ l t ( - u ’ g  i i , ’ - “F( ’ IS OTt  t i f  J 1 ) 7 t  ( ( ( 1 - i ’— ~— - - : i i , B,thh ,’t u t ;~~ ~ .

! s ’ r l o i u t t  ton. i u i a  j ar  t h l l I e u e u i t ’ns i i i  f l i t ’  u i loo u ’ iu i g  \ v t ’ t e  I hi ’ t i - - t ’  of

I I ’  i l v t i i i t i h ’  t t ~in gi ’ Ip h i v  — t i ! \ t - _v— ~‘ u ’ u ~~~~~— ‘t i ’ i t t —I i t - — t ’o t t t ’t I w i t - n  [ t i -  t h i n  t u t u  u t -  i u i i i i ; u ’ i i i ,r

PI~- —~ -v I - :n~ iu’ o i i n i , ’ i i t uI  ~~v~ t t ’ i i ~ . h u e  t x _ I - I t t  t in- l i t t i l t i u t i  l 1 1  , t w t t - u ’ — -- h ’ a t lu ng  t n t  t i i t -

I i i - .. I ‘ i t u t t l t l t ’t v i i  v Tt .i u l l i i ’ i ’ ; t l i t t ( ’  1 ) t -p t h i  j ( ‘ 1/  sj u l i , r l ’u - , w hii t ’ h i  t - t t u i s i s l ed of H~~~F i t l a i l e t l  a v i a t i ,  A
1 ) 1  , M -  I t - I  I l i l t I , I - ; i t i  ~~~~~~~~ l’i-o f i h i u t g  S v — —  ~ i u u g ]e t i t t t lb I t u t i v a u i l  f lo a t  ~ -p I~t~~’iI t i n’ t w t t
o u t .  Tlit ’ l i i i  wi t -n u’t- t - t u - th ’ i I  an t I  i i t t - —~~t i  l i i i  l i t  hi ui ~’ t i n l  sphlei’ (’s t i — t ’ t i  lou - t i n ’  1117 1 u i n i t i l’ings.

l i i i  \\ : i i i ~~ L ; t I F t , l - : t t t t i i t - F- , l i i i - . Model l~~t ( t  I I ‘‘1’ 1 )e p lo vu i t eu i  of I i i ) ’  i t t O o l i i t g s  t s ’ t ’ i t u ’u - t ’ i i  ot t 7 5

I’ i ’ i ii, ’i i t u i i u i n h li ’ ( ‘ t l i ’ t t l i t i t u ’ . h it ’ \\ l u g  ,\ I , i t i s , ’l )~.~I ) .\ p u’i I t i n t - l u n g  t i n -  f l u — i  I - u - I l l — i ’  u t u t i  \V iI -  ai - t -o nt 1d i . i i e , I
I ) t t i I 1 qie I ) r - i v e _  t i i i  I 1w Wang I i i i n n t  l ug l i i i  t i ’  I ~

- an t i i t - I n t i ’  I t i 4  t- ’ I t u i n j i u e s  f u’ t t i i  t h e  f~nnl a l l  i t f
I i - ’  ! - I - ’t f - n i t - ’— 1411 . t~~( ( — t : i t  t I l t  A I r X u i i i l i ’ I I t ,  I l i t-  E\ ’ E1~ ~I~1- EN itsiu lg a wi un ’hi  ~v s t t ’ t t de —

i .!! t i i t i  ) ‘  — i g n t - t i  l o u -  i i l t l l l t ’ i u i 2 ’ i t pel -aI b u l l — , I~ t - t ’ F t -, t ’t’ V of th i ’
( I t t  l i t  i i i —  win-n app lied t o  l i t ~ ( - I / I )  t e t u t —  u i l oo i ’ i u tg s  look p lat e ott 24 . J a u i n  t l i u u ’ i u l 2 ’ t h i n  ~i’t ’ ( i u l t l

n a i l  — : i I i I a I v  l i l a  ft ’ot u t l ( ’ i — a i ’ e u l i e u i t s  - t a ~ t-~ I ’i i e i t -a t e- I I t ’ tI ’lt ’t I ’t ’ l i i t ’ t ’ I : i i i i — ) s We t-

u u i : t l i i ’  I t v  \ : t u n — i - I i  It o h it ’ s ~v it h i I s ’ t ’ I ) - - .et  i i ’\’ t ’ N l u t ,I i i~t t-i’ i ’ui gutled t i l t !  t - , t u a u n i t i t l t - t i  to  u ’ e l t - t — -t ’ . I i t -

t l i t ’ i ’ i i i o iu t t ’ t t - t - — . ~‘~l I I j r i j t S -  Il lS t l( ’lt ’t’ tt ilt i t ’il f i t _ n u t  I ! I l i l s i t l i l t ( ’ 1 ’5  oil l i i i -  l ’ t ’ t ) v I - t ’ v  f l t , a I  s ~v~ i-t ’ i t t ( U t t ’ ( i

“ l i  i t i ~~ I i ’ —. utn ~t I v z t ’ i I  ot t  I Ito ( i i i i l d l i i n ’  I — i  i’ut iii t ’uul ~, I v  au ,~ 1) 1” out 1 1 1 1 : 1 i d  I It , ’ I —It I t  . _\ pu ’i t l i h t ’ uu t  Fl a’-

l i t i . I 111i’i’ h l l t i i i t t t . \ .~~~. I . \ t i t t t ~— i 1 .  ‘I’ i t t ’  l i ’ i u i h n ( ’ u ; t —  l ’ l I t ’ I t i i i t t ( 1 ’ ( ’ t i  in t lts - t n t ’  veu ’ 1- of I lit ’ t Ie t - t i  t t n x i u - i u t g
t t t i’u’ s 1 it tIt i ~’ n ’sii u t i-o I ~- ; h i - ’ -  ~ t . I’ i- ., t h i l i l l t - . I  t~ ~ F \ i t i - i ’ i’ l i i i ’  t c o u i i — t a’ i e I t t . t ’  f u n i l n i l  t o  u’ t -— _ I t t t u i t i  h i ,

t u t u  ~s- i t l t  n h - h I l l  t’r’ t > u i  i i r i i t t - i - i~~’t -  t i - p e t I t - t i  u u u l t - i - u - i l i l  i i t u t  . , ‘ t l t h i i t n ii if i u ht i u i i t l t I ~’

s l i t  I n t’ t l I l t ’  hui ,’t~— i’i’ui ( — ‘1’ ” I )  ~~~~ ‘ i i i  t n t  I \ u i i t i — i ’ T t  i i  il r I - I t - i l — I ’  ‘— I i  t ’ t t ’ —— I t i l i ~’ .
I i tl l It ’ t i ’  - i — - i t t t ’ I - a T t t t gt’a~I I l i n —i t - I  I on .  ‘I ’ I t s -  ‘— t I u i l —  ‘I ’ i i , -  t ’ t t i i ’ t ’ t i l  u t t t ’ t ’ u ’ ’- t o t  tht ’ ‘- Ii:ilhii ~v l l t i t t i ’ i t i g ’

il _i’ i i t t u t l i t v  I ’ ( i i t t  i n t l  I I i l h ( ’ T ( ’ i i l t l -  IF t ’ t t ’  n ’ t i u t t l ) I t I t - I f t , i  h l i i ) F ’ i t l e t l  g t i i i i  I t - t ’ t t i l I I -  l i i i -  l i t ’  ( ‘i l l  i l l  i ln I ) l it \u t It ’ itt
l i i i ’  — t i t h  t t - ’~n i t d  t i w  I i t i l t i , i i t .  t vI ’ T - - l g l - l l  h it - (‘11( 11 I )t-Iiixl, ~ieIii iiig 77 tI e - — of II thit l i’i~ ui I ’ l l  I i  ‘ i t n l i - i ’ ,

‘-I’)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ .w, 
‘ -

‘ 

—,



1’Iie , ‘iu ’t -euil i t o — h i t ’  at lO O t it ,ho ~i i  I t  out f l i t ’  i ls—s ’ p l i t ’ ; i — i t i t ’ I l  U t i t t t X l u t t i t i t t  ~‘ i’ 1t ,t i l v  of 44 t - u i t  ‘ - i - I - , ‘l ’lt s’

utt oo u ’ iui g ~‘ iel t 1t ’t . I II I t h i _~ — of t ln t : t  ls’ f i t u e  ut h a u l  nh l t i u s s V  sIlO\V( ’(I I l in t  lit ( ’ 5h)t ~t u 5l5 FV(’ i’l’ t h i n — e r  l i t  ) t t

tlo , i t h i u t g  of I in ’ j u i s t t ’ i t i t t - i t t  (is ’ ( ’tl u I t ’ ( I .  w h il e I l i t ’  t i l t  I -n t ’. i l l  i u t t I Iou l lnuit  t l i ffei’n ’tie ’ wi t er t  du ’i ft hug
low,-i’ u l n ’ I t - i  u u i a l f t t n t - t  j oin- i l u nt i l  v l t ’ h t l t - s i  it o  t i s t i t i t -  tneltei’gs. ‘Fits ’ l - ’ t ’ t i t t t t l  i i itp o i’ tnnt  l u i I i t i t  IF ;e- ( i l l -

( i t l t I t .  h it— iIe I ) l  Ii g t t i g s -  sin I i i , ’  th ’ep t u ) ( i t i u l i i i , ’ I t i tn ’t I  fro t u t  l i t e  i l i u ’t ’ t ’I i s , u t  of t I n ’  l t t i t i ’ t ’ - ii t ’ i f t  ,

floot it -i l  unit! l i i )  ‘laIn were o l i t a b i l t - t I .  ‘ l ’ h it-  i tv i hu-s i gu ’un p i t i t ’  — t i i ’ V e y  — i i t ) W ( ’ t i n i — i t t  u n i t  id  t i n ’

h u t  litI :t ui iI ~’—i ’- of tlit ’ t iat i ut -veal — - u- t- u-agl- Lit iit’~nti ttt ’ (itu’i’(’nI w i s  t ’ l t a u u g u ’ n l  u i ’ i u t t  i t  — I i O l ’ t u n t i

~‘ , -h i t - i u u s ’ ’- iii I I t t ’  L a i t i a t h u i i ’  ( ‘ u~ ’i - t-i u t t iu ;t t u n it ’ ‘-m i i i  ht—i - I~- t I l t e d  1(01 aut t l  F I t S f l o w in g  j ut  a u t ou ’ l I t—

pat - i hlel  l i t  t I n -  l I m i t  I o t a  , ‘ i i t i t  I i t t ’ -  wi t  ii u t t u n g n i t  I i  t t - ~ 
t’it st t’i ’i y ti i i n t ’ t  ~~~~ i t  IF t I -  not kt i t i wt ì  for I i i  I t  I t

t t f  t I F  ‘ I I I  ‘—( ‘i 11 i 2 l l u t t  t l t ’pt  Ii au th 15 n i u i  ‘ - t - t ’  t I  I Intl  I Itt — FF’ LS t Ill u t e c t i u ’ a l e  J m i t ’ t  u t t ’e  of I he r t u r u e i i l

:i~~: n t t t  ileptht . ~~i t t - ’t  I - n i i i i l v — i - - h i d  I l - t i e ’ -  I b t I  h i s ’ \\ ‘h ien l I t , ’  l i iiniy nnters ’tI t h i s  t i -n a II t l ~ m i  ~~ l i l t L !

t a t  j l t r  l’ t t i t l l I l t —  t i f  l i t , -  i ’ t i i i ’ n t t l  l i t - t u t u  a t  a I iuu t t -  l int -k itmwau ’ds t in’  tuo rths ’a -iI ans i  foli owt ’i l  t i i t ’  II  -

— t ile of 12 l i i  16 t h i F ’ — nu u t i  i l a nt  I i i t ’ —t - ~- i t ’ i - . t t  h~ — i’~ ct lou t insh j ( ’ a t t ’ ) h  by (1w s i l l - v i - y  ve ry  cIosel ,v. ‘1 l i t —

i l ~ n o i ie e - -ui t  w i t h  t h i n  i oi ’uti ~ i n i I  ti ( ’ld , u t i f ou’u t t t t t j t ~ i a ll oweti  ( ‘ I I I ’  to have a t t t t i t ’ i t  lt igh t -u ’

— _ - ‘ , - t ou t  Ii t lnuut -e li t I hi t - lu’  ~tr sdtun t
I W() I~ I I ’ - Bu sty I t a m - u n t I l  ur n ’ I t - u t i t i u i i I

we u -t’ i u~ ’t h i i i  11)77 . I ; l a l f o u - t t )  i t l i ’ i t l i l i t n I  j I I t t  t t ) 1 7  Ruov 1)671 was (h( ’p l( )Vetl t i l l  2(1 .~ Im ri l 1977 at

anti ( 1( 17 1. l I l t —I ’ WF’ i’t’ i t t ’  t h i n -  — t i l t i ’  I \‘ l)e 1— t I i i , — t -  2 :; — ~hZ. b it t  stopp eil Ir an ’- x u i i f t i n g  t In ’ nm ’N t i i l iy _

ti ~, ’ l  i i t t t ’ l u t ’ r  1 I i~ — 76 ( ( ‘ (  l i - s  I i  
- B t tsss  lI (’s4~ ~~ini - redep loyi ’t i t i n  ~i Ma y 1977 t I

— —  
12 12Z i t t i t  ‘7 F t l l t i t t t l  tu ’an sui t ittinm ’ on 2 .Iiin -. ~l

Buo y ((64~ we - -  t i ( ’p l t ) V( ’iI l i i i  ~ ,~ I i r i  I I - - i t  - . -

- - ‘ - — — — , 
I I i i ’  I tuu t t ’  of l i t , ’  u n h ih iau ’ e fl t  f t u l u u m e .  bo th h~tt ot

21 1 it )Z lIn I — i l  tOil 4 i 12 N , b~ I )  1\ . i t  ~v m —  t i
- - — - - 

t i t t  In - at  tu g  gooti hat t c iv  volt igi ‘s inn d for st I t ’  i-a

lowe’! t , t  t h u ’ t f t  u t n t t l  1~~1 - t Z 22 A p t - i l  ~~i is - °  sF 1’- -

— 
I t  — t l i i  i t ue - i  of th ti f n u l uiu t ~ t’— it ut h now ii i h t s~

t - , I O F ’ t ’ i C t h  u ul h o — t I  ion l . t  2 i N. I 2); \\ I I i ~ i t t ’ , ’ ‘ -

— - - - 
u-vt’ l’ . IF lit-ti  tin ’ 1~\ K R(_ n ii K EN ret t t  r ued to ~~t

I t ) ,  a J f a u u t l a u ’  Ju t - . au i to uuua t u ’  l i t  m i t t  l I t  h i t - u t ,  ‘ ~ ‘ ‘ ‘ -

- - 
. I oh it ~ . , , t ’  U’ I’t I I i  u t t i  Jan t  I . ~_nci ’soit n s’J fu’oni t In c hi- i l u l l  ~

Mou ld ht t2 , \. FI n — uis et i to i t t t t t e  t i n e  t t t l o \  t u i ’ i  to  F ‘ —v t -—s t I ( ape W r u nt h 11 i-ct nurned Bt it )\ 1)64 ~. i t
I t ’ I  t h e  elect u -o tt  i t ’  l) itt’ ktn ‘‘e is ’f ore t ie  p it v u i u t ’n t  . - -

11 1,1 I tt ’t ’oit w (‘utail giet i in t he i-li lt ) i- fishing u t -I i- .

‘I ’his lt i t ov ~~~~~~~~~~~ 
t w o  uu l u i t o t - I nu l t  i u u p u t s t i m  ‘I ’m ’ :— t -  of BTT bu oys in a r ea-s whtei’e f ishing

( ‘ I I  I ’ , ‘l’h t , ’ f im7 t FI n s t l te  spent! of l i i i -  l 4 i u l t r u t i o t  t - x I t - u t ~ iv e wil l  have to he I t -e t i  with the u n m h e i ’ —

(‘ut’i’ eiiI . ‘h it s t ’ t t i ’ l ’C l l t  FV ns t i t ( ’ n tti ’t ’t i f t — i u t ~~ st u i t i i u u g  that  tile i u i o r t a l u t v  u-ate wi l l  1ie hi i ghu ’i ’
htv thi’ og i’n~i in i t ’ ~.iurV ( ’y t e d h u u l l ( I i t ( ’ S . ‘l iii — i- t ti ’vt’y I u n it ill t ’ciint t~ regions of I he ocean.
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ICEBERG AND ENVIRONMENTAL
CONDITIONS 1977 SEASON

I t t ’  t a i i -  - t - ~ ~- t ’ t l  I ’ s l i t t p lex interrelated pa- The January and Febu’iary pu - esm - i s t t n  ~n t rv ey ~
w i t -I t  t n  ‘ t I l t  for ~~ numbers of ice— as discussed iii (lie lee, Contl it ion — — t - t - t j o n  u ’( ’—

F - I , ’- I ‘ t I  Fl- i l l  u t - a t - i t  I l ie ( i ri nnt i Banks during ferred to Figures 1 ant ! 3, wl t i r h i  gu i l t ’  I li t ’ fi rst
i i i  t t - t ~ - I ’ l l — I  u ,  I ) u i t -  of ’ I he least important of indications of a li ght t~in i-o ui . ‘L’he par t ia l  J an-

f l i t ’ - t i n  i ’ -  in t i n -  a uuuu u al  productivity uary survey and the nearl y t’ t i i t t j i l t ’ l  m ’ 1”s-I i m u i a r v
I a-  n t - - I  t ~ i i ; a ~t I l it-i t - u - s front which these census found a relativel y s i n  l i t ’  P o i iu i la t  iou u of

- -  t ’ ~~~s - - t ~~ t i n t  t I .  \ \ ‘i t  I t nut  eX(’t’ss of 10,000 ice— icebergs having the potentinn l of u’t ’am-li iui g t in-
I F t -  I - t b  v t - i t ’  f u w u t  t u e - i c  glaci ers, there Grand Banks when corii pa re t l F l i t  It I Iii ’ u i t imu t i ;u l ’ -

- - t ’” I d i i  I F ’  I t  - t i l l  - i t - i t t  k ’eberg inventory in in Figures 2 and 4.
I b t v  h i n t  t ig  uni t  v u -au’ to pr-oduce a seveu’e Figures 19a throug lt 191 t le i i ict  l i i i -  u t o i ’ u i i a  I a n t i

- i -  ~‘ — I ’ l l — - l i t  i t  t l i t - F u - u i it  of t lt e  Gi’and Banks. 1977 sea surface ~i’~~st uu’e pit tt ei ’uls iou’ ~~‘h i Ie t t t imer
i i ’  i t t ’  I t  at  r f i t ’ t  I i ’ - sir t ’ tiui t li t  loris pi’iunar il y 1976 throug h August 1977. When h uh n - f l I r t - I  ing

- - —~ -- i t  - t i - l i-  f t t u ’  t l t ’ t - - u - u t l i t u i t i g  t i t e  uuumber  of ice— the figures , th e istsh i au’ — . , 1i’un ~vn is  i i e n v v  ( m h t l l
t }t nt  -‘ ii t i u ’ i f l  l n i w ’ i i ’ , i and u m i t i t t i a t e ly  stir— lines, provide an al-erage wind m ll i ’ t ’ t ’ t l t t t i , 

- 
\Vi ui i—

I I t  i s  I t , - ; t e h i  t i t -  I i t  i l l i  I ~ut ii ks. ‘l’iiet-ie are the tend to blow nearly inn u-a l id IV I Ii th i s ’  i — o l t n  u s ,
- n — i t  F’ t t r  ~ i m h t i u t i m -  I i - t t i — h m o u - t  u- ate of t h e  Lahu ’a— counterclockwise around loll- I ‘t ’ssuirt ’ tu t u t h ou - k —

t I r  t I t  I t  i i  : h i t ’  u h t i  ‘ t I  m l i i , t u i ag i i i t t i t l e  and ( itu ra — 
~vise around hi gh pressure eelI~ ii i  t i i t r ’ h i i t - u ’ u u

f 1 1 1 I  ~i u - t ’ v t i h u t t g  I l l u l t i —  (‘ui(’ountere (l by the latitudes.
‘ l t l ’l t I ~~ h u t - t i -  t i u - i f l  ; thin ’ exteuit of the sea - -

- The predominant cha rach eu’ms tt t ’  of l i i i -  u u u o u u t h i l v‘ - ‘ I F  n t ’  I l l  i t i t l m ’  i t  h i i m m t t ’ t ’ t  t he  icebergs; and , - ‘
‘ - average sea surface pressures was I hut-  u tn-andei ’t u i gI . l u l l -  I ’ l l  i i  t i  t u u u t t m - u i t n I i ’onnlm t i on s to -which . - -- ‘ 

- . Iceland ic 14o’w. ‘Flie October posit tu t u  of h it ’ Li 1wi t -  i - t I - I t i~~ u - N I l e — - t i  F I i t t it im nm t  of sea ice (i.e., ‘ - -was located near’ its cl tu t iat olo gut’al  u i t c un n b t u t  u tt or ’eh u h  F V : I i t ’ t ’  i i ’ i l i I ) 5 ’ i t t i i i ’ ts~. Fl inl’d actio n ) .  Ab— . -
- ‘ . intense than normal. This Loll- began a w t ’ s t t - i - I vi t  ‘ ‘ i i  I t l i t ’ - - i t ,  i t e -  t m f  t ! t t - — t -  t ’o u ul t l  he resL)oulsible . . 

‘ 
-

‘ 
- drift during Novenilx -r au th I) et ’eu t ula- r n I -u - os - - I It , ’r u  I t I F  1 , 1  i i i ’  i is - a F y  iceberg season off . - - ‘- 

- Labrador Sea, filling during 1)eceuttlmeu’. Neu nu - n n g
F I ’ ll F t t t l ) t  t i l t  t i l t .

nor m al intensity, the Low ~s- u s  cenle u -e i l  u i ear
I t I ’  I t~~~ I l l ’  ~~l ’ , l ~~~ I t i  Il ls one of th e lightest Belle Isle in January 197’~. Tin’ i’t’~i ult iu tg flow - ‘

- i i — t ’ ’ t -  - i  i ’  t i - - I  ~‘ i i  I t  i t t  i~st imi ta ted  total of only patterns were southerly during ( )cI oh IPI’ , s I t t l V I V
i i  t - i - ~~~— t i m  f t  t u g  — t t i l t  I I  of -I~ N. This was shiftin g to the nort h n-no r the asl ft iu ’ ,J a n u a rv .

~~l l i I n  t t t t  lv  i t - ’-s I I I  t h u s ’  1946- 1976 average of This shift slowed the icebergs’ sotutius ’i’Iv th rift
i - - t I - - u ’ - ’ ’ -  ~~ h ut- i i s ’ t h i u u t  t i f  1) 17 and caused thenn to hunch lselwet ’n 6 t  N ant I

- ‘ — - TO°N ( Figure 1).I i ’  — m i  i - i ’  t - t - l’ unt  l ii- th u -m ug th e 197t Season
i t , ’  i i —  i t - — I - ’ I i i  t h i t -  I l _

I ’  ( t ,umi l j l iomus  section of this During February , the lce lan thi c Low- h ieg an f i t
- ‘ ‘ - . . deepen once more , slowly r etui’n iuig I t )  i t s  C ] umuit -i t  I I  - - t i  t O t ,  I I ts ’  ( ) t ” ) i ~ l gt ’ ,i~ ) I t i5 ( onditions see- . ‘ ‘ 

‘ - -
- tological norm al position for ,~Iuu r , ’in ~v l imIe -  u’ela iuu-i t  — - ‘ m t  i t t ’ s - — t f  t h is- l~utia ’aslor anti N orth , . . . , - -ing its intensity. The Low filled s lmauu tu i t  ut - a l l  v i i iI i  I t  i t -  / u t i t - t i  - It - i - - u - i  - b -t i  Ity tIw Ice Patrol Apri l and had drifted again to t vt’r hi t s -  Lut bu -u ;t l or

‘ i t  ‘ - —l I - - l: • l~ 1; 1- : N , Other environ— Sea. During May, the Low inh eu i s i f i t ’t l  u nguni n au th
Ii l i t - i t - i  - i i -  l I t I t i s i h l e  for t h e  scarcity continued to utiov i ’ to a l)o it iout  , j t i s l  nol ’hhl of

‘ i t  - ‘s ~- i
~~~’- i i i  t i t s -  V i t t  i t  y of I In - Nort Ii Atlantic Notre Dame Bay, Ne w fou uus i lurn u l .  i’he —i ti  ft of

—I - I i  i i ~~ a t t i ’  I t ’s’  t h t s t ’ i t s s t ’ t I  in the following the Low released the icels- t -gs ~t u’( ’F lotisI y t- s ’tt i i ne sl
P ie - in January , and caused I lit ’nt t o  bt-g it t  m i r i f t i n g
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sss tir hi again duu i ’in g Febniary and March. The the strong northwesterly flow u u i u ’ i t r ’ t ’ m ’ t h  by t h e
l ,h s s i t i on of tht , ’ L sm w in A pril caused onshore Icelandi c Low moving IOIF’a i’(I N ew’ f ot tnt l l ant l
winds alit ! resulted in a large n t im ut ber of iceberg and explain the impeded southerl y t h u’ift  of ( l i t ’
grt )uz nil  i u tg — ii long t In’ Labr ador Coast. Dut ring earl y season icebe rgs. The large peak in Feh-
Ma y, t ine winds along -W~N were from the south- m ary and March shows the r etu m’ ui of i-h ong
Wes t n ’atit - iing U pool of icebergs to form above southwesterl y wind flow encourag ing thrif t  to t h e
4,i,ON irui p eding um ior e sot t tl ter lr thrift .  h ere un- south. Once again , flow is reversed i n A pu’ il a u t h
pi ’t)tecti’t ( i iv  the u-ct r ent ing sea ice anti subjected continues for the remainder of the season as
h t v  wu nrm t t iu tg  — pr iu ig  Ie mt n pe i’ at  t tu - e s . the iceberg shown by the shallow valley s. JIe nc~ the tie-
ps)pulat 11)11 began 1 m m  t bin rap idly ,  creased influx of icebergs. The sou it iner l y W u t t t  is

— The lt ’e lant Iit-  Low continued to move west- across gradient 3 during thi s perio d ht ’ottg lt t-
ward l u s t  I fm ’it gm mt e uil e ul iii ,I t ine. Continued warni air into the region account lug f t u r  I lie i’e-

southwesterly flow’ over t h e  entire Newfoundland treat of sea ice and nielting of (lit ’ I unppt ’tI  l ( t ’-
until! Labrador coastlines caused northerly and bergs above 48’°X. The ver y slight u-a s h t-r i y
easterl y thrifts for t i~~tst - few sui’viving icebergs. winds from late May through the end of (lie

The-se icebergs m it e lt et i  rap idly in the open water season , as shown in gradient 4, (lit! r iot oneot u mu lg u ’
and with war ni air teunperature prevai l ing as much easterl y iceberg drift anti t h oe - .  itio i- t it’s’-

summer approach ed. bergs remained close to shore.

The 1971 situ-face pri’ssinu-e gradients are grap h- Air temperature ; 01-er Lahl’ aulou’ an t i  east

icahly show-n in Figure 2)). with a counparison to Newfoundland show variou s t i ep ar tu mu -es f ro uu u

the i r  1946—1976 normals provided. sur face ~~~~ 
climatolog ical averages thro u ghou t the i t t -  sm i i - t l u l ,

suit’ s’ gradi t -ut t i -  at e the differences in surface all stemming from the tubno i’mal ~iositi o uu i u tg  of

lmu essli re s hetw eemi two geographical points. The the Icelandic Low. Generall y. the wi u tt eu ’ tenu-

steeper t h te  gi ’atl ieui t ot’ the more rapid a change pera (ur es were at or sli gh t l y  above nu , ru i i a ]  in the

iii pressuire. t h e  hi gher the wind velocity Fl-ill be; northerl y reg ions, cooler than ui omnta l in f l it ’

liii- o I ) i tsss i ts ’  is t i’ ti m’ fou’ shallower gradients or south. For the spring and earl y s t t u l i t t i e l ’  I t l o l i hhts .

un il t ier  pressu re ch anges. The Ice Patrol has temperatures were generall y cooler t han  average

st ahh i sht et i  six -u t ’h t gradient s from the Davis to the nort h , and near itornttnl in the southt.  Th e

strait off the Labrador and Newfoundland grap hs in Figures 23 anti 2-1 repr eseutl the

uoa ~t s in art attem pt to better u nderstand the cuunu lativ e frost-degree-days and ntel timig-degr ’ee-

lvin d unagni ludes ansi primary wind dir ections day s, respectivel y. Locations of t h t t  —even I)i’(’-
f lowing along tine miit nin iceberg drift routes head- selected shore stations are shown in Fi gi i t ’u ’ 2 t h ,

ing t ow-art l t u e  Grand Banks reg ion. These A frost-degree-day is definet i as tale l i ly  mean of

gra dieni ’- art’ depicted in Fi gure 21 and 22. one degree Fahrenheit below 32°F. and ut nteltimig-
degree-day is defined as one day utiean of one

The lit ost obvious and si gn ificant feature of the degree Fahrenheit above 32°F. Tinat i— . a dail y
gradients in Figure 21 is the low’ valley that oc- averaged temperature of 12°F equ als twent y
curreti in gradient ’- 1, 2 antI 3 (luring Deceinbe m- frost-degree-days , and a tinil y ave r aget i tetu ipera-
1976 anti Januar y 1977. These valleys indicate ture of 42°F equals ten m elting-degree-da ys .

29

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
--_ _—_ _ -

i f- - ——— -



— 

-,
~~

------ ---- .- ;-;- -

~~~ 
i:--

k

I i~~1~1\ ç’-m
~~~~~~~~~~~~ f /~~~ / ~\ f ~~~V

~~~~~~~1)’u

1020

cSI(II_l27~l ~r~~~~~~~~~~_ ~~~~~
IIIFF 197~

i l l .  l~’ t . ’ ~- t- ~~ u- i t I - - I~~~ ; \ t i - t t : t I i u i t l  \ l t t u u i  ~t I v  \ i t  “— i t i - l I I - t ’  l ’ t ’ t - -  — t a - u -  i u u  t a1  ilu - l i h i v u -  to
It i t I t~ t l — —  —

~~~~~y{~~ 2A 1 U / ~
-
~~~iV ~~~~~~~~~~~~~~~

~ ~ / ~~~~~~~~ 2~~~_ 7~ oo~~~~~~
~~~~~~~~~~~~~~~~~~~~~ 100 -

-

;

~~~ ______

(1) 
_ _ _

Ni PMM I t t4 I~ ,~ - ‘ - - 
-J t I- 1 - -

t : t :  l~m h ~. I )t ’ I t l t , ’ t  l~ ) lb ’t \ u t u I t i s I  . t t i - I  , \ h i l i i l h t l F  ,\ t ’ l ’ h i ~
__i I ’  ~“ i i i ’ t 1 t 1 I ’ t~~— — t u t ’ m ’ i t t  u u s i i  l~t -l n t i ’ t —  t i l  1 4 ) 1 ) 1 1

I .
—

~~

/

_ _ _ _ _ _ _ _ _



______ 
101

ii,’

NORMA L (19L48_ 1970) NOV NOVEMBER 1976

1’lGt mum-l 19u - .-— N ov emt i la ’u ’  1976 Nornial and Monthl y Aver-age ~ ui ’fat ’e Pressure in mith i  Relative to
1000 uuib s.

IF\ (
~~ff i~ ‘L/I A /‘~~~

‘
~~~~

~~
‘ / / V

______ 

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~ ~~~~~~ ~~~~~~~~~~
~~~,......_,. 1 OO~~~~~~~ —”~ - ,  ~,, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

N ORM~~~~~~9~ 8-197O) DEC 

H 

~~~~~~~~~~~~~~~~~~~~~~~~ E R i g7: \

F’rnr u u ~ l9,h.— — I)eceuuihsei’ 1976 Nou’mnal anti Monthly Average Suu’face. Pressure in u t ub Relative to
1000 mbs.

31

__________ -- - - - — ‘fl” - _
~~~

_
_
~~

_ _

~ 
- 

‘ 
‘ - - ___ _‘_____-___

~~~~~~t- s— - -~~~~ —

_ _  
_ _



- ;

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

!

~~~~~~~~~~~~~~~~~~~~~~~~~~~

1016

1012

L 1008
10 00

4 1004

i~~o~ 
L

~~ ~~~~~~~~~1008

020

NORMAL (194 8-1970) JAN H
______________________________________________ -YANU AP~Y 977

F iu. i  t I F, l l t e . — .J a n u iun t ” s 1977 N ormt t a h  utn t i Mont h ly Al’ (’m-a g( ’ ~~t i u ’ f ~it’ t’ 1 u’t ’ssttm ’t’ in t u i l t  l i t - l unt  i F u ’  1 m m
lb)0() t t t bs.

________ 
1012 1008

,

~~~~~~~~~~~~~~~~~~~~ 1O16

~~~~~~~~~O2O~~~~~~~~~~ J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 O20~~~~

NORMAL (1948—1970) FEB 7 FEBRUARY 1977 ,p H

F’mot’IIE l9f.—February 1977 Normal antI Month l y Average surface Pressure in u u i h t  R t ’hu i t i v e  to
100(1 uuuhis .

32

- -  - 
:- -

~~-~-ç:’ ‘ 
~~~~~~~~~~ 

‘- -
_ J ~

f
~ - d l ’ , ’

S 

~~~~~~~~~~~ ~)~ ~~~~~~ ,,___________ z
--



h ... ’~t t r\ i~ ~~~~~~~ ~JIf (f
H 

~~~~~~~~~~~ Lc! ~j~~~~~~c ),. ~

‘I

~~~~~~~~~~~~ J f  e~

~~~~~~

1 
~ V2 0 I

~ 016

- 

~ O16 
100 -

1008 

_ _101

101 
101 

~ 7
~~~~~~~~~~~~~~~ 1948~~~~~~~ MAR 

1077

I i s ; i  u ; i -  l9 g.~~~ 1 uum’ s-h i  1977 N s i m ’ t u u t n l  an t I  , \ h s m u t t i i l ,l’ — ‘ F t ’ t - a g m -  ~‘ i t i ’ i’:um ’ t ’  h ’ u’ m- ’ -~u uu - c i i i  u n i t  R m - l a t  ~~t t ’  t u m  h i l l I h i
I’- ,

~~~2 0 / Y~ 1~~~UPV1016

l0
~~—J

L L 1o12-~~~~

100

1012 ~~
‘ 101 2

NORMAL (1 9’+8—1970) APR APRIL 1’~77

1’i ~~t ’ i : t -  l f t Iu  . _~ pr iI  1977 N o m ’ i m m u t h  u t t i u l  M t s u t t h t h v  .~vs’u-utge ~~i i t ’ I ’:u t - m ’  l ’ u’ c ’ - s t s i ’t ’  i i i  t u t u  l~m - I : i1 i ~’c h i t  1111 11 ) t t t I t ~.

4u

S - 

- -



~~~~~~~~~~~~~~~~~~~~~~

I 

~//
(1~~- -~- 197 ) MAY 

) 
~~~~ M P Y  1~~77~~~~~~~~~~~~~~~~~~

F m , ; i ’ u ~u , l~ 4j , ~s l u i l  1977 N m i u ’ u i i ~u i  h i t 1  \ l t t i i  s l i  ,\ ~~~ i i t ~_~l- ‘— t i u - l a t - t ’  l t u i - —- i t t  i i i  t i l t  l~t ’ l ;a i l l -  i t t  l I t ~’ ’ i  i~u L— ,

- io’i —

- ,

102 L - 022

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~

- 

C( lg~~~~l N )  T~ ~~~~ ; 1 ~~
- -
~ -

f ’ m t . t i i i :  I t I ~ . J u t u t s -  11177 \‘ u - i ~u~u l u u u u u i  \ I - t u t h u l v  \ - - u i i _ -~- ,~~t i u  It s - i  h’ u s — — t i t ’ i t t  t~ t b  h t - h t u t i t m -  h i m  I f;  I l l  ial — ,

- --. - -- - — - -- - - - -  --— ~ - — — -~-- ~-

~~~~~~~ -~~ 

‘± -

- -



‘ i 

~~~~~~~ 
~~~~~io~~~~~~~~~~~~~~

o2
~~~~~

02~~~

_ _ _ _  
(JU LY~~~~~~~~~~~~~~~~

7

Ft ni ’ uu~: lt.lk ,  — .1 u u l v  1977 Ns tm ’ uu i u t l  a i im! Mu mu i i  lil y A vt ’u-age ~ u urmau-e  I’i’essure in m ob Relative to 100(1 nibs.

~~~ 
\

~~12 ~ ~ç~4~çJ4 f 1014

~~~~~~~~~~~~~~~~~~~~ 1000

- ~~~~8

1009

101

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
02fl

2 
_ _ _ _

NORMAL (1948-1970) AU AUGUST 1977

F nn’uti- ~ I ¶ ‘ l , .t t u g t t s t  l9i~’ Normnal and Mont lily .~. ~nge Suuu’face I ‘ut ’t— st tu’ u- in mb Relative to 1000 nibs.

— - ~~~~~~~~ - -.- — -r--—--- -

‘~~~~~~ ~~~~~ —~~~ - - — 
‘ 

7 - 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ 

- 
-



~~~~~~~T~~~~~LYDE~,
~~~~ C~IPE

6 a GREENLAND

BAF FIN -

#_‘) ‘~O -

SGNDR~ ~TR( ‘ -1

‘01 SOLUT1Of IS

HOPEDALE ~ ~~ t3~~~

GOOSE BAy -

CARTWRIGHT ’

~~~ s
~~~~~~~

_ i
,

_
~~~~~s_

_
1

~~

- 
-

- 

NFLD.

~~~ ~~~~~~~~~ 1 J 6 1 3  V /
GI6AD,ENT 3

F’lot uuE 2 ( 4 , h m m m -- — -— u u u ’ m ( r auh ient s  ~,1onj t ou’esl l t ~’ l u u h t - m ’ r u u t l  io~ ttl I t - i- h~at  i’m ] ,

:9;

_ _ _ _ _ _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~
--

~~
-- - -



MBS PRESSURE GRADiENT 1
15

PRESSURE GRADIENT 2 

- - - - - - - - - -

-

~~~~~ ~~~ ~~~ ~~~ ~~~~~~~~~~~~~

MA PRESSURE GRADIENT 3 ~~ S PRESSURE GRADIENT 4
10

- 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~
- -
~

-
~~~~~~ 

F F,l A M j  J A S F M A M J J A S
‘5 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 

NORMAL

Fm oi mw 2 1, - I’H F *VRE GlL~l l EN’l’~ l—l .

37

4,.-

_ _ _  

__________



1977
10

1 
PRESSURE GRADIENT 5 

10] PPESSIJRE GRADILNT 6 -

~

-- 

NORMAL —1977

FIGURE 22.—PRESSIJBE GRADIENTS 5 antI 6.

L 3 8

_

‘j S~~’- *-~~~~~~.
-- - 

/
--



- 

r~~~~~~~~~~~~~~~~~~~

- 

~~~~~~~~~~~~~~~~~~~~

“ -- 

r T ~~~~~
T’;
~~s 

-I - ~
- - -

, i- - I 
-~~-~~ H~ -

-

I 

~~ ~~~~~ -~ 

‘ 

- -

- - ~~~~~ 

- :

- 
I i i  

-

~ I _~ -~~ -

_ 1 T L ______

I 
-~OPE ~‘i L E  -,. A N  -“

~~
‘- -~~

-
i c~ 

- 

-~ 1 1

-i

I -~- - - I S- - - 

~~ 
- - -

I I ~~ _ I
I 

~~~~~~~~ I I  iii ,_,
. 1 — I —

- 

- - ‘

~~~~ ~~~~~
— 

-

- 
- - 

- ‘~~

- ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~ - - —~~ ~ —

A P 1  D(~ A CL ~DE FI~’)~~SHf - P CARTWR IGHT

I ’ - u  u : n  ‘.~ - , i i  - I - I  I I - O i l - I u:~ , \ I - - t l u u u t u l t t i  - t i t -  I ‘~m ] - - m u 1 ; u t - l  Yuituu t Msm uuh lu ly M t- t utu Fuu )t u-u - milu ~- i t A l t -  ‘I’etut-
- I - i t i t t  . —

-I.- - • ~~~ 
- - “~~ 

..
~

_ ._ _ _ .  1ti
>r,,,~, 

—‘:‘-—- -— —— 
~~~~~~~~ 

- -— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

--

- -a- - ; ~~~~~ -- ‘\W ~~~~~~

S 

~~~~ 
- 

-
~ ~~

-
-



P 
MELT DEGREE DAY S

-H - - -
.

- - 
~I 

r t, r I 
- 

~~0t ~~

,, —

- -  -1 
- - - - - — -

~~

o 

-

-‘ - ‘ I ~ ~~~~ j 
-

~ 
‘It..- - -— 

‘OOO

*0I

I, L_~li~~HLPLDJ- 1 F ST . ANTH ONY TORBAY 

-~ “
~

‘1 -‘-‘I S~ 0~

‘- -S ~ ~ ~ S ‘~~o

r 
— 

—

~co- I ,~,,4 F ccc 
0

- I -

I1
‘thtj 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

-

~~ 

-

~~ 
-

CAPE DYER CLY DE FROBISHER CARTWR IGHT

F iat  HE ~ I , , \ I t -  II  I ) s ’tr m - t ’ - I ) u t v  ,~ s’ m ’ t t t t t  tu l u  I i m s u i s  C i t i c t ului t e t h f m o m u i  Month l y  Mean F’ahrenlieit A lt’  Teit i—

~
ft ’ u - u i h ut i-es.

40

I
c- i

— - — —- -  -— 
- 

~~~~~~~~~~~~~~~~~~~~~ 

- -  —- -—- — - - 
~~~~~ ‘-~‘~ 0StuI~~~ d

- - - 
- ~~~~~~~~~~~~~~~~~~~~~ c~~~~~ ’

,Jc~t _ - ~~~~~ - -~ “~ I~~~~~~~~

-- - 
I



RESEARCH AND DEVELOPMENT—1977

I ) u ur i r ig  t he 11177 Season , Ice Patrol continued un ~- au - iu ’hy of use-s including location. speeti. and
lie u-u-ss’a ru-h autt i ul ev el opmtie n t -  progl’amii on reu iiote direction of ocean cur-rents , tagging of selectet I

~t u i s iui g t m s  jti’ ovitlt ’ an al l—weat h er- iceberg (l etec— iceher-gs for d r i f t  studies , and in tpu - ou’ed
lusm i tint! itlu -nt iheat ion tool. NASA Lew-is Re- forecasting auid prediction ut sing data f to i i i  i) ii ( s%’ s

st-au’u’ i t  ( ‘cu t le t ’  pu ’ovitled un solid state Side—Looking dropped on icebergs in t h e  v ic ini ty  of L)av ii-
,t iu - It or’ne 1- la u lun t - (SLAR).  APS—941) model , Strait or along the- Labrador coast . Two
whi ch wt t s  in st a l le t i  iii the (‘m s ast Guai’d IEC—130B AI)RAMS wet-c successfully deployed onto htei-gi .

a i n f l . ( ( ; N H 1351. used pu - i tuari l y on tin e on each side of Davis St i-alt dur ing t lie Felsu-ua,-v
(i reat I ~in l~t-~ I CEWARN pi-oject. Extensive preseason fli gh t .  They fun -t ioned well arid were
SLAR that a on icebergs and shi ps wer-e act - u mm u— ti-acked for min o i’e than fout i - iuionths . using I he

bitt ’t i i lu i i - in ~ the s i- utsu mu t  for - use in bench testing NIMI3US—6 satellite . The western leg was
lis t’ t h i t J  i l t i ml an ’  li t t agn ’ I’i’oeessoi’ (RIP) currently tracked all the way south to 51°N. Mote
t u t t ; I c r  t l e v - l o pu t t e n t  lt~- NASA Lewis. The RIP, ADRAMS di-ops a1-~’ piannes i for- the 197s st-ni -out.

winc h sh ows prot iti se for SLAR target discrimi- The continued use of these buoys will greatly
t i n t  li i i .  lv ii i  unu lei -g o It-st and evaluation under improve Ice Patiol operational effectiveness at
ttpe m’ un t iOiiitl (‘(ttktlit i( i iiS  t i tur’ ing tin e 197M It-c Season. i-elatively nuininial cost.

‘Fh i e Air -borne Oil Suryeillance S v s t e  mu This season also saw- a continuation of the ice-
I \( ) 5 -s). newly installed in the Coast Guard berg (ir ift- proj ect. U sin g the integrating cur-
I 1( ‘A:9 I l~ nit - t i-aft . CU Nil 1347, was also tested rent drogue developed in 197G , a st-t of iceberg

t i u t u - i u u g  t h u  1977 It-c Season. This includeti eval— drift tiata was collected w-hichi included current.
ti nt U m u of i t —  APS — 9-ID SLAR , Passive Micro- wind and iceberg velocities. Three sets of u h i - i f t i -
w t t v t -  Iritungem- ( P M I ) ,  and ultraviolet/infrareti were conducted, thi n - fir’st- lasting :36 hours, t ine
l int-  — t ’ t u u i m i t ’ t ~~, second 48 hours and -the t h ird a l i t t le  over 94

I~tmt h i tint- . \(  ) SS and ICEWARN SLAR sys- hours.

cut e -  ‘ - h i m  IV gums tm I 1)otu’rit m l  for pu-oviding the all- In June , the test phase for the iceberg tethering
wu-t t t  I t er ’ i ’elseu’g detect ion and identification dart- was completed. This 35 pound an choring
t u i h i t u i t i l i l  V i -e t 1t t i t -et i to conduct- effective anti ef- projectile proved capable of pen etrating 0.7
h i l t - u t s i t r ’u’ej l lu i rn ’e .  I) evelo pnume nt of effective meter-s when dropped front 200 feet- at- 130 knots.
t u t u - I  i t t i ls f u i r  ul u n tu n  int e i-pret ation throug h opet-ator- It is p lanned to develop an expendable instru-
l - x h m u - t - u  - t -  u n r i t i  NASA Lewis ’ RIP should even- ment package which will be attached h u m  the -

I tai l lv  t i  u u u t ~u a t t t -  t I n ’  pr-obleni of dependence upon tethering dart liv iiieamis of a buoyan t line.’ A p-
u’ m ’ m ’is t iui u i issut f l ce in Ice Patrol operating pendix A gil- s’s det ,niis on this project.

wh i eu ’e fog and low cloud cover are so Tine first remote sensing satellite dei-oted to
h l t ’ 5 ’ F i l s 9 i I .  oceanogn-aphic monitoring, SEA SAT-A , will be

St i l e l h i t s ’  ps i t - i l ioning h i l i s ivi - .  such as tine Buoy launched during 1978 . The In ternational Ice
l i i  r u — h u t  ‘I’eu - t t t in tu l  BTT) and Ai m - I)eployable Patrol and NASA Lewis have developed a joint

Rs ’m uio t s ’  Ac e--s Meastut’enmient Sy s l e m u t  ( i ~RAMS) plan for- ground truthing and e~-aluatioun of
l v h m m ’ . t l t h u s u t u g i i  han re ly putsh the test anti evaluation SEASAT-A data applicable to the Ice Pati-ol
stags’s t h i e u i t s m - I v s - s .  hiave pro%-en to be invaluable rut ission. The RIP slnould be capable of inter-
tools It) I t s ’  Patu- sil. ‘t ’Ite buoys continue to ser~-e preting the satellite ’s Synt h et ic  Apen-ature Radat-
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I SA i l)  ulata.  Iii  t h is unanniei - , siiunu ltaneou s An-ens in which Ice Patrol re se a t -t h u and th ’vei-
u- siu tn p am ’tson i s and evaluation of visual, SLA H, opnlent are di u-e - ts - u i i ’emit a i uu t m n -hn u t ng t ’u l , ur s s- t in

ut u t s i  sAR cmiii he ut iade. Ice Patrol air -cr -aft and be noted in u-e -ent ~- t -u t m - s. I n on’ t le m - of pr io r i ty ,

t i u  ~~~ Vu ’ s t l —  wi l l  collect t -xl t ’uisi ~- e visual- anti l ine pri iiiar -y pn ’oI ) lei t u ai’eas ut u ’s ’ (a b all  —w i-a l her
- - - - detection antI ideunt nfica t mon of i u ’ s ’h l(~ r m c s. ( h )  i s -  -.ss ’t’amiogm -uip i t i t - slit a s l i t t i n g  rout inc operat ional - - -  . - -

- - - - . berg du -u ft predict toni, (c) iceberg uht ’t eu’tor unt ion.
u u u i ~ s u m u u u s  fur eoiit~ itm’isomi ~~ith  t i ne SEASA’l —A - -

- 
Altiiough advances h ave is-eu m u tu m ul t -  m l i i  u-i rug t i t s

Pt m l  i t t —  I hu e  ~ F A SA ‘I’ ~‘m i—Is ’ ii t  h a s  thu ’ p ote n— past year- in developin g svst  ch i t s  a r u t h  t l u - t u t u- i- l i i
t i n  I u m f  I ~ ‘t ’5 m u l t i  mu g hit- lu -c I t at mo l ‘~~ P’S’’ miii i-V oh)era — solve sonic of I Itt- se pu-ol dermis , it ii - I Hi run m m sit i t t

I t s  m m m l — I i  i F  s - i l  I t t  uuc e mb- v ice lsy the  u u i i t l —  I 981)’s that th is vi gorous resear(-h u n n ul  u ieve l opuiucni t

— 
— h i s  s t i l l  i b m —i - t irst e x p em - i t u leun t s  pi ’ot-e successful. progn-ann continues.
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ICE AND SEA SURFACE TEMPERATURE REPORTS RECEIVED FROM SHIPS OF
PARTICIPATING NATIONS DURING 1977

BULGARIA 1CI s-s r GREECE ~ ‘E SN!

FLA MIN GO I {ELLAS IN ETERNITY 
OLUSIL~  1 MARITSAPLEM() S 

CANADA GUADALUPE
(~~i~h- h ARRISo N 1 rroxOrIcIS 
IEUR ()X 9 39
SIR IIVMI’IIRE Y 2 ICELAND

CUBA BAKKAFOS 31
RIo ( ‘A N IM A R  

- 
1 GO1)AFOSS ‘2

SLAFTAFELL 7
DENMARK SELFOSS I

ATLAXTI( ’  5Jm~~)U 1
‘Ii)RM ASLAVO ; 1 INDIA

EAST GERMANY JAIAABALA I

ER MONTREAL 1 ITALY
GORLITZ 1

~i-IARE TIRRENO 1
FINLAND
(il-fl-IMUNDOE 1 LIBERIA

FRANCE BORDATXOA 1

DELCIIIM ~I S~~CE 13 
CAPTAIN CARGILL 12

L ’AGENAI S 8 HAMBURGER WAPPEN 6
GREAT BRITAIN  HUNTER BOW 3 3

AN C ( )  TEMPLAR 1 KATHLEEN 2

(‘~~PUI l-” l’ 1 LORFRI 6 -

( R  ~ \ 1O\l) 3 MELTEMI 3
(‘UN.~RI) Ch AMPION 2 UMMAR 1
( ETNARI) ( I [I EF ’T A LN  ‘2 NE TH ERLAN D
CP I)I S(’OVER ER 
(‘P TRADER i SMIT LLOYD 1
I)ORC ASIA 

- 
-

EDEN FISHER 1 NORWAY -

E. W. BEATTY 1 
- 

BAIIMA S
FARNI - I4L,~ 5 BERGE B()NI)E 8
L,t ( ‘II S.Cll~~ 4 BERGANI )ER I
M A N ( ’ I l l - STEII CONCORDE — 1 BR! N I L O R N  I
VICTORE I (i)RNER BROOK I
SI ‘ AR HEI- ’I N E i l  1 l)Y VI  OCEANIC 1
w, (‘. V A N  IJ O RN E  I FBOSTF.JOBD i
\VAYF .~ I {ER 1 SA N I ) V I K EN  1 1

4-3

.,. ‘ - - -

/
-



PANAMA UNITED STATES OF AMERICA
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APPENDIX A

TAGGING OF ARCTIC ICEBERGS
by R. 0. ROBE and T. S. ELLIS

U.S. Coast Guard Research and Development Center

,~ ll of t in’ t ’ t i i ’ lv  Fu -( mu ’k F F i I Ii i t -c h i t - h g  m l i i  ft t i t i t i  F t - t i  u’ s. i l l ’  a l i t -u-af t  hia ~-t- m ’ep eatetlh y “bombed
i k ’tt ’u - it ~ - unt l sm mu - t t t i — t he m - u - t l t hut ’  u - m i t  i t t -  

~~~ 
h it  j i t mi m m f  l a - u g s  wit Ii tl yt- t o a l u l  in t in e i i — identification.

it ’u-h t t ’ r - t t ~, l i t—u- n i t — u ’  i i f  IT1~’s h l u t i i t e t l m l ~ t u ’ m ’t  i u m u t  i n p u t —  ‘F i t i s  ins h i m u t i t t ’ m h  u t i l i t y  l t t - t ’ t t t i i - t ’  r -o ll imig and melt—
i i j l u t v  ( ( ‘ h I t - l i t - F - , fls: i - \ V I a - u i  it ’( ’I t ’ u u s  H- t i m ’  n u t - t u u -  l u g t m f  l i i i -  i t -t ’hi cu - g s t t t t t t  ~-ashes the color awuly.
tin - st s um t  hu m - mi.  ~v t-- —tu-u - t i  m u ’  - n — I  I I i  h m u i u u r n t l a u i c —  u m f  I ) ve inns a lift ’  of ouie tu n  two  days tiepi ’nding on
( h ut ’ m i t -f i nn-i l  i t-s- t u m - m- t i ,  t lt t ’-v FF t ’ t t ~ i - s i u t — i t hu -u- t ’ t h  I t i g i u l v  ~ ea t I t t - u ’  t ’ o mntl l l  i m m t u s  ansi u i i e l t i un g  aind i-oiling of
t i a t u g t - u - m m i t — - I i  ~l I l h t I I i i t L ~ ;u u t t h  t i  i - t i t ’ i’ t u t ’ u -  l u a u  u u m l  t - ’- ( h u e  iu ’ e_
sei w m u u l u l  I u iss i h i t ’  I 1 m m  f u i h i o w  t h i e —e hic t ’g s t in t 1  I Jun I ~I74 . t hus ’ ( u s e - h  ( iu t n n - t l  ()ceanogm -unp hni c Unit
hey nit - lu  s-i l  ( L s- u u t - zv k ,  I ~)(~~) - ( )ut] t h u us i ou  - hi egr t nn a pr oject to det er u i t in t -  t h ut - best w’av to tag

t i n n i u s m u t s  t ’ e t i t  u t - u  t ’ i i t i l u l  u s s t i u ’ i’ t i t u t i  ( h u t -  t t - e l t em - g  an it - t—lu t -u - g  fou - i t l e mi l  i f i u - u u t i o u  an t i  r -eiocntton. The
being tu’utt’k~ul n’m ’ uuitii t i t’ t h f li t s ; u l l H ~ h u i ( t ’(’ m u f  i t t ’ S tiu - t nuJ)pn ’ounu’hi was to t-n ucii ’t ’ie a berg w ith  a float—
Becutt i sm-  u i f  m ’ i i : u t i g t — i t t  ( h u e  h l t - u ~r —  sl u n j t t -  h m v  t ’ tnl’ ~— j u g  brie ( I  h i v e 5  i-I aI , .  l~)75). TIne 0.95 cm line
i ng_  n-o il j u n g mit  I t n t - I t  i h ug.  u - V e t i  n ’s - l i t - tn t  s t l  i i  i l - h uu t a t  It ’ of pol ypn -opy hem it ’ was provided with addi—
f hi gl t t s  u t m t u h i l  nus t  r u u t u k u -  posit l I e  i u l e n i t i f i t - u u t i t m t t  i n t i u > u t u t h  f lou nt at  ion alouig i ts  k ’u igt hr (Figure A — i ) .
t i  tos t east ’s ( Ls ’tut ’i,~ Is - I !)4 ; :t I - I ) i u  u - i  m u g  t h u -  I !~t i  ~~~ Ha m la m’  n - eile u’t tmr s an t i  ut Radio Dir-ection Finder-
in teres t  i n p u t Ic - I  i u u ~ I h u e -  l t e h u u n F - i t t t -  s t f  i r i t h i v i t h u u n i  

~-~m ns ~ t i t t e i -  were- inc lu d e h as ele m en ts in the line.
lu - u-h m u - u g s  i ti -r’cu n st ’iI f u r ’ a mu t i t u t i  mt m ’ um f u t - i~u t u i s ,  i” i 1 s t , Two I agg iung at teulu l ) t s  wet-c inn ade- using this11I~ i uo w lu a u l  i - t m u u l i t h e u n - i- t h i u l  iii u - u- u--,i f t t - o i t h t b  ilol u u t e t h o m l _  Out t I n e  flu-sI , three bergs ss—ere tagged.
ni nil I It isl I I nt l  i t t -  u - t~rs rd  t al ii~ OV( ’i’ IV t i l t -  a t e as  th u un -  

‘Fin ’ a i n n  ys we u - u’ u- r n i -u - i ~-u I in way in un st onmn anti
m ug i t u ’ i - i m u i l s  m i f  g i mu sm i  s~e ut t hueu’ . S i u u t - m -  t h e  l t i t - k  t t i  si u i lv  one wte - u ’eu ’si vem - et l. Tine l ine on the recov—
gu st ti i Wt’un I hit-u’ I un 5 h mccli ut st F i ’ l l  P no b  m l~ u u i~ _t t i l t - t n  II— u -u - u - h  an-ray was b u t  ) km ’ nu j un t wo I d aces. One break
t i m  I)~~u h i u t I hue pt m su t  tor i  h i t- I  ~ s- i-ri sig ht utigs 

- t it-t ’t tt - i - eul wi t h  i - t n- l i  for -ct- t h a t  t ine ends of tinene eds-uI. Su- i - m m i n I  - t ’vs - tu  w i t  It n i t - t n  nu t u th u - i  ft h ) m ’t ul it fiber -s wu - t  t’ fust’m I. lh iu- u ’e  was no evidence of
t t m t u .  t i n e I t - t - g s i t t -  of  ul t ’t t ’ t ’ i m mu ’a t  toi l  inc— I I t t ’  P sI I - 

t-hia ti un ir . The other but-ak appear-ed to lie themm ti n t et I sit t I tn t  it ~v i l l  tn t  ml i m e  i - t im -  i~im ’t I sli t t l tm -  it ’t - 
I t ’ s t i l t  of c m ali rug , ‘El us .- seu-o nit l at t emut h ) t  m a d  quite

h m i o t for’  m m t t u c h i  i uu rmte I l t u unn  u h t t v ’,t f t er -  it hut s m h i ffe ’i’ eui t n - — t u i l s  W’eui t l uem ’ is-as fairly calm andmu us ’ It (H I , i sr IF s  i u — s. - - l i t -  s - l i t  u u i n  at et I l i t  su i t  t hu t ’ u t -u- p lot 
-~ev~ n’un I I mt ’ ug s  w t- cc I m-ackem 1 1 mm tlerns e fog for- nineprior to nt iel t iim g. 

- - - m lass. I lowevem- , I lie tuuggin ig uuu -i -av s sli pped re—
A u i s w t - t ” — It, ( I t t —I  i t c h — (if t h m u l t  ~u u i i h m h m ’ I t -u i s , t ’ uu t i on  p eat u ’th h v oF s -u’  or utnut hc u’  t int-  it s ’m-gs . ‘Fins necessi—

im- i l iu l u n  u ’ i ’ i i uui r ’ t -  t I t uu l  i u t a m i v  i u n u h i v l u h u i i m l  i t - m ’ I t e t ’ g ~ Inl et !  s-a u - t v u ’ct -u m v t ’ I - v  sm ! the  eqmt ip itu ent which
ii~ i-I t u i l l c u l  m i t  u - u  a tu  t ’~ b eunm1c m I  h i t -n ’ t mmm l  m u f  t ~~~ u li’l l i t -u i  away  h u n t  l i n t ’  is -ehm en -g , a l t h oug h tIne line‘I I i m ’ — m  sI i u u h j s ’ s m-s. ’upui I t  t l i t u l  t i t e h Pi-t h U i h t d t  I tt ’  t’et’- u-li- u-it’ i - eu tu un i m n e d i n t m u c t .  This i-esult was comnn-
lain I u u ’ is Wi m u k i n u g  w i t  I t t ine s i  t u e  I i t ’ug s at i t i  ru n t  p hct cl y um n expe - te ti aund pr~h sab I y ~-as caused by
othne i- ut- t i m - u  g— i i i  I hue — t n u u u m -  t i u H u .  Eau ’I i th s ’nu t  i f i —  i~ - ~~~~~ snagg imig I h ut ’ h u e  arid n -oiling out of the
t’ut t io n u r t l e i i u p l s -  uu u n i l s ’  l i s t ’  of t i v t -  t u m i - m t l m m m -  t h t t -  

11)01) 1 hives t t  nil., 1975) , It simsuuil t l  be re u nnen i—
sO I s ’ s of I it s ’ he 1g. J~ t ) l l i t  u’~t u-u -  ( I m l ; )  - ~s-t I I u — I  

I m s-u -es ! t h u  i t t  I h i est’ mt’u ’h mu’ m-gs wet-c in an n advancedtithes fi l lesh w m t i u  v a t - l o u i s  Rn ’— , u m u m l  — h i t t l  t h i t ’ u u i  omu 
- - - - -- - - ~ t t m r t .  tmt  t he l em’ t t s mi n t m o uu  n u t !  t i un ute  l ikely to roll.a im a r - low f u s , t u u ii I~ mw I t s  t t u a m ’ k  a i mosut  u n it s i tu  t h us -  .

t n t - i -  of tn  i m - u - h t s - u - g ,  ‘ l I t i —  t u t u -k was ti — u- h is a .\ s i i u i j l u n m  t ’xp en - imu n e n nt \t ’its u ’ u i m n i e s i  out in 1976
n ’ f cu - s - i im - m- ili um-lung it t I u - I m - u ’ l m i m - uu t  lout —t t t m l v .  ( ) v t - t -  t hus ’  (Brook s . 1977). A f te u -  coni st i ltatio un wit h the
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Fiorsz A—L----An Iceberg Tagging Scheme Using a Floating-Line Technique.

Coast- Guard, lie utse d a much h eavier - line (~ 4 n t u u u u  d ynamics, which is the stud y of tine fon’ces acting
pol ypropy lene). Since t h e  ex p er’ imu nent win s con- on a bO(Iy in relative innotion to solid nnater -ials.
tiucted at- near-ly 60°X , tine icebeugs could be cx- After - sever-al trials, wh ich included about two -

pected to be umnore stable. r lhne au - ray was tracked dozen d rops, the ptesent- design was arrived at.
ri s iun g t ine NIMBU S—6 satellite -i \ - sl e mmn , bu t t no The requir -ernents we- u-c that it be easy to shnip anti
attemnupt was u iua d e to vt-n -if y wh e t h e r -  t h u  iceber-g assemble, cheap to build , anti have stability and
u cunainn et! w i th  tine transmitter. Tine tr-ansmitte ;- penetration for low altitude dn-ops. The dart was
was not recovered. manufactured from 5.7’2 cnn cold rolled steel and

‘[‘he d evelopm ent of an instrutinent package 2.54 cm steel rod (Figures T—2 and A—3). It

which can be attach ed to ann iceben-g m’ e( 1uim -e s ~~~~
- weighs 13.64 kg anti has a 46 ciii tail assembly

lutions to three probletnns~ n-oiling, n n n e h t ing  anti of extruded high densit y polyeth ylene (Fi gure

cuuiv ing. In 1975, the Coast- Guard Reseuu-ch anti ~~~~~~~~ ) -

1)evelopment- Center- tr ied a new approach tO Usiu ng the equations developed by Young
tethering an instrument- package to a berg by ( 1972), it- was possible to calculate tine approxi-
usi n g a large steel diurt with a trailing line which nn at e- dept ln of pen etu -ationi of a steel dart inn

attached to a floating instrument package. This glacial ice. Tine emntpir - ic a i equation was :
t- t il v t ’s tine problem of rolling amid inciting, but I)=0.0117 K S N VW/A (V—30.48)
not calving. It is not likel y that  any syst -t m u can for iutnpact velocities gn-eater t ln nn 61 uiu / ’s. Whet-c
survive calving, since the anchoring piece of ice D Dept in of 1)t- nne trati oin , in
wou hti  drift - un wut y m-apid l y fm-orn tine iceberg itself , K= Sca Ie factou , d imn en siou iles-u
m u - any cont-eivable line would he 1~an1ed by thu’ S = Index of pen et i - al i i h i ty,  dj u iu en sit>n les s
wei ght of seven-al inundre d tons of ke fall ing N = Nose l)em fo r - mtu amn ce coefficient , si im une nsio uile ss
from the side of l ime berg W=l)art  weight , kg

The dart was siesi gnt ’sh by app lying thus ’ reIn- A=Cross sectional area , t - t i u ~
tively new branch of dynamics called ter - ra- V=Imnp act  velocity, ru/s

1-2
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The sl am -I t r im s at tm-i n etl  to :300 m u n eten-s of float- (h )  Li-ni I lon~/ f .--it q - —Tine parac-imute pack line
un b i e jioI _vpm ’o~iy lt’tut ’ l i m e wit l t  a sumnai l sect ion of hansll inng systeiun developed by Fanner
t abl e to i’et iu -e t - innuhu ng. F’om- a slrop fm - s i ruu 61) to  does a st ip eu - iom ’ job of d eploying large
90 nineters a I t i t u t l e , wi t h  this  leungt h this ’ line is quanti ( is’s t u f l i n e wi thout  k inks  or tang les.
st ill k’tu t- ing lint ’  rui n - n a f t  a f t em -  t his ’ sian -I Inns h it. ( t - ) /‘(-,~-f,-- ,f hrn—’flte dar -t which was used in
‘mis r-esults inn t i ue I inc lay ing snutoo t hl y on the I Inst I esl s oun u -u-I tu ’m - g s in 1915 and 1971 m ath
surfuns-e m m m i  w - it l n l i t t l e  su u r io pull  urn t i n e irn stn ’u— a pm-ed lu-I cu I penetr-at ioun t -ii ara -teristic as
m erit- puit-kage. Time iin st u ’uu n te r n ts  -ann th en be al— gi yen m u  Table I ( Young, 1972).
lowed to f r-ce— ful l  t im’ im e lsiws-i’esi i m y pam-u u-hmumt s- .

(d )  f ielding ~s t , - - i t q th—T ine h olding power of
Tine h u e  was tu-igin n a l l v  plat ed on a faking

t int ’ 1971 te st tt - it In 0.76 uu uete ’r penetration
boarsl s iuuu i l au ’  to Ihn os s- iu su ’u l ts’i ti i un Ly le l i f e sav i n g

u ’x i ’s - eule t l t ime  sI n- t- ngt hn of a L25 c u un poly-
giumn in line hat s - l I l t i n  inns ! eau -l~- 20th -enttt r ies
(Fi gum-e A - - c t ) ( Lyle . 1575). Tine board was 1)1’0 lt ~’1t~tt ’ l ine  wluiclu is appm-oximate h y

3,000 pounds.
mnounte si vu -n - f icai l y nun l i m e  low-er-eu ! n-eat - ra mrnp of
a C—13t ) ai r cn ’mu ft in fli ght. Oveu - 300 u n d er’s of Furt lner - thev el op u t t u ’u ut  of an expendable instru-
l n e  fe~ si o f f  this ’ h )( i ummu i  in lu -ss I b i n  f i l e  set -onnt is . intent , package is p lanune ti , pem ’m nui t t ing  t l t e tracking
St n’ s-i-s p m - oll lei uu s t i eve l opu- u l wi t h  tine isoam-d CO fl- of icebergs both fr - omit t ine surface anti from
cept w im en this ’ bottount lays-i-s were reached. A satellite.
nut u ic l n  inu p m’ ove ml ut u e t h o t h of dep loying tine line wit s
theveloped by Far m er (1 07 7)  (Fi gure A— 6).
Time line ~vuu s pat-kent in hium nt i l e s  secured by ru bber REFERENCES
h annu h s . A  It of tine bundles w-en’e then placed in a
parach u te pack which \‘~as opened when the tiart Brooks , L. 1)., 1077 : h-t-I ierg amid current dr I ft usliug th t

NIMBUS—i ; s:nts.’ilItt-, Proceedings , The 9th Anunua ltt-as throw- n f rota tine ream- ramp of the c—130, Ofisluo rt ’ T ec itm u imlogy ( ‘ itm uf s ’r cmt ~-e, Houston , Texas , 2—5
thereb y allowing tine bundles to smoothl y unra vel May 1977.
one at a tirune. The instruurnents can then be

t ’ tu t uu s-y , L, A, arid .Souh’ , I-’. M~ 1951 : InternatIonal Ice
iaunchet i just before the last of the bu ndles un- Oli,mut ’ r vat j mmi u amid ls.s~ Patrol Service iii tine North
ravel. At lant ic- V ’m-a n 4 Su-a .’uoui of 1950), Coast Guard Bufle-

A final instrurune ni t - package has not been devel- t in Nut , 36.
oped for tine tagging system. In tests , we have Far ui us ’r , 1 1977 : P n’rs u ,nal cmimn n un lca t tomn .
used a un-mod ifiesi sonobuo y as an expen d able 1-l ayt ’s, n. M,, Robe , It , Q. and Scobte , H. W., 1975 :
trans mnitter I c-elmerg tagg luu g a mud tra - k lun g pr oject , lIP 1974 , un-

In addition to ten test strops on icebergs in published Coast Guard report ,

1975 and 1977, sevenai tests of the sys te m ni have K tm llmi u s-ye r , H. 02. , 19641 : Oceam iog raphy of the Grand
been conducted over land at the  Coast Guard Ba m u k s Itegi t imu u I  Nt’w fou m ud l antd Itt 1965, U S .  Coast

Elizabeth (‘ity Air  Station. I)rops were m ade Guard Ocs— aut ograp lu le Itt ’pumrt Nmm , 11 , CG—373.

tro mm n 61 n unct ers at an airspeed of 130 knots ((;1 Lemiezyk, U. K , 1965 : Rn-po rt st f the Iu its ’rmuat lon al Irs’

m/s) anti ice was assum es! to have an index of I ’ atu - u t l  Ss’rvk -e In the Nmmrth Atlantic Ocean ( Seasomi
s.mf 196-I ) - 

( i t aSt  Guard lIul ie t in Num . 50,penet r abil i ty of 2 5 . Tine 1975 test gave a pene-
trati on n of 1.1 nineters an us! the 1977 Is- st (F i gur -e Lyle , r s . A ,, 187S : Its ’p mmt ’t tutu  Li fe-Savir ug Ordruan ce arid

1— 7) had a I ) ernetration of 0.76 unn eters. Ot inem Appurtu ’mtauic- es, Ordmiauiem’ l)s’partm ent U S ,  Army,
Goi-ernnn’rit Pr i u u tl u u g O~~ce, Wa sli l rugt on , I) C.

penetrations of the iceberg tvu- m - s ’ not - accessible
Rm’ttli u-ld W. C., 1 5 4 t :  Ot t the drift Ice and currents offr on ui a i- u ta h boat or were t inder water. Results

tine North - Atlam n t lc , extracted frot n u the American
are -as follows : Jt ,u m ’mnal ut f Scis-unc u ’ , Vi i i . 48, B, L. Ham le-m u, New’ Haven ,

(a)  ~im -’emi rom’-y——A fter several h) ra ( ’t is -s- rUflS , (‘T
pilots u-ann hit  an it - ehwrg as sumna l l as 211 Youuu ig, 5 - - W ., 11172 : A I s a r u ini s’tr k ’ study m l  am 1cm’ ps-mu .’-
urueten’ s on a i-isis ’ 7~ peu -(- eun t of the t l inu s- t ra t l m uu ’  ~o u t u m - t m i m t m y  vs ’luiels’, Sa n im liu u l. a l. m r atm ir les Repor t
f rom 411 or 91 n t i s - I s - i - s  a l t i tude .  SC - J u l - 72 0379,
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APPENDIX B

LABRADOR CURRENT COMPUTER MODEL
A report on comp letion of size expansion and suggested operational imp lementation

by Captain Ronald C. Ko ll meyer , Ph.D., USCG

—‘ hvd i-osl vnanu tic m i i i  i t  is-ris -in I pi ’s ’u h im ’f i \ m  - c’out i — ‘l ’hne tu tu  s i lo-I m u - c - s h u t s  u - u i  u n s ’ u n  Is u’s- I at i ye t o I hum-
puter iu iot lel of t I n t ’  I ~a h uu ’auis ) u ’ ‘mu u - n - u- mn I of!’ t I te I 00)) sle d -il  tam’ iso ii ia i i i  - i - tm i - f -a m’ s ’ ( m u  pp u’ox I rum at el y
Grand Bamn k s of Xu ’wfo uumnui h nu n ui  win — u ’si u uu p ls’I u’m i 1 (100 nns-ts u’s llt l )tht ) - i ’Iuis  l i - t i l im u r ic  I evs-h i mmu ~ hm s -s- ui
mind tested agai rust - s-oh lu’cteu I din t mu in 11)74. ‘Flu us I c— m -t I for u -t u u - i - cn n I u - mu Is - i i  I mut i t  ou s l iv  I J J )  fon - this ’  put i-I
mnn os l e l had 4 havens wi th  aun un m’ea of oune uhegr ’ee 2m0 y t ’u m i - -- . E v i m Is-nm’s ’  s’x li - I  I h i : u I  (Its- 101)5) uls -t ’ihma i ’
square of h a t i t u iuhe .  Tine r ’u’gioui m uu usl t - l t ’ mh wm is ho— h ev s ’h is i t — u - I f  i t t  i i i m m l  l o i n .  ; t n i t l  I l m u m —  ku uu i w l s ’ i l gs’ of

cated at 33 - ,‘~1 ‘N. 4 1V2 (( ’l\’ , ‘Fbi i s r u m c i m h s l was I h i i s  r u u u t t  u ni t  i— u m t— u—ul m - th  m u— m m i i is ,s l s ’h i n t f m u u l  I s )  1mu ’o u ’ i t h u ’
f n um il n eu - tested in •lun e 197~. For- th n ess - l u - i - I s . t i t s -  f uu m ; s h m s u m h t i t m ’  m i t s u I  m m m l  ‘ h u t  l m m ’ e u h i u ’t ionu.  I ) a t m m c u r t—
mu us )slel i- u it’ u -e ss fun  h i  v 1)iet l ict s ’t I thus- s - tm i ’m ’ m ’nul i i i  ml rut ’s -u I u s ’  i- in r’ ~ I I t s’ ss’;u~ - i i i ’  f ri t - t  - — I s  t h i s -  i i i  I ins ’ i n t om he h o- u I a u-s-a
e ’nnvim - oiunu nen t m n l ch anges iun t s ’ i u i ps ’uatuuu - s ’  i urnt l  —m i iii - w u i u u l m b  I m n ’ m i u t t lu- f i t ’  t i t - t - t - — - -- m u r’ t ’  i r t f s s r ’ n u t a t i o r t  on
i t y  sh is t r i b um l ion fou- n un eig h t  oi r ev l u s ’ u’ l mmtl .  w h i m s - i t  thus ’  t i i o t h t ’ l  u t i u i t h  h t ;u ’ — m ’ t lus ’su ’ abso hun l s ’ u tu o t  ion

F mn rt his -r  work m mi i- bet-rn u -u i u i t h t ’ I s ’ t i  mu m h~ - utus i uhu ’ i’ mmIu’ u ula t m u u ti -, En u - t O  u n i t y ,  t his- Sl-15 ,t ’I’ B said-
.J am nut a u ’v—J u lv  11)77 ) inn tint- fo u ’i i i  m u f  l m u i ’ ’’u ’ t a m - - u l i l t ’  i t i u n v g iv u- i i i -  i l i m i t  i u i f m m m ’ i i t a t i t s u n  l o u  l i n e -ac t -c pt —

s -over-age, t w o  uhegn ’t-e stjt tmi u : s - of h a l  i t t u m i s ’ . ni nth ann aI ls- mo - t i l T - a t - n  m u f  1 u - u - n i t  i u u u s ’ I t m  of eli-vat iou l it-i - 1
m u i t -rease 1 mm six lays —u -s . Inn n u l t b i t i s u r n .  t his ’ i tu o u ls- i  k t i m u u u t t ’ t s ’ i ’  uu i  t h i s -  h u t i u - i z m u u m l - al .
inas i so—u -n u uun n t l s -  r-eash~’ fo r o} is ’m’ mul i m s u t a l  I t- — f lung auim h Tins - Em u i t i - m ut hom - ( ‘ it t - n’s- it t Mmm m k ’ l now- cove rs any
ui-u- by Iu nt e n ’ r t u nt io n nm u h I t -i- i’r nt u - s u l I v  i h s - n t - i t u h i u i s s - u u l  -,n-ls - t ’ts - m l a m e n  t if  l i n t ’  ( I m m u u m l  Bm i u nk s  of N e w’ f t n u m nd —
of a sia ta  l u l l o m iJ i n g  — n — l u - l i t  t i m a t  : i I I t nn .~ i l i u m - i - I  i i i -  la r n u h .  i ’hu s i m i s t i l u - l  ~- i z u -  u ’ umt u ipa rs -d to t int -  s) veu ’mthh
punt oi f h u e  n- em ’t i s—al u hi m — f u ’ ihuun  i ’ u uu  s s f  I s - n t u h t u - u : t I  r im - u- I mi’ m I i t -u t u ut i ca  0— — h t t i \ V i i  l u m  I”l g i u m - u ’ B—I .  Th us ’ Ct) t —

arim i i - u n h i n u t t v  fn ’s m mu ln vs bm’o g m - a ~d u u m -  u ’ m u I s .  ‘l ’h m u i -  m ’u :us t ’  ii - l ? i ) x 12)) n u ; i i i l  i s - m e l  u mu j i s ’ s .  ‘l ’ins’r’e ar ’e six
work i r-epnn-t s’s I tnt  I t o-i-u-i m m . I mi vu- l i -  i m u th i s ’  t i is a bs -h  — w i t  hi l i i i  s-k mis- i - s of 31) . 4o . I .

S m i m ’ t- u - i - s f i i l  h m i m ’ m h i i ’ m  I s u t i —  I ! . _  ‘m t t ° ’ l i  u i u s m s h u ’ l  m m h m s - u ’ m l t  ~~~ 
1 i 11 . ? ) i )  units!  . u ) ) ) )  u i u ’ I s ’ m ’ i-. I ’ h i t -  m mi oshs ’ l is i un i t i n n te u h

u k ’l m ernu l  stun t ins ’  s i t l u m n n I l u  v m u f  t h u s -  t ’ m u i l u - - l s m l  i m t h u t i t  I m y in u t u - c i l u i u - i n i g  m m 1 mm u t t -u ’~—~— u- t h  t i ~ la  ‘—s ’ I uv ln i s _’hi is t in s’

sh ata I m m u l u t f i -  ho g s— t in s ’ i - n i - i t in  1 1 m m ’  t b r u t m  su f  — \  l i m m h t l  u h f  p u t t  s m f  m u u io ’ uu I _v uls ’ t - s’ IoI t ’ul m b m t t r i  i m a t u m i l i n i g  ~u rt )—

it v. ‘I’ine nnm s , u - s— t - i u m ~— u i v  —p u n s’s—ui  f i t s ’  1 i  n I  I - m t m ~u m u l ) l u i m ’  u - m u i u t  t l t -~— u ’ m i l t s - i I  i i i  mut t -n -  ~m m t i a g n ’ni~i1is . ‘F luis da tu m
t - u;~-I~ am ’s- m u  h u s s l h u  ~l m m u i - u  u n t i l  r i t i ~m - , Ib i s ’  i t u u m r ’s- m ’ s )  ru - s-u - I —t - t - m i n i — i — l i -  m f  ~ L t I I i ) h u n  u - u ’  an t-i -ag e- t i  I e mu u l ) e t at n um ’s -
w i l l  lie tint ’ s smi t pu t  n-s-m- .tuIIs , i”s s m -  t h i s ’  u i s - w I \  m i s - n  s - I —  u u n u b  i - u t h i n n i u s  u b a t r u  I t m t i r i I ~ . ~h ) 2 ’s I so i r i t i -  tk ’m—er ’ ihi n n g
t q u —ui Imuu ur s ’ m ru ue u n uu usus b s ’ h .  u h a tu e  s -ss l h cu - i  15m m 

- 

f r s n n u u  mu t hus— h i m i l  I i vu tus ’ I  u n  of ’ I i i  u - ;ui’ s’a m m n m s l e l e t h .  t ins ’ iv iu iu l

i - m m n f r u m - s ’  v m - ss-l in n t h u s -  I u ’ a u i i l  j m t u i : u l  u i u a u t m m s - m  (Si]) Iis’ h m l ( husm t  Ii l ir s ’ s s- ui t m u m u i l  s -x ps’ t ’Ieul s l t i r i u u g  thns ’

cast s) is riot- sinfik ientis - fa st to I sr oviuls ’  t~or . e i f i m t ’r  
i u u s s u i u ’ l s  pt’ u m h i t I vt ’ h m u i i m m m i  I - t h i s ’  i m u i s i l  i s n u  suf  t ime ’

tins- ul m ’ s iu - esI  s a muu p i i n i m ;  mie n — it v tin t l i u -  n ’s-s 1 t u iu ’e u h soul h i wi - — I m ’ t m i u i t u —i m ’ u i r t i m  r ’ i t t ’  I l i t -  ru -s-m n m u t u s u l e h e s h .
- - - ‘ m u i i l t bus-  u ’ m n u u u u u m - m n u ’ s ’ u m m u - ni t mt u n ’  s s f  I b us ’  pn ’e dk-tivs —s%-nopf m t - u t  v .  It ui - -x~n -s ’I eu l m h n m i t  u ’v s ’u i t  t u m u l  t h e n ’ s -I— -- - 

— — - - h m m ’ m ’ u u m m i _  
~~~ 

m - u m t l i u u u s - u m m - s ’ u u u s ’ i i t  of i u n ot iel  u u p s ’ n m m —o l u mu m eunt  lu s’ t ime N a v v  ( N  ()R 1 ) A ,  i l i my ~ I - Lo tu i m — . - - - - -

- - 
- I m omu .  f l i t -  i u u u l  a l  l i t  i l  i m m u u —  s . f  th i s -  m ’uur m ’eunl  I ns — lu ! i t t _ u ,mm lmss . ) of lim o ’  mcii -  u l s ’p loy mc i mls’ . exps’ u uu lmnhi l t -  m~m s i i t i i l y  - m t h m ’ l i l mt lu ’ mh  m u m- mI I h i t - i t  u ’ s ’i ’ m i l u ’ i n l m u t e ’ i l  s-rum -l u hnsn t u i ’  m m ’ —

I s ’ u n p s - n m O  m u t t -  - m h u ’ ~u f it sm - t i — t m — n n i I I  h ui’~ \i mis ’ t h i s ’  i i i t —  u l im i t ’  m u m i n m i r u - m - — . ‘I h is -  u - i - t - : u l s ’ t i b m m t  m m —  r u n t -  l t mss s - i h on
a ble ulm u ta  i - t i l ts ’  rs- qu in - s-u l l iv tins- m m u t u m l s h .  I t u ’t s to s t y i i s  t bus-  m u m  i- i l l t m n i  ( i u u , m v , - i u t s ’ u n t  ) m i f  l ine wu u teu - amn s h t ins ’
i - s -n i s i u i g  pious ’s an s- s ’x l a - s - ts ’ t h I s m  iss’ m t v m u i h u n h m l s ’  h m y n u t i x u m i g  I l l  u - i - m i - I  m u )  - i ’ l us - sm- pu -ovidhe (he s s ~s~m~
1950:51 a m us l  i m mi ss i hml y ear l ier - . im i g u i u s - t - h i m u u i i — u m i  l hn tu t  m u l t i - i —  h iu n t h r  I lne ~ehocit v ann t I
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Southwest corner of model griti is 4351 N. Lat, 4920 W. Long
Prediction starts ; !m()NTh 5 DAY 20 HP , 1800 YR 1980
Time step = 3ÔOO SEC Grid size is 5 KM.
Layer No. Layer Depths Lateral Friction Diffusion Coef. Vertical Friction

1 0 - 70 M. 03E 07 0.5E 05 0,005
2 30 - 70 M. 0.3E 07 0.5E 05 0.005
3 70 -  150 M. 0.1E 07 03E 05 0.005
4 150 - 300 M 0.1E 07 O.1E 04 0 .005
5 300 - 500 M. 0.1E 07 0.1E 03 0 .005
6 500 - 1000 M 0.1E 07 0.1E 03 0.005

Vertical Frictio’i Along Bottom/Water Interface is 0.010

Fm eu muz B—2 —(’onn i l ml nt s ’ r - O i m t p i u t  I F s -m um h i m ng of I lie Lme bm -mnul o r -  (‘tir l-ent Mod el.

shiux ’s -t ion sif l I m e  ( - u n r i n ’un t s n s t m ’ m i s - -  n v i t l i  f i n n s - ,  1mm - i -sl id - I  i mm o.  i ’ Imu ’ uu to r u i to r - im ng  of h a i l u n n u l m u m i e — . i f
Ilimurlv sun ’s - nut pu-s’tlis’tioun s au-c avn il alm ls ’ iuim l t I me -  i l i u m - h uy  mu i r  sl e im l o msimle Iu i ’ohme s evd’n-y ~ t o 1( 1 h m i ~~~.
u m u s i m l e l  s ’m mun hue m i-t i -ti d es! mis l u m  t h e  f m - cu l r reuncv  f s -m uii!s h m nh lo nn -  mu pr ’~ Ii m m 1 m I t  p i’ t ’shic t ivs- per - lu l l !  ~uf h i l t  -

un ml pn ut  ohesi ret !. l’hs’ out b i t  ( ‘5 Inns li -f s of th i s ’  I — a m i m i  to mu i t  to mint I n h is’ fo re ’ n - c — m it i at j oin is nn - ‘in m v ,  1~ I t -

V n u u ’ I u u m ’  n t ’ i m m u ’ I it ’s . t emp e u -m itt m u - s— . mini m!  ‘ i m i h i i i i t  i i i ” —  su’i g iu n a i  so me t I t ’~’’u’ s -u- sq n nm ul’ u - m t i s mdel n v m i s  t u ’ s t i - ’ I ~m l t ~ -
t u m i u m t l in us  fm s’mn s-h lays— n of this ’ ii toss hs , l _ I n  ui lu l l  — u ‘u-i-s in)  ii ful l - t m p In cig in t t I m u n  ‘1’ h u h —  s- xj  mi i t  It ’ I
t i t m rm , t i n s -  t l t ’m is i t v  d i s t r ih umtiom n of t h u  l a y s -n - s  u lt r ix ut mot le l  Inns uiot - Ito -en I s - i - t i - t I  agru inst n’s— m i t d u t m m ,
m u l s m u  h o -  s- mil ls -il u ) t m t if m I s - s m u t - m I ,  ‘l ’Ite i r u i t i m i l  I n em n uI i im g  h i t s -  ie u ig It t if t b t e  1)s-d (hi d~t iVt ’ 1i ci ’ind is t m i i i v  s I t ’ -
of line im i tu s hs - l  oul puit h i-t i - so t - l i  fat - is ms s t ins ’  lot - mm— u t i m i t i v o ’  mit t hn i i -  t i m m u e .
t i t ) t i  t mf t ine  inn - s _ mn t m m s m u h t - i e m l ,  u u i o u n t h m  s l mn h i s m s i r  a m u u l  

~m ,r i exte n sive utu lmn  hna n nd hi ng n—vste ’ mn h i mi —’ l i t - i -m i
v emmu - of t l us-  i — t a u t  m m f thus ’ p re d i i -t i v t -  ims-t’io t l.  f l i t -  t h o- i - s - l tm h me t I  I s m  i-pu -u- sb th is ’  pu - s ’pm tn ’m m t ioum s m f h ut-  ‘ 1 m m )  ml

i n its ’ s - r u . ur n - i t !  si’,’_ s- annu l  t i n s ’ n’ mm m i s  mu is s - os- H im - i t - un t s - , ,
m I s t  a f m u m ’ u u t  w b t i t - i n  ri - d m i’ s ’ t - th v mmn— aimh s ’  l iv I _ i t -  T i m m m u l s ’ i  -

i — s I b us  t h ut - rmio skl as sl m tmw n inn 1 u gt n  l’s’ B- 2. . - - -I - s u m ’  univ gu \ - t- n n u l a t m u  u - s i l l s - t i  m on t  s u i u n  u -v . f u m e  u u ’ g m s u i ~
l ime r mn oal s - i  i i-  pr - s- s s -nth~- be in g n - mimi t in m im i  I h~ _\l to  i us u i u i i - h s ’ i~-t I  is seh ecls ’u h ruins ! thus ’  t m - I I I I S - m n t b  l i l t

:‘~7 l ) s - on np u t &— m - at t ime t ’uni n’ e i- sity m u ( ‘om u m no ’ ct i — s m m i i n i i t v  t ls ’phI t  u lu t f m u  1 mm - u’ g n t lnu-m ’s ’ mh I luu - s)uug l u u i l t t  thi s-
u- u t . ~“ I m t t t ’ — - .~~ 

1)) slmn %’ I n ’ s - m hid l in s -  i u u n m  I m s k m ’ —  u - u— g iun n i m i — i r t ~ m ~— m m m m i u -  fo i’uu i of mu t ’s)u u l l t i t i m t u i s  n m - m I  i s - n ih
41 )ss _ m m m i u  s uu n - u h ’ i  s) f  u - m i m e  ni u o—m n oum - s’ mu m nul  ns’iil u —u - l I t  s m m m u m p h i n g  i m u — t i - u u u t t s ’ u t l .  I ) a t mt  n v i h l  i~u ’ i i m - t - n t ( l~ I ts-  h i t
pm -~x i u u u m t t e I y 9 u  n imi r i t i t e s  of Cen ni rmn i Pns x ’s ’ s um r i lie fon r ’u un ol~ mnt uu gun e t ie- on’ h m t u t u t ’ I l s ’ u i  m t j m t - ~ n n i t i - i~
I~m ni t ((‘I ’t’ ) t u ric. - m ’ t m n n l m s i i n  u n u h i n - j u l r u a l  i - I n u I  b u n  i u n f m m m ’ u u n ; m t  io11. I ) :  — tm  -

,~c uu i un’ m ’s’mis s- inn i rs ’shit - t i n’ s- s t - u  u n ’ m mu - \ — m m f  t h i s— i m u s m —  u - h i s -h i ’ s  t hut ’  s t a t  num n i  u u r m m u u h u u - n _ hunt i f  l i t h e  m i ni ! I m i i ~ i I  h t m l ’ .

i~u : s m m m  u -art hue i-t-mnl i zs-si t i t i - o n ug hu this ’ ltm u i i i u h r u m v  w ’afs ’n ’ t l s ’ p thn  aunsi tins ’ — - m’ imm h t i t ’ i u f  Ii  I u - i . l I u m - l m m l  i l l s ’

t r u on i i t o m ’ i i tg  u mf f i t s -  u it o ) th s ’h O ’ s l ri m - s i mn tu l o’u u ’ tmmi mi  s -u - i l  is - mn! — ; s h i i m i l v  sli t - i t i ’ i h i t l t  i t m n i ”  I t - n ’  i- m m m i i m  t l s -~z r u - u -  sif
l u uu’ r i t  m i u n u s , ~ u l s h i t i s m u n mih u t a l a  - m m u i u l u h i h u _ umn— ~— t h i s ’  i 1 m u i u h i t v  t o t u h u m s l ,  g s -une i m s l i ~ m u (Ins’ f o r u m  su f  i ’ l l  l i t - i
I~a I u m m n u l s , m ’  (‘ tim - u - u—itt  m u s h  th is ’  ( u il  f ~‘ t i’s’ ; u u i i  w h i m - r u -  t - v u ’ l t m m h i  m n nn m ui v m ’ z m s or s’omut p un t s ’n ’ prou’t-ssirug. a u l m i t m u
I h mu-v  s - t i l t - i -  thus-  im nsx le ht ’ sh m mu - s ’ m m n v i l l  muh h onv fu mn ’  n i —  —‘u -I us h ) u ’ ( m siuis - s - m h.  ‘ i ’ l u t s  s l m m t mn so-h t u mm y - l i t  m h m ’ p I  I t
m - r ’ o- musoH l i t  bolin pu - eu li t ’ t i is -  m u u ’ m ’ h n u ’ m t m ’ V  u n u u u h  h -z mgt h t  of ( s - l i m p s - i - m it Inre : sa l i n i t y  iIls1 n - i i t u i l  i m u r m —  s i t m u t - u l m is
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mis omit- mmts t t ’ r f r o mmn t h e  sunfat ’e to hint— i u o t loum n of ts ’ ul t t us-n ’mi l  tnt’s ’ I I t s - i t  — m i  l m t u i l v  ) : m u m u m b  hun — f lv ml s ’ omlm l mle t e
I Its’ imysir (uglaphtie tius t. I bis quahily control)t’mh t s-mm n l a-n-af un n -s ’ mitm u l s m mhiuul t v u l ;mtmu u m umi t nix fs,u Ilm uc t
s i milmu st-I f o mmnns  t ine iunpu t to ti ne Dalu lt i’sms ’s - sm— ing lays ’ m n v l m i t - i u  s - m u t t  u s -  u 1 u n i m ’ k l v  s-t n u u m m m s ’ m l  so’ m ’ o i m t m , i u i s ’ u h
I ‘m-ogm’u inn ns m id - in p m e Pa Fo-S t hue slu t a fom - ti i-t’ I ~s’ I I t t fm u i’ m 

~ 
u m a I i t y u-u mum t m’s ml . ‘ I ‘ I us - I ‘ u - u u gi’mt i i i  bi - p u s s s nn t h y

La lmi’ mtt lon - ( ‘nn m - m - ent Model. t m ei m ng u ’ u nn n s tun mt I N I  V _~~( - i l l  iS r ut  thus ’  I rm oleu’nu’ate r
I npn u t  m hut a u i mus t  be u n  tine fommun of temin l ) enat  tins’ Sy st s -ui  us ( ‘c m l  s u . ~‘~u- n n I ~m m u m  I t u n t ,  I ‘ I . I t  vs- s 1tn im ’s - s

amid sal m u  t ~ vent it-al an-em-ages for- emit - It of this- six less I hi mnun u1 i _ I ) ( l m )  \ nm tm - s is sd i ’ u m i s ’  n t i e - t i n t  mi ’y -~t in s I s - uni t
mm no els- 1 layer s. In n adsli t ion , tins-i -c ’ avei-age sI n ’alu s-s btn r ’ unun u t  is- i-s I I m m m t i  I u m u t i u m u i l  s-n- - u m f ( ‘ I  ~ - I imnns .
un u m m s t aim- in lie located at ea -h gr ieh point (if tint — A u - t ) r u n i ) I u t ( -  — s - sf u-u t i i  mu’ m I s - t t ’ u ’ i t u  i r m m n t  ion an t i pm’s--
mun od el matrix (202~ gr ’it l p o i u mt s)  . The 1)ata diction of time- Lm n lm m’ mi m lmu i ’  ( ‘ tir i’t nh is u -nm nisioned as
Pn-ot’s ssinng P i-ogr mnuu n take-s tin e sa tnmp leti slata , a futu u m - s- gu i ms l . ‘l ’h u ii - would i un - Iuuu le  t ine aiu de—
posit issunet l i m y lati tude un m et loungit ins t e , calculates p iuy a htiu -  ex p t ’m u u Immh mis’  m - s u t u m  bums - h  i i ’ i ty—t e mmtpe i’mt t tul’ s —
uiv s-l’r mg s ’s f s u  t ine six layers at tine sain n iuleul i -t n-  k- jmthn  pt - sih tm -s mmii i  lu -i - u lu ’u u - Iop t mu en n t  by the Navy.
t j ou n n - -. locates t hue -se aver-ages in tine m m u n t u ’ i x  gr ’ish ‘I ’Inei -e i t i s l  r u n m u u s ’ u s t  5 t ’ot i l sh s U i m l ) l y  stuli it ’it ’nt slata
s\ i -f c-nu t  arid pm’s it ’t ’ - t l i  to scale tint- data at all gm-id f n’oumn t in e - nu - s - -d In h ut  m u o tI s - l i -si  i m u us I m mc l n nt amnneu ’ .
p s) innts based i - su b — I on those locati on s su snm p led A pei’i p im em - al  t 1r u m u l i l y  m - s u um l  u’s i pu - og n - am nn could
anti tine l)ot lOnn bath nmnetry . The progm ’anui is corn - u - cush y this  u - n w u h a t a  1 m m -  i m u p l nt innlo t ine pm-imary
sti-ucted i-mi t inat if only two samn up hed dmihms points Data Pn -m ) t -e _ s , i u t m r  I’rogu - au n i. w in ic in  could have
s-xnsted in n any layer- , a contl) lete data field woulsi available ts it mm — u t !mt tm t I m m u n u k . the complete
I ii’ genem-ateul baseth on those t nvo points. 0h b at lmy i t met  u-v of t ime ’  ( u - a n sI I Ir m ink s i’u’gion ansi Upon
viously. tine mnoi’e sam pled data , tine um nom - s u am ’ - coinmmn a mns ! i-s-it -ct I hut -  ~m r’ mt pt -n’ I m m s t i n y n n m e t i ’ i c  i nput  for
i-un-ate will  be the scaled d ata field. ‘l’ine scalin g ti n s ’ ele siu -eul uu st nm ! e h inc -at ionn . Titu s u lat u n progu’anin
pr-ogi-aiiu hiss’ s a sv ste n uu developetl by sen-er-al nn-o~ h l I in eun pI’ t )t !uncc ’ a t ’ t l n m n p le ’td ’ da t a  set for inpu t
(‘oast Guard Academmny cadets anti mnnyse lf win ile - u nto tin e - n u t n i m n  r ui u ) ulu-l  ~mr ’ttgi’muiun . At thnis  sau tn e
won-king on 1975 m odel tests. Tinis i-outin - t in us e , p u - c-s t - m t msm u ui  pm ’ eet i s - t t ’t l  nvin tis would be
iteiates for- a un axi mnnu in of 150 cyc les or- uun itil t h e  enter-eel a l om ung n v i t h  m~n t e I I i t c  i m nfs mu’ m nta t ioun  concem -mi—
temmmperat ui -e and/or salinity data ceases to -lnm nu ngs- lug t i m e -  slope of h ut ’ i- s-mu i - ti u’ fuicc . ‘l’)ne inno del
by uinore tina mi .01. The number of iterations useul cou ld tins - in p i ’oul u ics - pm ’s- t l i ct  iu m mns of tine mibsoinite
is p limnted out for both temperature and saiini ly cumm - em n t syi - t e ’umi u - h i s - l u  u no mul s i  lit’ valid for U[) to
anti for eacin layer for quality control. 10 days , i.e., fli gh t s  u m p u l a t i u n g  s t a t us  of t ime bound-

Wine-rn tine sauinp led data are ini tially entem-ed min es wino_-ic t i n e Lmnl m m ’ am l u ) m aun d lie Gulf St m - e a iuu
innto t ine Data I’u-ocessing Pnogu a mi n , tine locatio un s_ -nte i - tine mit ode l n s ’o t ml t t hme n ’s- s h ui m ’et i fou ’ exteint lett
of tine au-ca to be m odeled is also entered. rl~h 15_ - pu’ etl i ctio mm nn- . l int -se w o mul t l  m - o n t : ~ist of short- fli gh t s
sa m m up led data locations are cbnecked ant! ar-c th is— using the mi i i’ sli-p lo v mmhml o ’  s l a In pi ’mmbs _ -s t~ t clues -k on
s-mn ruled if they lie uuu ore than 5 k m nn outsisle tine- I lie it ) t ’m nt iom n , s ah i m ni t  v ai im b t s m t m l i s ’ m a t  m i me s  s)f the
uk-sin -e d model area. The progr-ann gives as a mis ajor c - u n c u t - t nt  s e-mn t -i’ i lu g f i t s -  m nnuuu le l es l  am en . A
pm - im ntout : mumotlel location , a list of stations ui-ct ! s ulm un mmua n’ y u m f  l i n u s  I l l ’  I m u h u u ’ m u t l t u m ’  ( ‘uur’ meun t  l ) et e rmtni-
sbts)ns’in g tin e -j r nuirnb er , grid location , and latitude ini iti oun ~‘- n s l s - u m i  hn- — h m s m n v  mm u n  i ” ig mu m ’ - 11—3. ‘l ine
anti h ongit u iml e. Follosving t inis output is t in s -  shadeul r i m - s- n i  i’s- l ie -u - i s  m i t t ’  n v u m i - k udii s- ii  hur t s  ahr ea sl y
ba t in ymm i et n - ic  data for’ the area unno tl eh esl. l’ine rnex t be-eu rio t -u u mi mp l in -- In s ’ s 1,  I m i t  m I d s t  ium n m u sf  f i ts’  ot lner’
— s -mis ’ s  of ommtput s is supp lied sequentiall y for emit -i t part s of ’ f l i t ’  s - \ s l s ’ ut n  t u t u — I w a i l  f uuu’  l imo-  technology
layer: tin e- base iuiatnx indicating the intersection to uk - v t ’hsu p . I Im mw s ’ v s t - ( h i s ’  I nt l  i i y im t e ’ t u-Is ’ slaI n isa u nk
of the cont inemnta l sineif or tine location of s ps’in f t mm t int-  c -unt i l ’s -  m -s- g iou i s-s t i l m l  i t s ’  p it -pan -s-ti nut I isis

hto umns la r ie s ;  locat ionn anti value of tine s ammmp lesl I i  i i i t ’  Is ) f u t t i I b t a l t ’  b u m ’ s- st-i tt mist ’ o f  I hue mut s u s l s ’ I m s  a

Ie m i upeu - atum -e aver -aged over tine layer followeti by subsl it m i t s- fu n - thu s -  I ) y u m n u n m i m ’ I I  u - igiu t l ut e -I lund u sed
it s i n u u i h a m  on e  for salinity ; the numuub t ’r of i t s~rms - IiY l i i ’ .
lions used to comu m p lete tine scaling i”-° - ; tine F’tnm’t lieu’ mumu so is-I m bu- v c ’ Iss i m mums- mn t  l i m mn — s-ihii  l it  k-s inns - c
properl y fom ’muu ated slata for um mo d el input (fir -st eimmem -gt -ol in n I lie fu i r im u of vs u i - I  k- i l v uuu ousts - I imng wo m-k
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be-lung cmnrr - ied out by the Coast Gu am -ti Oceano- hence its vorticity. Tinus , it is possible t h at the
graphic IT uni t .  This work is exp enuu n uem nt al at t lnis Gulf SIre-airs’s location t lnroug lm ouu t - t ine Grant!
t u t u ’  but looks prominising. Tine vorticity nun odel Banks region c-an u t ’  sletenunnined fronts points
must ’s Gulf Stream n-elocities mind tin s- Gm-ans i Ban ks alon g the easter-n bounda ny of tine Ice Patroi
ls at bt ’u ’m nn etm ’v as im n p u t .  Tine p iuvs ics of f lu e  an ode-I region. Wh at th is ini fornuation nu i gint proviole is
is base-cl tan tine conservation of potential vort icity. a pretli c ’tive up olatinng of tine Gulf Streaumn ’s eunte u’-
Simnnph v put , line Gulf Str’eainn will follow tine ing location into tine Labrador Current Model
luun t hyu nn e t  u- ic s-out 5)111’s In a gr eat er on- ls ’sss-m ’ tlegm-s-e area. Consesium enth y, a data upshat inng fli ght to
slepending omn i f s  vehsn ei ty ann ul  velocity i-heat -, amnti tine southern boundary m i ght be eliunt inated.
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APPENDIX C

ICEBERG POPULATIONS SOUTH OF 48°N SINCE ~9OO

by Lieutenant H. Grego ry KETCHEN , USCG

I nternati om na l Ice Patrol has traditionall y Figitre (‘— 1 is a bar grap h of the estimated
mn nai mi tai m n s ’ sl  c -t n u m n ls of tine mi u mn u bem - of icebeu-gs uiurin bem-s of icebergs cm-ossirng 48°N (luring each
s-rossing lat i tu m o l e 48° Nortin. Icebergs sout in of year since 1900. The variability in the record is
l iii— la t itude are at best a potential au n sl at worst obvjoiis, with counts ranging from 0 bergs in
a real ina zars i to tine safety of p u - imm u ary North 

1966 to 1,587 in 1972. Monthly average counts
.\, t ian t io- sinipp ing. for tine full recorol amu d for recent years are de-

Table C—I pros-isle-s a breakdown by m nn o n t i n of
tine est imm nates i nu n u nnb e r- of bergs cn-ossing 48°N pictesi in figure C—2. Although a good indicator

simnes- 1900. This is an update of and provides of i-elatin’e iun iportance of a particular mnoñth ,

some- cornet-lions to tine table last puub iisinecl in tine those averages am- c Iuiased by tine high counts of a

1968 Ice Patrol Bulletin No. 14. The counts ale few ext r emm u el y sen-em-c years. A better fi guu-e for

broken down into two groups, 1900 t lnmo u ig in 1977 tine number of icebergs that m i ght be expected
anti 1946 t inro um gh 1977. Th is separation is (lone to cross 48°N in a “typ ical” year is provided by
hms ’ u ’msu m s t ’ after ‘World War II , aircraft re-con- the ru e-th an of tine - con mn nts. For the period 1900
inaissance became the primary nnethod used Im y through 1977 the m edian of the annual iceberg
lIP fqr locating arid tracking icebergs. Prior to counts is 279, while the average is 383. For the
t h at t imum e , iceberg (listribution s we-u-c determine-ti per-m d 1946 thr ommg h n 1977, the corresponding
frouni smmrface observations mnt atl e from Coast mnn edian is 107 while the average is 300.
Guard cutters patrolling the - southern limit of
icebe rgs plus sightings by merchant and fishing Further anal ysis of the variabi lity of iceberg

s-essehs transit ing tIne area. Sinu s-c aerial coverage distributions is provided in an article by C. W .

prove-si to be- nnu ci n m ore complete and frequent , Morga n titled “Long Ter m Trends in the Iceberg
data collected subsequent to 1945 represent more Threat in the Northwest Atlantic” published irs
accurate coun ts. the 1971 Ice Patrol Bulletin No, 57.
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APPENDIX D

UNUSUAL ICEBERG SIGHTING
by Lieutenant H. Gregory KETCHEN , USCG

and
Marine Science Tec hnician First Class R. N. HILDENBRAND , USCG

I ’ s-I ~~— I s l e  s ’ai’i j ed I nt o  t in ’  Not -I ii At bust ic t i s i-oug liout t h e- Nor th  A t l an t i c  Ocean. Occasion—
)s ’c~~5 II  c sj i  h is- s~oId sv~ih - j i -  of th e sou t h ward fl ow— a! lv , tinde r- the rig ht environmental  conditions.

l u l l! I ~i l I I T 5 I I I s I  ( ‘s it - ren t  arr i v i ng on the  (i t -an d I l l s -  icebergs — l i l v i V e  to (It -ill thti -oug hi t h e  N ot -h i
I hi u k  ‘-- oil N ei~ iou iii dill  ( I l l  d ut - i  a g the ~i ii- ! ng of -‘ t I ant  u- ~ ‘sit - i-ea t 5(91( 11 i tu g I)0sit i( ) fl) - far  ft-os t i

I i~ vs-a s- _ ‘ l I  Is -  icc! se rgs t lint rem-I i i hiei ~e I at it  udes I u s  s-se cx pect ed to I ce I lie a (H - s i sal I isax iii suit ii  drift
Ii ~ive —~ii -~ i vc- I a s i t - i f t  in t ’x -es — of 100(1 ti dIes— limit s . T h e - Is -c I’at ro l has t t i a in ta in es i  a
) 5 1 s 5 I m:l ~ I ug os- i g ina ted  frosis west Greenland of isiost of the u nusual  let sigh ti n gs i-epoi-ted
l!las- i l - I — u s d 1 is ( I f  ( 9  N . A s  t hsese iset-gs ) 1i) 1)roacii (lu ring this  (PIll  I i I V  and a few earlier reports.

5 i i i a  l ’ s’  ship ~si i i g  lanes south of 4~ °N. they Figure 1)—I s lsss w s the maximum mean iceberg
I su - s- ~I - ) s r I i  — I I I s ’ I ) ~~ h is-eat I s )  I i - n t i s — A t l a n t i c  ship— l im it  ansI t -eimi-ted unusual iceberg sighting s.

I s 5 . ~ i ’ Iss m c langs ’t twas - (lie Gi-and Banks is Not a l t  4~f t h e s e  i-epoi-t s wet-c confirmed. -‘ few
1 5 1 5 1 ( ) i , - S ’ I  I 151 a i s d i z ssl )ei - of factors ine lud i c ig  the of them m;s v have been sightings of objects isi i s—
las - k s -s- v s s l i i i i n -  of i e~- —s -1 t railic pai~si1ig throug h taken l y identified 115 ice or the positions ~r—
t I i i —  Ii T e l l  - t h e  hi gh ,lensit y of fishing vessels roneousl y recorded. 1’~nough of t h e  si gh t ings
w I r ICI  ut ~ t I - - - i s - i - v  product i i-s fis h eries , and t iìe  were verified to show that on u-at-c oc(-asions l’ s-—
i’ i - s ’9 51snI css -s- ui i- I ’e ln -t -  of fog and intense storms bergs can teach fai beyond t h e  nm si ia l  l i i i i i t s .
I y ( s l s ’;c I sd t In ’ a s-ca Although the International Ics’ Pati-ol s as-va

‘ l b  - I s l i t  l u t ’ l ~’ ( h i lt  of t isost of these icebergs of re sponsibil i ty is limited to the  v ic in i ty  of tin’
ens1- wi t  h i t i m s - i - ’  ( m U  I d etet - jor at  ion in the war iu i Grand Banks off Newfoundland. it mainta ins an
ii i t s - I ~ - f  t h i s -  Notthi  Ah hat i t  ic (‘ui- rent.  This cut- — interest in icebet-g infos-ination and sightings
l v i i i . 1- I t i l I l l I l l !  along t h e  southern and off the from thi-oughout the w-orld. Mariners aie en-

s - n — I rIs  vs h~ s’~ s~f (n an d  Banks . ~-e tv e s  as a har t -icr courage d to repo r -t- itsi significant or unusual ice

s-nt  i s s l ~ t h e  fu t -the t -  sh i ~t ribution of icel)ergs sightings to the Ice I’atrol .
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II. Ab is...’ V
~The t177 International Ice Patrol Service in the North A t l a n t i c  Ocean was
conducted by the United States Coast Guard under the provisions of’ Title t16
United States Code , Sections 738, 738a through 738d , and the International 

-

Convention for the Safety of Life at Sea, 1960, Regulations 5 through 8.
The International Ice Patrol is a s’ervice for observing and dissiminat ing

- information on ice conditions in the Grand Banks Region of the-Northwest
Atlantic Ocean. During the ice season , the southeastern, southern and
southwestern limits of: the regions of’ icebergs itt the vicinity of the Grand
Banks of Newfoundland are guarded for the purpose of informing nassi~g
ships of the extent of’ this dangerous region. The International Ice PatrOl
also studies ice conditions in genera l wit h emphasis on the formation , drif
and deterioration of’ icebergs , and assists ships and personnel requirin g
aid w i th in  the l imits  of operation of the Ice Patrol forces.

The Intern at ional Ice Patrol is directed from the Ice Patrol Off ice
lo~ated at the U.S. Coast Guard , Base , Governors Island , New York. The
Office gathers ice and environmental data from a variety of sources,
maintains an ice plot, forecasts ice conditions, prepares the twice—daily
Ice Bullet in , replies to requests for special ice information , and executet
operat ional  control of’ the Aerial Ice Reconna issance Detaot sment , the Ice
Patrol oceanographic cutter, and the Surface Patrol cutter when assigned.,(. contd .

)? E.y ‘~s_ Js $~ • ~~~ ~~~~~~~~ — 
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Ice Patrol , Nort h Atlantic Ocean
Grand Banks , ice conditions , Releasable to the Public
icebergs -
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A b s t r act  contd.

Vice Admiral  Wi l l i am F. REA III , U .S.  Coast Guard , was Commander , International
Ice Patrol . Commander Alber t  P . SUPER , U. S. Coast Guard , was directly re-
sponsible for the management of’ the Patrol.
Preseason Ice Patrol flights were made in January and late February—early

March 1977. The Aerial  Ice Reconnaissance Detachment was deployed to
St. John ’s, Newfoundland , on 15 March 1977. The Detachment returned to the
Uni t ed  States on 2 .  June 1977 , a f t e r  completion of a Post Season f l i g h t
on 21 June 1977.

The 1977 Ice Season o f f i c i a l l y  commenced at 0000 GMT , 13 March 1977 , when
the f i r s t  Ice Bu l l e t i n  was broadcast  by In te rna t iona l  Ice Patrol Radio
Sta t ion Ros ton /N IK ;  ~1 .S. Navy LCMP Broadcast Radio Stations Norfolk /N AM;
Canadian  Mar i t ime  Command Radio Station Mill  Cove/CFH ; and Canadian Coast
Guard Radio Station St. John’s/VON-, Ice Patrol Radio Station Boston
broascast an ~ce radio facsimile chart once a- day.

The USCOC EVERGREEN , commanded by Lieutenant Commander Joseph H. DISCENZA ,

~~CG , conducted oceanographic cruises for the Ice Patrol from 1 April to
May and 23 May to 28 June 1977.
F)ur ~ ng the 1977 season, an estin~ited 22 icebergs drifted south of 148 degrees

~o r th .
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