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Block 19. (continued)

Blending analysis methodology. Blending by Weighted Spreading.
Alternating Parallel Ana lysis . Information processing.

Block 20.  (continued)

and t ime.  Significant  variabi l i t ies  in the vertica l profile are represented
by a set of thermal -s t ruc ture  paramete r s——abso lu te  values , gradients  and
curvatures.  Special provision i~ made for f ine—reso lu t ion  of the rmal
s tructure in the vicini ty of the Primary Layer Depth and for restr ict ing flow
of information acros s land barriers . EOTS may be used for real-t ime
synoptic analyses and , uti l izing available data bases , for production of
historical sequences and climatologies . A wide variety of optional
outputs Includes horizontal and vertical sections of temperature and
sound speed .

This Report provides a comprehensive account of the FIB information—
processing concepts and formulations upon which EOTS Is based . Samples
of EOTS-generated output are included . A Users Manual for the EOTS
analysis system also is available .
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Con p u t o r  s~ : t w w c  ~I~’v~~’~ :u~ : by h h ’ t ~~~~~ i ~~;v I : i ~~r : m : i o n a 1

P’.nc: p o r i : e d  ( M l : )  ~n c I u n o s  Uri n~U O ~~y s t c n c~ lo t t I e n u i l y s t s  of l i . i  u : S. :u- ~~l

ann eccanograp: ;  ~c data  . Th o: e 1 ys .s sy s tem s  ar e  na ~ oh on ~no Pl .1

ur~Ee r y . :;.t a :;a ys ts  mc :hoE~ D y — — ‘ a ins ny In :5 ma :  ion c l O l L. :n ~~ ~SiS)

‘13 ~ i : . :~ r m a t  c u — u :  L C O S  inn  conce ~~t S  ~1 l L .  :c r m  a ; t o n s  a p en iv..  t en

:~~~~~ l- :3 ~~~ ~~~~~ ;:iez:-ioiD~.oc; y t s ..uua~~~: ii e t c  aO~~ U . e ~~ :0 L i  30.’ i ; 0 .~ t 197

:n ass  cc-ia :  ion w i t h  a s yst em  for an a l y s i s  :;ea — level  pr os ~u:e 1) .

FIP  EO S p r L g : c s : e L l  r ap i d l y  t r o u t  t h e se  c a t t y  cc n c c pt s  to i ts  p r e s en t  levo l  c:

~.eve lop :t; :. 1i’c F c in s Py 1:; f o r m a t  t on 61 e..~~. .i L: . e~~. . L n c  1 c : y  ;s nov.’ a

compreh  ens we t echn  :i~ue for  the  ob10ct  ;ve a t t n  ku s of sca la  r att n \‘cc30r

f t o ds with  a wide  r an c e  of rca l~~~,tt ’Ll an d p ot e r i t i  au p l .cLItlcru.  . i’~ t’ t hc

a:;a i y :~~s of a sp ec~ Dc e uv :r c u mc n t a  p ai~~:. .cwr F1 .~ shon n oe

as eg ua I or s u p e r i or  to a r t y  cu r ren t  Iv  ava : la S I C  t ecn:t :g no .  : OWOVOt t ic  o: I ; or

tech ii ~Lj U 0  is based on f un a n  r t :cn :n  and c~ ene~ a l t  zed c o n c ep t s  o: ~~ lc r t :m t  t o rt

process~ r~n . l ’hese concepts , expressed in t e rm s  of f o r m u l a t  t or t s  ari a

a l c : or t t h m  s designed s p e c i f i c al l y  to f~~~t ij t d t ~ t h e t r  ~m p l e m e n t a t t o n  as

compute r  s o f t w a r e , p rov ide  FIll w i t h  uriic~ue cap a b t l it i e s  for th e  a n a . yst s

of a wide range of environmenta l p a r a m e t e r s .

To t ku s : r a t e  the  d ivers  ~ty  of P1:3 ap s l ’ c at : on s  th e  o . S. N a v y ’ s

F leet  N u m er i c a l  Weather  Ce:ltra l (FYWO ) cu r r e n t l y  u t i l i~~cs FIP  a n a ly s t s

sys tems  to produce rout ine opera t iona l a n a l y s e s  of s e a— l e v e l  p r es su r e  for

the  Northern and Southern Hemispheres ;  f i n e — m e s h  s ea—lev e l  p r e s su re  an d

surface  wind analyses  for the Greater M ed it er r a nean ;  u p p e r — a ir  con tour

h e i g h t  analyses for both hemispheres ;  sea- ’surface temperature  analyse s  for

1A 11 relevant fo rmu la tions  in th i s  Report  are expressed in f i n i t e —
difference form; analysis algorithms Involve extensive use of i terat ive
techniques .

— ~~~~. .-.~~ 

- 
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S o t l .  S~~m . s m~ercs . and f~~i S C V C I U  I ~ui , — : ~~~~~~ or. f : n c r  sc~ ICS of ro.~ ~,u t ut ’.;

ocean th e r  t r i a l — s t r u c t a r e  art~~1yses fu r  the 30:1 cm 1. c- :m~~s l;r .erc , ar.c. for

seve ra s i t u — r e g i o n s  on ft n e r  sca les cf mc .~o 1 n t i u r : ;  u r n  North ern l i c - m i c p h e r e

analyses of s ign i f ican t  wave h e i g i t .  Al l  these sys ter r . s ’ are based on a

common a n a l y s i s  m e t : ;a d o l c g y- -F t e l d s  by ln fur r aa :~on Bl end : r tg .

As FIB evolved and its  rang e- of a p p L cu t ;a u s  increased , the

deve l opment  oi a new analys is  capabi l i ty  c f t er ~ revealed m ethods  by w ht c h

* earlier app l i ca t i ons  could be improved . h owever , in general terms , contract

r cLI mr emen ~s for  the d o c um e n t at i o n  of FI B—based  ana lys i s  sy s t em s  have

focussed on the  prac t ica l  a spec t s  of p rogram main tenance  and sys tem

operation; documenta t ion  of the u n d er ly :n g  pr inciples  and associa ted

formula t ions  has  not a lways been consoLdated , especial ly  where an e a r i l er

cap ab il i ty  has aeon modified to encompass later develop~~r nt s. As a res~~lt ,

the i n f or m a t i on  needed to compreher .d a particular current FIB ana lys t s  syst em

generally has to be sought among a large numB er of memoranda , pro gress

reports , techni cal report s , and program documentat ions ra ch  as users

guides and maintenance manuals . Unti l  this Report there existed no sing le

publication for a current ana lysis capabi l i ty  wh ich traced the deve lopmen t

of FIB from first principles and explained its application to that  p a r t i c u l a r

analysis system. Without appropriate documentation neither the operator of

the analysis  system nor the user of its output can have a fu l l  ap p r cc i a z ion

and understanding of the system and its products; FIB thus has acquired a

reputation for being excessively abstruse and esoteric . In addition the lack

of technical documentation has prevented the capabilities of FIB-based

analysis systems from being disseminated among the environmental a n a l y si s

and forecasting community at large .

‘Perhaps the most advanced FIB capability is that for determining
ful l—scan clear radiance components from measured cloud-contaminated VTPR
radiaiices for the enhanced resolution of atmospheric thermal-structure
variabilities {2] . However this capability is not yet used in an operational
context .
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However , al thoug h containing a comprehens ive list  of references , the
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— 3 —

~~~~~~~~~~ ~~~~~~~~
- - ‘ __~~~~~ ~~~~~~~~~~~

--
~~~~~ 

r.: ,_ ,~~~ - :~
-
~~

—- 
~~~~~~~~~~~~~



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

a r t — p t  - o ’ .;s ; : t : .o ~~~~~ t~ ~. : th e  FD ; ~at ,  I’ S t O  .“~~~ ~~~~~~~~ up~’:. ‘. . -

:1 ’ .’ ,

s ;o:. :~~ ’ . s : l lp  ~~~: o.~.,’ D~~’.’ ’S. ‘,, ‘ .,~ t - , 1 t ’. l \ i ’ :’i ’ o.~~’t ; , ’~.,~ . ,S. ’’.’~’ .~ - ; : . ~~n . \ c t . .’ .t ’ ’  N (.” ,~ _

~s ~~ . ur t  ott  p: cp0 r .  r ot ~ co-t I p : d . c  no t i  c S.~ ,- a-.. on .  I\c~~ct I t : ; ,  t ’ t t O O i t  30’

* -. a: ,.:.,:. ~~~~~~
‘ ‘ .e : eS . : . ~ . : ‘ , , . ,~ t \‘.‘~ -

, h i ~ 30

to t h e  ~~~~~ n :u i . vo : s  S y s t ~’ .’.. . tnve aeon , : at . , c  en t , u t i o ; c r , t r t ’.c~~av :~~.n ’tg  t . ,i

to sce~; ~‘ , :scr ; :, , 13 . ;no5 l:~’n: ’,, . .‘n:’c: ::.naon :ro r: : the  E~ e n: . : . .  : o f

~‘ ft ’a ‘r i O u S  -r . V c r i  ~n t h e  U so: s Mnn’ ,:a 1. Th :s lu’ • ct - , of c “a: ru • a s : c;
p

a p. . t ;~ .o. i : , ~~’ -.t : some c e r t s t a i :o c . e  l eno t . :  . ~~~~~~~ : 3 0 :t , 3 . ; : : .  ‘00. 1  ‘a t c

us co ’aS.i n a v e  coon p:eoe :;t eh ii , : i ,  :. ‘ c~~: a :tn:.~ :t , re y. : . .~
‘ ti t : i c  .n , .n . .  : o: t : t c  eon - , to:  toe . :  t : . . u p : u : .  :. , s a c , ’. a t n cc , ’~.: 0

.) C e r t  1’ - , . , ‘.i’c : .  ‘10 : , , , ~ - .u I . e  s; .ou’ct  .:. - “ : e i ’o s . . y  :~~n a , bh n , ’ ::

are 5 0 0, tO . t t c ’ . .  ~~~ .‘ a : .sc :t ss:c:- . ex u . .~ .: t : : t  : :i’.e.:’ p:.:;~~ ;’-e a :td .,u ’

rice p t . ; . \\ ,u :  e 13 . - Ic .v . 001  loss a a . r eel : : ~~~~,
., ,,, ~ t~~’ :~

-, ~
. 

- U

o ila k’s i5 :- vs te l l ; , cot CC pt 5 a no a’: ::,. In - are :1: C: . or ;: ed l I t  n o  n o t ’0 1 u- ::ns

to facEa :a:e  an app rec ia : . c r i  of the . :- ~ up tc~~:~ori to t h e  Ona vs:s of

env. r en n et ; to I pa : int o  te:’s

Sect .on h o: th : s  •~cpo: :  ~. . s cnoses , ::t a Ei: ~ : e l y  g u a I . : n : ;v c  :::an:u- r ,

sor t tc  or t t t e  toe: or:; to  ne oe t t  I to  ac c ou n t  ov a rtv e: t ee :  iV.’ a ttn  •ys *

svs e;lt . T t e  Sect ’~~t~ ~~~~~~ ~~~~~~~~~~~~~~~~~ to : r tt : c ~.’acc c o u n i n  13,3

arid ass~~ctn :ed  :erminolocy n; nn  app: ’c-p, .ate co nt e x t

Sect ion 3 t oy  tE es  :110 iii ’ of t he  .‘c ’e ’;  S. ::eE in for ms .  .on— pr ccc ’ s S

conc ep t s  a r t : fo : :t ; : . l at ions op en wit ;ch  t h e  i ’ i ,~ ar u ;  It’ ;; iS rue : l :onoD ’ oi ’

* Co:;;menc no wi t i t  a d .s cuss  ion of th e  rd :n u t  S.; v of eo:~et ’v a : .otts

as • t t f ~ ‘r r t ta t  iO t ;  it is si ;cv.-n t h a t  every p i e c e  of :n fo rms  .on wE teE can

cen :r l :)ute  to an ana lys i s  :tas an a s so c i at e d  ar id  .~u an:  i t  t a B l e  aol : a B : I t t v

The re t o  . r i i .ec of Section 3 e s sen t ia l  lv is concerned w i t u  rue ,hon :;
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Ca 0 ’ t 3 0 ,~~. to  c : : .na- : . . - : .  : th e  cu:.c~-p :., ..p- ;r . ‘.‘. “, . ctrt 13135

:~.a; P ep u :  u O i t  t o O  Uj c i ’a  D I . ~~~~’ ~3 ~~~~ c-~:. . ’c .un.c~- ..t ~~:t’ to  -~

-~xtc :.: . On C30,.:, .u t .  ri s: Se a t . o r  4 ,t  :s :‘cc- :-m ::.cr. :e . t , . . ’. Scr;,co’. 2 of toe

U’seao :.:a:.~~~I so st,. ..cd. S’ect .ot ’. 3 of t O e  U s e r s  M~ r .unl  s f . o 0 .n  :~~ st ~~’a.c ’.

~.u. sn...p.e::r.~ ccC l .  ~~,. 5 of t :,.s I - u p  ~r : .

- c a :. 5 .s coucc:nc  - , w.tI;  t i e  ex :~~ so of th e -  n r ,n lv : -, .s s y st u n ’.
Sec:.- ,n -; to o . a a t .  . .~ s tgr a . c ;r . : tu. . , ’.;:l’.~ r u  v~~r ,n: . or ’a

a’. ::. u ‘.‘ u ::.c- : . san- : t ,.re . As a paeI.: :..:u’ ry .t Is po.n .;e ’a ou : ::. ,~t th e

nn-0 I y s . s  sy -~t cn .  - r i c O  c r ,uu i i  n 5 e c t .~~r. 4 -::-sc- : r. ’s: n e c c n s a r . I y  : 3 0 0  :0 cs

t ’r ; per~i t - ~re the  n ’a .- fo cu ; i t  soaP ;  c’,,:j o I l ~~ .vcl .  be- u n t , t e n
p

tO t o  e :..P ~~r ,i tu r e  a t 0r , ti ,.up t . .  or to. toe t e- :..:i ’, : nt ar c  a ’ ‘o. o’ a a . i ’j o, —

S 5r :ace  , e • g • , :1. -s :> r o’nury .-r : t t l ’.Ct ~~O L o y c ;r .be-p ’a’. lBa..u . I: ‘ ‘.~.“.-.‘c:

:..n’tP1 e sys ;c i rr .  .:asuc or. .n ,~c o.c:on .z- r. : :,- r , , ’aa’. ,nj  ~c~r n , .nra—h or.s-o... ;01 )

~ ~~
1
/ :( s O \ u  £ c ~~S ecu 

~~~~ ~~~~ :~ ~: ~‘cc a r-a a . . -pa ’ is to ~:-ar ’ri~’u :or :~~o t a o  voa .cn l  pr o fU e  •r . tc-:::’.s of “ oceno

:nu : r r . u l — s : r a c tu r o  po r a: , ;e tc -r : . ’ — — r. t 30 , ;  ~res of or cEaj e :e:np e-ra 5 ’ar c, c :anao-.’.t
a.;d cur va tu re  a: v ar t o u s  f ;xc :, o t to  f loc -anc: ’ levels . Soc ar.n.y sis syst em
desc ri sect :n Bc .c : ton  4 is asec: to an al yze each of th ese p cru roctc :’s .

EU ’.S u r t a k y s~s sys tem aJ t O m 3 0 . c a l .y  sets var .oas  t5rta:ac- constant s

en compass on h-/ the analy s . s  aIç -or ct or:.  to r e f l ec t  the cr .aracterts:.cs 0:

each a n a l y z e s  p a r a m e t e r . )

l Ia v i r i ~ completed ana lys i s  of the  set of ocean t h e r m a l — s t r u c t u r e

pa ra t~tcte rs , t he next step is tha t  of ve r t i c a l  b l en d :nq ,  described :n

Section 5 . 7 ;  vertical blend:ng completes the 3—D analys is  at a po int  in

tt me.

‘For example ?L~ is a f loa t ing ” level. This  depth is det erm ;rteci
by analysis and is one of the thermal—stru c ture  parameters.  A numb er  of
o ther  parameters are defined relative to the PLD and thus also are “ f l o at i n g
parameters .
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trace . But what va lue  of temp er.’. t U r C  s i , oo.13 be plotted at  each p e a - it ?

Pot each 4 0—second period we re quire a “ represer aat iv c” t e-mp era t r t r e  wh ,c ;’.

could be obtained by comput in g  a : ime— av c-r a 0ed mean of the  tcu ,pc-r~~:ure

recorced oy toe resistance therm ometer .  Toss • car to t s  part :cular e-xaot~~.O ,

- ‘-20
T 40 

= 

~~ J T( T) d T  ( I )

where T40 is the representat ive temperature  appropriate to art object sca le-

of reso l ut ion  in t ime of 40 seconds and T(T) is the temperature  T observed

as a function of t ime I on the finer scale of resolut ion.  (An ‘ insta ntaneous ”

reading of U from the resistance thermometer  is itself a :irt ;~ — av u r ag ed

mean , the avera ging process being due to the U n I t e  response c:me of ate

i n s t r u m e n t .  Closer examination would show f luc tuat io r .s on t .mc scales

even shorter than  indicated by Fig . 1.)

The degree of resolution in time provided by 40—second me an

temperatures  still  is far greater than needed to show signif icant  var iations

in air temperature over a 24—hour  period . The variabi l i ty  between

successive 40—second mean temperatures would not provide any use fu l

information in the context of a 24-hour period . To obtain var iabi l i t ies

which are signif ic ant ,  the t ime—s pan over wh ich the mean temperature is

determined should be chosen so as to “ smooth out’ f luctuations whc ch ,

though real , are not significant to the obj ect scale of resolution.  Ten-

minute mean temperatures probably would be more than adequate to show

significant variabilities occurring over a 24-hour period .

However , suppose that instead of being able to compute time-

averaged means over an appropriate time span we are only able to obtain

relatively “instantaneous~ values of T— -in other words a value of T

time—averaged over a markedly shorter period than required to show

—10 ~-
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, t ; . - , ’ic’ ; -; , ’ :‘ ,‘ ,u,’,- , ’ ; ;  , t : - - : t  ii , i l l s :  l’f ’ C i:’ , ; , - : t ’ , i : .  t I ; ,  l t ’ - i ( ’:a ’ , , s s O ’ t ’

i s i s’  i t .  , :;sy , 17 .c ) U
C. :L : : i l . i : l y ,  U • W— : . , -c u 5  ‘s i t , , , - , ,  t i  t , ’ , .S , ’ O O s t l c :

10— 111300: , ’ l l t , , t ’ — : - ) - ., :t  , ; ; t . , ; h t  s t l t t , ’ l  ‘cv n i t ’ .’: S l i  s l u t  i i ’ : i  t t s ’ .. 0.. ’

i u — : , . : i ; , t O ’  I t O - a l l  I . ’ r l . ) I . ’ , s t U I ’.- .

‘ l ’ l ; i : ;  ‘ x , a : ; ; ~ ’ I s ’ i l l ; a ;t : i t s ’:: .1  p a : ; :  w I . . 5 ’i:  : ; t ; . ) t l l ~ l t ) c  ri.i h , ’t .  i S O ’) .,~~‘ i ’ s ’ C O ,

‘v a ny  . i : i , t l y ; ;t : ;  : ; c R v ’ t I S t  155t w , ; i c i  is  ;;: l o I l I y  t - : : ; , ’~~~- , : ) — — st~~ ob: ’ u l V o , , s s I .

of .j : O ’  , ‘: t v  i t  L i t  I t ,  - i ; ; , t l  p i t  s it s ’  ;c ’r w it  id : 1 a I - ‘c i .  - ; , , ‘ i t O i t  iv. - Oi l ~aie  (t  .e . , t i c

s s ,~~~’t  v. s i )  i a t I :, -— 3 0  — : 0 ,115 v . 5 t  on l v  a ,  ‘vol ,  . 1 5  ~ ‘ a : t , : : , i : , ’ 01 • l i e  v ~~i , , ’ • a t l , . .t

:‘ , L t , , , , . , ’; ‘r t i  I t s ’ ; a 0 1 ~. t ;Oi ’ — , ;
‘—~~; C, i i i  - . K c l ,  , , : :  oI ;: , ‘: \ ‘st  .o ‘cts ‘V l s : , ’ t :

: n t : t , p Ic ” i l t  S t o I up ; 0 5 ¼ ’ . t :  0; li’ i t  i’. Ia . - • i i  , . a.  I n  : , ; -  I I  y t i l e  i ’, , : , ’ . 1 ,

a ’ s ; ’s , s ’50 ; analyse : .  o: • ‘t ; i ’ t a ’ ; . t t ; 5 ’ t i l s l j S S I ,.,s ’ , s ’ a_ , ~‘ l - , ,, - : t - ,, : i . ’o, - 0 , ’ , ’ :. . , . , i . -

o f i t ; e i  r a n , ; e — o t — o c s  1, ’ t ; , s ; i  I I , . ’ o t g e 5 ’t : a t ; - : 5’— a t — : , c , i l e  o f t l i , ’ , l : , , l

to .’;: ,n t , a ,c : , 1 l  an :’ o; ‘a ct  i’ a ,  ion . - - ‘ : ;t s ’,n ;:  a ii t : , , o t : , ; ,  I t  L i n t c O; : ,p o t t i ’t l t  cv - - I C ; ;

15 55 5— S v ’s t I O  to t I l t ’ L I t ’ t .  i t c h t s ’’c t i t - u n  n i l  ii’ . ’ i’, i l a s  - . ‘ S I t  i :  . : ;  t o : .  ‘5;

s ;t ; . . v s ’ , 5 t , i : Pu ~U b — a c s 1 c  C u i l , ’c s l t s ’ ; t :  l:l t i s ’ , i c ,cs ’S ;t ’.t ce l  ; a . t ; ;y  Cct ls ’, -O t . , , , t~~~, L ’

: e lo s, 1~~y t h a t  c, t i bc 5 l t t l i h ’.l t i ’si  t - , ) s i t u , ’  v30;.c . V . , t t . ’ t t  unlos :;  i t  is .‘.t’Oi v:t to

he r epresc ’n t . I t t vc ’ of t h ~ object  s5 - . i ie Of . i t u i l y s i s  r. - ; ; o l u t i .n .

j o e  si l t d  e lide  i s ’t W cef l  .1 “ 1: t I . ’ i’s It s  a t i d  a “ t v ’p r e a e i l t a l  i t - ’ .’ ”

v ,t  l i i , ’ ;13o~~l si be s’c~ i , ‘c iat ~’d . As S u ; t l i n s i  ; l i s t  no s ’i l il a ;  are it solo ‘cv ;l ;i ’

‘ ‘ t , . , ’ ti ’ e i  an d t h a t  t in ’  i f l : ; t i  L l t t t i ’ t t i  is ac cu r a te , t h e n  a l l  oD: ;ui~-’a t l o i i s  .11. ’

t r u e  I l l  t i c ’ sen se tha t  t h ey  a c t u a l l y ~l i sl  O c c u r  a t  t 130 1 i i i lv ’  ~ lid p lac . ’ th~

observation was mad .’ . Given  th i s  ass  u t n p t i o n  a r e p re se n ts  L i v e  v5 luc

1’I’he l l i s ’, I i l L f l - ;  ot  the I i ’ : : : ;  “ a n a l y s i s ” a:; a pp l ied  to , ‘:i v l l ~ ’tt ;, :, ’t : , , i 1
pa i’a i n o  l e t ; ;  is discus sod in Sect ton 2 .3

2 , ‘ - -There are other I oct01 ’;; wit iv ’l ; cont i ’ ibt .i ~c’ 10 the  uncer t s  t n t  v ‘at an
observation; th ese factors ore d iocu s : ;od in Sect iou 3
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_ _ _ _ _ _ _ _ _ _ _ _ _  - --- ‘--- -- ‘~~~~~~~~ ‘- ---



is ~,apt s l to t h e  ; - - t n ; , ’t i ’ s ’ . i )  i t  i.., v a l , a ’ t :  t I ; .  , , 1 i  , . - — .‘ f — : , . - ,. l. ’ i ’ au  w ; , , c : I .

1, ’ p I . ’:.. ’ t i I 5 I t t V c ’ i’. t l , , s ’ i t ,  i l u S t i c - - i  C s ’ i I t ’ : . ’c ’  t a . : ,  t~ ) th e  : , 1 f l ’ ; e — s ’ t — t - c ,i s’ of

obso iv , i ’. ; 5 ’t t . In .~~‘t o ’raI . Ls \t’, ’i’ .- I  , , i I t L c u a i ,  ,at aa:.. ’ i v . i t i -  ‘ i , : ... v t — .-

, t ’S Ii ,’~ ,v ’ l 0 . I t . V O  O t t  o:.,,’ t o  sk’~~Ot ~~t ,Cd lc ’ , it  I : ,  l~~~st a ‘ c t s ’n ot t . . c . v, - ut; 5.0V

.i t : ., ’1 I , O ,~,e~~0l~~:,c,t I t .

l’ , ’t  c. ’tti’ i ’ , t O ’ i l c , ’ t 1 t . ~ 101 ::.:; “ oa ;, - , ’ . - C~~~I . ’ 01 l c ’ : - , ’ i c , t i s ’ t i ” a l t , :

i l 5 t s) i ’ 1.10’., “ 1 i ’’cl  , ‘ : ; e t i t a t I i .  ‘v’ . .  1.;. , ’ ” . . i l V O l’i ’ ..- t i  .1 i : ,5 ’ti t , : . , ’ ,l to ’  co30,,5:.- t . :t -  :

t t t t i t ’ ;: ,‘t i, ’s. I ;oci’ ,’v & ’i t he locj l  : - : l t , 1 I 1 — ; - C , I i , ’ vat  i o b i l i t y  111 ;t~~.tCO , l t 3 0 o d .~~t , ’ ,i

i v , ;h  ,in obsv’ r v a tt on  0 1 an eric ’ .a- :u: . . ’t i t a l  , l t , l t :;, - t eu ’ o I : , O  ;:i;: s t  be t a s . -n i tO ,)

a5 ’c o. i : lt  . I ’or c ’x .I ; ;tp le  nc’ . ’cpot ;s ’ t hat  at  , , t l \ ’  n : . t a : . t  ic’ l i t l e  i ’ l a .  I iv ,, : - U. - . : ,; I 

-

:. ‘c ’s ’ u , t t ’,l  otner 10 : - t I  , i l ; f t ’ t t t t ,  cy c l e  ,,i : t , ’d 10 o b t O i n  .1 , ‘Ol’t l L , . ’, l c , l :  t t , iu of a t r
.4

t O . O ’ c e i st uI O  oVer .ìn .lr C’ .l ,Sf , :;,I v , 150 t ; ;e ., ’rn x 150 :;s’ter :; S t O U t ’S, t I :. 1 1 1  ; ; t

t l  , . . , ;, ‘t :t  . ‘. i ~~-i  a few t , , , t o t s  if l  ~1Io , , i  c5 ’L t ,  ‘ t  l ;t e  I v’l: t : ’O .  S t U :  1,’ won  I , ;

proPs thy vary  is-I  iv. ’en a bout ii ’ 5th :  1 ~ C. i i  s ’tvi ’iO’t t i t t ’ S~ dCi ’ ii\’ . 5 . I st . , 0 ;

11055 ~t t t e  a ’p I e s e n : s t lv s ’ t c t ; i p e t ’s L ; i r e )  tvo,13i p t o i ’ a P 1~’ be cL-so to 17 ’ C.

Now Supp o S e  l i t o t  i f l S l s ’, i , i  01 P e t i t , ;  0010 to  c o m p u te  a SP . . ) s ’ s ’ s I V c ’ l J t c ’ s i

t t l e S 5  fo r a p ar t icular  to t e  we we:.’ ott  1’.’ a P i e  to  oPt s  in 050 l ea  :51’; ‘at

to tn perd tur e s.) nowhere  in t i t e  .1 lea ut;d i ‘r cons Li ,‘rat j OS . ‘fh is ~~~~~~~~~~ o- ...
• : :t h Ill t be a!l~~vhere be t ween 1 ~ ° a n c t  1 ;)a 

C ct i : ,~r~~t t ; th~ t ept - ,’;; e l I tS l\’ s ’ V . ,  1 ’...’

I S , say ,  17 .0 0 C .  Once scsi ; ;  the oh : t5 -R- , : t i s ’I ;  l:~ l :;  Peon t.s~ l, - on a t i ~t or

n , ;~’ — 0 — s c a l e  t han  appropr ia te  t o  Ii:.’ ob jec t  tOn , ;  c— o  — s c a l e  ( in  t i t i s  c~ t O O

on at  es of 15 Onl x 15 Om ) and so tl ;e obsei ’t’ .i 0011 conta ills dfl 11001 t ;tS I 1301

co mpon ent which is sub—sc a le  to the dc- s ir e5i r ep resen t a t ive  v a l u e .

In the examp ie used a bove the S p.ic. ’ and t i m e  sc-a los invo l c ’ ,-P

are  much smaller than  those cons iuc ’re ~1 by sy r l Op t  30 f l l et es ’I o i o i ;y  .111.;

c )ct ’o nogr aphy. h owever s imi la r  ar guments a p p l y .  Th u s • for e x am p l e ,

1 l low t h i s  could be done in pu ’ad t l c c ’  is not d oor .  l ’ iSv ’ i\ Li ’ i’
:t ’siStdnce the rmom eters  arranqed in a s1r i d  wi th  a g r i d— sP s c l l ’n;  of a t . ’t c’

centimeters would provide an effect ive , i f  impractical , sim u lat i on .
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pa rameter w i t ic l :  • in h I P , is ter t .o- 51 the “ ab~c’ct pa: so1etu r ” ‘a:
’ the

ana l ysis . ‘,i ;e an a lys i s  process , adj us t ed  to sui t  t i te p~ r t1 CU 1~ r d l , o r , ,~c :i - : ’:st ics

of es,ch envi ronmenta l  ‘coz’a:t;cte :’ , n.ay be s’cpI .ec :  to a sc.’lect :o.; of ou ,ect

pora:;teter; ; :n order to proc-ace the set of analyses  rctj ui r ed to re-p:c ’scat

tota l synoptic s i tuat ion in accordance with the de f in i t ion  g iven by the

Glossary of Meteorology .

To aid discussion , the s imp le  and subject ive ana lys i s  pr300a .,.tc

envis aged by t he C l ossary—— ” the  d r awing  of f ami l ie s  of isop lcit i ts ” —— :r , sy

be stat l i r ied as follows . Brief ly , a l l  ob servations of an object pararr ~eo-: P

made at a common ( i . e . ,  syn op t i c) t ime T are p lo ’ted on a chart . I s o p ie t h s ,

usu a l l y  in teger , are th en  dr awn wIl l’, some appr opr ta te  “ co n tour  sfll~- lV5i” ,
p

t h U s  pr ov icliul . ;  • rnes of cons tan t  va lu e  of t h e  object par ameter . ~~~~~
auserved values of P do not correspond , in ge nera l , to iS Op ie t : ’i VS . 0 0 0 ,

op servec: values are in terpola ted  subject ively to determine the ic ’ca :icn of

isopl e ths .  If i sopleths can be drawn which agree reasonably well  w I t h  art

obs erved value  th en the observation is ju dged  to be “ good” ; if the isopl edts  -
cannot be manipula ted  to f :t an observed value (usua l ly  because of I~eursy

conf l ic t ing observed va lues ) ,  then the observation is judged to be in er:O:’

and is largely ignored . This procedur e provides an anal ysis of P for ti m e ‘7’

Repeating the process for time T+ 1 , T r2 , e tc .,  provides a synoptic sequence

of analyses which is i l lustrated itt Fig . 2 .

In drawing isopleths for a particular synoptic time , the analysis

could oe produced by considering only observations for that t ime.  1-l owever

the analys is for , say, time In  may be enhanced by taking into account ti le

features  of the previous analysis  at t ime T . A common technique for cloi ;tg

this is to use a light table with the plotted chart for T~~J on top of th e

analyzed chart for T . The I -i- i anal ysis is then drawn , subject ively

assim ilating the features of the previous analysis.  Thu s for example , iti

the case of a sea—level pressure analysis , a depression shown on the

analysis for time T may be subj ectively moved , modified and shown on toe - -
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Fi gure 2 A sequ ence of anal yses.
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, , : , , d ’ ’ , ,o ; :or 0;.;~ - 7’ - 1 ci’,’:; t i~~- : - ; ’ .  In ca’ 30. ito 7’ r I  cbs- at , , t . s ’ ; t t t  to

a :t t ~os i t :  t t o : .‘~ .: 5ir u .  ‘. 1 0, Sos;. ’ ct . ’.,- t t~ ‘ I .  .0 , 5,0 i S  t e l ’ :: ci: “ .~~~. a:’,, 5 1 ::  :: ‘. , :

• ‘ : ‘ ,v, ’ufl ,~~~~i i s ~~~t - t ’ l :  ‘ • , : . h , : i . ,- : ’., -c .  , s’,;~ r :  ‘ : :  i : . :  ‘ - : : . ,, 
- 

. - - - -

1 . : , . , ’  o~~::,~ . 1~ ~a,s O.’ ,‘ ; . : : : i j ’~:. ’ is ,“::. a l  y~- ,i :1:. - ~~~~~ ~~~~~ --
::;,~st  be ;;uclt ~~~~~~~ t h e  i l t , , ) : t , , 5 1 . i - a ,  i t t  ott o  ~ t ;,t I ’ ,.: h51s t , ’ I , - v , , n s t e  Ia I : ,  0 ,30

o t O  I t . ;’ :~- . I ’ or ,, ‘x,i ; ; ,  p Ic i t  ivi , , 1, i :to: .:e : ( ‘ 5 , 1 : .  - I :d t O ~~‘ po ct  a:’:;, ‘ct :  — t :  ca Ic

:,- 3 0u r e s  s- .5c -. 5: ; r s p t 5 . l y — : , .~~-,,’ ,t i - ;  deproso:s :t : - ~~~~~~~~~~~ : c v c l s ’n & -t -  to  nv

, i t i V  s i , : . : .  c~o ;t  i e L ’v , t t ’.cc tO , , , t a , . 5 , l \ ’ ; ’i S c ., :r , , - 5 1 o5 :t a.’.’ . ’ ,1,a ’~
, l a te r .

I tart::. ,: .- - : ,  , t 0 s ’., , . ,~~~ - - ; , . . , , ’. i~. ’:’ to ,‘ t , .  I ;:y .:c’p: iC’ t~~~s~ 0~ - : ‘.~~
‘ ,, 10

S :::ot, ’a: ~ I ’ s - t i C S  I ca t tt e> , t , t he  t OlIC in t u t ’\’ a 1 ‘a~’t’ .’.’~- .-:’. a:1a 1:’ t; .-s is ~~~~~~~~~ I I~’ 3~
o s~~t l~ ItOU O , : ’. i, . t ,  s-,. t t . i l y s i s  ::, ‘,~~a ’:;cy - , s ’t t u a i l i y  0, ~1st ( ’d . l at C  :~~. Co :’ :’t’ o :, :

S - O s  ‘Pt . , ’ — t i ’S 1. ’ 51 f or m a t  io;: a ion5; t I :~ I i :::,’ ~ x .S

, o  f ’j r t i :e :’ i i l ’ a st t s ’,e th ~ p ot e t i t a i l  S ’51111v 0: i n fo r u , , m i t t on  ~‘55, 0 , , ,

a I~ :t, ; :ne t . :’.:e ax ts , suppose t ::~~l a :  ever y ~a’~o 1:1.0 t a:,,’ :1 . .  a c , ,

t ’.,’tV ouso .‘\‘.io,- ;’, :~ p ro’.’ t , I e  a f .X OO in f o - r a t a t  .o-n c c - a t m  ‘c t:: .on I . ‘co ~-r u c. ,c , .-

I \V~’ . . i5 :  i’a I ”I s tv” cv ’ S s l O lst  o:’, :hc .1- st arer , I :  , a nd d ia ; :‘ib , ; .  ~o :t ct

0 3 5 0t \ ’ S t , Ot t l ,  . )  Nc ’.’.’ S ..‘cp O , C  t . ;a t  t oe t o t s l  .t , , ~ ’ : t  ..~~ac;: coote~:: c: ~~a:-

•,t :al: ’s is , I , decay s  w i t r t  t :n ; e , the  ,n:’orma: Ion ca r r i ed  tcr i v : tr 5 .  II: . .t ::c to

Ote next  . i ;arlys .s  bein g RI wt :erc R ~ 1 . ,btus , for 511 a n a l y s is Sec  tt c : t CO

co:no’.enein ,st at  1 soc 7’

1 Ti ’ l = 
~

1÷2 = ‘t RI ,~ 
, and so on.

The e f f e c t  of carryine , and accr:: in ” ,  ;n ’:or;nati on alone t h e  t t i t t o  ,lx.S

in accordance w i t h  Lq . (2) is shoivn in Fl , ; .  3 using I P ‘ so ’t s ” of

information and R = . 5 (i . 0  • , ha If t he  informat ion contained in One

analysis is st i l l  relevant at the next analysis t ime) .
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F ~g 100 3 The c::.,’ ct of Ca::’: .: - - : in f, ::;.s t * ~~~~~~~~~ t I ’ ’ t i t , , ,  ~ -..s . : - ~~ tee , , .
.1:: o’t t t 0 , t  to :’ ,  ac’s i lao 10 , i t  a :‘. ‘ . ‘ I t t : . , - :0 cc-:: a:’ 1 . 0  a~ - I a,

iv 0 ,n  t i t ; , o  ~t ~- . 5 )  51. , t ar  a S C ,  Ito:- ,- ’ ~.n , ,  . y. : a:

51 :or : i . er  6 “ U f l i t 0 ’~ of ;t o ’a :n t a t . - : : ’ ,  ,l:, - O s O V t s , s ’Ct by t h e  conc ’.,:. c: ’ , :

ODServ,it  lot ’,;; • ~:;e u pp er  u~~:;I:~ ’s: l~ n , ’ ; . tOO’,’.’;,’ t .’ t C  t O t , l i  i t t , s i t , , . , .  1301

a: :,i :ne,i sy 50CC, ’:-; 1. i V i ’  ana ly~ 5 ’:t . 5 t ’ ,.,’ Iot ’.’,’r dt. shc- ,; , i t c  ;, st’s’:;
S t e  a ccruing lnarr Il:a5.sOl u i — aj a r  01 , ’ fr o , , ;  p r ev iou s  usa 1ysea 111 1: 0

C eq It .011CC

d t l s  5300’t a .  1:0 is OaSes; 0-S S S I OP I C  s ’s - : tCs :p . — ,:CcO’.’ in ,  300
of pe rs is tence.  ‘ i’hc’ appl icat ion 0: slap: o at  .,, :e ‘c:’c , :.c l iOn
cap aoi  l it ie s iv- ;u Id s 15 cv t h e  dcc..y r~~tc ,t toi i ’el; t. it  in h t , ; h,,-r
pl ateaus of i n f o r m a t i o n  yield . . m r ,t l 0 0 0 n  c ap s a ; I  st :c :t  r c ’p r ct ; i ’ n t
,t : f a r o t a t i o n  contr ibut ions

W e l l  f o r : ; i r t  1st’ ’,i coint ;r , ’l i , ’no lv i -  ~t ,a5 i . ’it ;  tv , i c l t  I : t ,oi r , - I s i , - t I ’ ,’
Cv,) lot ion  of a re la t ive ly  closed ‘cI ty t ,; ica 1 a t’~~’s~’~~ of pat ’s:::, - ,‘: a c~ It
produce i n f o r m a t i o n  o’r c ’wrlt :or a pet t ed  to l lo i t ’in t ;  (‘.l cl ; .111,1 , ‘~‘a .~~

Input of concurrent  ob: ;ct~,’at to ll s , tO 1110 p o in t  \vi :,’re It O s  .1~ ‘ ,- .i \ ’

a cain  sets in.  The i f llo:’ma t ion  yic ;c: wilich can so , i c l l l e \ ’~ ’5i .11

such analysis/prediction systems by til O “dynamic  coi ;:p0055 ;ine
can be spectacular.)
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‘l ’i’~o e::, ’cI - : ,‘.~~r : ’,’ . n - ;  ,~n..i ,., ‘cr’u t t , . . . ,‘ - - : : , . . , I ~~~~t ,  , ,~ -:‘,c t . . ’ Is.., - ~ x . s

I c  ;e:i , ’a, . . . : - ‘ ,l ar ; f . - l i ~-y,’ . . 1 , , ’: 1 a. t i ,  : - , : , , . , ‘a :- -
. , , ,: - . : . .- .~~ a

.1’.’ .l. - - ‘ 5 ’ ’ f : t ’U stI~ - ,n , ,  ly s it ,  . ,- ,.- . .‘ t -~~ ‘ ,~ . 0 ,  r h : , :  I :‘.‘ a i , i  t ‘,,‘ - ., - , -s - t - ‘  , . t~i -~ - - - :  

- , - . , s ,~ t u l ::y u:l : d . , t : : : - . .:,st :5 of a’c .; ,- .’ ’ , , , , , , , , , . ,~,a ci : t - c 5 :aaos :  b it er , 1

“ ‘:
‘ , l , S Q  C C : ’, : ,~~.n i : .  S- : . t 0 i t , O t ’ ,  der.c’~- 5 -. :ro:t: a - ~~,,’c, .~; - ‘ t .  . - :  t o u t . .r , -ct

ao. -orc’ ,, :.~ - It 30 t : , .’ u ’a; cc: ‘c ,aut . . .’ 5’:. ., -r ’:,,
,, - ’.’ ,- ,- ’ ,’,’ , - .. ,; c’.’ . . , . . : . f : ’  I c . . : , t h u

. 030. ._ t u  . . , , :  ., . u o 5 s’,  cO- : 1. r .s .art to 30~ C . .  ,, t ’ ,u l t ’5.~~ t r 0. , ,~~~.1 ~~~~~~~~~~~~~~ .1

t i :e : . 5 a ’ l , . j : t  a: ::‘,:a:., , i t . ,T- : ’. s:~ ,l :‘cl, :v~~r.t at  :o, :t.,- x :— ., ’, — . ~~~~~~~~~~~~~~~~

p

= I ;
~~:~

‘:

‘.‘.‘,: e to ~ it , Ste 1,3 0 1  t n : - ’:..,, 0~ - :l .11 t i ’ , ,- (7’ OP s, t t s i l t ’~~ .~~~, .oo,l t i t o

5, :0 ’5 , 0 0 0 ,’ cont :::enc :d at  r. = C ‘,‘, ‘ .th  LIst ‘~~ ‘I.c:  in :5 : :ou : .on  u v u : , u O i o .

N ivh.,~e N s i, ,00, - , S:, -:t

I -“i - “ “ “-— T
T rN  1 — 1 : ,

Th ’- s  for the  exs::’.p le i l l u s t r a t e d  it : i” :g . 3 , I , 
= 2 I — —  ~tl O toc:’

‘.vs t tda  a f t e r  an :.ppu - p r  a r t ,.; :‘,un :ser of a n a ly s e s  14 or 5 in t h i s  case) ::.e

:rnorrt :st ~~on~ conOe: t t  of t he  ar ia .ys .s  is about  double  Ina t  avai lable  se eiy

:rorn concurrent 5 : t t or t : a ì t . on .  I: R = 0. 75 t n er .  I — 4 i . P. 0,111 50 5300:1

t: at  pr ey  :rus  ourt c nv a ior,s can srev t ,ie a i’e:”.’ a Ic :n ~ ScSn: iniorma 1100

co nt r :uu t~on to an analysis;  no a n a l y s i s  scheme shou ld u , ; n o r c  tao s p c a cn tk 5’~I

con t r ibu t ion . Clear ly  the s imple  a :id sub ;o ct ive  ana ly s i s  m e t h o d — — d r a w i n g

i sople ths——cannot  take fu l l  advantage of previous in fo rma t ion . Ob , ect :ve

method s for carrying information along the t ime  axis form an i n t e g r a l por:

of th e FIB analysis  methodology and are descr ibed later .  i .owever at this
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‘co .’..t o : : ...y ,J C rt -30 ’, 0.30 1., . ,’ I C . -  ‘:,,. ,‘ ,‘ a. i ~,30t . , ’  ,. ‘ ‘., u t . - , s ’.’ . .S ..

s ,  -Ic : : ; , , .a- s I  :1s t o . ,‘: . a’ t . , , -  : :, . ,‘ — a r :~ 5~ : - 
~~~~~~~~~~ 

. :. - 3:’:..30 , -i:. t 5 ~~. .  ~ I so to’ no

Li I I 1” 5 i i, L i , L i , i i i

:r , ’ 5; ~,‘ :.~‘y t . .5. y :,‘,‘ c t ; , - ~; - , ”.; to ..1~~. . r, , , .o-  t : , , ’ ‘.‘:u I ,: ~i\ ’ s 1 t  lab 1, - :r ~ 
j t : .  I t ’ , t , t’ ::.,a . U. ’,

~~l -  0.; , i . , - t t t : . ~~’ u : \ ,s  . .
‘,.,‘ ,- ;a ~~~~~~~~ :r.:s , u~~ncy ~.f u , .~,I:- ’ t ;. s t’,a l l  ‘.0:

~~ ., , o . . ’t e r 10 pd :~t t o c . e r .

t o  I ’ . - ; .  ..,  ~~~~~~~~~ 
, , :t , 11\’ t , :a . . , S  t , ’ , -O S , , O’.’.’n C,a t ’S cs t . t ,30~ j .,-~ r’1~

O J ; , , ’:” , ’ j O ’ I l; .  t t t d 5 : c  - c’ ,-r  .1 r , -b i : .’, ’ . - .y a: ~~~ ‘c’ ’ t.. s, I::::,: - 7’

. . 5 ,; : m , , : c. t~ I: ,, .’ arc’ : t : t a t  oh ; , ’:’: . : .on: ; ,i r , ’ ::- ‘. ._ . . y  s’,’ t : - - - ; ) t I c ’  ,, , t ’ , . : t’. a . , , , ,  - sO’,:’

t : .ct ’  1t 0 0 , St , s S C - -’ ,.s . ‘cur , ~~~~~~~ 30’ : ~~ 05, “ ‘ .113015 f- :: , S~a: , ~1 C . ’

t : ,u: - ’ s:, ’C : S. ’ i ’,’ a t  : . . -.~ ‘ : a, . - — —  .c ,::,e - - - . ‘ , ; - , ‘ ,“, u Z . , t ,  I s ’ ’. , ‘ t 3 0 l t  ~O : :  -:.,,,- ~x , , . . .  P

, 
~- ~~~.

- .~r - ,. : - , ‘a , - : : s tas, - . v ~.: . - .: : 5 , 5 :  .rc 1- a . . . , , . ,‘ t~ ‘ - ‘C  t . -. ,‘  0’, ’ .

s- -t ; . e  -t v .r - O t t t , ; t t t u l  , . u t , . , ’ , : . -~ a t ’ ’ ,5. ’ l . 5~~’ , a . , ’ , ’s ’ l , 0 0 0 t t , ,’t ,  ,,. ::‘.cj ao .

~~. - , -~ ‘:~‘s , r’.t5 0: a u ,’ r 5 ~,’. - t’,’ ~~~~~~~~~~ - t u . ,t ~~~~~~~~~~~~~~~~~~~ 5 ’ ,’.’ i ’,’,s, 5 ,v ,: t 5, - :( ’ d  0’.’,;. a 
- -

a- :  o: ‘...,,‘. . s: , - ; , .a- ,: , I , ’, ’ s i - - a r :  I C )  it ; :~ - :. - tlst- ‘‘
~~ , ,at , ’ c’s-’ ,:’ 5. ’’ ‘.‘.‘:.‘.~,, :fl

s ’ r a o O to ,‘P . ;o . :.a ,’ :. a. — . , ’: :, - ser . t5 i t : i ’,’ - : l . t,a . . as - a , .  tu . ‘.v, - 51 ‘s’.’aV , ’S S ., ’

, - x , . , : t t : e — — t t , e  assoc.st ~- 5: pats. . : .  :ear i I t e i :, ;t  3 0 t s ,  ‘c- - : ’ . . -J a~~’ ,lar-,.r’.’c,..

5:1,1 :e ;arr :~-~l :n t ero :s of “ s . 5 , :.L.c a:.: ” v a l u e s , du:.:’,,-ti to be t oe  ; , :eu:t of ,hc

- - S e — : ; :  ~td a .- :hcs t i’s IUS ’s cf e,ich ac i r ame :c O s :  C’ .’\’Os :  Over  pe r.,’ a, oi t , roe .

o;e p t ’o:) .e .S 01 t ’3 0 t ’ ,— I  i,’ : ,’ ; ,‘:os: :vc c’s. ~~~ a , :ncra Ia: arc not recoen5acc t1’:’

c-Os CO’s’u~ 
,o:;:~ of at ;: em p~,ra t a r : , : .,  *

i t t  5 ome t y pe s  a: a tar .t ’ ;: es t oe  stat -e R -ar ’. .0:15 01 P cont r ,  st~: 30,; to a

s Ln..J .C  a r t a .y s : s  may ranee  over a period of ,.::te ~ 7’ rat l as tl g trot:: ~

Iho opt ot t  5 , t . ,  r r e , :  ,:e;:cv ,t epones af l  \‘ si ‘ I C - O S  t a O ’  :ars ’.t ;c Is,: .::~ -
0 “c 5,et tcy 30 : y f l O S t  ic collect ions ot St s i  :s , the  ::a tar s  1 ly— a c c t t :  r lOc  t i t o e
v ar i a si .~~ty  30 a p s a i c t i t ar  psrar::o’:er Ci t ’I Ct 10.0 s l V S l l s i O ; l l t y  01 Cs ‘cIt Ct  resC’ ,.rce s.
To max im ine ste yield fro m in :c :’o’tj t  .s”O car ::cd ~ilon, :  the  I t: ::e axar
sh ould be carried ou t  as fr e qu c r ~t IV as po ssiole . H~~wovca , in a ~c a l — : i t ~ c
‘;pct ’5 , t .ona l  context , the o p t ,mu m  f r equency  has to be v iet e: ’:tt i ncd hasc,i ‘on
all relevant factors .
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dc:~s i t / .  ii- -o’i”.a-r :.: -J J:.u:: .0. t :..u -S (las t,  - . O L ” O — . . , O -  u m ) ~~~I s s7 t - O  ~~‘ ; . ‘;t , , ~~~0,;

c.::~r:s;es .:1 tin’se ;a,, ses o.: _ s: ...j . -- . .- ._u:~:,; ’. . a r .,, , ‘.- .‘.‘.t’,~ o :.’,e :’, — ,.~ - ..:

.s .ost .  .r: ~-r:.:e c.rc :t .s; :-~.’.c: 4 -s t :’.e :‘u .~ re,; ;.,aar:’. ,: . ‘.,.. .,:- a ’.’ S , . u L )t C  .00.’::

03s, a.’~’,,: C a :- ,, . , . -~~~y :..: a t  1L, . ,. . : , :. .  ~~~~~~~~ “mc :o- , .r, : :..c :..e a:: ~e a—

s..:. -~ c- - :e:: .pcra ’.,:rc :s a :~,,m ’a,: ’, .Iur c.,,onJ~ r . . , - ‘. . .t t ’.. ,‘, s 1 . . , ”,,, ,~ ’, .,, i ,~ :1-; 0

:..e5’,0~tt s ~:- ‘- -oar .. - i a  te t: .~ s C- -Si lt  :10 Pt :: ‘.,, Co - ( : a’/ p5 -,5: :,r, - . a t l

I O u I  ..:oo :r, a te :  c~~r ry :n ;  D O t  30’. u~~ -:, bi’~~~ S ~~~~~ s:c’ s imp ,c  su r,~c’c’.,ve

CC.’,S,a ’30’ O at  a t I s t O  sa:-vc , i . e. , at, ’ s:5s ’.’:.arj ts t .c : . : :- i .

,:i ;er ~era I  .: c,a; tar acen :,‘,s: ,~ l 5~t -.55 - y. eS , ev er’. toose  l o t ’’, , :.

,,, ‘.‘n ra :ic , .s.’:- ..,~l y  - - r.a’::.’.p:,ss .a, : - :‘ :. ‘,a t . ’,:’, ::a:. . ooSc . ”.’ .5t .a ; ..; t ,. u’,.C’ ~Y.’er ,, -
‘

0 3 0 . , , .  -5301;:,e .,_ 7’ ‘.‘,‘ t ., c.”, :SS’.’ ’ ,’5t’7 :300- t30t’, t , s 5 5. :C’ .’: .l ’, .I’I.~t e5 ’.:’. t r,e CaSst  L

sIt a 57. ’,- IO: .C a::s l y:;is t o  mossy c.ct -,.’t, ~n eve.’. 0’. I”.tn. s ton corer  s r . s t y a cs .  30

u,I,at.0:: st’ac:’, a n o l . ’; is O,aV co: :s.n. an :::f-orm:.o:.on . comi -,p ooc- t : :O’~ v:,, c ,’,, ‘a”

- a. -synop t.c 1 n f or m m t t . c . ni canr.e5. for ’.’.’arc: and accrued a ion~ the  t ;m e  a:~t . o .

So far  d : scu s s .cn  of w i - a :  an  ~ S3It’5iS a c :u a l l y  snows :ars 00(0’,

‘o.’ O .a O s .  Js.r .g 1h3 suIt~c’c:~’-.’e an a r sy s i s  mc:. oc 0:.,’vt c-SSly Gescrsteo .or

p~ rpos es ot . . ius :r at lon , w5at co toe . sOp i et o S  no’: esen ’s?

Suppos e Ste object pa r amet er  or t oe ar . a iy sl s  :5 s e a— s u r t u c e

::-::.gera :’are , tri e a v a i l u a l e  concurrent obse~~atior .s are synoptic in t::e

sen se  t oo t  they were made w i t h i n ~ ~ 10 ot~o’stes of the t i m e  to  wc’.cI: too

ana.y s.s m eters , ari a tn .a t  eacn OasoR ’at .Ot l  prcvlc.es a V O i a , C  of s c - a- au r t a c e

:enspena arre wh i ch  is appropriate in local space (say 00 mete rs x 100

meters ) and t ime (say a 1-m i n u t e  t ime span) . If there is a h igh  dens i ty  of

‘if there are no obse~~er or ins t rum ent  errors these a S s ump t i o n s  are
reasonably realistic with regard to data from ships available for a sync- ,aric

analysis  of sea—surface  temperature . Ti- c requirement to ass imi la te  s at e l l i t e -
derived data introduces other considerations which are discussed later.
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Fi gure 4 An analysis  in space and t ime.  See text. for explanation.
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1 : 1 ;  a , ‘. , : , i t , . ’ I t  1l ’’, ;l a \‘ , I I  l e t  v e: ; . s ’ i t t  C ’ ;. • t I l l , ’, :t ; ,O  I ,  ‘ I .  , i I ; ’ . ’ 1: 5’,’ . 1 1 1 . ’ ,, ’ , ;  ‘ ‘ t t :

Is’ ,~ 
; ; .i c’ . 1; .  , i I  I t o ;. ’ I’ 

~~~~~ ; t , -~ , t . ’ ; \ ’ .’ , i ;  : sl~’ ::.; t i t ~’ 1101, ’ .1 \  1 ; .  0’ 1;.;;,’ 7’ - ; : .
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i i -  t O , ’;t  0 0 t , ’ , L , ~ V. ’ . :  1 , 0 1 1 1  O t t ,  ‘:~,. ; ; ,  0 l. ’\’ s ’~~~- , , , ,‘ i t ; , , ’: , t t , I I :, ‘:: , I , i  . \  . 1 0 1  ; ; a t m ;
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s ’ s 3 0 ,  i i l t i l 5,~ 10 . l C s ’ . I t , ’ i m t : ~ ’: ; :: , ,  , i O t t  , l i O l’ . ’ ;  l O s ’ I t ; : ;, ’ . l \  ‘. ;; , 3 0 ,;  t . ’ •

‘0 .5  5’,I . , i t , ’ Cs ’ i~~k~ ’ , , ‘ ~‘l Os ’ s ’ ; . ;  ~~~~~~~~ ~~t .0’ 1.; , ’ : , - p; 0 : - s ’ m t I . ; :  :
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I S 0,5 ‘~‘.t i ) 1  i l l  V 1:; s I  I ; I , ’ i i S ; .  s ’si I , i  0, ’: ~~‘, ‘, ‘I  s a t : , .
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11:,; s.N&2 1’a i l  Pt~ ’~’~ s I t  ,.‘ ,130’,’: 115’ ,: 1 ; .  • s i t  Cs.i t i t  as ’ , S t I ’ - t . l . . , . o ’.

•; —s ~~: . . 5 ’t t u i o n 5 I 1  af l O  ly s t ; ;  t . , ~~ t I t O , i  . In 4 — i ) s ’ a j c c t t c - , ’ , i f la i y Oj s  u YS t s - t : , . , ( o u , ’. t

as I ’l l ’ .) , cool’. sO I ; . , ’ s l : t t I t ’ t t ; ,  t o i l : ,  i~ ‘;~ ‘u~ ’:s.O ly d l s cr e t i z e s i  I0’ t i l ’, i ’sc

i l l c r c It , e l l Z o  ~~~~~~ ,‘ :‘fece there  is a .;r i ,i  a r m  ay  I l l  “ - ‘ a . ,  S P0Cc ~it1P , i , l t ( ’ . , ’ , ) ,

cxa i t tp , e  , I et e t  , at to i ’ i~~ • ‘I • . t to : e  1:1 ,a cr  ls ’. ...st .‘ t a r  t o e  2 — D  ~~~~~~~ I — )

;:o~ s .O)I ,t ,ll so; I sI 0 0 5  . ‘ .‘l . s ’ t t t , : , i  C0:;;po:’.s.-I t i  Of O s . ;  . , . 0: ~, t 1 J \ ’  iS ,) , s ’ V , s , s ’,, I , ’?

:l:e us’: I too I scpaI ’al 100 hs ’tcv s ; cm l t i:ose our , as.’ ,’; ’  • ~i fld P l C  1’)u r t , .  C s O t . j ) s ’  .. ,  tO.

pm a’,’ .0, ’,: by the t t i t l e — s e  pars 1,’ ‘I t  actcc’s’cn c:tu iySs.’s . ‘ l i t e  COfl I  i t t I l  U : ; .  a, ’ 0s’,’,’ s i i

“ points ’’ iS  4 — ,i 10 ens iOns 1 s :~sce :i:t,i ti ;:, i t ;  sic I’ , nc’,i by a 1iPI”O ) t  iS ., ’

lIO et’a,)Iatla,t :,clte:t:e:t . ls ;’.~5 5m:c ’ C,’,SL’S \ ‘,I. i S t ., ’ t ’, ; I  i t t  1 , e  i’ , ’ , t soi l s s t, , s ’ t l: ’, t , - I ’,~

,t -5 1:10 ..0 , m ; . 0 : - 5 , , , ’:, ’ SIlo 00,011;; , Call 0 ’  b,-tt ,-r t ’.’?O’Ss ’ t tO’ si i A  .1 ; ; s O  o

pa: 5 , m ; :e t e , ’s cvh . 0 1  cot ’t ci; p’30s ;  t o a ,;tod s- l l ,u - ; ot ’ s ig a. i ‘ic’ ,’. n t ,j , - , ;  re, -s 01 pro f i l e
i’d: , , l , ) , 1 1 V i ’a t h e r  t i t a n  by ,i set a:’ l, ’u ’~~i~ . I f  ~Io  t I l e s  p.1101 ;o’ ;, ’l’ .: c V i : i c i t  ,.rc

P it ys j Csl i l y  it’i ,. j c p e t t, i t ’S 1 0~ O1’30 .1110th s I  a I C  tO ’ Os ’ pro 1, ’ t t ’s ’s . ( 1 1 1 0  W i  I

5 1s t  0.1~lOS ICC 01 111 is pars s; t ’a Pit w i l l  beca ;t ,c a p p . ’ .r s - t t  cv :,- tt , t t , ’ ‘10 a ys  I s O

101 t I l e  4~~~ ) , u t O l i \ ’~~1S of ocean P’:,’t : : , , i l — s t r u , ’:u;,; ps i o , t t . s ’ i s ’t ’s t o  , : I S C U S S s ’ , i — —

Sect  ,on 5 ,)  0 lcai ’ ly Itowci’or , the S ooit  1st 1 s . .~ ’~i t I l t s ) :  1:151 i o : t— p i ’Oc~ ’: S . 1 1 s

cspsa.l . :ies imp Oed by Ot is  o u t l i ne  of a 4 — 0  ana iy s~s sys tem lie t a r  bc-~-’o:t ,.

any sub~ec:ive ana lys i s  s k i l l s .

The Fields by Infot ’:;;a 110:1 i~1ot ld as; 50,1 lysis mc thodolo~ty t o  a

c omp r e l i c o c  ive i n f o r ma t i o n — p ra c , a r~-, sin~1 ro,,-t s ’.osiolss;v fat ’ genera l a p p l  sas; ion

t o the analysis of scalar and vec to r  f i e l d s .  It encom passes al l  th e

capabil i t ies  required to provide analyses  c-f r~’.etcoro logica l and

oceanographic parameters on any dos il -ed sc~~lo of r eso lu t ion  in space 015.:

t i m e .  The analyzed t ie lds  iV I I I C S  r e s u l t  prov ste t i t o  t t I s x i I l t U I l t  k tt o wi , ’, ;s ; ,,’ 0;

di: ; 11’ l bu t I on s  of the object para mt’t , ’t er  of P ie  a : la lysis  which 15 10 Ut ’ 115 •t O s.

from the total r e levant  information av a i l ah i ~- . FIB encompasses a coipaa1ltly

for providing tile reliabili ty of analyz ed fields at every grid point used in

th e analys is , and a capabil i ty  for ass igning  to every observation u t i l i u c d
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in a:’. a r .a lvs io  a mnessore of the  e st t : i l a ’.c.i :‘c l t 5 i b i l i : y  o f ’o;s t o tj a ,  v,, ’, , , ,, , .

A c j u a l i t a t i v e  and q u an t i t a t i ve  descm ’ip t Io t l  UI  f i b  Ca p ab i i l l i e s  , with specioc
d~~~ 1iC3t lOi l  to Ot e a na lys i s  a: ocean tner t : :s l—stru c ;u r e  psrs:’aeler s , occupies
the remainder of this  publ icat ion.

( 1

0

1
Based on the foregoing d i scuss ion  i t  can be seen th at the

re lia b ii~t y of an observation depends on th e  object scale of ana lysis
resolution . For example an observat ion used in a synopt ic  analys is  m ::ac ’
well represent the current synoptic s i tua t ion .  Us in ~ ti le sa me obset ’vatic :l
in a month ly—m ean  cl imatology would shs ,tuv , say ,  a lou ver r c i i a b i ’~i ’o’ i f t Ot e
synoptic situation (for which the observation has a hi gh rel iabi l i ty)  were
hig hly anomalous . An example of this will be shown in Section 4.  13
using two different degrees of spatial r esolution.
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3 .  r l N . ’- ,-’, P I r N : 5 ’,1. ~‘ , - \, ‘1’ l ’ ,’ t ; .-‘. N , ’- 1
’ l o s : P 1 - ’-o ’j o:-.: 01’ ‘ t ’ i ; i  I , .  I.. a b’i’

iN i ’0 ,0 \~ \’i’ ,U.\’ I ) I , , O\ , i , N I 1  ..\N’Al.VS.~ .\;I,.’ i,LP’U1,0~ ,’i’

3 .  1 I i . , ’ , t , ’ i i a b i i t : c ’  at c ’ . ’u - :~ ’ , t t : ’I ’o  - -  - . 1  S : , .  ,

A;,stt:;:,’ th,i t a f l U , t ; U s ’ i’ N o~ ll’;s:, -- , ’ O, -t S  , t , t . b i , t ~~s ’,j .115t ic’ s ’ l i

. i o—t r ib u tesi  observations at’ st. , ‘ : l v I t . - : . ; , : o : I s , i ,  1~,~~o:; ’,s.’ ’ ,’r 0 I , 5 ~ i’,’ 3, 01; 10. 1,:, ’ . t .

s ~ e; 0,,t ~ “ t t t o s l U l , ’ ” in spa ce ,it ’,,i l i t t l e .  i ’ ~ 1Cl ’. ‘- 3 ; ,a t \  , , , I s ’il ,) t  P ~~t • ’ \ ’ 1 s . s  S

A ;l c ep t ’a.se:’.: es :t : : i at e  of Ill s.’ t ’s ’ p t s .’;; s ’ : I t a t i v s .’ i’U i U C , l’~~, for :he ;;;o,iiPc. if

N is .a t ’ge a plot  of t h e  m l  ep’scticy 1 5 0 . 0 0 . 1- mt c -f  t i t e  ob se:~ ’ ,- si  c ~ I

Ur u b a b I V  woul d be o close 5 Ip p r a x i t ; ’ . . l t i a n  tO  - ,  t t s ”, , : t , i  I c l i s l r  ,b t t i 1011 . i ’ l - ; ’5 :r - 5

sh ows an  S5; ; ,,t ;C0 sh O t !  I h u l i o l ’ .  fa r  t i le  c’oa, ’I ’vd I l cn;;  i c i c l e , lot C301V,’i t l s ’ ..s.’ s.’ ,

P h,~s 1)s.’~~’i1 1U,’mti,tae,: ,1S S,0 S~~ 5 s i t  m a c s .’ t sOI0 , , ’t ’.l I s I l s  • i .

Our best cot  ia. ’.a Ic of tne repro;; O l l t~~i t h O  iCt l t P s ’i ’, l t  I i I ’s’, ‘

~

‘

~~ 
, is a.: O \ ’i s : ,  ‘~

by th e mea n , T N , of al l  ava i l ab le  dat a :

N
-

T
R ~ T N 

= ‘
~
‘ 

~~~~~~~ T .

n 1

If the sa mple size (N) is large t i :o I t  we t it s ’ .V as SU1IiL ’ t i t a t  T~ T N

The variance of the t o ts  1 POPU 151:011 I1t~l ‘0 UC COItt p u t  Osi 1 IOI I

N

= 
~~~~~~~~~ (

~
‘
~ 

- T ) ”  . 1, 1

n 1

(For the d i s t r ibu t ion  shown in Fl ’:. 5 , T~ = 2 0 . 0 0 0 , Q , v h s .’

standard deviat ion) 0 . 0 1  and (tile vat’iancc) 0 . 3 0 . )

‘Although Fi g .  5 shows a normal distribution , t i t i s  is not  a
ne cessary assumption .
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~~~~~~~~ - ~~~~~~~~~~~~~“ ., ~~~~~~~~ -‘~‘~~~~~~~‘ 4~~’ ~i



-

I I L........ ~ . j. -’

18 19 20 21 22 ‘f 0 -

Fi gure 5 An assumed dis t r ibut ion of observations of sea—surface  t et t lp e t ’d L ur c .  
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0.61 a2 = 0 .38 )
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Nou c’ SU p O 0 o t ’ O , j t  .1 5 .5~~ ’I ’ of :st ~~~~~~~~~~~~~~~~~~~~ 
:; ls - ~~, ( ‘ ,5, ’ I .  Of

‘,vh~ t _‘ ~~l ~
- N , o t t ’ a tc h s .’ ,l f ro m  t I le  10151 POll)’S I~~t .1-ri :t . ,c ’ - .l 10) C O O ,  . O t . ’ ‘,

.o1~: . ,‘ .:e or  it: ::’.leSc tt1e~.n , ‘1’ , 01 ouch set ‘~f .\ obse.v~~:i~~.,.

.5, -;;  a :‘. est .mat e  s.) We reprLc--e:: :aoc ’5 ’ tL- . t ;p ord .ur ~’ . ‘~‘l .s .’ i’a r .stt c,,  Of

the  rocan~, as est :mr .s tes  of F.. IS UI \ ’et ’ t  a .v :

2CT ,
(7)

0u11~.l , ier  ~i:e e f f ect of .11CIC5I ;;iIl ,J t l , s .~ ;.at5~ le s.sc .\

if  11.1 .55 1 , —
~~~ i . e . ,  C = CT~2 2 N I  l\

a a
110 R

1 1N~~~2 , -r i . e . ,  a
~~ 2

a,,,. a
R 

a
R

1 — 1 1 1 , 2
N- . = 3 , — -r —

~~
- 

~ 
—

~~~ i . e . ,  a —

aM aR aR

It can be seen t ha t for any N I , a~ , ;:tay be calculated by t S O t I l S  tt l e

invers e or the sum of .‘c~ terms or (a~~) ~~. ~~learly t ;t e  la:’ser i :le 110t030m .7’:

oosct ’va t~cns used to compute T v , the less to the variance assocIate , .  c’,’ .t:t

the sample mean and the more confident we therefore can be that an ’, ’

parti cular value of T M provides a close approximation to T R comput ed fret ; :

the tota l population N .

This leads to the concept of the rel iabil i ty (or wcj ,th t l  to be

associated with an y estimate of 
~R provided by the mean of N I

—30—
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- . ; s. s’ sOss1 i . ;~ 01 ‘
~
‘ 
. P.c s.ist , : t , - I :  .e ii’ , ’ ,~j I , A , o: a s. m a ;  Is ;  au , ,  ~~~~~ .s.’ :’. by

— 
- , h’ - )

• f ar 11. O3;O’i ’Va lO fl O , PlC i’,’ sO - O .  I s )  be , , S SO C . d t , ’ ,: W i l t , 7~~~
. (the 0)C~

Q S t , t , . a t c ’  01 ‘l ’ ,, pr av~ dec : by the ,\l ,IC’0l3 , s., .J~~ .I~ ’ , s t i U t l S )  ~S N ,A .

00115 i5 ier ,tS’ t 1 . ,  . ~ siS ,1I1 eX~l :Op.O , A 0 38 2 . 7 . - :05 1: a.l’ .’

s t m ; ; e  0) : : I o m ~.’a t i 0 ) t 1  w e t s .’ p :ches 5’.t rando;s from , :  ,tO1 th ose O V ai i , I  alt ’ , 115

, , ;~ S3 C l 3 0 s  t’e~~ i a t i t ~’’ (as 35 s’;, 5 i l m , s e e  of i’ )  ~s 2 . 7 . ~: 2 obss-:s o:, e.: , , 0

cv,; : ,- se lcc ted at ra:’. , i s -nl ,I; s.’ m;; c’,,ll of t l , e a c  tc’.’U u b serva .d ’l15 ‘.vc-o.s.; , , ,.V s. 011

, i ; ; S O C i d t , ’ ,: r e , i . 0 U t I it y  Or S.  -.

Toe c on st r a in t  f i t s :  N. so a subset  ot N ,s. IlO ’s.  :;e ’Cs:’o ;;ar f’ . L
‘~ —1

t 5 . 5 1  lO’l o i° ” )  .i i 05 .0 1 5 1~ 
cc ,, S I C “ c

I’.

:s. ’r , o; th a t  e xa mp l e , SCJ  Ut ’ t . i s ’ s ’ te rop s’ra t t i :, ’ , 3Ss ’t ’\’a ’s l — U l S . 0’s.P~ ”-’~-s. I 

a rt -o:l ’:cr bu t  s i l O l i a r  module in space os; . tO e  , S s bn , 1le obacai’at  tot ’t Of ‘I ’

is mas . te .  The r e i t a b i l~ ty  of th i s  obsez ”,’~~’.,o,; ~ s an e s t i m o t o  of t h e  loca l

re p r e s e l t t o t . V e  m e m o p e r a t u r e  is A ( i/ a ~~) . I f S observations orc av ~~~~~~~~ ble

then  the a s soct azed  r e l i ab t l l t y  of t h e  i t iCLi t l  a t t a p er a fU r e  as an CS s t r i S t s .’ 0.

the ‘ur .knouvn repr esentative tempera ture  is 5A.

One of the fundamenta l  ca t;ccpt i ;  LsP Otl wh i ch  P113 is bas c’d t :t~~\’ r,o’~’.

be s tated . Any piece of i rt t c’r.’t .o ’. I, I t  1;; : 1 1 c c - m O m )  -~~~ a cc’ 1111 at, : 011’. 0 1 5-j~~~~ .,~ , ‘ ,,

o’ 1:51 ;) t t:y . For an inde p ens len i piece or 15101:03 0011 t he  t c .~~si U t .  it y ,  or

“ report weight ” , is d ef ined  as the ;t ;verso of the eI ’:’or v ar t o n c e  i t l I ’o.- ,’,’ t’. ,  :11

t ’ne observat ion and/or a ssociated with t he ciass of obset ’va z i o n .

The FIB methodology is oased ott : sm ; , t a m t t e n t , l l  rules b r  a c . s I , r t s ;

uri correlated variance contributions and for adding independent infer: ;;5’.: ott .
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I t , . )  s . ’ , , ’ ,’t a. , t , . , , t , , ’ , s  . 1  t I . ,  . ‘, ‘ ,, .s ’ s ’ . 1 , 5 ’ . % , : . ~~~~ ‘‘ , ,
~~~~‘

a. ’ - . ,‘ f. ’. m : , , .  I t :  ..:.; mm , , ’ , . ; . , ,  s . . ‘: o, m :;b l O t s  l O a m  : , , I ’. , ”O a::.; V . . :  ..,;:. ‘.-o

s o m m ; e  of to , ’ , t c t s ’: cc ’ . . 0’O s.’s , : t  ~a , : t , ’ to t . , - 
— ~~~~ ‘~-f t . ’ l : , I ,  :. .  t y  of ,‘~‘o, ’:~~

.- , ‘ ~‘ ,‘o~~ .a , , .~ . .0, ’ :,, ’ t a c t , ’:;  . 0 . , ’ .,,.~~ - : . : ‘  

.1.  s_ i .’;- ,  O i , , , t. , , . 
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C.  .1:00’ s:. ,‘ t a t . , , ’ mu , ’; :. ’5; o . , . , , , . : ; ; , - , ‘, , ‘ 5 , —— . - ;  , - x . t .~’ .,’ , . sO

;i~ .’,l 5 S , t t  b , , s ’ s’ . t V , , ’ s ’ , . ,  0 , ~‘ - - t S - c ’’.. O s ” m t ; ,  - .. - t c t : : t ’ e : , t , I .  1,’ ;

m e t  ,‘t  to : : ., ‘ t oo :: .’,’: a ; : ., , ’ ,‘: c.~ — -.‘...:. ‘ ‘: . ;  : ,‘ .‘,‘ I , ’ , ’ . 0, ’ - 
-.- .‘ :.:,

5 1 , l . ,  , c , ’ cc’ . . , ’; s’. i ; t  ., 5 , ’ , ,  — a . : ~ ’ s., : :t ; ~ •o .:t :  cs : :,‘ t c t . .  
~~~~~ 

S t I m ’,’ .‘ , ,,

cc , . :,’: s at t :m ’h ’  o. a ,, .  m l , ’ .; :; a.,: the t , ’s’- t o  0 or so.

:, ‘ .‘.‘ : , t O r i . , , , t ; , ,  t I . ,t ; : ’ . ; . s 0 t i ’ ,~: ... , f , h
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3 . 2 . 2  \ -Ve ts ;i ’.’s or R e l i a b i l i t y

Let P be any p arametc - r . Let 2R be ‘s I t u  represer i ,a tive  v a lu e  ol P

fo r a sma l l  region in space a r,d t ime where is dCtc r I r , i f lc- c fr et , a Iar ~~a

number N of independent observations--see Lq .  (5) . Let the vur ;o5cc

associated with  these observations be ~~ —-se e Eq. (6) .  Let P be on

lsciepcl ;dent measurement  ot P . If P is mace in ‘she same r cqior ,  as ‘sI ;o’
S

N observations used to compute P , t h e n  P is an e s ti ma t e  of P . AsR n R
cI:scussed 1r5 Section 3.1 , the rel iabil i ty of P as an est imate of ?,~ IS

given by i/~~~ . If is made in another ioc~ lity (but with si ;t ; i ior

var iabi l i t ies)  then P is an es t imate  of the (unknown) va lue  of F,,. for
n i<

t ha t  locality. However the rel iabil i ty to be associated with P as as’

es t imate  of the  unknown value of P is still given by l/~
2 __

~ 2 is til eR R i’~
“ class variance ” to be associated with observations of F , ari d the “ class

weight ” is defined as i/~~~. L ~~~

however the concept of class weight may be extended . By way of

i l l u s t r a t i o n su ppose that we measure SST by two distinct classes of 4
ins t rument——s ay a sea—bucket and the surface reading from an expendable

bathythermograph (XBT) . For reasons given in Section 3. 1 the dispersion

for the two types of instrument may be different.  Clearly , therefore , th e re

is a class variance associated with one type (or class) of instrument wit id i ’.  -

differs from the class variance associated with the other type of ins t rur ten t .
How do we combine an observation from one class with an observation iron ;

another class , and what is the reliability to be associated with the resu l t an t

of the combination ? This question is answered in the following Section .

3 . 2 . 3 Addition of Information

Suppose we measure values of an object parameter P by two classes - .

of instru ment . Let the class variance (based on a large numb er of inc iepcndc ’ri t I -

observations) for one class of instrument be cT~ and for the second class be
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Prom Eqs . ( 15) as’s_ i (1 u )

=

Thus

- 

‘
1 1

- 
~~~~~~~~~~~~~~~~~~~ 

. ¼ i ~~~)

a
1 

a~~

- * ,, 2
,leI,nInq the weight  A = i/a~~, we sec Il- sit

= A 1 
± A

2 
. ~2 1)

To sum up ,  i i we have two classes of observations whose c lass

wo i , t h ’ s s  ( d e f i ned  as the reci procal of the respective class V S ri aa c s .’S

de tct ’:ii i t ’ .es _ t from lar ge sa mples ) are A 1 and A 2 , then ‘sIte best e st ima te

af the  r e p r e s e n t a ti ve  t em p e r a t u r e  P~ provided by an observation 1>
1 t :’s I it

the f i r s t  class and an observation P~ from the  second class is s;ives by

Pg . (18) , and the r eliability of P~ as an estimate of ~~ is given by

11g . ( 2 0 ) .

Suppose now we wish to combine a third ob set~’at ion P 3 of c lass

WciCSlt A3 , with the resultant P~ of wei g ht A* . Denot ing the new

re sultant by P 1~ and its associated weight by AI * , then

-39- 

‘

~~

.*.‘- 

~~~~~~

‘ -.‘ -

~~~



I,

A ’ ,‘~~ ‘ -\ , 1’ ,
a

A A ,
5)

“ l ~
‘

I 
‘i” 

~~~~ ‘. ‘~~ ‘‘ A , 1’ ,

+ ‘
~~.1 

‘

.111.1 A ’~ a .\
‘ + ,\

— ,‘~l “ .‘l 
A , .

I .t .a  a ’ t s ’ z ; t t  I t a : ’ . .  t o  , t : s : , ’ : ’ , ’ , ; s i . - ; ; ,  “1 t I : , - “m ’ .i. ’r t t t  cc ”.:  s - i -, . h , ’
000,’: V.11 lO l l : ;  .1’, 0 ass  .~t i t  P i ed .

i2 l ~ . i ; i , ;  ~ 11) ,:, ‘t l e : . u l i o , - h ,  ~l t 0 . ’ t ; ; o :a’,’. a t i l : > - t , - l t , , ’ t ’ . ; ; ’ . ’  . ::
‘1) ; . , ’ t~~’,’, I Oi l ; ; s ;  ,\  ~~~ 15 5.’,’ 11 OI l  3 . I c\’0 , ’t  ,‘ ‘,Vs ’ • i S ; ”  s - t 1>1 ,~,i \ , . ‘ t ’ . , ‘: V .,I,s ’tt , .

I cv , ’ : . P , :  A—— Pg . çZ 11 pt ’o’,’ ’,p,’~ t’~ ~ ,uad ‘ . ‘~ . ill ) ,t iv , ’;; ~~ a

A .lt :e :O ,OI’. c v i  tch t t I s ; l l  P. ’ ~~ s~~0, ’ s i  at  t I t i ;; t~,>1t ; ’, I ; ;  “ \ V i’.v i i~ ro5i~ ;, ’, ’ ci, : :; : .
. 1, 11 ; ;  .

‘ \ \  t t \ ’  t ’ .~~~ j~ tu ,’t t1 l>1 ~ a l l  .‘l> ~;, ’t ~‘5i t , ’l ;;; Ot t  s t ;  egos I b, ’.1; is i t : ;  ; :t :
:1 , i a ; I , ’ cv, ’ , . ; ,~, c v i t t c h  i t ;  a tmt ’oo ’ .tro  of 1 1 t s _ ’ ,‘.\ , ‘c1, ’5~ \‘ sr i o t t c o  ‘ ‘S ‘S . ’ , l0 : ; , ’c t . i , , ’,
cv , I > ;  s ’00, ’t ~~’a t  lot ’. ; ;  of 1’ i t ’ .  ‘t. ’ t l , ’t ’a I ‘ “ 1 ’ ; ’ . , ’ a ;t sw ,’u’ t o  t i l l : :  t O  0001 ,-xp is t t s _ ’,i

cv a f l t l I ; t e t ca l  example .  t ’lt 1;; c x a m ; ;p i s _ ’ .1 ‘ . ; l s ’ 1t ,’I ~~’ ,’ :; to  i i  l t S l t I ’.O, ’ ’, :l i i  t . ’~~~.
,if tO t ,’ .

‘
l P  151. ’ I s ’l’ .nj d a ’..: a’. OI ’ I ; t , ’ .  I i  01’..

i t t  5 C e l t , l ~~fl t t t s ’, t ’ . t  I i’ i t t  :~p s c ,’ .1 15: t i t t t , ’ ~~t l sd’;; , ’ ; V .1 - t~~- ; ;  e,
St’5~~~

’
~ i i t ’I5C,’ i, ’t ; t t ’ S ,’rat  l I N ’  ~~; t t , i , i , ’ t t ; ; j i ’ . , :  t ’ S.’ I I t  . 1 ;; , ‘, 1 — l ’ S 1 t , ’~~ s_ ’ I  st t , i  , t t ;  \ ,~~:‘ . 1, ’;

~I :e \v0 01>; ; ~~~~~~~~ I eil ’. i ’Set a t O t  0;; be l . ’. . i’ C .it ”.,l 1.1 . I C I’ ,’: ;>e, ’; uc e ly  . Ps:. s ’S

em ’ .  p1’e y t .> ;t ; ;  1\’ .i, ’: 01111 ul ’ . ,’5 d it ~ r I i ’ S ’ . : t  101’.:; it  iS  ,‘::t l t t ; , ’ . t  . ‘,i t l ; . i t  t l o ~ , t ; ; ; ; , ’, ’ t~~
c I a, ; cv,’ t , ;  1’.:: ; are ~ I = ~ a 5,1 .-\ , = I . S — — : ; ~~ ‘~~ ‘ curve~; .1 a m i d  3 t I t  i t , :

1 s’,’.50fl for cui~ ’,’ 1 cvi ~l bec, ’t I le  ~ip ~5a s ’ t l  S I t . ’ ; ’ , iv . 1 l’ t ’s ’t t t I ’ s~ . 1 tO

— .; .‘) —

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

“

~~~~~~

~1” 
—

- ‘ 
- S 

~~~~~~~~~~~~~~~~~~ -



cu :~ ’c 1 —

cs~cvc 2
curvc 3 _ _ _

-

.

2
’
O

curve 1 curv e 2 curve 3

= 0 .61  a = 0.50 a = 0.71

a
2 

= 0 . 3 8  a2 
= 0 . 2 5  a2 

= 0 .5

A = 2. 7 A = 4 . 0  A = 2 . 0

Figure 7 Curve I shows the tota l distribution of sea—surface temperature
observations for a g iven module in space and t ime .  Curves 2
and 3 show the distributions for each of the two classes of
instrument contributing to the total distribution . (Curve 1 is
the same as Fig . 5 . )
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or Eq . (2 1)

* — 4 . 0  x 12 . 6  + 2 . 0  m~: t~ .2  — o
T — 

4 . 0  + 2 . 0  
— 13.1 C

wI;ere ‘l~~ i s til e best e s t imate  of the  local r ep r es ent at i v e  temperature
available fror ,; the two observations . Ftc ::’. Er: . ~2~~) or Eq. (22) ‘she wuI~~,:

‘so be associated with  T * is 6 . 0 .  (s * and ~~ have been obtained us ;ng

‘she fundament a l  FIB rule for acldi:;g i n f o rm a t i o n .)

To answer the q u e s t i on  o r i g i n a l l y  posed , we now need to cc t er t m . i.;u

wha t  T* a nd A* wou ld be if ~ l l  observations were treate d as a s i l t C ; i e  c la s s.

Si nce A 1 (~~~ 1/a~~) and A 2 (~~~ 
l/a~~) both have bee n deterr .;ir.ed from a Iar ; e

n u m b e r  of observations th en the variance a2 
of the composite data set is

given by

2 2

cr2 
= 

a
1 

÷ a
2

c 2

Thus , using the numerical values given above , a2 
= 0 .38  and

A = 2 . 7-—s ee curve 1 in Fig.  7 .
C

Using observed values of 12.6 ° C and 14.2 ° C as before , but th I s

time with the variance appropriate to a single combined class , T * = 1 3. 4 ° C

and A* = 5 . 4 .  Note that by failing to utilize separate classes we have
lost re so lu t ion——i.e . ,  information.

In genera l it can be seen that if the reports available for analysi s
are of diverse qualities-—falling into distinguishable classes based on

associated variances——then they must be t reated as separate classes in
order to extract the maximum amount of available information .
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WIld’5 us t i , .,’ var iat ’.c,’ to be ,u mt sa c a, 1, - .: cv utl ’ .  t :  .c c- ,oob:naI  :an

I ’S ~ u ?

by tat a;, : :o~’ward analys is  , a ;aa; cc’ . . s_ -ru N is l as;, ’

= 
~~~~ ~~~~~[(i’ R~~~

u
R) 

- (.‘S b)J2

= 

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

- 
P )  ~~ (b~ - b)]  

~

= 

~ ~~~~~~~~~~ 

[(~ 
- ?n)2 ~ - 

b )  
S I ~ - - 

b ) j

As before (s ee 11g . ( 14 ) ) ,  since  t i i e  St :ferem ;ces b’S . , — P )  and
— b )  are unbiased and uncorrelated ,

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

( - P )(b r 
- b )  =

and hence

2 2 “aP b  = -r ‘.2 1’)
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aS 3.0° C (~ - 1 c ’ia mm : , s ’ : )  ‘S’S.. : e l : a ss l :ty  of z .0 , . P ,~ c. t i e  o u st  c’stIlr,atc- 0:

— 
prov i ,:~~S by these two pieces of in f c r r m t u t ~ on is 2 3 . 0 ° C ‘,zith an

.~~ , i l
u ssoc5at e. ;  :‘ e t~ab t i5 ty  of 1 .33 .)

One ;r i t er e s t ir .q pcsttt is wort .t n o t i : t c j — — o u r  best ava~iu b i c ’  est i:r .a;-u

b may be zero out we s t i l l  have  to t aP e its assocr ated v ar i ur ,ce  in to  a c co u nt .

For e x amp l e  suppose at g r i d  pots :  2 , ’t an SST oo surva ’slon of , say ,  18. 0° C
‘.‘.ms maci c t cc’o h ou r s  ago w its  a r eiiaa~ .. ty of 4 . 0 .  if we n ave no o ther

ln :ormcu t ion  a v ai l ab le  th e n  our  best  es::ma:c of th e  current  v a l ue  of SSI at

th is  g r I A  po .nt  ts s s il  18.0 ° C (i .e .  , b = 0) .  Hov.’ever it IS  cl e a r  t h at  ts~
re . .ac:ic ty of t i l l s  observat ion , wi’,en carr ied along the t im e  axis , i s less

that ’.  l ’s was two hours ago . If the  var iance a s soc ia t ed  with a tics e— in cr et’ ser ,t

of tc’;o hours  (:~~ s~~u on a large nu m b e r  of obse rva t ions )  is , s a y ,  0. 25 , :h~ n

a re l i ab i l i t y  ci 2 . 0  is to be associated with 18.0 ° C as a n est imate of th~

current representative value of SST at grid point ‘5 .

As a fina l point in this  Section we now consider the re l i ab i l i ty  of

the product kP where k is a specified cons t an t .  If is the variance

associated with observations of F , then

N

a
2 

= ~ 
‘

~~~~~
‘ 

(~~ 
~~\2

R N ~~~ \ R  n)
n =  1

The variance associated with kP isn

. 

~ ~ 
- kP )2 = k 2 

~~ N 

(~R 
- Pn)2

= k 2c~ . (28)

—4 6—

‘ I
---

~~~~~ 
-.“ ‘ - - -‘-‘- .-- -- ‘ - —  

- --

~~~~~~~~~

---‘-



It  ‘5’ . ‘.1 0, ’ S Ot , ’, ;  t a t  l l . e  , . I l at , 1 . . , ,: t : ’ . , . .  . ‘ ,,. .a , . s , l : ,  O f  s .c  .‘A~
t ; .ct : taa, ’lo ’ ;y ,.:c Sat  1o.It ~e,. s, :, t l . L ’  : c s ’ . t . I . s_ ; . , , S .  01 t ’,Oi ’ i , , a l  O ,. - t , i O , , t t s  .15

• u A N u t . , o r i c u l  i~~~, s , : m , 1 , ’:e

• , ‘ : 1-1 .2 , 2 . 3 ;  14 . o , 3 .0 ;  0 .S , P . O
‘5

- 1 ’ ) :  3 . 3 , 2 . 0 ;  3 . 5 ,  3. 3 ; 3 . 8 , 4 . 0

V
• T , 17 .0 , ... .0 ;  18. .. , 3 . 0; 19 .5 , 5 . 0
A ‘5 i ’~~

., ( ‘
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• . I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , 
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‘Ate .‘..‘.‘vc d i a c ; r am ;t  shacv s 3 ioc , , . . a . ”. ; ’- —— ”- , 0 “1 , ‘5 ~2 . At s t u d ;

l.~— c. u : , , ’ t ’ .  3 ob: ;et ’~’.i t t o t ; s  of tc ::;ps_’:’ at u r c  0 , 0  .1v~~l l a b l e  of osocc’:; cc ’e oht  (~ , v’

s~ - ~~~~~ cc’,’ I , ;  t ; t )  . Al sort i t  a ’- , ’. C O t i  103 tOO sO 0,,. s,15,, a .-; + 1 3.’C sl’,’u 11, 1 ‘S.C

1: 0 0  . t l s .CP0t l ~ 1Ci ’ ,L sourc es . ‘i’ t i ese es t tm .1 , , t , ’; - S1ttm associated cv’c l . t h  .v- ,,r e
show: ; i t ’.  a 51111 1 t ar  manner . P.,;’ cci 05 Ii:,’ t ’IB :m Ics  and Sef i t ’ . i t  t ons  a ,vc:t

p r ev i o u s l y , what is the  ‘scsI es t .m l ’ .ate O f t et ops_’r , ’.ture tanS assoc ia ted

r e a a o t l t t v )  a: t I l e  p oIn t s  “1 , “‘ ‘r i , —

F i r s t , Eqs .  t2 1) atlci (2 2 )  s,sv be u sad to assemble  the  inio:’t s s t lc t ;.

Par example at

1’ — 
1 4 . 2x 2 . 0  ± l 4 . 6 x 3 . 3 ‘~‘ 1 6 . S x P . 0  

—
“ 5 

- 

2 . 0  -r 3.0 6.0 
- C’

.o;cl A . 11.0

P a r am et o r  toag nitude P and assocua tc a  c-\ ’c,ql ;t A are snows as P , \ .
Thus , for the ftrs l observation .’.: location ~‘ , the parameter va lue is l1. 2 ”S 1’
,ins the  associated wei ght  is 2 . 0 .
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= ~~~~~~~ :0 . 0

‘lAo e.’ ’, . , , .a t e s  Ia:’ b~ at. . : a~ a l so too’ P~~ aa; ;, ’ , : , ’St , o:

I) = 3 .0 , ~ . O

o - 1 .0 , , .0

.‘te etC ’cts of ..oses;b y stay be , , i , : o t , , , , , j , .  t , . .t o :
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0,,, = 3 . e , ~ .0

‘V , , ,
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,~,

= 1.0 , 1.0

2 0 .s , 10.0

Note 
,
tor  ,‘X,’. t t t p i s ’ t i ’~~t 
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cvetpSts beit;.; A~ , A~ ~ 
~~~~~ A~ ‘2 

1 ~~~ ‘.L~ - 2  ~ T,,, t ot t o t  ho c.’.: o’.

cv ,:l’. ,~~,, , the ‘resultant a s ss _’ Sr t ;  b led w it h  1’•~ “~~ 

, ::;e resultant  comb .t ;.’,. c’,’i St

• and the resultant asscmo ed w i t h  ‘~~ . At all sacoes the auO,’C,p:’ ,a.,-

cc’e.gsts :11351 be taken itltu account.
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cant  ex t at  . u l l  .511, ’: t t o i , ’ p. t i ,  t a l l I  , . ‘ . , ‘ l ’ . .  - A .  u - . ‘ t i l l . ; ~
’ )

l t l S ’ i t : i , , t u . ’:i . i l s ’\\’ t l t ’i~ i t .  ,1. ’t i , ’ i ;  . i . ’~ .. ’ t l ’ . ’, ’,i L u t , s  .

t l’.,’ : t t a t , ’i l i , ’t i t lU pa 11 11 5. , t h a t  cc’ .’ ; t . i c ’ .’ , ‘ .‘ t t 5 ’ t 1 i . ’, i  I i i . ’ t I , ’ : . l

.‘ O l l I l I a O’ at  t , ’1;i ~ ’c ’u. l Itta’ , l I l a c ’  11.0 1’ , ’ .3 111, ’ .‘.‘ l i , ’,’t .

o.  A v. u i t l t ’ t e  :t  1 t ’~~’.’t 1\ ’ , ’ .1 05 l\ ’ :t 1 : ;  1 1 1 1 , 1 ’ .  , ,  s ’,”,i ll ’ li  t o  L I I , ’ 1t1 , ’, t l l  I , ‘ ; : t ; ’ , ’l . 1 , ; ; ; , -

, ‘.i. ’ l i  1. ’. ‘ .111 .  ‘11 ‘. 11. . 3 ” C , i t )  . .1” ‘ . 1 11,  .10 . I” ¼ - 101 “t , ‘5 1 dl’. . ;

“1 ‘3 1 ,s; p. ’.’t Ic’ ,’ Is’ ) . ., ¼v I I I , ’ , t u , i , .  ~~‘ . l I  I l l  t a t  111,11 ;. ‘t i  C O I l  1, 1 1’ .’

1.’ i . ’s t u ; . i u . ’a [ l v  ~i ; , ; I l ; : ; i [ , i C , ’,1 ( I I  I t . ’ , . ‘ l , ’, u i  . N. ’ l S l, ’i I ; ;  : iu , ’li a ;., ‘P. - ; t t , -

.5 bet  ,‘l ’tU I f l U i s t  t i l O  1 . 1 1 . 1 1 , 1  I i )  V at  I i . ’ .1 ISi I c’ ;; i~ :

‘ L t i I ; .  ii L l i i i ’ i , ’ ,‘X, i l t l i ’ l , ’ ,il t t s ’ l t l . iy  I ’S. ’ 110. -s 10 , u . ’l l t . ’t l : ; t t , i A ’  .t. ’cc ’ t , i . , ’: t : ; , u :  t , ’:l

flki~~ be spu ’ .’,i.i t o  a p a in :  wh , ’r s ’ I i . ’ , i i u . ’~ ’L .‘l I ; ; , ’ l V , t t  I. ’I l : ;  .11, ’

— 1~F—

_______  - ‘ -____ ~~~~~~~~~~~~~~~~~ ,iIC : , :~ , ‘
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t t ;ipp.~ ;,e t h a t  i t , ’ a’s;. .‘i c- , im tail ;; c\’ , ’l . ’ ..c’ , i  Lu P1 , ’ .~ : A . , ’ “ . I I . . ’ . ,  I t .  ‘ i i .

cv, ’ cv. ’u i s t  . . I V , ’ 1

• I ’ 
- ‘‘ l t , • 7 , 1 1 . i’)

4 -

3 . , It . C

V
“. ‘ l

A

= 1. 1) , ,, .,)

‘3 ‘I’ S, , 

‘ 

- : 0. 0 , 10 . 0

1l’. 1; ’ i t ’ . i s’S I ’ i , i, i t  isill p1 a\’ I , , ’~ :

= 1t ~ . t t ~~~’ , At ,, l $ . i ’  ‘.~ ‘
“ 0. O ’ , o = 0 . 3 ” )

• 
~~ • 1 l 0 . t ~” C , A t,, 

. 1  
II . ’,’ ‘.° 0 . 1 , , o -

.3 • ‘I ’~ 
= 30 . 7° C , A~ , = 13 . 7 ‘.0

2 
= 0 .0 11 , 5T 0 . 3 0 )

N a t e  t . ’cc’ L i t , ’ s i e c i  ,‘, I ; . . ’ II ’.  I l l  t o :  i t ’, , l : t s ”,l i I , i ; t  5~~ 00105 ilsO .‘t l ,\ ’  I t , ’ . ; t . t

V.1 , , t s ’S s the O Oj , ’.’t p.II ’a m t t . ’t . ’t ;‘;; t .~ I : ; . ’ t i le  a l  1, 101 L i  I V 01 i t t , ’ :; ,’ c’~ it S’;; . ‘~~t

cc’s’.tld l ’S 5~ ( ‘ .\ I ’Ss ’ s ’ i ( ’ ,l t l ’ . .~ . 1 1  eat  , ‘st .‘;l.i t ’ .~~ s ’ ii r, ’l ; , i o i  l i ,~’ s ’s” C U I  :1 .3 l I t , ’ i ’ a . , O

\ c ’ i , o l , ’ to ’  si,i t,i 10 a \ ’ a I l ,i , ’ S i , ’ — — I I ; , ’ cc’,’taI ; I . , , 0  t ’ s ’s ’l i  l s ’s . t 5’, ’, i  110111 1’) .7 a 0 . 3

‘.1.. ’ . , I I I , ’ ; ‘ I , l l l , j , t i . j  . i , ’v,at I an  it s ; ;  , I t c l . ’ , t , - , ’ , ;  . t . ’t t t  0 . 33 ’ C t , ’ F .

A~t ; i t , a cc 1 .  L u l . ’l , l1 l I . ’ l l ; I , u t  l ot ’.  ;t d\’ ~~.‘ ;;~~‘; .‘ad in  i ; . ’; . ’ , t , , t ’ , at : , ’

. 1 1 1, 1 , 5,;. i, ’ m i .  I i  . ‘cc’ , -c ot i i  cal l  I ’ , ’ o,  ‘. 1’. 1115 1 1111. ’; I t a L i a n — l I ’ , c i A  : t  .~~ :‘. 
-

:: j’ ,’xatti j~A 4 i: a,,’iio.va. :~~~ \\‘ .l~ ’~~’ t h 0 5l’, 15l , -f l ;  ‘0 1 1 1 1 , 1 - :; ,t ’ , 3 .

. ; , ‘ t t ’ t . i l  ou .’I i  t ’: l t l l l l a i e : I  i i , ’ 1O’t t~ia , ’i . i, ’sj by . l l t , ’ct .‘i’:; ,’ l”Si  l O l l .  5. ’ I I I . ’ ,’c .5

5’’t 0,4 , 1 lt ’1,~ 1 1 1 1 0 1  l i st  101’. .110  .liocus;. & ‘,i under “ , ‘, i l ’ . l i t i s ’t  , ‘t l n i t  1.4 1 l . : st  i s ’lt ‘ l , ’l . o - ”

‘.S, ’c ’so ’u ’.  4 . 4 ) .

- - -‘- ——- .,- .-‘------—---‘.--.-- - ~~~~~ . .. —,.— . -r.- .:•T . ,
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~~r~- : :-~ ,.: .2 4~ ~~~~~~~~~~~~ 2- ,., ,-~~
-. - , ~~~~~~~~~~~~~~~~~~~ -1

3 . 3  ~~~ “ . ai~~.ALo0± ;t ta

‘i’he , i t , ,Os ’~ iCsi l s’X . l I I t p lC gI v e n  15 the p~ ‘c t - o t t o  t O - c t ; 5 ’t ; a; ,,t ;  ,‘;., , .,

of ex p l i c i t  b l en , i i m ;.  A s;, ’llCt ’.j i  solut ion for I s I S ’S si p rab i s ’ m tt  i s  s . ; - c t i ; - S s ’ ,m I t .

t i l  is Sect  l o l l .

Supp . ’se cv, ’ Itave a atl,-— .t lm s’n:; iot;o ,  1 .1 ‘CS’,’ of it’.depcnsi . - t; ’, , l ;a - ; ’ , . ., -.

.rollcer t l i f ls ;  pa ra t t l l ’t e r  I ’

i,O\ ’ s ’l \ ‘ . , ; t , ’~ t ‘,‘-:.- 
______

I • 1’ A .

P • I ~ ) — P
1

2 • 1 3

— P ’S 
-, P ., — P~ It ,

3 • P 3 “S

— b -~~P — P . F ,
I 3 4 .3 3

4 • P , A ,
“‘S •1

P
1 

throu gh p , denote tt’.o (a: ;os ’mb le , i)  vs Iu,’s P di  lcv~~i:; 1 lii rau. I t

.4 r e spec t ive ly .  As sociated cve i al ’ .t i ;  are A tt ’.r ot i.ih A , . ‘the est tot s  1 ,‘s a1
of weIght B are independent es t imates  of the ar adient  of P , s’xpresscd it ’.

115 i ’se—d i t  b ronco form , a long the aNis 01 t i t a  a; ’ra\’ .

\Vi ;a t  is the resul tant  vs no P~ of cc ’cisL ’.t :‘~~ say at love l  .1 , t h a t

is provided by the available info~’ma i ion  3

‘- 52—
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;; i o u : i cv~’t~I,i ; , s ’ ,’ 111 tO,1 .0,1 . ; t 1 I t l , i i  .‘;, ar, , i \ ’  ,i ; , i ’.As ’ I . , ;  P -

~~-
“ I ; : ’ - 

~~~~~,

b 1 P , • (A 1 
; t ~~~

’ 
~ ; t ,~~ r

- - -1 -I  ~~~~~t’ ~~~~ 0 , -
‘ 

3 , r 
~~,,

B l
~

A .

, .‘cc’ , ’c ’ , ’t  I t  cc’a.l Li oe cvi on’: to cottdi i i ’ . ,’ h I a t t ,’ b\~ i t o  F I t  r u l e  1. ’:’ , . . , , ;  i i ’. . ;

. i i . I s ’t’S~ ’,t5~~’5t s’l t t l t l l , l t s ’;i A t e  ,‘stl ,tl,30S , iCs ’ 1101 t t ’ . .A’ ; ’e io i c i ;t  . ‘5:. ’ , ‘O s ’S ; ; - , , ,  .

c.’.r , - l a t a , l .  ‘ts ar , ’ , i t , ’ co lt l m o l ’ .  cs~t t t i ’ ihut iofl;,; t O  .11, ’ V.111, 111cc:; .‘S t l l 0” ’. 11

tree as t~t:iaA’:; i t s  t s ’,i

There l ;~ a stcpc vi ss ’S ol’ocout: l  c to:’ a. ’io ’s h u t ; . : tite ac’ , ij l .S ’i , ’ o t t  . -t . . .. ,  t a t ’ .

cv tu t ci ;  sa tis f l e s  the  CO t’. s t it ia t ’.  Of l f l s j ,’p,’lt .ICl’.C ,’. ‘ I ’ l l  0 l t ’ . i s’S’,’t t t , i ,  105 cv.;  t , ’,l

~~1 op~i ’;.1 has toward level ca:’. so accru , - .i ;t sep h1’ s tap. ‘.l’ S l ;  :~ I s’s’\\’ .1; , ’

procedure was used in th e  i ’.ut ; ’.arIca I e x a mp l e . )  At Iev,’l 2 tA. .’ ya 1st , ” ;:

b~ of cc ’ai ,tht + ~~~~~ )

l

and P~ of cv,’ia i;l A

0.1 11 so combined by the rule for t h e  ,is~~sI I t  is ’Sl ’ . O f I S~t s ’i0s’1lsis ’i’.’s ,‘S t l : tOl t.c;;
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~~~~~~~~~~
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, -~~~~~~~,, -i~~ -i  , 
1. 1’)

“ 1 1

A , 1  ,~~~~~ 
= ~A , ’ 11~~~ -

c v : , ’ ; , ’ I S . ’ ;;tlI);S’t’ t~ ’ S I  ~~.li ’ t ’ l1i  i i , ’; ’ t ’.’l , ’,,’~\’s’ 1’ S , ’, ’ ,I . 1 , , : , ,: 1.’ SIiOcc ’ l i t , ’ S. ’.; s,-:;, ’.’ a

Cs ’ 111 ,)  111, 1 i, ’l;.

Next , at level  3 , l ’s ,’ V.1111 , ’;;

P , 1  
~ 

•‘ a , of cv, ’i , - i t t  (.\ , ‘ , - 
‘
~
‘ :‘ , P

,l t ’ .,l P , .5 cc c  t . . I I  A -
a

CdL1 SC COl t ’.  L)l t led  to  t , ‘l ’I t t

1’ , at  cc ’e l . I ; i i  “s
3’ .l ’2 ’a )

l’ lt’..l I ly , the pr s ’S c e s ih l l  ,‘ is t ’ epc,u I s ’S Is ’ lot  I t .

P - of cc’s’toi ’ .t  A
4 1 1 ’  2~~3 • . 1 1  .‘l l  - ‘ ‘ 5

cv lu l s ’5 ;  are  t h e  rt ’:l u l I . l t l t : ; 1’~ of cve i . ;h l  A ,1

N ,‘Ste that tl’..~ i l lt O l ’t i ; a  I ion sri ’ivtl ’ .c ,i t I .‘c’ c i .1 .‘t n ex t  , ‘ I  iu , ; l s. o t t , - , ’ :-  is

P I ’S .5 cc ’c i . t I l t  I A F
3( 1 3 4 ) \ 3 ‘.1 3 3 1 3

‘I ’lt , ’ ‘we i~~1u t is Upp ,’L ’ — hout ’ .ds’d b~ ’ A .
~ • ,~~~ 

a tISI , 11101 ,’ :. 1.1 S i t  I c , o I ;t  lv , by L~

— 1~ ‘
‘u —

S.. - ‘ — . - ~~~~~~~~~~~~ - 

-. J_~~~~ _ _ .,~~~~~~~
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I s ~t ,,l~~ 1 1 1 1 0 1 . . . , ’.: ~. l , , ’ 
~
‘ - , , . 1  , . - . .~ I .  . 1 : , i i t , ’ , u i , , l  ., - . i :  ‘ . 1 : .  ; . . , , , ,  a’s

• .01  a’ 05 . . . . . .  I cc’ . - ‘ . 1 1 , ’.’ . a ’ . ’. . . . s.. ac 5 -  0 - I , , , ,  ~~~~~~~~ -
‘ - , ; , ; t .  t .  , ; -  , , ;

.5 cv, - . ,~ . t l  ~~.
‘ - t ,

~~~~ )

- , ‘ ‘ 
— l

-

‘ 

‘

~~ ‘s ’ s 3) 
— .‘ . cc’ , ’ , , : , u t  y\ 0 4 3 )

1’ , .5 cc’ , - ;  ‘ 1111 ,\ ,

;lt ,‘pcc’ , - .~ ~
- , -c , - . :~~ . .- . ; -  1 , 1 : 1, ’ , ‘‘ c x - ’ :1 , ’ , ,  a a -j o ,  ,:,- : ‘‘ , , t ’ ,.; l ’ t ‘‘c ’ , . , ’;

, ‘:. ., 1,1 ; t t  V .1 t I , ’l i  , , ; , , ; t s ’: . , ,  I : , , : . :  c’ - , - I t . ; .  . S c , I  j ” .,  ‘t  , , ;  t O t  .‘, .1’. .0’  ..
~ ‘ . 1 ’ . . ’ , ;  0

510” a. .‘.~y 111 cc - lu l c t t  , ‘. i c t i  1.’ t Il l  I:. ,‘ a It O , ’,’ , , ’,. 0 .110” .‘. 1, - I  
~~
. ‘ 0 . 1  t O ’  . 1 0 , ‘ I ’  -

:0.1111 .

‘ l A o  I ,‘.~~ :. ot t  cC c ;; I cI ’cv ~~~~ ~~‘; cx p I t a  i l ~ 15 , ‘ t : .  I n.: i t : ,  y a ; , 1’ , ’ t ’ , ’ t ; : , ’ , t . ’r

l i n e ar  .1, I , I V S  i :t c s’,1 r I I  .‘t t t  h i t , ’ 10 1 law , I ; ,~ ,. .~~, t ’, , , t . t cv ’s  i. ’ t t  ; ; L t , ’cv ;;  I . :, - ;‘ I t t ; ’ a ’ : - .

p0: ; ; , , a  Ic  I w o — S  O t t , ’;; ; .  lond I .i: .s’- ’ ;

0
1 

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

At , 1t ’. \’  ~~~~~~ I , t ’sl  51 i, 1 v,~~i i ’ .t  , I t  :0 , , , , , ,  l . ’ l l  0.511 01 I , ’l a t  , i , ~ cv. ’ .

s r i _ i p._’i ’.’l h . l colt ’. ,ii ’i’ iv , ’ P’s’ t c v , ’ p. i t l ’ .s— ’—. ’ I A ; , ’ I ,; 1. .‘ .‘t  I ’.’ .~~~
‘ I 1,, t t , ’,’t  t \ ’  • I ’

’
- ’ ’ ’

, I s ’ ’. I e , ’i l ine;; ill t h e  t.j l s , II ’s ;tt ; ; tua cc ’ l i t , ’ tw o  i : u k ~ ; t t t S t  t o O )’ . 3,t : ’. t t  ‘‘St I . ’,’.O 1, - I t  I 

~~~~~~ - - -  - —--, -
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i - ’S C , I t ; s ’I ’, 3 ) .  ‘5’.~ ’ t s ’i ,i l 111 ,00 ,3 ~~ll ,1 I ’ : ic’ , . . :  .,. I i ; , ’ :t~~’s ’ .’3 i , ’ , I  SI  ~5 t ~~s) t . , t  I : .  t a t

O i s , s ’~ )s ’i’,s 1Ot l  I . ~
) 5,’ t t  t t I  s ’ i ’.,t 1.. : , , 11 111 ’ la 1; ~~~. ‘ . -0 . 1  10 ,‘s ’ t , i  . 1’. at  , 1  ,‘,, 110110

cs:’.no: pi’av.ste  .15 an u ly s i : ;  0: tc’.’ , ’— ,:: ;t i s ’ ,l ; , , , ” t t , I . . . I t , , ’’S .5 ; t t , t

‘j o  , i t t .d vzs ’ 0 U c , I  t cc’ o— ,j . t , , , ’ , , ,. : ot t , ,I  ~~r . , . ;  ; -  111 .1 t O’S’,’ s , l i t  i c s l t

, . tv , ’ : v l n ; “ t : ; ip t i c it  b i , ’ns j i~~.t ” . l i t  :hc i . ’ i . .ov .n , ;  A ’. ’ .’; a ‘to ; :i;c c- ’:o’ . ’: ’- ’, , - . of

: :t t0 i ,c1 l  L ’ .-o . i l : ; , :  ar . ’ i s :~~.’~ i~ :c, - ,I  ,, :1,i i l tl: . l . , 1 t ,  ,, by-’ t , : . . , ’at  .1 ; - t t , : ; 5’ j I l t s ’,,,

s i l t  a” . ‘ l a s  a col’.c,’pt s  are A t o t ’ .  o s’i0” r.i 110 , u ,ind cxhcl ’.,te.i to coca- ,; ’, ,, . . , ; t ,,, l’t

array such as that shown tt ’. P i t t .  F .

3 .4  3 ; . t . a l e  I m p l i c i l  F i , ’ S . ; I t ; , l  i t ;  s3~~,’ “ t , ’ . ’ -  a: ;

3 . 4 .  1 The Error F5tnc t  105,1 1

Consider th~ fol  locvii ’.~ li tt c , i i ’ ,1rI ’,i \’ :

• 
~~~~~~~~~~~~ ‘ ‘ : — 2

— b,~~ 2 ,

~~— 1 • P,, , , 1 ,  A _ , 1

I) 
— 1  ‘ 

It .,~ —1

“1 • P,,, , A ,,,

T 
b,,, , B~

‘5 + 1  , A ,,. +1

— P , F
I “ 1 + 1  “ 1 + 1

• I”5 4 0 1 :\ ,

Figure 8 A one—dimensional a r r a y of iods’pclldcnh info rma t ion .

— 5 F —
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p. — 
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__________________ — .—. - - - —.—-.- 
,

1g. . _—

~~

,—

~

.“—- ,. 
_ ‘

_~~~~~~~~~~~~~~ . ‘  .“ - ‘

Thi s si;ows five locations cvith t h e  p~~r a r I l c t c ir  va l ue P ar.d v,’e;~~~a, Is

at eacs b oat ~oi’. and b shows the f i n i t e  f i r s t — d i f A r c r . c e  v3luos of Wu i 5Sh  B .

For any , ‘u P 
i”l 

— P,~ . All  ln io r : :;a t iur I  Is I r , ep e I l a c ’r l i .

At any location the difference between the assemb cci va lues ar S 5;c

resu i t a r i: v a lues  may be regarded as d ispar i ty .  To p:’oduce zhe op’s ir ou t ’t:

r e su l t an t  ove r a l l  ‘5 the sum of these d~sp~ r it ies  must  be min i m ized  A’. an
appropriate manner .

‘~‘ o carry out t h i s  process for the on e—d ime n s iona l  array sh Own Ac -ce ,

we d e f i n e  an “ error functional’  E as follows:

‘5 + 2  
p

E = 

‘5 = ’ 5 - 2~~ 

A~~~(? 
- ~~~

)2  ÷ o~l( .~ l , .1 - - . ) 2 ~ .

(E is the sum over all ‘5 of the weighted squares of the contributing

disparities.)

For any resul tan t P~ , the value required is that  whic ’s minimizes

its contribution to E • For any location ~ this can be achieved by

setting

= 0 . (i2)

To do this , terms In Eq. (31) involving P~ are separated:

E = . . .  ÷ - ÷ B~~(P~~~1 
- P - b~~)~~

+ B
m i(P ~~ 

- - b~~~~~ )2  + . ..

L - -  - 
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_ _ _  
~~~~~~

Sct tit ’.,i 0 ,it ’.S ru ar r un ’;  tn.,; p r ov i d c o  F ’

(A~~ ~ 3~ 
~ 

= A~ 
. 

(
~~* 

r i  
- b~~)

r B 1 (i~1 .  ÷ . (33)

There is one such equation for every ‘5

It wAl  be noted that E q.  (33) does not d i rect ly  provi ds.’ Ate ~~ A a ’s , i . t ” ,

as sociated with P . Rewri t ing Eq. (23) for a particular grid p o tt t . ‘1

~ ives :

* *A P  — A ?
= 

A
Sk
,,, - A ,~, 

(3.; )

where ~~~~ is the resultant  backoround in f o r m at i o n  ava i lab le  at ‘5

infor mat i on  contributed by P _. , A ,,, i s removed . Clearly however , t h e  satoc

resultant , ~~~~~ would be obtained if the analysis  were carried out wthhout 
- ‘

including P,.,, A m in the first place . Rearran ging Eq. (34) giv es

p —
* — 

—
— A ,~ — P~~~._ )

To solve th is equat ion , Eq. (33) is used to determine P~ (of course

including the information P~ , A ,,, ) .  Then Eq. (33) is us~ d again , th is
*time with A ,,, = 0 , thus providin g 

~B (”’ ) Substituting these values and

the known value of A~ in Eq. (35 ) provides a simple method for d etel ’m iIllt ;q

A’~~.

—58—
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3 . 4 . 2 A Nu :.;er :cal i”xa mple of bmpl : c .h  ,C~~tt~~i.~5 ir ,  (J Ib Da;’,c-a ; : , .~. -.

Considering the same example as used in Section 3 . 2 . 6 , assc:.’.aiy
provided the following informat ion:

“1 • T,, , A = 15.7 , 11.0

— it ,,, , 3,. = 3 . 6 , ~j . 0

“ 1+ 1 • T , A - 
= 1 . 6 , 11.0

I ‘5~~l ~~~

— it , , B - 
= 1.0 , 6 .0

- . - ‘
~~ ~t i- 1 0 ’

• T , A = 2 0 . 2 , 12.3‘5+2 ‘5+ 2

By set t t r i q ‘5 = ‘5 , ‘5 = ‘5+ 1 and ‘5’ = ‘l -.-2 in Eq. (33) and inserting

ste appropr i ate  parameter values , three equ ation s with  terms in T , T ’

are produced . For example , the equa t ion  for location ‘5+ 1

simplifies to

T
÷1 

= 0 . 2 3  T~~~2 
+ O .35 T~ + 8.88 . (36)

- - ‘ 0 0Solving these three equations simultaneously provides 15.6 C, 19.0 C anc,

20.5 ° C for T~~, T,~ +1 and T,~ ~2 respect ive ly——i.e . ,  the same values as
provided ‘cy explicit blending (see Section 3 . 2 . 6 ) .

To find say A*
m , the analysis must be carried out again but

without the data at m + i  (1 8 . 6 ° C , 11.0). Once again three equations arc
produced . For example this time the equation for location -‘it +1 s imp l i f t e s  to

T~ (~~÷ 1) = 0.40 T~~~2 + 0 . 6 0 T~ + 1 . 7 6  . (37)

—59—
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- . ~~~~~~ ;,l ~5 7 )  ~~~~~~~~~~~~ t i -., ’ c t ’ :, - , :  of t o :  I i t t . ;  ,~ t t t i t I  i i i , ;  ‘

,I.,t. t .) So iV i b . ’; ‘. . , ‘~“e s ’qt .a l  1. 15 ,j t V , ’;t ‘ i ’ , , ,  1’J .5 ° C. ‘l ’it ,s .s A :, ’ s., ; . .c
0 ’ ,

i i t  ,1S ‘1.5:11cc,: cy 0>4) 1.0.1 a1et;,ttn.~— — a s ’ ,’ ~)a5 , ’ S . . - , . 1 : :  . I L t I , 0 -  - 1..

s35 )  ~~1 . ‘V I s Is ’S A , = 19. ~~~~~~~~~~~~~~~ IS t Os ’ ;; ,utO ’ to: ,  t : t  ab  01 ~~~~~~~~~ by

ex p i l ci :  b b c t l , i l t ; - :

‘.0 :s;.i A 51,’ , I I t , i l ’ ,’ ;::s m u s t  be :c ; ’S,’ .’. t ,  ,I cc’ . l l a ’,tt 0 ., ’  , ., .t .~ .0

loca: .~~n ‘5 , t I t u s  p r oVI ’s i :a :  ‘i’ • 
) 

. Sua; -. , : t ~ .’. , a ’,t in tI c . (35) st s ’v , , i , ’ ;. .‘s~ , .

1:,l .’ p t ’.’-,T’ t0~ I , IO ,’ p loc ’ i . i c : ;  A ’
~,,, .

‘ i’hcse  0X.1iti~~ iCS sc:t ;o :l ;-t l ’, i s ’ SIc aq l .,v ,i  . 0Cc 01 c x : ’h c it  t ’j s ’ t , , : t O ’

.111,1 ~. ; .p l i c t t  P l cn , t l t ’ .S  ~iC5 S t — S s ~U.0’ a5 co: ;tpt t :, i t . ~ ’:5.) in Ate case a: k -; ;. ’—

,l i i t , s S ’ .S  i5 ’ i t s l  • .11 i ’ ,l \’ li

3. ~ 1:1:1’ 1 IC .. t b . ,’ ’.’,: i t . ;  ; S ‘ ‘ ‘a a , : , : - .‘: ‘t : :  ,.  :1, :

3 . 5 . 1 \\ ‘e is;  t Oed ,;lt . , t  ,:,,,t ..‘t ’t iS, 1,1;;

F le t ’. , l , t ’,, ; 5 , ” 51: 15,5 Ss’, ’CI , ;t s ,” .t sss’5 , l  O~ 1 . 5  Ot  S lS’ . s’, l l ’ .1; t , . ’.’ .

s’ x, I ; t t p i e  of ii i i t ’. a , ;r , ir : a  t S V O . V 1 0 - t d ’.l o at c c t  lt , i 1’, i t t t s ’i , ’C I ’ 01 c v e l : 1 l  A

.111,1 In,i ep . ’t ’.det ;t  est~::;a:,’s a :’ f l r a , — , ; l : : s ’t .‘I ;c.-s 0: F , P 01 cc ,- i ~~i t t  F , a.

.; .ven 01 3 1 0  . F . A I i n cur  ,1 Ct ’,’. 1.’ ttOi V 0,’ CO t ’.;. ~~~~~ a .is .1 ,‘“ ,,,, ,: . t S,’I’.;- 10.1,1 1

f , ,  IS . I: can be sac:; ii’.,l ’3 F IC  . S t t t ,~ \ ‘ 1)0 r csa ‘ . 0. ,  .15 . cvo 1.51 11 ’S of f I , ’ i,tS

one pa ~r P,’~n.t I ’ • A and the ot ile l ’ be ubS it , I t . 1. 1050 f~alds t :t av  ‘a,’ sI’.occ’n

separa te ly ,  th u s:
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__________ 
• ~‘. - ‘ .,‘:~~I~ i0 jj _ ,.i..i_tf ... :‘ . ‘, ,

‘a’ ’., - - ,

‘, ‘ ,, l ,...- \ ‘ , ‘ . - . ‘ ; : . .

‘ 5 ,  . A 2 ~~~~~~~~~~

~ ii~ ~~~~~~~

‘5 ’ f  

~~~~~ - 

~‘5~~2 
A , . , 2  it ,,1 2

~Sa :c ..oit d, r any  qr id p o . nt  ‘5 , b F — ? . )

‘, I ’.C t I t Ci a Ci t io of “ 
~
‘
~~~‘ I F S  nv ; :‘. for rr la t  t o n  b ie n d i n a  ‘‘ soc-v is .,p . 1 ’ , :0

•t ’.  t Oe  a. ; I0”Xt  s I  ti l e Si mp l e o x a mp l e a  SO .01 ; d i s c .t s s a, i  , t he  t. ’c’ I . t ~ ~q.. .  :.

boti ; c xp I . c~~t a i t h  i t I t p l I c ~ t bI~~.;ct1t ;g c-u t t it ;c . .  ~t~ Ic:’ Sec t ions  3.3 and s.’, 
‘ 

-

, 1, iV , ’ 31 0t ,,,’Ci t ag et i te r  two “ \‘.‘ Ci ( t t l t C Q  ,t ; t c r . , ;O .10:1 f~c IF s ” to ‘Jh’C-SUCe

* * - - ‘  ‘ ‘ . -

resu.t a ;; :  t i e l E — p a i z ’ P , A w .i i c .t  pro~’..;es tt ’.c best ,‘u ’.owaruoc 01 t O O  “ ‘sl ’U C

r cp r 000t l t a t iV 0  value  F,, ~in L I ;e  ob)ect scale of rcsolt :t.o: ;) w.och is

provided by the tota l ova l l a b l o  i n f o r m a t i o n . Th e C ( ’ i ’ ,0 1 0 t~ ;t v  of the t e su d an .

,.t any  point ‘5 is given by A~ . If oto;’c I f l f O t ’ t t t , l t i O t l  cy cle ava~ iu b i a  .na:’.,

of course, P~ would be ( s l ig h t ly )  i ’. to dt fic .l  and the  increasod r e l iab t i i . y  of

the analysis  as an estimate of would be re f lected ifl the  tlacc’ value of A ’

The concept of v.’ci ,;htc~ i I n fo l -m at tol; f i el d s  may  be appl ied  to f~cta s

other than those associated only with the object parameter and ( t r o t —

d~fiere nce va lues .  for example , suppose tha t  in,i, ’pand cn :  e s t i m a te s  of

1The ierr ,’. “value ” always is used In the sense of numerica l o’.aqsoits~’.
Weig ht (or reliability ) is used for value in the sense of worth .
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I — P Wora ,I’.’, l 1 i , , i )~~C .  ‘Is ’: I C, : . ’, S’.t~ ;.; c., , . . I t . , ,  ~iS “ .IO~~L1L’ e , t fcr a: ’;c~ a ’

A ‘.- .‘, ,- .- ‘:.s-.. ,:l:- .,t :aI:’-,,:’. :.cI, . ,~~r t I a ’ , , j 1 ’ ’~~ ,.,. :, - t e I . C a  O 5t . ; . . . . :~~s could 00

:) , , ‘12 t , ’,1 cr~:t , sic I , Is , snd n , 3 f ,~~lds , ::.;.s , , : , a : ; . ; l i a t t n c :  0.C a ) . O t I , ,’ ,.,. ,

.;b t . i r I I l , ,  ..a t ; .  . i s ’W ,‘vor , 5,- c. 1 .0.1 :.C VO l~ - p S.c ct  c- ,- ; f u t ’.ct .00.., I t’.~~ ~ ‘ ,. aa  tO

1) 5-10: d1.-~~J.0~~5 i i t , ’t L ’ t I C U  :.a.~.s c’.’ .t.; toe A ,A a.;.. a, B :,e.os :ur a LI . ;cur

u t ’:’uy ,  ;c’c ssa .i cot ’,s ide;’ t; ;e ).~~‘: .t ’. ,t Ia-:t 0 10. . it5.5~~ of ei gh t  ;c ’c.a..ta ..

. n :oc r . , u , . u1 ; solas t aC a tw ..’-al::’.e. ;s,onal acre ’ - ’ .

0 s::Oc’.’ca an e.’a..ca:’y s;r .c Pc ;t -.I ~. , ‘5 or a
, - c: , .o - ’:anal ..:ray ot s ize Lot .’C ,SSd posIts . Se t so- , O S . L I L ’ for t i le  :t.c . .. cs’..

0O.. C1, ,dlt ’/  CO n S iC te I b O . C’t ’I 3 we n a y  ctcsne the  :ol~o’.’.- .ng ~~r C . . . c . t S dO 115.

at  toe 2 , ”. grid p o .n t :

2,. of wc~q I;t Is ,.

a of cve~an t  B ,. wh ere ‘a ,,, ~~ P .  .. ,

~~~~~~ 

— P~ ( 3 h )  L

c of ;ve iq it t  C ,.. cc’hece c_ ~~~~~~~ — ?~~~~.. iS ’S)

ci ,,, of weight D ,.. wher e  ci P .  , ,,, — p ,
~~~~~~~~ .1” , 4 ,

e of we ight  2 ,,, woere  e F .  , , — P - ,,, ~1 I )
‘5 . ‘5 .~‘i0’. , ” t — 1  .~,

f ,.. of weight F,,, where  f ,,, P ,1 ,,2 — P) ,..

.
~~,, 

of weight G,. where g ,,, 2 .  .-2 , ’5 
— 

, ‘5

q,., of weight Q ,,, where q ~~. + p ,  + P .
‘ 4~~ . -ri 4+1 , . .5 , ‘ —1

1~ P .  — ~~~~~ - .
4 , ’ .

The term “doub le — ai : : er euco ” iS u sed ;-a nter ( t a . ’, “ second Ci .C . ’C . ’.CO ”

wh ich is more appropriate  to a f I n i t e — d i f f e r e n c e  expression for the second
derivative of F with respect to d i s n an c o .  it m a y  be i lotad:  st a t  \‘, l l ’u ,’S of b
are oo:h s ing le—differences  and iirst—diffcrcnces; either term t lpp l :cs  to a
finite-dirference expression for the gradient csve~’. by (P.~’,1.1 — F.-

) per ‘s’s.—
length . Henceforth , for consistency, b will be referred to as a single—
difference estimate .
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51’, l O l , l t , ’;; of th~ s l iap , ’ p.i: , im s -S’:’:; as’ , j , ’i t v . - 5 ;  II O i , t  .1

a - ’ t ; I , ’s ’ 15 1  ; ;s ’’, ; r ,” ,’o)  01,111 ,ra ’, , I . . , . t a o  ‘0 tot’ t , , i ,  ; l ;t s . . ic ’  of ( t I e  ‘ O j e C .  1’. :”s I, s , ,

I l l  . ‘ S I , l s’i cc’o,ds s lap.’ p . i t a l nc ; e.’l ’ s o t  l , , , , ,t , ’:; St ’, t - , : - , o~~ . 0: ,‘:, . I l , ; , , t , ’S 0 , ...c

of the  oP ac ’. Sara m.’te r.  ‘ ,‘ a,- ,‘o~tc ,  t of S Cj J s I i  ,, t  1:1.; t b c

of  the  s ’ .b i cct  pac. ’. ;t ;a ; , ’,’ fiald F-ott; i t S  a.  .;,ts ,ic is .i tunc ’s,; .,’:sat a . t , .

e s s en t i a l  C s ’ S O l p O I;s ’ilt  of t h e  Fl ’S a:;.’. Ivo , ; t  ,t ;s thoF. ’io.n ’ .

S nc,’ sh, ’.pa and 0,101’S ‘515,’ ,1i ’ ’ ,ic:’i V , ’ ,i F 01:1 di  fv ’i , ‘ , t  00110Cc; - i l l , -; ’ ,’

w I l l  Pc’ c o i ; f h , c t  i)at cc ’ ,’,’n the av a i l ab l e  b t s o i ’ : , . j I l , I ; . l’ a’r exa . :up lc  In  l i t o

of a S . i i 1 P I c  SST ana Ic ’s ~s us i t t . ;  a one -— ,i t inen ; -  .o.’.al ,‘.ri ’ac-’ (sea Sect I s - I ’ .  3 . . a)

we s,, cc’ t t5 ’. I ind,’pan.;, ‘nt ’sad ‘sot as t in ia  105 ,t 1,1 I t O t  .1’; rca cc’ i 1 ,  I i ; , ’ a : , -. -;  . 1’ ,’, ’

)e :wa, ’n 155 ’ 5,’. :Il Ilud,’s at lcvo S U c O c o s  tv ,  ~~t ’ .5 pot  :110 . F. .1 t o h, ’ s , ; t

cva l , ; I : t , ’,i l f l t O lt t t , . t i 0 t i  :ialds and blai l , i s  : t ; , ~; . , ~os ;o t i ;er  ;-0 a t t  t O  t~ro , ,t ;c ,  . 1 t , ’

P o st  pos 010 1, ’ c.’Sm p r o t t ; I S a , 111 5 least  —s ~ 5.1 I ’,’S S 001-a , Ps ’ , WOO 0 too  .ata,l

. l vaLlab l , ’ 111f’s n d it l o ll . I t ; ,~ U l a t t d , ’,: I’e s u lt a n .  is t l t a  f i e l d  a: i ”~ w ; . I ;  ,in

,1; i  ;1OC 1,1 1,’,: r,s; U l t a i l t — re  l i ab i l i ty  lid S A~ . ;~ ; I siOC S I to  I’ ;
•

~~,‘ Ic ;- ; I ; s  u’

.0 I nc  ob 1s ’ct scale of ana lys i s  r ,’o o l ut  ion 010 VS lu,’ of t ’~ a t  , ‘.ily a c : ,i  pa t o t  I t ;

t i l e  scOt  aOl  i l n a t e  of the  “ tI’ue ” I’s ?p r a ; ;C n t . I L  1V~~ VO luc of t i l e  Ot l Ja c t  par otn , -: . ,’t ’
a. th at  ~r id point wit iCil is prov ded ’oy ti ;c to ta l  ii ; fo.’noa .1011 C0- 11t, ’ i 0,1, ,;; .  - to

- * - ‘  . - ‘t t ;o  an a l y s; s  . A ,‘.t the  same . ; r i c.  po int  is a ,;a ’act tt ;a ,lS ti le  0; to ,,’ r c , i , ’ . nt . S ’.’

c’,- ,’ can p lace  in P~ as a n es t imate  of t h o  t rue value . If ?‘.* is I,;~ - :~ :1;,

di ror variance is sma l l .  \* cc’;ll be lal’o c where  the re  is a Col’.s I ,., ’I ’,, h l , ’

a m o u n t  of informat ion.  Converse ly ,  in  rac 1011 5 wn et ’e on iy a 5111311 t’i rnount

of in t ot - tua t ion is available Inc c o t l t i aen ce  0;’ :‘e l iab i l i ty  we can place on ti ; ,-

local values of p* is low and wi l l  be re : iect , ’d in a low \‘a i-ac’ o,

The :oI lowinct Sect l,li; s no w s  how i b I C  coflt t ’i o u t i ng  wc ial ;t e , :

information fields may be blended to produce 1’~ and A *

— u 5—

~~~~~~~~~~~~~~~~~~~~~~~~ -- - -~~~
-—

~~~~~~~~~
-
~~~~~~~ ‘ - - ‘

~~~~
--. r-- ’ - -  -~~. ,,-~~~~~~~ 

~~~~-



.1 . 1 : , ’ P I , ’t ; . l , ~;. . 1 1 . ’,.’ ;. ii ’. ‘ cc . ’ 1l :;,,, - ll ;; :, -t :;.

I . t 1, ’., ’ ; ‘n ‘0.: ii , - : ‘I • ‘S , - , ; , • • \ 5’C 5 , . , ‘ I .  cc’ ’.;; 1. ‘1 .1 0 ~ s ’ s ‘ 1 1 , , - , ,  . ‘ . ‘ , ‘ •

‘. , , , i I , ’ 1cr 1 ’ 1. ‘1 c c l  ic . ;  I I l i ’ .‘ ,‘ t l ,k’ , : ,,;..i,i.’s I ’  , ,\ e ’. l i t l’S,’ l ’1~~~,,,., , , . , ,; - l b . ’ I

I , ; , ’ .‘l . ; l I t  \V,’ 1.11100,1 l i l t . ’: 11.110’: ; t ci’s .  s ; , ’ t. : , ’.. i t ,  t o e  p~ i - c ’ l’s,:- cd -c  a t : .

,‘\tO i , vt . , ’;. . ‘1 .Ot ,‘l s’S lC I Oc t  
~~
, 11.11.., ’ 10 1 ; t  10.1” U: i. ., ..~~..0.. ‘ I t t  ;. .1 ; . . 1  cc .‘ : -  c, ;

s i t t , ’l t I , t .  ..~ t i  l i t ’ 5 ;- . N , ’c’ s’ ; I l , , ’l , ’;.t ; , .0 .  .~~, l  s b  c, ’ ; ‘.,1 .~~’. . . , ’ s - I ; : , t I , ,  i l l , , , , , , i V . ; ’ . . ,

. ‘ ,, ‘l i s l  .11,1 .0,5 ,ts ’,j s ’ S I , ’S , t \ ’  15 ,‘;;;t s’t il 1,1 I l c ’ ; ; : t t ,  t i,, ; ,:; ,‘.‘:.c,’pt . . .‘c

cc’S i,’i t t . ’1 lOWt ; 1:1 .15 cx cu t;  I.’i ‘0 11., ’ 5 t ;t o ’I e  .0 , ’— ,; ; t , t : .  s I t , ,  I t t . . p :  l a s

1 ,0 0 lIt. ; ‘At ,’S ,’,’s;t ‘Oc t’11 itt Sad aol 3 .  ~~~~~

‘ I i , ’ ,‘,‘t, ’,’t ic’ ,’ 01 .1;. ’ , i I , ’;~~i i l l , :  ~‘i 0,
’,’; :. 0: ,‘.Icv,ivs i . ’ st ‘‘5::, - ,’ 1 : , . .  t o ’ ..

a: a;t  ~‘I e ,‘,‘t ‘101:.i t . 1,’ ci cc’ .; t c i l  .15’ ,’ ;; 5 C c t I St  I l l  5 S i - i  5 ,t I , i i  k ’;; ~~~~~~~ :, ‘ : ; , ‘

,‘fl;.,’t ,l l ’Sl e Of cv , ’ i . : ; t l , ’.i illS’l ,I; ,11l. ’l. : ,, ‘I.i s . iloil l J  I : , i ; ;  s ’;: . , i l ~ l t ; , I t , ’,, t l , , ,  101 ; ;

,‘~ ‘;:  :11 CO0;i 151,50 IVII I t  I i ; , ’ ,‘.‘:lc,’t ’ l , ’S ’, cx~’ I ,, - , Iv ,‘.‘I.tt ’ ’. li lt;. , i tt,;, ’b’ ,’,;,Ic, .

a;. , ~; ,t,cI, ’S , 15 .t i \’ , ‘I t ’s’S’,,’ ; .o l ; ,t  .1; cc ’i t  ,, ‘ t , . , O . t , . ,  :1 .,’; . ,Ut ,b l’ ;~ ‘‘;‘‘ .10’ , ‘ , I

l t . : l . 5  .. l;.l l i . , ’s ’r t I t , ’ spa , ’ . ., ‘ , I  01’ , ‘ ,5 5,,. • i t t t . t 00 ~
‘ 

~~
- s 0  11. 0 , t O’\ , ‘ ‘ . 10.

- ‘ , - -  , ,k - - - .5 -I ’SeS .t 11, ’ .5 1;; sl , ’t ’.Ole , I  l,’S\’ I’ 01 \\‘,,‘ 1, 110 A .11 .1 , t t , ’ c l i  Oi 1 i:i’S’t 10 ,511 5

,ie ti l ;t ,’d by:
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(Ti’.is expression for E may be compared wi~J’, Eq. (31).  The cisscrbt i , , 1
differences are that an additional six weighted information f ie ld s  i’iave
been included , and that the error functiona l has been extenci ecj into two
dimension s.)

The minimum value of E occurs when

~iE 
, , ,0

£ ,~~~

simultaneously , for every element ~~~~ of the solution field . Equation (46)
yields one equation per grid point thus producing a simultaneous system
of liner equations . The equation for the point 2 ,m is given by Eq. (47).
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The Blending Equation:

S2~~ =

+ 

~~~ 
- b ~~~1) + B ~~~~_ 1 ~~~~~~~~~ 

+ b 2~~~_ 1)

~~ 
. - ~~~~~ ~~~~~~~~ ~~~~~ 

-

r . 

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

- d , D~~ 1 , ~~~1 (~~~_ 1 ,~~_ 1 + d 2 1 ~~~~ 1)

+ E2~~ • 

~~~~~~~~ 
— e2~~~) + E2_ 1 ,~~÷ 1 

. (~~ _ 1 1~~÷ 1 
+ e2_ 1~~~÷ 1)

~ ~~~~ 
- f

2 ,~~~) + F 2 ,  
~~~~~~~~~~~ 

-

~ G2~~ (~ ÷2~ — g g~~~) ~~~~~~~~ ~~~~~~~~~ 
~

+ l6Q2~~ ~~~~~~~~ 1~~ 
+ 

~~-l ~~~~~~~ 
- q 2~~ )

+ . (4 P 1~~ - 
~~~~~~~~~~ 

- ~~~~~~~~~~ - -2 ,~~ 
+ q~ _ 1~~~

(4 P~~~~_ 1 - p~~÷1~~~~~~1 
- 

~~~~~~~~~~~~~~~ 
- ~~~~~~~~~~~~~ + q 2 1 )

~ Q2÷~~,~~ (4 
~~~~~~~~ 

- 

~~~~~~~~~~~ 
- 

~~~~~~~~~ 
- 

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

+ q 2~~1 , ~)

• ( 4 P ~~ 1~~1 ~~~~~~~~ ~~~~~~~~~~~ - P ~ _ 1 ,~~÷ 1~~~q 2 ,~~÷ 1) • (47 )
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“5-’, ‘--5-, :o~ --~~~~~.-
. ~~~~~ ~~~~~~~~~~~~~~~~~~~~~ .,,~~~~ ‘OO ., - . .  —..-.,-—--

in i : ,j . ( 5 7 ) ,  5 ,,, ,:cn- .’:aI li t ,’ so;:. o ,.., cc’,’ t a t i A ’ ;  a s j l s - . 1 t 1 l ’ . . ; as

ca, - : :  icien ’.s ( pL ’s’ce,t 111,1 t h e  ,tot s)  on t i t v ’ r ,~~ , .1. — .;,s;,,. ~‘ ,,j, ; 01 ‘S.c ,- ., io, t .~ It .

S .  A .  ‘r 
~
, , ÷ 13. , -r i- c,’. , .

A ,
”. r , a

‘.‘he t o m b .‘. it a r  tI ’.~’ sl ot:; Sl’.,lcv ’, i l, ’ t’,-.~ I I I ; , - ,, ;: ‘ - t i l l  on P~ Lo.’.c t i ,o :  cv I ‘St

.051 :t’.’l a t eS  pl ’o\’ 01 ed by the ccr ,’ t s t l t  I L ’S in t ’or t . t a  5011 f ie ld s

\\ ‘c’ ilocc’ cotna to the  problem of so Iv :i ‘a Ii ; 15 eL of I ii ;car as; 11.1 ,

‘ ,‘ .;c sys tern o~ olending c, u a t  io i;s :;lay be ,‘xpressc,t  In m a t r i x  n o t at I o n :  -
‘

‘S
= ( 5 5 )

wh ere (l~~. (47) represents an arsitral -y racy ~o
’ 1.15 . (SF)  . ‘(‘he for :. ;5I l 0,111,. loll

IS

= v~~
l 

. I ’ S ’ S )

If only a SIll , ’ . ! 1 i ’.un ’.ha :’ of e rid p o i n t s  is i ~;volved ex p l t C i t  i i ;var ;;  l. ’tl

of the  m,’.I,rj x  is poss ible .  Hocvaver  t y p;co  1 FI1~ at’.,’, lyseo s u t i  I i ; :,’ ac ids  of

i l3 xH 3 .1 r i s i  po in t s , SO xH O .‘.r~d po in t s , or 1 2 ’Sx 125 ar id  P01111 S .  In t1’.e lo t ,  at ’

case (used for hemispheric  , ,‘.nalyse~ - of 5Sf)  a st r nu lt a n a o u s  solut ;01’i (0

15625 linear equations is t’equi t-c’, . ike. ~‘ a 63x ’S3 grid the numbal’ 01

e,’laa ti o ns involved is 3969 . In genera l the  matrix is far too loi ’~ c’ to :- 
~‘ou ’.’.I;,’

explicit inversion and solution by an iterative tcchi ;ique  is t l c ca ssa rv .

At one time FIB uti 1 i;:c~i on ly Succa - s tvc  5.0V dl ’ do lax,,’. I t o n  ,SC I ( ,

techniques to arrive at a solution for P~ . t ’i t e  i:iost ,IUVS ttccd : dl ’ .s’I l t cS

were found to converge very slowly and , conse,~u,’n t 1y, cvar ,’ e x p a n s i v e  in

t c ’l’i’l ’lS of computer resources. An additiona l drawback is that 5CR cccii. a’s- s

a first—guess to the f inal  solution.
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‘1’i’.~~s p m o o I c m  cc’,,,s ovcr c o l:.e WI ’,e I l , i t t  lF7o , 11011 L ’S~ raporw,1  1110

,;cvalop :,,c :1’. of a t e c i i n . guc , w l t i c i ;  he tcro,eo . -‘i . 0 n s i i t o ;  by \‘v’eslhic c i  Sp:, ’. .o.n- ,

( i3\V S) ,  for pr ’uducinq sri e f f ect i ve  5s)i~ i’ .  t o l l  to toe Sy slc,n of b i o n a i n~j

e5, :attons which convorgod far  tt ;ore rap .c :ly Lo an SOR sch et t tcs  a1~~ne .  Cf

pac t~cula r note is the  fac t  tha t  no : t r o t — g u e s s  to the solution is involves .
in pract ice it 1135 been found that t h e  m o s t  d ; :cd i lv e  t c c ht ’ .t qu c  for solvi:;g

tf le  s ySt e l ;  0l o1~ n~~i~ g CC ’5ia t(O flS is to COiO ;t tC i l Cc  Wi ’s b ViS t I ’iO’i’, t r arb s f~~I- to

~ Cd a t  a i ste  S tage  of convergence .  ‘(his procccia;-c .s descrioco ~ tl t Oe

fol lowing Section.

‘fi’.e r e s u i , an t  rel~abi1.ty cvci,~i tt , A .  , c’~’to oi; .s a t ;lc.tsu ,’c of t. ’.c

:,‘si:lCSS of the solution elemer .t , 15 bas:c to the  FIB i . ;ct occ i oia : .y .

‘(‘he A e l em en t s  appear , inverted , as the clia~~c-na1 e lements  of t ; ’,e ;nvc. ’sc-

; ;t a tr ix  given by ilq . (50) .  A possisie appr oaco for dctormin inc :  A* Is

sua c tes t cd by LI ’i S .  (34) and (35) .  However this  requires r e p e a t in g  t i le

ana lys i s  wi l l ;  A . = 0 to obtain P~~,,  C lea r ly  LI ’.i s is not a rea i~soc

approach as it would require Lx v, separate F~3 ana lyses. In practice a
ao,x1 approximation to A* is sufficient . The Blending by Weigh ted  Sprca~.t oc

technique incorporates a formulation which provides a reasonable
approximation to A* .

3 . 5 . 3 Blending by Wei ghted Spreading

Blending by Weighted Spreading is a technique of genera l

appli cabili ty to the blending component of ~ li  applications of t h e  F~,3

methodology .’ In genera l such appli cations lead to a system of linear

‘Althou gh Blending by Weighted Spreading was conceived in toe
context of the FIB methodology (Holl f 6]) the  schc ;oc is applicable to the
solution of any system of linear equations for which the matrix is not only
symmetric and positive definite but also has some degree of di a c , on a i ly
dominant rows/columns. In the FIB context the diagona l dominance occurs
wherever A 2 ,,, > 0 .
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CS ’ ~‘s ‘. .S’ : t S  sis ’ .ir .c?s’. by

N l P * - -  F

S is any ob j ec t  parameter  and I’~ is In c rs~so1 ’.cj i’.t oi the  , , i t O  I \ ’ ;; to

P.’OC aSS . t i l e  c o ef f i ci e n t  ll la t r ix  IcI is fo r m , - 5 0:; ly of pai ’,’.Iltcs’r \‘,‘e i . ; i t t ; : ;

al  A a r a t t t e t e r  va lues  are grouped :n the clc:. ;a. ;Ls or too fore’s,; v C d I o l ’ F
Soc fo.-rnal  s o lu ti on  to th i s  sys t em ci equat toos  t o

=

As itlS j c, ’.tc’,’j in the previous Sect ;on , th e  syste m of aqu.I’5i o1’.;;

:l or l ,t a  1Iy is too b i g to per :t i it  explici t  m a , l ’ ix i:;v emsi o n.  S it ’s! tI ’ . ,~ ,:s’v e i ap ;.:~ -:; t

of ‘SI  at’.,! i t ’ . s t  by  \Ve igh ted Sprc,I5 ;  in g ,  the  solo l’CC0 tli ’5 1’ to solut ion c\’ ,l S .0

Succassive Ov er— R ela xation (SOR) t echn igu e s  . Th e s e  r e g u ir c  a f i r : ’. — c i : ,  so
s. ’iu t ,on  and also conver ge at all  u n d e s i r ab l y  slow r at e .  ‘I’ll ,’ i l l s ’i;d t o . - P’

We 1,11’. is’S Spreading technique does not mc51: ire a f i t ’s t — g t ies s so lut  ion , a It S

converges much more effectively in t I -ic in i t ia l  st soes .

The technique of Blending by \V eio i ’ . Ia S  Spreading may be ,ja:nont ;  n’a ’s-’d
by application to the object parameter P used in previous  Sad ions

The bio t ld i t lg  equation for the arbitrary grtd  point 2 , ~ is st i v e n  by 55.  14 ’ - ) .

For reasons which will become apparent later  in th i s  Scctlolt , i n i t i a l l y cc’e
shall omit the Laplaclan terms——in effect Q 0 . 5g. (47) the:l becomes
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‘S
5 . = A .  P2 ” :  h ’;  2~~

-r B f~~ : 
(~~~~~,~~~~- r i  

— b 2~~~) + ~~~~~~~~~ . 

~~~~~~ 
+ ~~2 , 1 )

+ ~~ - c2~~~) 02 1 , 1  (~~~~1~~

*-r 

~~~~ ~~2r l ,”. r~ 
— d 2~~~) ~ ~ 2- 1 , ’t- 1 (~ 2 1 ,~~~ 1 

- r

- /. A+ . — 
~~ 

I 1’ - • 
~~~~‘2 , ”: \ 2 l ,~~~— 1  2 ,~~/ “ 1-1 , ’t r~ ~‘ h — l ,~ :+ ~ 2- 1 , ”, n j  - ‘

7’

~ 
— 

~ 2 )  -r F2~~~_ 2 
~~~~~~~~~~ 

‘

~~ ~1,~:_ ~)

/~~~
~~G .  ~P . — g .  ,,~~ + G  

- 
. {p , ÷ gh , ’.J 2 — 2 , ’ . \ A — 2 , ”: ~~~ - . ~~

E gu a t i o n  (5 1) states that the tota l cveiqht due to ‘ arr ive ” at th e
arbitrary grid point 2 , ” d uring the blending procedure (performed by
successive approximations) is given by S . . At any stage du r ing  the

blending jet (R) be the number of successive appi oximations made so far,

and let a represent the corresponding portion of S Stat  has

arrived by stage (R). Clearly tends toward S2 as (R) in c r e ases .
(R)A ‘ prog ress factor ” , may be defined

~~(R) 
= a (R) 

/ s.  - ~52)
h , ” .5’ , ’ ,

where ~~~~ begins at zero and grows monotonically with each pass to
asymptotically approach 1.

~ 
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__ ‘~~~~

~.cc0’s~~n. ;  to the  “ C Q t t V u O , ,v . O  Cf u s - n ’ :,utc ’1C55 cu-: f .c~~~,;t

u.lj l cSt..ttdtc~~~, Eq. (53) oeft r ~c’n a second cg-~~~:iori j ar t h u  coc -fft c eotn :

(R)
Ci . 5 ,  Ci ,(1\i- 1) - - . 5’. ‘~Ci , = A -i- B ,.5 , ”: 2 ,”: .5- ,”: S.  .5- , ”:— l  s ,

~111\ )
Ci

+ .. .  + 
r’: s~~~ 

. (54 )
2 —2 , ”:

p

‘j ’ O€: process of Blending by Weig hted  apceacs og COnSIStS o~ :1:oceasing
1:0. t t gm’s point to grid point , in any preferred  ordering , cot . tpuii ;’.g r’.e’,’i
est imates of ~~~1) 

and by explicit solu t Ion  of Eq s .  (54) and (53) 
-

‘

ot - ct er .  Each pass at all the gr ~d POin:S advances (A) by I .

The successive approximations are inIti ated by setting

a~
0) 0

and ~~~~ 0

ico extraneous first—g uess field is introduced .

Ar stated above , any ordering of grid points is permitted . Th~
preferred ordering is successive in 2 , iricreastrig or decreasing, within

a success ive order ing of ‘fl , increasing or decreasing. A complete set of

four such passes cons ists of:

~~~~ 

_ 
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P,iss 1: A .:ti’I ’,’a s l : t , ;  , “- , . , , ; ,‘ , , , : , , , ,~

2 0,-or ,’ ,,;, III, ,’ , “- ,;cc: C’si it ’ .~ I

Pass 3 : ~
1 ’ , ,S~ , 4: A oor c,ss ;t ;~; , “. ‘, - c ;n ’. . s i t t g

- - - -Ste ‘~ t -
- - , t  c; s t , -,c .or , p , , ~s a,~. r ; ,  ,, a, .  .‘.g cv, 1 , ,, ~~~~ ~~~~~~~~~ as

- , - - -‘ t a x  . . . .u,,~~il :c: , ,,, SItu ‘.5 ,iO . ,05O , t ,t ~~ t : . c ’Q so ;’,’ , t O C  ‘.; , ‘S, l :l . o ; t  C’. , .,,4 ,

- - -:,~ 1 du e o’ :iIue ;; ce t h at i.as or. It o’S a t  Inc  1 , “: 100,11 .ot t . t - ,oc- .’ . ‘:o: S - ‘

3 t , , , ’ ,~ ., ’j l  a of t i l e  f ir i : . t ;a s s  of the  value  ~~~~‘) 
. i~’,o’:.. em ,Iuc  l:;::~~c; -,c , ,, , , , v

,,.~ ‘. at  t ,  to p . ,  ~~~ a t L ,

,‘I~~ :; ,oIt ;i’ ,’LI dt : .~ng , -s a :’e v O l  V tOt ’ .s~~’.’- ’ t o ,:-,- ,‘ ,.r , x t L’l’ O I . l \ ’  S 5’s ’.’ t ’ , l . , t , —

~;.t ~~-c t .~, ,;s t S t l~ ’C~ ’t ;~~ t va  i , ,’r ’s,ot’:s i .ov ~ ’ net-t ’.  ,- ; :ea c’S . . 5  so ,  0. t ou r  ;tu e , :
- ..:~~;c , - S P I ’CO , I : t  .~ i h  . : lfI , ,ct ;cc ;;  ,o ~ ll  lo~ :,t ’.,o t-t~, —~~~t I , I t~ : ’.;I’ 0 , - ’ .  t , I . I 1 ,C , . , ., ’ . C’s ’  5-

fa l l  mess arc , St.b~.ec t ;ct ’,t el ,~.o~,es cvI t l  - ~~‘; ‘as, ~iY Pc • ‘sd a,. . a .’.,. ;, , .  I’S :,

~ as~’, s tu t ot ; s ’cii,v appi ’oact ;, -’.’ r t n t t ; ’  c”,’ a :” .\- ,;, ’rc .

S’ t e  s~,, ’ J t , iCj 3 i l  L’I C t l t C ’s .1’, s I C  050: ,t ,ac.to:;a l , Eg . 
~~ 

, 0 i\  - - - I ’

to .~ve te rms  in  t he  n~ et .u t tlg ecu at i o r i , di’ . v .7) . S’t;ese :tva cat,a:-.

os~ ; .t to teo  can ne in cl t :ue , 1 ti ; toe ‘.ort ott , ’.’soo~ Or \ \ ‘CiO ,;ico :’, ea, ,c :  .

~t ;c l t i o, o t ;  r e q u i re s  the impo sit i on  of a si,.,aoIe pro, ;;’,-’ss facto :’ i~; sl ’ .C

c o e f f 5 c l e n t  of each e s t i m a te .

The I~~piacian re 1’t I ;s Soya  OC cri o it stj c ’S  ;‘roa: t h e  o le ; ’ . u in c  Pt’ cvc .~ .,--c.

spreading process for  severa l reasons :

a. Inclus~ot’. ot the  f ive  ~siploc.s.; s’.t’.ts- ~ lt ~ ost  ctoun ~cs I t o
cortlputationa ’i tvor per pass.

0. Tile L~ pi~ ci~~ tor t’s call, :,b nlc a b s o l u t e  :~‘s o l u t i o t ’ .  a ’.  a s i acv c , ’

pace tha n do th e s inc l e—di t fer o i ;c e  0110 0 0 , 1 0.0 — ,; 1 1 1 ~‘le 0Cc ‘.,- it :t s .

c. The Laplacian ii’.:ol’:;;atlon can be iriclisted ifl a :it’.a~ SL pp lC ;;;CI ;’ .,:, .
blend ing i r i  WIlic ,;  a lt  progress ractors are set to un:ty.

_ _  - 
‘,~~~~~

_ -L.~~~~
’_: -
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u .  P:c lualo: l  of the  L - s ,: t u c i a n  tos s e’s. j les f ’~r ; ; u lo ’ . . ”n  , .n ’.,
‘a, ..~- of ~~:t ~ ff o c ; ive ap’S :oxitnat ’so  ;-~~ the  ron -al t ’s ’.’. rc- ,i aa i t l t ’i  

* -‘NCOJ .’,t t i O t u , “2 , it ’s • ‘I S t  or. L Ci~;’t .i ) t , s , s~~ti~ i,s i ’P,,sS .

‘11.0 t l t ’,al  n~ s_’r . t t in-~ o pe r a t t o n  for : r Ic sU c i n q  L SP S UC ’s I ’ :  i i ’ : s OCO t S S C t’s

(i’s;,, c. above) resembles ,St i  .5O~ sc~tcro e used p:cv~ou siy  in cur t a in  F’s

ar t a ty ses  suco as sea—l ev e ’  p 5 . it O c.  itS usc- 1 . 0 1 0 , , , U V I CVC I , iS 0017 t a :  ‘ 
-

“ ;:t’:,s,’.,r,o t Ou c t . CS ” to t o  Os000 t - ’.4 s-s’st iot ’: o st C l n O’S  ,~y wc’;g n t c - u

spread ;rs:; It iS 00 ecot ’.on ;t cal roothoci t om ac lu tog  th e  LOSlO Ot ’ .- ;’: it’:’. -s:,:.,.’..on.

~lo ro .00-a . biases remain ;  none are tO ’ .r o ’Succ ’S by extraneous f t t ’~ t gu c - s n e s.

‘S’.c’ L~ ulac5stt i r 5 f o r t t’i a t ion  is in t ro duced g ’ r acu a l ly .  Loch fu l l  pass a: the

array is maci c in te rms of five su bsets to pr o -hu co an accelerated form of

a t t ’t’.u ta , ;eo ,s d i sp l acemen t .  In toe case or s e a— l ev e l  press-arc , the  over—
;‘u ’sxc,t iöf l  f a c t o r , , is set less tt ’,ar . I in cac ss:iai passes , r i s in g  in

the scc~~ence £ = 0.3 , 0 . 6 , 1.0 , 1 .2 , on ’S c5I’:t~ t ’:a~ t’lg’ a t  1.5 wtS; the  f~~ti’.

pass.

Basic to the FIB methodology is the fIeld of A *__ an absolute  measu ;’s
or toe analysis variance. The combinee wei g h t , S2 ,~ , of inc iOt0i

1n:ors~,a :j o t .  ciuC to Qrr lve at grid point ~~~ does not represent ir .’.orma:tort

which is comple te ly  independent . Only the contr ibut ion provided by A 2
is known to be independent; the additional weight, S 2 

~ 
- A 2 ,~~,

represents , at least to some degree , a feedback of toe A 2 ,~ contribution.

It may be concluded th at

A 2~~ ~~~~ < S2~~ . (55)

In developing a simplified approximation to A* , it is it -.lpoi-tan: to

keep two consideration s in mind :
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a.  ‘ i ’ ih ’ a ppi ox I m a t  t ‘ f l  :; h ’u ,i i s , ’ L , ’ } l s ’ ; ,  ‘ i i t  - i • c c  o: l i t , ’ :, I k - r I  I t .  if

t I I , i , ’ l ’ , ’ i ; , ; s ’ i t  i t i 1.~ i t , t , i , t ~~-n  t i ’s l  1 , 1: : ,s,’ t, .t l v b,- ,-i ; ‘;~ d , ‘ t - , t 1 ’1

cv , ’ i~~ i i  ~‘ ,i t ’, ’s ii i’; , i i i  I I;c :; 
~~
,‘,‘ ; f t c ’S  ‘ l i i  01 k s’s ;I, - 5  , 0 iV . ; ; -  —

t l i , ’ S o l u t l o l l  ‘ 

-

- ,k -
I ’ . An oc’~’~ s ’:O 1111.0 t o n  0l A 1;: 1) 1 , ’ :  , ‘l ~~~ ,. S l t; ’s’ i ;  t 1 ,~ -cc ’ , ,  i t , ; ;  s O

of t s ’I ’ ’ t l : ’  . U i ’ . s i s ’ t s ’ ; - l  1, 11,0 5. ’.t ,‘,,, :, - : ; t I l l  i l  I s ’ , ’,’ , 1~~~O 01 . 0, ) , ,

‘ I ;. • 
p

-4 ,
j . t ~ ‘ 1 i L ’s~~ ‘t I t 1 , ’ ; I ’ , ’ ~~~~ , ‘ .‘i0 .,15 ’ t , 5  1 l s ’I’ - :0 1 1 1 , 1 1 : :  i , I k ’ i ’ I . ,d - ’, ’ . ‘‘ . ‘  - -- - ‘ - - :1

1, , ’ i t i l l I : ;  ‘\~~‘ic:: :; ,’, l  i sv  5.  g s : ’ )  . :\,‘,‘ o ; , i t l ; - :  I . ’  t ,~ ;: s ’,’oI5i  ,‘, ‘ t t : : i , : , ’t , , .

t h ; ; ;  t i a l  ~‘cv i i i . ;  ‘s va 1 11,1 ‘i ’tc  1 0 0, 1 11;: a i t  l, ’cc’ , -; ‘.1 . , ’ i t : ) ’,O - l ’ 1 ’s  t I l l ’ S  ‘II A’. : --

A 2 :’: 
- A .  ~; , . god

‘i ’~~s ’ u p p~ ’i bound on can i s , ’ br o u , :b t  ,,0t V i t  s ’\’ ,’i I  ‘ aw~ - , n -~

1 I ’ i i I O V , l  1 01 : I i , ’ ~l i r eeL s ’,’,iisa, 1-. 01 i n  ~‘r t ; ; o ;  Ot t  Lb i ’  ‘U’ Il t h e  t ~~~, i i t ~ 
- i 0.1, ’,’

c; ~,it,, I s ’:. . ‘ I I I  15 o ’sht iccu i i p u , ’r bo~~i i ,j  i r av 1, 1, ’,’; , l ; ~i0  Ic , , t , i , ’,: t1.1 I s ’

~ij ’ t ) i o X i m a t  t o l l  to , \ .  T u e  0t’ i i t l l ~~,I I ; ;  ,uc’ ,’n by L5 . t I ’7)

h~~’eV ahKlt ion an d rc~& ’Ct 1 01) 01 r c h i s ’I I : ;  1:; , i , ’SCl  i I ~ 5 ’, i I l l  b , ’s ’t l s ’ i l  ‘~ . 
-

•-~~1—

_____  
-‘-5 ‘. - -5-~~~~~~~



-‘-~~~~~~~~“ --‘ ~~~~ r’r “ - ‘
~~~~
‘“  _“ _ “ —‘ -,r--~~~~~rr

- ’ - ____

j t ,:~~~ ~
‘
~“~~‘:~~ j ~l , ‘

,
~~ ~~

“
~~~~‘ - i  T~~~~~~~

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

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

-
I a

~:ñ ~~ :-t ~ i.
’ 

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

- 

~:,
,,: “- ~~~~~~~~~~~~~~~~

- 

I t .~, l  ~~ ‘ :l , ”l ‘ 1  
- 

~ :H
- Ij, ~~~~~~ 

l I ~~~~~~~~ , ,  ~~~ I - 1 , ” I - 1  
- 

~~~~~ I

- 
~~~ “ ,o-- 1) 1 ,“ ‘  

/ ~ ,‘S 
: ,

II
, ,,,~~~~~~~

‘
f 1 : ’t — l  b . ,, ‘‘~~, “l ‘ I i  ~~~‘ - • l ” i  I I ,, 

‘ ‘ c ”  
/

~~~~
•‘ 

- 

b e ... 
¼ 5 T h ) )  - 

- -  1 f , ” ’ ,’

,
~~ 

s , ”: . t ’~~~..: i ”: I’ ,,, ~~~~~~~~~~~~ 
t ,

- 

~~~ 
, ;~- l~ 

~~~~~~ ~~~~~~~ 
- 

~

‘
:~,,

‘
.:

“

0 ,-\ ,,, ~. ~~~~ ,,

‘u’h ~’ . l i ’ i ’ i l , ’. l t l s ’ i l  01 ,
~,:. ~l’ , ’~ l s ’, l i I I l , ’:, - ,t\’IO ,l ,S, - t l s ’ l , i s a.

II  s ’ t l I  I l l , ’ a i t ’t l , l  1 1 1 . 1  . ‘V tv , . l I l t ~~’~ l 
~‘ ‘ ‘. 1 , ; :  1’,.~~. . \ :- .l ’,l ,‘\ ~~,“SI c I l l  1 i , ’ ~~1 0. 1 , . .5

~‘nl ~’ Q t i \ )  
c v l i l , ’li t t  .11: 1, ’ l b s ’S I f l  t ’ l , t , ’ , ’ s ’: S I”  I 

~ t I ’,, ’ : :t ; : : .  Ia ’ ;  ‘ ‘I
1.:. (‘Ii , h~ , 1:i ~~~~~~ 11,11, ’ , t~~l , ‘l 0 :. b b s ’11 hi li t ’ i t .  ‘ .11 101 ~~~~~~~

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



A~id i t  io~’.,i 1 i t ’ . oi oat  ion ,‘O I l , O - F l l I t ’ . , I  ; t\ \ : - :

•\s not t~~ad out  s’ar l i o t ’ t he  1.1 1 , t C I , , , t I a . , t t ~ ’ L u l l  Pc’ t i ; c l t i , , o , ,  in t i ; 5 ’

P lan ’S in~i— h y — W c  ‘sit L c d — S p :  ,‘,~,‘,i 1fl . t  (~ wS) p 1 ~cc;; S . ‘~‘he i O t ’O , U  L t 1~~’1i 15 1

‘ S i l t  ~cu I: . Pta lus ion , 1low&,’v~,-r , ma kes cv, -: y t act ’ c0 I ott;: ’. of 01,- illS II .0 loss

diagon , i  h l y  d om i n a n t  and this  s iocc’s t h c  RW S process .  \V, ’ ha y , ’ ,ics I g i t e d

t h e  solut ion pieces s to use the f e a t u r e s  of P\-\ ’S s i t’S  ScD R to be st  a u \ ’ a I  ,a ~~ - - :

A fet c’ sets of success n-c a lter ;’..’.t i : lo— ’S~ re ct iof l  ( i . e .  , a l t c rn ,’.t u ;c

p,~ ssos of P\VS ,t ie fo l locve , i  by a r ow passes  of ‘.10’S. A Sc;c , ’Ic,; ‘‘0. 1 , 5:

,i nu  an o\ ’ cr — l e i ax a t i c i fl t a c to r  cv i ; I C I I  chai ’.oc ; 0 1 1  ~~.iS ; t  to  p,l: s , . i c  u 5~~ ,, in

. I t o  ss,b’S s ta ca .  S a c o n d— a n u— a i g h a r — o r c i c r  S,- - ,t ,: p,” . g .  , toe  L~~p lao l a o )  a ; ,

0111 i t  ted it ’. t he  PWS stag e.  .-\ 11  te: ;~;s at
_
c ‘sal u’S ad in tI ’.e 5CR sta cc .

- - -
110 ,‘ U e C’  ot ex a q g cr s t u t , 1  fi i i ’.  ~~~ct t  ,ICl ’,I,iOtl W,1S t l lv, ’ s L i c , i s ,  ,,

in 1 ho Context of  R e f .  [2] , in the  app 1 lea ’. cl; of L I e  i’IP Inc Li t o , ;  o lacy  to t i t a

~ i ’~’Cs ’55ii ts i  Of sa id l A o  ;:~u l I i — c i t s i : n a h  S C O 1 I I I ! n ‘ . — i ,~ , i ; om o t , ’r ~‘a ,I  ,aIS’ i ’S so,

t I ; e d Ia ,jnos is of cle ar —c o lu inn i’ad ia nec ca mpaI’.,’ nt s . The i l ’.crcI ;t ,-nl  a l  it :~ nc’o-.

of S , tocvar , i  + 1 , can be s in ’.p ly in c rea se ’S , for  example , by r eplac:i ;~:

,a w t t ; ;  1. 1 ~ ‘ 1 , each t ime  $ is r~’ca l cu la tcd .  This  t~el i b l e l n a n l  \v a o

I O U  n’S to increa SC the effect iveness  of tb a P\-\ ’S p r o c e s s  . ,\ ‘oo’.I;er re 11110:;, II -

wh ~eh was introduced in R e f .  [2] is t i le  USC of passes in wit ici ’i e i t l t c r ’5hc

P\\ ’S or the SOR a l g o r i t o t u  Is usa ’S at a gt - id —p o ~i;t b eat  ion , dapen d i no 01’. .l;c

value of ~ at tilat location . Once ~ has at tained a prescribed y S l i t , ’ ,

is jumped to ~l , and the a l g o r i t h m  of use switches ft -em BWS ‘s SC’S

for t It a l qrid—point location in all  succeed ing  pas ses • ‘the  use of t hese  tcvo

ref inements  in the present context , n oweyel ’ , would ,ie foa~ l i :e u s e f u l ,

expedient approximation for A* that is a ff or ded  by Eq. (57) .  The

“reevaluation” component , discussed in Section 4.5 , depe nds on a ‘:005

approximation of A* at every grid -point location.

-- —________ .
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A ‘0 1  I , ’l i l  11, 1 I , ’ St  ,‘, t , l  15’ al,;,’ , l \  . 1 , , )  l~ - .ot ’ ; : , -~ ,~; a; 1 1 , 1  t o  a t , ‘ :  - L I , , . ,,  - -~~ ,

wc l . 1 I O  ,,‘,‘t i ,‘,,~,lO1 ,; tf l~ 1 t O c,1c1’5 e ls ’ , ; t5 ’t ;t  0: 0.i,’,I ,..,,;,,, - ., ‘t 11 t h , - 1 ) ; , t ’s ,’ , .

-s - , - ‘ ‘ 55O ’St i l , t i , , . , . O I  is , i ;~— t o tov  A I S , L , 1 , L ,  o i’ , . . . v~ ,‘, ‘s a , - c ; , : .., 
~~,;

,,: each  , i t ’1 ,j~~ ),’l t ’ . l  ls ’c ,it  ls ) t . \ \  0 i O i l l , I - i L  t I i , ~ , c . , ’S s’I 1 ,1 1 i , t L ’ 5 1 , 1 : - ’, ;

cva t g n t s  ,~rc i’,Ot  mca~~ut ’~ - :~ of  oo;~ -p , ’ u ;a n,  \\ ‘~~ ‘ . ,‘ -,; ,..
~~

‘ y , -,t e ;n0a ; :u ;’,’s ,1I li, ~

.01)’,l;OII,’s:l O ti ’s Ols ’i’,,i~’,l i ’. ’ ,t l t ~~OiI  t O t  ,‘ , t , ’ ,t ,, ‘, ‘ t s ’1-~~ L ’ ih1 10k; ,‘o’II,,’I l l  . \ \  C

I ’ . , , V O t c l ;aa , ,  t I l t s  ,;Oi ’. ,’i d l I t I , ’I I ;o , I  111, ’ “ S ’ . i I l . i t ’ s s  l ,R ’ , i l , ) ,I ”

IRe St i .  i t i ~,SiS ,\ u ’t l i , ) , j  0. st , t ’s  S i n ’  p h , ’ tO ~~~~~~~~~ L ’ . ‘.‘, lP S , ’ ’, ’ Ic r
s O,, , O .~~1s ‘ t O. 1. cc’ ,’ cc’ .~. I t  tO e : , ’ . t  l , O s ’ 0 ,‘o:i 05 Sc:1’S t l ; S : Is) I t S ’ t ’c ;;t t  I -

- - -  , - ‘.0,1. ;  ‘~~~~s . 0 ’t , ’ i t Cc’ d l, -I’,, ,’l’.L is . • In  tI ’s01’~ ’ t I e  ~~~~~~~~~~~~~ 1fl\’ , ’ .\’ , ’;. c,1 ~~~~~

c o t l t p l , ’Ic now s o l u l o ’t ;  ~.t t l i js ’c; ,51l\’ Lo a .111 ,’. ,’ c l t , l a - : , ’ , ~ 1’ , a; I ; , ,

, - O , ’1 1’. .t  v~ ,, ‘ , o • , of I I ’ . , i t  e lc;l .c11 . At~’ ,‘or ;, ’s no ;: ,j ;m;  cv, - l - 1 t 1 ;  , P .  
-A ,

” -5 ,’ .

not  ,‘ , :,, I1~~:, ‘ ,i . h a t  the  ch at ’s,’ in the  :t, ’cv :0’ 1O~ ~01’, 101’ 1 i’.e a l, - t ::c;t

s ’\~~’ , tO ’  1’, ’,I Ot’ 5 0 .  .

‘S
,‘r’i acco~ nance witt’i t he F IR lnc l t \ - a ,;olc- ,l\’ , P . 

- is it r~’ on by
A ,”, -

5 1) , - -

13
‘5b , 2 , ”:

N o te  th~ s h ’.ritv in fot’o ; \c ’itl ; 1 g .  (3 5).

i t  wou ld  s 0,’ i t t  tha t  t h , ’ S I t  f l i t a s  ~ Ia ,  tO ’S sb : ott Li at ; lv Pa a t’~ t i c ,; to a

v er y  a c c ur a t e  s o l u t i o n  of th e  b lend s -S Sy s t O l l i  of s’guat ions . I occ’cvcl’ Ii ; ;s

regu ii ’e~u et ’t t  can easi ly  be c i r c ut l bv c n t ad  . IRe ral it ls  toes s of the  so l u t i o n

,io pe ild S onl y on t h e  input we i” .l ’ . Is of a l l  COil ‘5t ’ ibu  t tO ilS of ,i S :~ ,‘ t S  b i , ”S

ii; icr tnat  ion .  The r ot~u ~ 1 l’.e5~; ~5 111,3 epcl’.,l an t 01’ 
~1 I i  I s”i ’C I l’s \ ‘,l 1 Uc S  .

,‘xac l  t i let i , ’ .ed s,~ ,u t t o n  ,l: the ,) , l S I S  l o t ’ , 1 p pt i , ’. l L l ~~I1 01 th~ St I I l t l c : 1 5  l’Ss’ I , la ,t

is th a i , ’ fore a lways at Pst ’.d : By set t  In c  a l l  ‘at ’ c i t ’a; v a l ues  
~~~ u a l  10 ;t a r o

Inc blended solution is q ivet ~ ex ac l  ly  1w a ; :et ’o Id, ’ 1,1 . , -\ s ri ;u’;Ih e t ’

tn ’ip hif ic a i tOl l , the f in i te  change imposed on ,lfl ,‘I e i l i e l l t  , s,j v on b .  ,. 
= 0

is chosen to mak e ôb L , , B . ~, 1 . [if the  value  of b ,  happens to no

— S I _i —

. - - ------- ~~~~~ - - - ~~~
- ‘ _

~~~~~~~~~~~~~~~~~~~~~~~ -



aoi ’o the n it is S imp ly  ct’s t~ , ;  c’S to u f i n .  La v ,  it ,, - , a . g.  , o:;,’ . ‘i ’ Va I ; ,

t o ns  t t l ;u t ’ .  be s t ioir ,1cied ~r o:l ’. th e  v al ue  Of B~ t i ;a ’ .  es u i t s  .] in pr,; a ,  .Cc

the  zero so lu t ion  is rev i sL”S as a r a su lt  of the e lc tt ’. c i ’.t ch , 5 o - ;a  o n i t - ’ I t ,  ‘ .1 ; , -

ambie nce of t i c  element . The extent  of this  amb ien t  region dcp c -: ’., i ’. ;  on
th e desired degree of accuracy and on the amb;en t  densi ty of i : lfor l l .a  110;’. it ;

para m et er  assembl ies .

The S t i f f t l o s s  Method ‘s not u t i h f o c ’ S  in routine applications 0I_- CSUI : ,-

it is very expensiv e in terms of computations . It is to be r~ so~~’s’S fo r
speci,t l applications in which resul tant  we igh t s  are especially re l ev on , — —
such as in evaluations of measurements  obt a lnud  fr ont sa~el l~’s 500501’

systems .
JS
r-.~3.5.4 Boundary Treatment

Figure 6 shows the area module SSSOOiO t C , j  w i th  an a r b . ’. ’s r y  , t ’ i , ,

p0111 1 2 , ”: of a two— dimensj o , ’.al  ortl ’.ogona l ,ii ’S,.V of size 1.x~’S r :r, ’S pa- I ; : ; ; .

F ur o ‘J shows the symbols and suoscripts for the  c~~, ht  i l ’ . I O I ’i l I ’ . i i ; O I ’.— CL’ ., I c t .t s

referred to the 2 , ”; grid point . The shape parameters are c.efined by F c j 5 .

(38) to (44) .  The boundary of the L , M grid may  be accommodated in a very
simple manner——at  any arbitrary grid point the weight of any informat ion—
element which extends outsi de the gr id,  or which is undefined , is set to
ze ro.

H owever internal  boundaries may also exist within the an alysis
region . For example in the analysis of oceanogra phic pa ramete rs suc h as

SST , interna l boun daries are provided by coastlines . The repre scrito ’.io:-.
and effects on the analysis of int ernal boundaries is discussed in the

following Section.
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3 . 6  Spati al Cn’,’, t t  ij nc , ’ - )t : : : s io ia t t o t :

Ii ’. d.c con text  of cnv~ ro~’.menta 1  ,t io~ lY ; 1, ’;- 1 cv ; 1 i, ’i ’. Ut A inc  it gr l , 1 ,

spatia l covai t a t ~ice may be usod to express it  at’.’ sit’, ‘Ita l y a Ci’.~ m ,~ is ’. I. a

o aj ec t —p arameter  value at one grid point a f f e c t s  I l te  va lue  at  a not h c~’ g r i ’S

p0 Ii ’.’..

A FIb  analys is  uses es ’.i ;t :, ’.Ia s ot ’ the object  p ai ’an ;, - ’. ,’r to , a t h c r v, .~h

f i r s t — d i f f er e n c e  e s t i m a t e s  to propagate tile oA5 -ct of an obsei -v , i t  tot ; in a l l

d i rect ions , the sLreI ’ .g t i ’ .  of t l ’.e Pi’OP,lit , l t iO t  depci’.~.inq On the  w a , - - h , ,

associated wi th  the  f i r st — , h t i f c r c i ; c c  e s L l i t i, i ta s  . It can be seen t h a t  t l . , ’s , ’
we t q i ’ . t s  , in e f f e c t , cont rol iRe s p a t i a l  covar t , I t t cc  be tw een .  cori ’c’s ~)0 0,; 1.0,

cu i i i  P OIOLS (see Fi g . ‘3) . In ana lyses  of oc, - a o o 5 t i . , ;p it  to  at’.,. m ar i n e

~ a ; l i t l t O t O i ’5 it is tea l is tic  to res t r ic t  the ni Opa, a t  Oil of in i , - r ’,tta t .0it 1 S C ;  0, ; ; ;

land bar r ie r s . This is particularly mp ort ,u ’ . t  in the  case of ~~Ct I l  111-I _I I , i t 1,i

i s t h m i  which  separate d i f f e ren t  water  tn a s s 5 ’s . Tot’ examp le , in t h e  v i c i n ; t y

of PS 11511-ia , t i  e At lant ic  SST 011,11 ~~5 is s i tcu  I ’S not p; - ’p 5t “ ste  in fot ’t; i ,~, ,O1 ’. i t ; :  it

t n c  Pacif ic  and vice versa; the water  m,isses arc i t- ide pen d on i  ai;’S so

th er efore should be the parameters which are measures  of their  p i ’.ysical

state .

In essence the propagation of ii; ioril;,ttioit acros s l an d/ sea

interfaces may be prevented by sett in g gi ’a ’Sient wcigl ts equa l to ;;o~-0 wh e re

the geographical dispositions of t i - i c  f i t l i t e— d i f f e r o n c e  expressions for the

gradient magnitudes at any grid point invo lve a land/sea boundary.  Thi s

process is termed Spatial Cova r iance Dissocation (SOD ) .

Consider an anal ysis re gion covered by an analys is  grid of size

LxM. Using a hi gh—resolut ion bat ’.S/ sea t ab ic  an “ SA D  f i e l d ”  rosy 01.’

constructed which shows , for an y  arbitrary itid’S point £ , “: , w h el h er  01 Ca t

there is s ignif icant  land interruption between 2 , ”; a nd 2- , ”; +1 ai’.c - oi ’ - -

between 2 ,”; and 2+ 1 , ’~ (see Fiq . 0) .  Tile SOD parameter at each s o t ’ S

point consists of two bits . The firs t bit it ’.dicoles land (1) or no land (0)
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‘ao tcc ’coil 1 , “ and I ,“; ‘ 1 ; L i l a  second bit  l i s t  ,,‘s ta l l  l s ;nd ( 1) or no 1; ..s ’S ~O)

0, - Lcc’oen 2 , ”; and I~-1 , “ . 1’ lt ’ ’,;’.’e 10,1 sh ,a c ’.’, - s,,r ; Of ,t1t r t . s a l ’ ~’ . :is i , 5oc t c’. . , , . i a

cc’ . ; i an  is located an island (si ;ocv t ’. by s h , l ’ S t t l -  - )  . t ’ . gu rc  lob  shocv; ;  ,s;;

a s soci , l t e, i  SOD fie ld . The solid l in es in  F.~3 . I do 1l ccv tI: e cl -Cad

(di sso c ia te d )  connection s caus ca  by t oo  t ;; ,,,,;, • i ’ i~ ,~ ;r c 1 Oc 1.1 sw,’, : t h e  .;,,n. , .-

j S Ian , j  located wi th i n an at ’.,, I y s,s  g; .o cvi- ,), ,- g; ’ .,;~~n o l r t t s i ’sc.ns :  :s . .~ . i ,  .a,~.

ollowl; a’. Fig .  l Oa .  Figure 10’S shows a:; ~ Ci)  t ic l , i  a ssoctot o ’S  ‘,cot , .

Fig. lOc.

The I;’. a l i ’,o’S for a r r iv ing  a t an SOD , 5 a i ’S  ,t e l .c : tbL-J above is it boo ;c

:ilc tooci on ly——in  prac t ice  t i le  ISa thO , l  is ;I ;Ot ’a ;,, -nI ,  s l i  , sC , jLCu . ‘l’ i:e 1, 0’S/rOsa

ii; i’s)i’ma t 5ot ’. is used to dc r tve  a ma L t ’t X  C OO S . ; , , ;  I t s ;  of t at ’. rows of t a r ,  lo , ; - ; fc- r

each t n odu lc  of toe a na lys t s  gi ’~’S. Fad ; to, .s 1 .C,  Os 1 (lsi ;’S) o.’ 0 (cc’;,,e;’) .

‘Ide b its then  are examined to iteicri ;’.  inc Id ;a SO- A F’ao;;oc’~er ~.ppt ’op:i,o , r O

,l t’.v arcs module . The objective ru le s  uo , -’S to c l a s s i f y  mo du l es  are  ,;s

follows:

1. FOUR-WAY DISSO CIATiON

If a modular area centered on a grid ~ 0 tf l i  ~s entirely ian’S tact ; t he

grid point is dissociated (closed) in all fon t ’ l ink s:

I

I i

- _ _  .~~~~~~~~~~~~~~~~ . 0’



L~
(a) (b )

0 , 0 0 , 0 0 , 0
0 

0 

:°: 

H

Cc) Cd)

0 , 0 0 , 0 0 , 0 0 , 0 0 , 0

: ,~: : : 
~~~~~~~~~~~~~~~~~~~~~~~ ~ :~~~

______ 
0 0 

o~ l___ 1,~l__~j l __ o~ o 0, 0

0 0 
o~ o 1 ~~~~~~~~~ o o ~ 0

0 0 0 ~~ 0 , 0  i 10 d~ 0 , 0

FIgure 10 (a) and Cc) show the same island locat ed wi th in  tcvo an a l y sI s
grids , one having half the grid spa cing of the o the r .  (b) and
(d) show the SOD fields for (a) at ;d (c) r espectively.  Solid
lines show the connections which , due to the island , are
closed to the flow of information . The flow is l imi t e d  to the
open links around the Island .
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2 .  Oi’[.\

if  a m odular area centered midway oe:cvcL ’ .’. two g rid po in t s  t ’.a~ a ;;

of the S center lines ( i . e . ,  rows or columns of b i t s )  open , t i l e  connection
between th e two points shou ld be a ssoci~ :ed (open) :

i ~ot’ inoi ’.ta l  Case \-‘ L- ; ’L t C s , l  C~ sc

ba sed on this  rule , il ;a ce1;tcr gi ld ~ 0 ii ’ .L 01 Frg . lOa soct ;  i,’. .,, , c- ,

two l;n~cs closed and two open——th e apwor ,: .t n , - a nal toe li nk to t , ;c t

3. CLOSED

a. If a modular a rca cat ’.  taOs ’S ,n ~,ic\’a y be ,cveci ’. ,c’.’o a r~d p0 i t ; , o ,:,.~
-,

the 5 c e n ter  hoes al l  closed • t act ’.  tha ;cvo cet l t c i ’ po1n t. ; .:I ; c l . I ’S

be dissociated :

H ori z ot ’.ta  1 Case Ver t ica l  Co se

_________ 
H, ;I I I

I j  I__LLJ, i i

b . If any interior line is completely closed and both module  P’~~0ts

are sea then center points should be ciissoci , ; ,ori :

Horizontal Case V e i L i c i t l  Case

rnTnhlml
I 

~~~ 
water at, both ______

- “- — ,_ L,.,_,~~~_ - ,,,.A ~~~~~~ -‘~‘‘~‘~---.-‘ —



-

~~~~~~~~~~

4.  U . \ ’SFSOLV ED

All grid—point connections not resolved by rules 1—3 SI’e ut ;Ossoivss,, .

Using these objective rules and subjectiv e decisions where  app:’apr iuir e ,
the SOD field corresponding to Fig. lOc may be as follows :

0 ,0  0, 0 0 , 0 0, 0 0, 0
0 9 0 0 0

0 , 0 1~~1 0 , 0 0 , 3 0 , 0
0 6 p 0 0

0 , 0 0 , 1 0 , 0 0 , 0 0 , 0
0 0 1 0 3

0 , 0 0 , 0 1 1 0, 0 0 , 0
0 0 “? 0

I.-0 , 0 0 , 0  0 , 0  i ; 0  0 ’ O
0 0 0 6 0

Ti’.e solid lines connect grid points which are dissociated.

The generation of SOD fields is a semi—automated procedure for;;; ins

part of the overall capabilities of appropriate analysis  systems based on t O O

FIB methodology . Based on the rules given above the progra m (Ob~SCl3 )

automat ically classifies grid-point connections as closed , open or
unresolved . Output consists of the objective SOD fie ld and visual
information in plot and print form . Using th is  information SUBSOD is c t t l i , -’S
to update the SCD field for subjective decisions . Til e User may spec i fy
unresolved connections as open or closed and , in addition , may modify a’;
of the objectively—determined connections . A capa bility also exists for
specifying all unresolved connections as either open or closed . 

-
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— — -‘-—---, — —~~ — —
~~~~

,,--—.- .‘-‘-.“.———-‘,—.,.,-, ‘ - i -.—~~- _—_,~~.-..,, ,,, ,. _______

It w t ; l  i , ,t v , ’ b eet ; i ,o:c ’S L , : , i t  t ; : c  SC A p5~;a . ;t c .or  o n l y

Spec it ~cs cc’ , e t u c t  or not too t ..  s t — ,t i t ,  a rena , - ‘; ;rt,;  a - ; ,  cc- - . , : , : s  ,i ; , t ’, ,t  A

;; OWit a; F tc  . ‘3 sh ,tu  1,1 be set to nero. S ii;;pi o rules  ,.rc a pp 11, - ,t to b a,, 1

SOD para met e:  va lu e s  to ‘S,-:5 ’r .... :o- cvi ’,a t t : o t ’ 01’ na t ~.;c- r et l ; ,i i t ’ .  .11,:

~n for t r t a t toO— ;,  pre,id ii’.,; we t~;i : Is shoal, ;  be ac t  to ;;, -to .

it t  S Ot O C  C. ppl  i ca t  to ;’.;; i t  is ‘St -s . 1  ~ ale  to l’a.;ttca ;;p r coas i ’.,; \V~
rat ,; er t i t an  to aol  t o  on ; to  se ro—— i t ’. l 0t ’t l ;,it iOO ,IOc c ’ is :‘a~; t r  tc;  ,~- rt  r , t icr  t ; 1 ,.:;

s topped . Far example , in th c  case of S c a— l a \ ’ a l  p r e s sur e  a n a l y s e s , d :o

- -  f f c c t s  of terrain may be r e a l i s t i ca l ly  :‘ap :’e sent a, i  in ti ’.c at ;,’. I\’si: ;  b’s

r c s t r ic t i t ’ . g  the  f low of io f or n i a t i o n  bctwee:; \‘a I lcyS separ ,;ted P rnot ;t ;la ;t;

ran g e s .

\\‘i t l ;  regard to ,t CL ’a n o , ; L , i p ; ;t d  par s ;;:, ,, -; ‘a cvn, -rc SOD is ittt l; ; :,’,; 10

pi event to t o t  a .  t o t - i  f io cv  i t  t h e  ,t coat ’. dOl l ,  it;t.t.:;; to iot a ,  ~t u :  es by i,;t ’,, , ,,

“ 5 ,ept h  siep c: ’.,ict ’.I” SOD f i e ld  sho ,t  I ’S he use ’S.  For cxa;l:p .a \- va , -r , - ac’O
,io, -p ocr -at ’. has ,:;s are s epar ,i t , - , t  by ,~ r ~,1, ,- , the 11cc’.’ of in fort , ; , ;  t ; on fro;;:

one bits ti ;  to auto: ;~‘r a,j fl  be prev ct ; .o,i , fs.,— ,’.r ’,hc top of t i t a  r i , ;ga i n : at ’t ::,t - t o:;

t low could oe restricted r a t t ; e r  t ,- ’ia:’. prcv0:’.tce,, thus  taking account  ot - -
spillover from one basis- .o the other. 

1

The analysis al-iorithm rocogi ’.l; :as t t ;c  p resanca  of land in tat t;’.s of

the SOD paran ’.etei’— — if  two n.e t g t ; h or l i ’ . L ;  S ~~~ p o t ; ;  are d ts soc iat ed  .1; on Ian, .

ies oetween them ; no ii ’.to rtna t tort is a ire ;‘ to;s sea br ’twec;l tcc’o s;;c, ’- a sic.
points . The analysis of ocean ographic p, ramctc: ’s is invalt ’S w i t h t t ’ .  such

discontinuity regions .

‘As yet , depth dependent  SOD f i c l a .s (based on d c p t i t — v a i - t a h i , ’
lan ’S sea tables) are not used by th e iNp ,i ndeci Ocr-at ’. y I ;e t ’i u a l — S : : - ,t c .ut ’e

analysis system. It is hoped to incorporate th i s  capability in the  neat ’ I 

-

future .
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—.‘,-—,,———
~~~~

.‘—,—— ~~~~~~~~~~~ i=’I’_. — ‘I.I~~ 

-

For ,i i t V  , i ,’ .S i’s O~~S , t h e  n u t n h , -r ,~:‘.‘S a X . , ’;t , of ;i.t , , I iu  ~~ ‘s ; i0 1 a [ tct )a l ; ’Sa -

on tt ;c  , e S ) 1 t~t IO n , l l to t , i e , :  by toe , i t t o s V S l s  gu t , ;  si;o ; y  r l j : ’p ;op r ;t , t , - obj e ct i ve

, 5 t , d  ~;uo j e c t l ’~e t,~1 . - , l aecisiotos . I t g a r c  11 5;:, ’cvs ~t i e  I t t V, t l t , ,  i C s l i ~ ) iO tor t , , ,-

no, t . ;e : :1 i;e;;t~~ph ere on ,t 63x o3 a;;,, iv;o a sst ’ ,,i , po1O ; st a ;c -o :ra p t ;t c  l C i ” -j a c ,  to;; ,

a spa c i f lc , i  SC A ft c h i . (I ’l;c at:,’. I ys is a r t ’S , wrd ;  the  land ou Iht ;~~’S ,

si-.ocv:, in F tq . 12 on page 9 3 .)  - -

p
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Figure 11 Invalid areas for ana lys is  t .Oln . s ;  SCD wi;crc SOD axtan ’S ;;  c-var
water——Northern Hemisphere 03x 03 , polar st ereo graphic
proj ect ion .
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4 .  A SYn ’ F ~~ FOB ‘I ’ l l ’ S  ANAI.YSIb Ci’ Sh’;- ~: .si ’.dCE TE :~:l ’ 1I~~Y;’S ls ’S
IONS

4 . 1  Bo :c ’S-~c l t ~’t ;

Sec:tot ’.  2 dt scu s s c ’S, it ;  a ia r , :e iy  -,; ~, . l ,to , ,v  e i . t i , s e l  , sct. ’.c of the

Colt s .s;c:a:lo;;r ; to cc taco:; lt ; l u  ,,ccc ’r ,t ’.t ov to; ~~l : C C t L V O  a;to , ;’s5o svs.e-;:.
‘,‘ ;e Section ;:u,i tc vc p r i m a r y  objec:s.’c’ s — — ,o ~n st’~— ,, -, cr- ccrt ,it: ; Fib c’s:;ce , :to

~,aot ,ir,00C s t i t c -,; ;ei:;;inolo gy in an an’oresrto:,- c-stoex ; , and to i,;,i ’O,,u-C ,~
- a ; , ,  a of tI ;e pro air -t , ’.s  of d i t i t 1Y~Ott , ;  c it s ; r tb u ,5ons  of c :’tvtsc-o;-se,;~,A lt~~~, o -L t C r s

- I ‘.‘.‘. . i c t ;  050 .50 stove ’S by ti ;c obj cct .v c FI B ,,.;o ~y s i s  m, -t .. octo, ,j - , OUt \‘,‘S t i C O

ar c  s~ , . I , e , y  t , ,03r e’S cy suh~cciivc ~, t;a ;y ~~1s .,t o ,h , - ,,;, (sit ’S s o tn a  c-b ac..’se

- : methods)  cl t aer becaus e ‘Ste pt ’, ote t , ; s  are too ., ;;nso,atsie or ‘Srz~ tu

01 a’o’,,rcl ;ess on ti ;c par t  ot toe at o ,  yst

Section 3 pro vi ,icd , .t; a l a r ce ly  g ,.at;,..~ ..ve l;:,;:’.;;cs , col e: ~~B
oot ;cepts a:l,i i t S S D C l i t t O i j  f c - r r , t t s i a t  t on s  . it ’. a sense FIB is b~ sec. on one

fun ’SaI : :on ,a l  p : e m l s e — — t o a t  no p iece  of , :;fo:., :,,aat ; is c Ot o p i et e  \ ; ‘r , , ; on r  an.

ds- 500 , i t t a Cj  r c , i a . 5 i i~ :y . This premise , coupled ‘sr i , , ,  31’. a pp r c -ct s t~ ot; of t oe

c t ;c lr a ct r r i s t i c s  or ooserved ct i t ,0  ar.c. sin. i t pp cc t , t t i o t  of tt ;e purpose or ot;

~~
t ’ . u , Y S iS  and its resul tant  , p cr m 5 t s  ;t;e scr t vazte , ;  or o, 1 t orn ;u l a t ~ ot ;s g,ve;;

in Seczton 3.

Sections 2 and 3 do not in tn emsc:vcs  pt ’o\’~cle s,,;toc ,c,; : i: ;fc-st , :a~ c:;
to snow how FIB analyses of a par :icu1ar obj ec t  pa:’at t ’ .et ar may  he p :a,h,.cc,. .

a’5 a c ui t io n , many otner FIB concepts at;,; :orr,’.u1~~ttons  re :aa tn  to oe

introcucec . Tt ’.e most convert~e,;t way to s at t o r y  Oem 01 tncsc Ooj ec ;mv cs

is in the context of the FIB analysis oy s t e r ’ , for a p ar t i cu l a r  envir orm-,ent ,t I

par ameter.

When desianing  a sys t em for th e  at ; , ;Iy sto of a.’. object  pai’a:::ere.’,

the particular characteristics of that parameter t : ’.us t be ta- t a ;; i; ;,o

consideration. For example, even though based on the san-.e unste;’iy ;r .a

information-processing concepts , a sys tem for producing analyses of

— ‘ Jo—
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a— i c v ~~1 pressure Is not conv~ rwd to ~ ~js~~~r. :~ r ~~~ un~~:y:~~ 0

si ~~~~~~Cufl~ w ave — or~ h t  d ist r~uut io r ~s m u r u iy  iy  ~~U:) :~~~~t U t I f l ; One (i.~ tO S C .

:3r anoLn ~ r. A 11i3 anulys is  system t er~ fore :;;~~~i~ :e  d ;cr~~ ec~ in ter::.~

or a particular object parar :~eter . Se -~;ur ~~co :;~p~ r~iure n~ approp~~~i~
cn o~c e —— a F~3 sy s tem tor proci~ cI ng s c u — s ~i r . ~ ce : emp er e t i ir e  nr iu~y o~.

re~ative 1y uncomplicated and , ~n c r t ~on ,  n~~ ’ ~s one or the  para :;.etcr~
Cr~o~y~ ec uy tne Expanuec Cce~ n Ther:~al — ~~c~u~e ~~~~ onolys~~ sys~e;~..

~~is Secti on t ri erefore cesc~ioc .~ on SST a n~ysis system , wh~cn , in

Sections , is extend ed to encomp ess o~i p e r :.eters analy zee  oy 0T5 .

~i Owever , ~~i ; ~ Ou~~h spec~f~cally or ient ed  to~’:~ rd SST anolyses , so~~e

~n r o r m c i t t o n  also is proviaeo inc i l cat ing  how tC o concepts  presentea cnn

~e rn our:~ed for application to :ne analyst s  or otner environmental  pera nteter
1a ist r iou t ion s .

A r i B  ana lysis or SST consists or ~ne foll owing sequence or

operatio ns:

1. Preparation of the Parameter Init ia lization Fields.

2.  Assembly of new information .

3. Blending for sea—surface temperature .

4.  Computing the reliability field for blended SST .

5. Reevaluation and rejection .

6. Recycling .

Each step in this sequence is described below following a pre~imtnazy

discussion of the object scale of resolution and available sources of
information for ana lysis.

1For example , the FIB analysis system developed for horizontal-wind
field analysis differs considerably. There are two wind components per
module , and the spreading parameters include divergence and vorticity, key
elements In dynamic compounding (see caption Fig . 3).
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oosuo,’at5or .s Cave ocer. asse:.~ 1e~ at Cat ‘J ; ’_Ci p01 .11 .  bc’ lorO eaco ar .a.~’a.s

II.erc’:oro , T , A is comb inod w.on tuc  33,.cc, —35 , ra .oe ’cer 0.. 7 , A ,.0 0 0 0
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, ‘ 5 5 .5 ‘ S‘ss~ 1lcJ a very low U S S I O I C CI we l i jOl  :03 ~~~ . o.I’.3 )OiOt S £ •‘i Cc’ aSsc ’rI’.a:y

F ) f , c d w ore A
0 

>> A~ wil l  be v I r_ C a l l y  u.13 1cc.ed . fiovic ’v~~t IC 301 0,_C

w.’5ere A - Is very smal l , tri e cO,moirloLioIl Ot ‘
~ - OCl O j

* wIll  COO

which , in data—sp arse  reg ions ‘s”ii ll t onS tuwor d  tI l e  local clLrl ’m:ofo l,ca

valoe ‘2 . This is reasonable——if  no Ir lLor o’.a’LIon is OV3. _ Cole  tram recon~—
C

post observations the best es :lrrmtc of toe l’uprc ’sentat ive temperature is

proviaea by tIl e dis tant -past oascrvo ’I i o n s  US _ C i  to ser ive climatologica.

values.

4 . 5 . 2  The Data List and Remova l of Dup licates

Assume that the SST analyses , carried out every 24 hours , are for

OO Z and that analyses are run at 07Z. As explained previously (Section 4 . 3 )

ob servations other than those made at OOZ may be utilized in an ana lysis .
We shall  assume that all observations of SST made between OO Z +5 hour s
and OU Z —17 hours are used in the OOZ analysis . In th is way the possibi~i’1y
of using an observation more than once is avoided although , of cours e , we

may lose some data——for example , an observation made at OOZ but no:
received until 06Z will  not be included in any analysis if this simple

procedure is used to determine current observations for a OOZ analysis

‘The benefits of accruing information along the time axis were
described in Section 2; in particular see Fig. 3 and associated discussion .

practice a rather more involved procedure is followed to ensure ,
as far as possible , that all data is utilized . This is particularly important
for BT data because of the relatively small number of sub—surface

observations .
-105-
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A l l  CU1 ’i ’ C I l t  da ta is csl. . .IJilcd ill .’’ 3 CId ’s,~ 1.01 C C i l l s i i l  .• 11’ S0 ’ Cs10ss ’.L’

1_CC . 10110 Lor i l l— S i t u  OD SL ’1~~0t1O1 ’.0 1, luSO by 01._Cl,  u .l  ‘C~’rt o f a isj,’.su I V/u , .  C, ’j;

• ad? ooSei~’atic ~’.o Ci 0I~ a..
’ ru ’Coi’t i, , .10’.’, . ,,a,L’liiLC~~0C,’.V01, 5lU . . I  .

sec t ion  is ord orud oy t i m e  of O C S u : ’V O t t u ll  ,,Cc. 1)7 .s11 ,UC1C . £ . s i S  al ’,.,CI’., ’. ~

11 ,1:13’S 1110 adI t ec loo n ot dupi . ca tos  a sis ’.’C.c ,..,, ‘ssur . ~s’icil O u s C r v a 5 iCr l  II ,

c_ C l Ip _ C o I l  W i l i ’i toe one rol lowing it in t i l e  111100 l I S t .  Ii 111110 01 Ol)S055.’a~~ 0I1 ,

i o c, .t l or , ‘.l~ t ,/ iono)  and SS’2 v a l u u  are i1i0111.cuI 11100 ô Cs 55p i i C Ot O UX , S ’,a ,..’s ,i,

IS ~~j .Cl,iCU,0U :ror.’, the data 1_ Ct .  (in pr 5.ct.c~ 1.0 di’ uflO sat s’l i i tc’—5c~’,v u .

col.lp0000:s of t I l e  current data  1,;i 1 do 001 cu .’. .~~
, •.‘ c i . p h ca 5 c ’s .  BT c.~ .;

s ’ a O. i t Y  0011’IlC,.uu d u r i n g  (1010 collect .oI; Si , ~~~ CaI. ’.~~.lus1 ’3.1 Oi ’s,i’.C 0~ ..3

i~~St , 0110 100 1101-arc 01 sat e ll ite—der iva ’s ~n :a.”s’.ot.on prec .uucs uO’ ) i ,CC0

I r c ’p or t s .)

4 . 5 . 3  The Assel ’l’.oly Process S

s •s lp lest  lueulodi is to tahe  each ddT 0,,00’rVI,,,SIl III s I l O  C ’055us1,

~1313 l I s t , carry i t  to the nearest grid p01111, 0I1(~ assorr. ’ale 11 11110 :110 ‘1 3 A ,,

~~elo (see Soct ion 4. 5. 1). To ca rry an SS’i’ report to the  nearest  cjr 10i ‘Coin ; ,

ale obj ect parameter PIF ~T~~) is interpolated (non—lin early) to provide a

val ue at t i i e  location of the observation . The dif ference between :110’

l I l IO rp ola t ed  value and the station value is ti1c’a added to the value of 1~
st t ile nearest grid point . The res ult ing value is an estimate of SST
1,10 qr1c~ point provided by an observation mode ncc . r the grid point . 1

-

I 

value may the n be assembled at the same grid point in the T 0 , A 0 
f ie ld

- ‘ using the standard FIB rules for combining information. To assemble such

an est imate the associated reliability is required ; initially this may be

pr ovided by the class weight 2 ——see Section 3.1.

‘Special provisions are made for interpolating in til e presence of sri
SCD field .

weight may be modified during the reevaluation process (Section
4. 8) . Also , in some FIB applications (thouç, h not SST and EOTS) the a s so m h iy
weigh t is reduced as a function of the magnitude of the gradient in 1110 v I c i n i t y
of the report , th us reflecting the additiona l uncertainty caused by exir apo lat ion
in such regions. Other factors (such as land-station elevation for press’aro
reports) also may be taken Int o consideration when determining assembly w c i gh t s .
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Conside r the class of obscI~~o t1o11s S CO cl5~~s WO iSI l t  A
S ~

obse~vat ions in this  class ore a sscI l lb icd  at  a Gi ’1G point  the rs,’S’Uit i I lS \ V C i s’l l l t

is N -‘ 
A . Let \‘ _ be t110 111,lXll11tO’ll 3SSC11IOss.’O \‘,‘sO is ’111t .1 slslWCd duo to

.7
51S5s.’:l l J l y  of c l ass  S obse:’vot ior i s ,,;t the q:’ic. ~ 0ii11. (Vs

5 
is 1110 .~ ,i1l1I1lU, ,l

CII O I V CS va r l a l l c c .)  Tile ‘.ve1~~ll ’. 31  1110’ s751s.i p01111 l’OSUlt iflsl C’OS.l J a S s .’,Il O . \ - ’ 0.

N obse rvations 513~~ be l im i ted  t n u s :

/ 1
A I -‘t- — 1  (71, )

SN \ X A ~ V~~J‘ S  ~

where A . is the  l im~ toci Cor l loLflcd WC is ’l , lt . s I t  C51fl C0 SCCI ’l tha t  L’s,l . 1, 71)
1

adds C “ l imit ing variance ” , VS , at the c~~id po in t .)
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.,00011d 0110 , S3~~ , s t ~~~ IS . 5 1 it i C l l Z C L .  sy 50101115 T., , A , . = 0 ,0 ove:

~ ,“ . s11CILV”0 t101 50113515 CO Ill s” SC:1 10 0,00., ass  asse iaJLec l  111,0 1 , 5”5 .
~S a

.,.51I1s; .1100 assembly  process prcvioo. ,ly cc . sc l’:hcsl. ‘A’ .~en a ll  report s ~~
I l ls  C .CSS C O V e  50051 as~~ernn.cc.  an appro’Cl’ .ate 011.1111157 v a r i a nc e  is 0051 (0 .

to C C C I I  0510 point aria the resu lt inc j  t~e1os (objec~—p ar amete r  va .ue anc.

we~c h t )  are added into , A 0 . T5 A s is again ini t ial ized and usLl d 731’

til e assembly  of the next class ot reports . \\‘Ilen all reports b r  this Ci0S0

have been assembled a limiting variance is added and the resu lt ir .g fle.os

of object—parameter value and weight  are cor .lbined with the con~en zS of

A 0 . Repeating this process constitutes a “ st aged assembly ” . (‘I ”oc

resultant f ield provides T
N , A x fo r entry into the blending process. )  ~y

using this method the “sub—asse mblies ” of individua l reports in ,  th e i r
respectiv e classes , as well as the ful l  assembly of classes , can be

made in any order. In addit Ion an added OrIlic ing variance will effect
only its spec if i c  class , riot classes already assembled.

(The process of staged assembly facili tates til e wi thholding  of al l

report s belonging to a particular class. The withheld report s r em aIn  :n
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u i’511i s~~Oi S  IS 1.10’ O SS’ 3 0 ls .’s l e Cu 1103S :,s)~c1.
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b. As yet 050 !•tôS IlOt 1)0051 u l l y i’St’.llaiCl5,11, 511055l’Olli liiOl, 51115;

ut i l ized  in a specu t i c  O~~511C0 :iol1 511-0, 1 as s e a — S ’.I1’ I300

zer .lper aturc 31l51.yses. A descr.pt ion of SPA is npp :opc~a:e
in tnis  puo lication p r i m a r i ly  aecoose , III du e cou rse, it is

intended to ut i l ize A?A in the overall 55~’~’S analy s i s  S~~S1IO 11I .

In addition an outline of APA Iur lu l cr  demons t ra tes  the ir.iler eill

information processing capabl it t ios  of liP .

—130—

liii.., — 
, ,~~.

- , in,A 
- 

_.‘.,I~~~~~ 1” ” - 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-



- 
. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 7”~~ -~~~~ ””-’ ‘‘5’ 5’ . ‘ ‘ ~~~‘.—

4.  1 2 . 2 03111110 of API.

[‘ s..sllS . s , , ; I’ t ,,r cC s,.l1~’. 1y.)C0 , O s  tb,,s: 1 , T , s.,nd T rI , wi ,~~~~
‘ . . 101 ...

psirt of Oil sinS5 IyS 1S 5C ( IUO1I CC ’  . DsJPCfl(1 1111 ’, Ofl l:’;e obj ect : ( i s a I o c ’ 1 0r  0, 11,0

si ll,i 0/S is (in 11110 03 1; 0 Sof )  , ‘5513 lys iS 1.1.115,0 1 . 5 1 7  be SC’P l,i t ’OLC’U by 1155’. Os.... s

10111s; iIlg 100111 .1csurs to uoy s (or 5 ,V CO loro l’ fO, ’ t ,~~~ pr .~3ucLiOfl 01 C1i5515551i51’: 55101

15c 151s) . As previously c iscusscs’i , i1110t’i,’,a ’tsOil ~S Csj rri eG 1 1.3 c55IC. .15,’~, 010.’.’

1110 lt s;e O X i S  from one ana l ys ES to t i lO  I I O X I .  ‘

or 331 anal yses , each Oi1a1~~S~ s 10 “ cy o icd”  three S. . .UI ’ .  os 50_C 0:’

L t ’,e rs ,’s)v3 Ioat  ion process.  As W I I L ’QC SCUtI , 1115, ~~~ 00110051 ..1 s 55.’C10.1C LS a

t ’ C ’ Cj a l i ’COl Cilt  for 111100 analyses at o~ ch or .olysis l i Sl e , 00011 of 1.1(1051 t0. :co

analyse~ ~.‘.vo1ving three analys is  cycles. ‘Ibi s is made cte,.r ~y ~;‘~c

foSo~’iir .g fi gure:

~~~~~~Io !s~~s O r  -~ is.nao ,~~~’~~~ -

~~~~~~~~~~~~rmation carried along time axis froIll t o T . 
1

~~~~a1ysis for Analys is  Q 
‘ 

~- Analysis Aoaly:;is ®
t ime T L (3 cycles) (3 cycles) ] (3 cyc t~ s)

Information carried along time axis from 7’ to T± 1 .

Analysis for Ana lysis An alys is  Ana lysis ~~~~~~
time I n  (3 cycles) (3 cycles) j L ~~~ 

cyc 1es~ 
‘

Figure 16 For each analysis t ime (e . g . ,  time T) the APA concept rec~ui,’cs
three ana lyses each of which is a 3—cy cle FIB analysis .
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ifl the SCflS e 111a1 ‘11101’ pi’CIlI lice 1110 ous t SST f ield f l ’CI lll ih~ 101111

If l 0 1~~1at lCI l l  3V31133 j~~ but W Ilal ~s “b ost ” OsOpol lOS 011 th~ 01_CoOt sca~ c of
analysis  r e so lu t i on .
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AND i ll  ~l i i ~ ANAL’i’di~ ~.\ 55:’C’3 i ,
‘
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‘

D. I .llIl ’ Us.l ’s..C 1’i s ’ l ,

SeC tL s. /1l 4 (j s’SCIi’OCS Il ls: 311,’s i7Sj S  01 5Sf s . .10  .I’.I’u.i6 .’[S .,O l ’-Cs l 0’.. t IC

.3 ~~~
:‘,ssi”~~,s:, fl1sI”s ,.0st OlO~~j . C ls. ’~~I’ iy I11s1 col ’.c ’ 5i1,; 5555, lOl ’ lI,~ .I1’, I , s . ) .’,1 O s V s 55 ’ .’ - ,

C I’.sO O.l Ly 05 5. iCs i O i C  to 1110 ssO.1pC1dt’dl’t . , ‘ 1,0 503 Sai’,s.Cs ,’ ‘~. , s . -  c’s . .s I i/.

3,0 s.i55IiC0 tO tl’lCI aI1I11YS1S 01 IsOii l I/1,’i’s s . s O i’s,i s55 ~.Il’~’ s,1Ci)l.Il . 31155 Cs ,’ ’,.. , .s .

II ‘‘1  00101 30 COflStüil i  over I.1s,’ a.13l1’SI S IC’ 5511. j”OI’ CX OIll5s.s,/  1611. 15 1 s.s. ’.s,IsJ

OIlS .’ /S lS  COU55.  be carr1ed out  011 0 SU1” ls ’500  ci s,o :incd l oco i ly ,  s ay ,  by sil s.~

dcpI,l of ‘ s . c  Ss,)s.ISOllIt l IherIllocis.nc
p

In c’ruor tO s.:11001115s155 til e , , s . l C s ’ s. d. ll.s,’ .lS 10.’i 01 ds.’psl l  1.11/ lll,5)I’ I,la t .C,l

~~~~ ; 131110 O’C’lll Ie1.lporsl ’s.ure i0 . s  55, 1 51 OVAl  st ,0~~ ~1’ l’s,-5t” I’tS 30-11 O1,1t’l’ 110s11’Cs I l,

l l ls . ,St  be 011 13cC appropr~ate1y.  A s \ ’,’s ’Vs I I , s.S s, ’ i ’ i 5 ls i l l ’ .t’ 5~ ~fl /~s. C lLu. l  3.1 ,

5 . 1)10 s.55II IVSCI of 00,0311 t , ,s ’ 1’lilsi i~~S tIs,C1ls, s ’ O, ,50s1 cfllii’OI’ 1’ C/ il ,,1~ , C s  11,, ,s. ’ , l ’ s

1. 0, :11 ~Il13l (or quasi—horizontal) tc l . Ip c’ r~~1ul ’c 31131y5es SI \‘sO 5505 s55i 5 s . ’~ ‘sO

en t i re ly inaci c ’quate for r e a l i s t i c a l l y  deIc ’r ;ll il lsItq representat ive  v.a 1u~55 of

ocean temperature ir 1 space and t ime .

The proced ure adopted is to pora l~Ic1or1ze  t h e  vertical  pr sot i lc  ill Is :1115

of a set of “ ocean the rma l—s t ruc tu r e  paramet ers ” . ‘j Oe par aIlic ’1ci’S uss.~-0. 55 - .-

t I l l s  purpose, def ined in Section 5 .4 , I laVs.o 30011 chosen to Csl5sUIsO S is . .li. .031 1’.

t e I . l pcr atur e va riations in the ver ’s ica l  sI.’uomrc ‘svnile i l O V i l l , , S U 1 i 1 O . ~ ’11~

co l l t l nu l ty  to oe am enoole to .‘,ortzor~ta l  (IsIlO i.100- p s ’ 1i lQOll t )  Oilsl it ’ l -l i S  . ,s ‘.0

ana iysls system described in Section ~~~, 101551 adj us tao lc ’  co1lsIs,~I 1IS So t tO

s u i t  the characterist ics of individual  parameters , is used to ana lyoe  00.011

of these  thermal—st ruc ture  parameters . 
1 

II.avinsa completed a nsl ys is of

each thermal-structure parameter (which includes col lt in u icy a long the  110-Ic

a nalysis system described in Soction 4 IS , tfl  ~~~~~ ~I ~‘1l55..1—
pu rpose system capable of application to a wide variety of ocean 5sl l’Siils ” .Ci’S .

For ex,a mple , app ropriately modified , it is used to analyze 51s3fl15’lCdf l i  1 V s . \ s ~~~

height di stributions .
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met - I . , . 55~~t: to the I s. ’~~5s.) ilSs’ t,..lU o: Ols I’ ,1l551”3., Is, ’3t  OS 55 s:C’ps tO C ’  sIOCs.

5)I)ISiilt ”sI ~~sI’ I s.1s.l 1 .y S11s.”.VS ss 51,100.11551 :’ l,’1)I’~ ,, s. 111~,~ 55,
’. 01 11.0 tr~ e I’Ll s .C,~~.

.1. 1’ s. ’ Vs . s l ’ . . i  ii. 11’7 . I, 1l’s’,’~~’,” s ’I it 111sf1
’ 0-C ~~~~~ 3. 0/1 ‘.,lOt t.lC~~C .1155 —

5 1’ .CIUIC v o r ,3 0 . i . ti e s  a;’e 1551 S. ,.1.1.C3I’.l 1.1 the ~~~~~~ Of Ss.  .11. ~~~~~~~~~~~~~~ 
5

- - l l s I~~I1 O 0- S  , 5511 3sl11~~11O1ls,1j  loss of VOI ’ 1.al10s ” i.~ 0,55,5,00 Sly t I le tl’1i1’III .3 , , s . - 1 1  01 3

13 1’ 01):;s.j0.’5,’1.~~’Il to a i3~’ repor t .~~.e ODSCI’VCI’ S ,5 ’OJ c C s lV ü i y  lillClj)I’sOs.S 11.11

O’3c’’ iii IsO 11.5 01 3 \‘~0’.33is,,’ ll~ l0.OC1’ Of ?s..l’55. \ s t  15,05 of 5 51 .10011, ~U.C’ 0111.

s..s’pll. Cs1,’,’.l’.ls’IlCtIl-; lost: - ‘10-C’ ts.,’ . , l10s: l’ s 11’s ,55 3. ~L0 .  -I. 1 .s . OO ’ . .’, — i  • e.  , t ne So T.

, . .c s e  s s ,i ’Os., V .,s,00S 5 i OV s s . s ’ t.1C I’ll 15) 51s1’l. 5513 1lsL,.3s,~r 01 p1,,l’CCI V S ,s.l45

,.ses. tO .‘s.,’1)~~s,,’SClll 1.10 0’ .’ O1)561’Vs.II’.Oil 5C5110-s15 s.l,1 Sle ~~~~t..p s.:x ssy of ‘1.10

L
l~1CC , l I e  sh i s  ‘3 Ine observer in rcc5) ,, , n11- 11:l51 Si glliIlcs.’illt .CO t’s.I’CS , Olls.1

- - ‘ .  ‘ 
, 1

1.0 eOOt ’t I’S) IS 1’.’ L s L t f l /O  tO 005o0-s.. 11”. O110s.1Ci.O, 10-COI C 1155 ’suros

.-\ module of the LOT S syster.l accelo l s  each BT repo~ ava i lable fo:

at’. an a lys i s . ‘I’he reports arc fsr ~ t cilec.occl 3111 COrrOd ed for d u p i l c a l e

,e’s’e.s ar .ci oovious single—level  r cp ort ln( ;  s,’II’I’CIrs . TIle BT is til ell

converteu to meters  ana 3110 tI l e tempe ca~’s.I’o ~1near iy l n le r po l a teci 31

s.1’.’C0’3’ 2 .5 meters troIl l 1110 surface to ~ o0 111,01,015 ~or to tne greatest  cepl.I 
I

,

reported if tIle BT did not re adll  this  de 1atl l ) . Thus , in tI le LOTS ano lys~ s

system , each 3T report is represented by up to 181 values of temperature

separated in depth by increments of 2 . 5 meters •

1An increasing number of liT observations are being inte~’pr e ’sccl
3’,. lOl l la t lca l ly .  In such cases over 100 depth:temperature values are not
uncommon
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I’sls.s 11 0 Os’ -00031 1 , ,iI,’l’Il,s~~i S  1r00155’e 311s., 1 . 5 1 5  SY S ’.s,,O...

‘.50 s l .C 1’. o ’ 1 1 t 3 1 ’y S j ) p 1’0 3 0 l.  S’0 - : - ’1c5155 , I. S50 0 1 I . e’6  155 ..... C 01 ~~1’I43
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1 . 11.15 . 510155’S 1:1 the rea l ;s tIc i’L’ ,I’,l s.:.lb~~.. ;. — ., Of V61’t ,OSl  1C,Il Dc i’l,tUI’O

, 1, ,ss .C0I15. i” i’ , l,l’C 2 I C  S,ls .)V,’SI 111,0 S1.I’50111 s.l’5, :- s .”.’ O’ss . :  ..-‘.~I rC’.55111; .15.1,1 US ..I
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21.1101 53 1 Z~yer Dept,l (I’Ll)) .

In S ~~11’.1’..0~~~~, 3 Stlll9lo 055:Os.1C,’, 03,11, 0 0.1 I’.101110011131 O0-’.5cr3’s5rC~

ana~y ses  at t IxCu  levels is .naaequate ocosuse:

o .  I l l IOrr , l at io f l  IS 1’lOt spread oetv.’ocn levels . -
‘

o. The snape  of the p rO i i , c  iS 1101 CO1IS130ICC,.

c. oO. IOSS  a ver y .3:” lC 111,13 1cr 01 11X011 1eve~ s are ~~i,11ZC3

~prec 1uded oy currently 3v3110:0.C computer r e sour c e s ) ,

fea tu res  or t I le pror s ie  w.~icn arc ’ :aw’1100:31’5y slgnl:1C3I1 ’ l to

so5,rici prop aoat.on are unrea i5 s ’s ica l ly  mocitfied .

1SLD is a depth at  wi I l ch  the rate of dh lo I l ec  of tcIllpcI’ab - ul ’o

SopS-, becomes markedly more n e s . ja l Iv c ;  a more precise defini t ion 55 ‘5.000
~r. this Section. TIl e ter ;’n “ curva ture ” is used to denote s 50C011C.

diff erence of the temperature profile with depth r aIder than the radius of
curvature
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Figure 21 Features of a typica l BT are 113111CC; to 111(1 r i gh t .  (a) s1lc’v ;l; a ,f ~’
observatio n. (b) SllOWl ’I a BT res ’,rt .0,,lSs,’(l 011 th i s  Ob ss ’ - rVsl s IsO’..
(c) ShOWS the prof i le  ~~~ woslld result  fI ’olll Sei /1 s , O,i lC I 1,01. 5~ “st ores
at 2 0—meter Ifl ’ss,fl’Vsl Is frO,1 (b) . Csl.,1’ ,)s. l ’ IS O1’l of (u) or (5) w.~~..

shows the  smoothl.lc , effect L oot ui ’iscs foo l t h e  use o. 551.is, s ,

l eve l s——t emperatu re d i l f c r c i l C c: ’, arc  spread over a c;rt’atci’ ( .(; 51.i
ra nge and hence 55’..icitont rSSsI;1 I IU SeS  ,0l ’c iiaOlsI.Cdl . - -I
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0 . 4

25 0250 T 300 
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250 0 .3
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‘,UUII’. 30Dm

N OTE: ,‘~i i  u n s t s  correspond to lOose of the 00- ;s tCt  CIusO . For c’1’11,Is0-phe, .11C

0300 value  of 0 .3  is in u l l i l s  of 0
0 pcr lOOm ( 30 0— 4 00 m ) ,  I ’;Sc ’ocl ’ss

GVM1 is in units  of 0
0/251.1 Certain pai’am etcrs  no rm al ly  are no:

sseci in routine synoptic ana lyses; these are shown oy (c) aijai:.s .
Inc parameter number .

do not remain constant: they are modified in each synoptic ana lysis ay t I lC

vertica l blending process which spreads information from upper levels of the

ocean to depths below 400 meters . If the vertical blending process Sic, not

extend beyond 400 meters ( i .e . ,  if th e deep climatological va lues merel y

were “ a dded on ” to the analyzed upper levels) there would be a discorsti r ,o .ty

in the profile when passing the 400—meter  level. Clearly , clirnat ologica h

va lues near 400 meters will be modified to a greater extent than values at

greater depths.  Using synoptically-modified climatological values below

400 meters is a reasonable and necessary procedure since , at great depths ,

si gnificant changes are not likely to occur in a synoptic time-frame and

neither is synoptic data available to reveal any such changes that mi ght

occur.
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‘iSo .I’...ors:r’.t 1,, - ’~~’,,5 1 ~~~~ ~ ‘
~ 1.,o0- 1,5,11 ~~~ ~~. .55., .s. , , In t erms of corr .0-c. ,., I ’ ,t

13f011,.a1,c ’ l ’. Sol Os to proviSo sIlO I- .c’V CI’, 6. 5’: OIl’S dc’Snca irs i.qs. ( S i )

tllrouc;11 (65) .  Note  11, 0 1  ‘i’~ (~ nd h~~I1ce 110-c sha pe PIPS) COfl ,S i f lS  00-.’/

1111or11l0110r. dor:vc ’d from surface obserj at ions.  In general  however , an

2015.3 analys is  for a g tven t im e 00-05011 ,oS 5nosr:,”•a5ion vertically as well

as h or i zo n ta l l y——a double—ble n ding  process is involved.

u Sing toe the rma l—st r u c t u re  para met er  names given ir, £ 0 10 - i c  1 ( e . g . ,

SST for parameter  rio . 9 rather than I as before) t ile previous EOTS 011017315
a t  t ime  T-1 provides the doubly—bl ended f ie ld SST~~~1 . U s i n g  E q .  (58) ,
L ,; ts is carr5ed forward along the t ime axis to :sme T to provIde :0-0 517
SST~ * . The information is partitioned to provide the shape PU~S-—1I ’::s. (5~ )

t rirough (65).  Eq. (66) provides tr .e asscma.y  field SST~ which is corshtned
U

wi t h  the object—parameter  PIF in the same manner  (and for the same reasons)

as presented in Section 4 .5 . 1 .  Following a s semb ly  of current SST data , a
hor izonta l—only  analys is  provides SST~~. (SST~ will be modified during

L 

vertical blending to provide SST *; this is dis cussed later.)

Using current data provided by 015 reports , a s imilar  procedure may

be followed to provide the horizontally-analyzed fields for parameter nos .

10 through 1 6 — — i . e . ,  TO25 ~~ , TO5O ~~, . . .  T4O O~~. Various adjus table

constants and tuning parameters have to be appropriately set to reflect

the characteristics of each thermal-s t ructure  parameter , but the under lytr .ç

principles and procedures are the same .

Parameter nos . 17 through 26 are estimates  of temperature profile

gradient . Thus from Fig . 22 and Table 1 it can be seen that parameter no .
17 is the difference in temperature between 25 meters and the surface and

therefore represent s the mean temperature gradient over the first 25 meters

of the profile . By convention gradient names are referred to the upper of

the two levels; thus parameter no. 17 is denoted by G000 (Table 1).

Similarly parameter no . 23 is the mean gradient between 150 and 200 meters

arid Is denoted by G150.
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~0- Cs0- i1lI0-ls)il set of 1 0 - 1 ’ 501,OsIj l 0- ,O . .110 110 - 1 Orlil,0 -t ls ”ll par5 .1 Is,0-11. Ilk ’

. 1
W01s 11’,t S are s0-S 5 1”;i’iCs’I ill p’.’0-p5”r l •~ “I1 Is) Ills,” Osli 1.10-s sI’s 51s’Il’,’, I l O S’S “Cs”

Of Ills’ p3r511110101 ’S ill the ~~i’si I s i s ’ 1)511,11115 0010- .,s,’XL. ‘ill s ,’ Ss,’0-

s ur lacs.’ temperatur e ~‘a 1i~c , s0- s.ii’IsI’I’s’, I ly .0 -SI ’  i1’IsI Li) 0- CIrca Is’S I

I 10- s0-i’Ii13 I ks ”fl Cs,’Ii’IiCI’l s , 15 sI 1\’ sI’11 I Its,” IslI ,: sO’ I IVO isi i~,t ‘fils,” I’s’l ’, •C, ,1 I

ble nding process s0 - l’ad u a l ly  prs”pas I a L Cs  110- ,S in formatlo’ l  SC-wI0 -\ v511 ’,l .

wciqht—spec i f ica t l so0-  t ab lo  for vs”:’ t Ic s~l hlOildi i0-s0- ~S s 0 - iV s .”10- 510-si

discussed in Section 5. 7 .
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SO 1,,: Us,’IIC I0-s ’s1  II’~~’ 1 , ’s, , . , 1 5 ’ S 3 L ’ ’ . ’ s ’ IC 1 1 , 0 -  ,sl.,..\’ l,,I’ 1, 1, 1 1,s~~ o. ~~~~~~~~~~~~~~~~

11’. 0-s,’s’ i1, 0-I i .1 Is) be ~~~~~~~~~~~ sOIl ~~ 1.IIIs,0-, , i s ’ S s L , l  110- s is I  ,Uj :Ubls ,’ (‘s,,S
‘~‘s,tl j l ls , 5555 ...s ’~~O 15 00-C s. ’ ,0 -s ’i 0- Ill s’1 ’ ..l~ , S~ ,1I ’Us”, L .i s ’ 1’ .’.~. Is ’ 101’ .

I) ;) j ’ )  s s  C) “ ;fl — I 
____

s.1 ’  s ICS C I ’,3s. ’s . 111 5~~’~ ’~~,s0- ,’, 5.4, 03011 .0- ’, II’. 1 , 1 s , ’ ( 0 -r s ’\ ’i ( is ’S 1.11. Is i i , , . s

~~~~~~~~~~~~~~~ ASSC)01,il s,’5, l’.’lt i ’, C3C~1 C,,,’.sii ,lU, s” I sls ’I ’C 15 U SOl O’. Ol~ .11

i. ,s~ 1, 5  1— 11 ,1 tlcture 1”~,1,,1I,, ‘ ss ’ ,’S SO’~’ i’is ’l . 5.1 ~~1l’ s, ~~~~~~ I. i l l, ’ 1 ’ ,.: 1 . 0’ 0,

il1s, ” , i s ’ s, ’ l s ; , , i  ~‘ , ‘~1 s i 1 I 1 s , ’ i s , ’ 1 5 iS 10 (“ I s ’V . s . s i  1,I0 - s ’ l , ’.I ,’ Iu I., - .0- C’~ 55~ , ‘s i s ’ ,.,’

-

,.,, ’ s i  ‘~1’.C p

1’10- l 1 C  0-15 1101 1 , ill ills) 05’55I’C 5\’C’i,; sO 110- , ’ S ’ s. ’ S~ j I , ,s IIIOE; L ~~~~~~~~~~~~ 10-

5. 0110-s. 1’I~~0 - t ’ , , s I ,0 - L1~ ’1l. ih~ s0-P’5 I’ s0-pI’~~,’, ,s , ’ j’i,II’ Csil ’,s .is.ssIs. ” 1. , ~Oll bs,~ 6 s , ’ ls ,’ Ct s  s ,. ‘i’ ,lo’

to l  is ”,’, , 10-s ps” 1111 5 iIl s ’iY 5’ fob s 1:

3 .  ‘ j’ IIs ” j”Ll~ C311s,lj sls:501 \\‘I1icIl ~0- ,’,’ ,0 - s - ., 0 I s s ” 1~ s ’j i l’s~C f11 ’,~~’ — 1 ’s, I.C ’,,,l,.’I’,

I’s”51’OI1 C l  1~l I Is ”II dl’s’ 155. ~I is: ~~~~~ ,,~~ s. ,,Is ’\’ s’ .’ I i  he 1’ , ‘ s l s 0- I ’ ’ s ’ s~ Is I

t t s . ’ OX Is”ilI 5I’C\’is les I b\’ 1110 i . X s ’ 5~~ .s”VCi Vsjj’,i lii s ’i 01s;

3. 0-0 c3O.0-,O,a1~s I’COrl’l CSCI0- pIOl~ 1,6 ~.I C C11s ’Ss.,’fl 110- 5.0155010-sI 111,1 01,1,1’

01 I1’IIOI’C (‘
) 
, ds,’I I l ls ’ s, 110- . ~7,  , sIi ~ s 0 - 1 11 CCs,’ils’s,’ .‘- s ,\ \ ‘Os ’l’,

1110 i11(’dfl o 5501010- 1  25 l1l s, ’ t ~ ’l ’ S ~1 b0\’~ si ll s1 25 1110101’s ~ s’l,0-’,1’ IsIs ’

ropot ted level oc 110-,) 0010-5 jdc~’c5i . ‘ ,‘ I0- 15 Pi ’ s 0 - C s , ’ s j U I ’C 10- I’ SC I~-c 11 1 1 , ’

the PLD C0 i 0 - s , I I s I 3 L C S  f 1 ’sI’ l)0- 0,0-011 5I’O,’ l l s’ 0116 ,11,65 10 31 a 6~11~ 1IlCC 15

s t ruch  PCIIVCCri S t l s ” IlsI tCl1i~~orsl It1r,6 s0-I’SSICIOS 1010-1011 OXICIlsI 01 01’

only a limIted clcpl.l range 3:10 Ws’sStOI’ sICOdiCiltS 11511011 CX ,s, t llS

OVs,”r a C0- l ’Csl is,)r 30511’. rango.

\\‘l ’.y Ss ’ls, iCt nine 0510-s i l s i S Is’ S ?  \‘l- ’ l l \ ’ 10-si l l Ci Is 0 - 0 -S 0  that Value of L0 - I , A 0- Is ,”C

\V.0- 1011 iS 0- 1 0 3 1  CII t ’? Fig lii ’s,’ 23 s 1150-Il’ s 3 Ss,’I’ lC S (“1 10- I’s,l 1155 ~ C V S • oc 5,11

in mot o rs) .  The abscissa also 1S USC Is’) i’Cp:Csoili Clther s,i 15131100 gIl \‘,‘Il ,C I I

csi1~e 1110 series 15 for a part icular  ana lys i s  t im e  with  the SCpd:’
~i: i so) 00111’, s,”11

prof.le s being , say , one or two sI r i s . i—l s’fc ‘00-5) Or I ~ii lC (in wh ich  C s l S s .’ 110- C 6s ,’ r is ,”S
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15g6r0  23 1, series of BT reports for distance or t ime .  Vaiues of ~ in accordance
with Eq . (77) are as follows :

(a) (b) (c) (d) (e) (f) ~g) (h ) (I) (j) (~t)  (1) (16,)

~ (upper) — — 1.0 2 . 0  2 .0  1.0 — 1.0 2 . 0  2 .0  3.0 2 . 0  3.0

~ ‘ (lower) 4 .0  3.6 2 .5  1.7 3 .0  3 .0 3.3 2 . 0  2 . 0  2 . 0  2 . 0  1. 7 0 .8

(Interna l waves and other sub-scale variances are not included in this
idealized schematic.)
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is  for s,,.’l,c.,IlI,. ‘;1~ u p oint  •I ’I 5:s,5CC ‘,l’.I,, tl ,si 11s.~’td001OI0- O o, ’,’IC ”,,’l ’ ,

.sCsI i ’J  U S i A  to 110- 1.’ 5113,7615 ir~crc.’lC ori4. 731,011 01 ‘0- 31,10 0-i’S’ 6 i , (, ’,’Il ’I . TO

5 0 - 5 -1 1 17  m~~1tor.’, 5)301 ’, f rs ,lI ,1o SC” ,V ,SC ’ i l  Only u.s CC two 5-LID COI0-3 i(1s,,’sC’5 . 10-, a

5i’uuieiI l  iS to ( 101.1 0- c.’ UI’, a I~ ‘s.iIlI rr, for C 0 0 0 s s o g  iron ’, cam , pro file ~,,u

carol .cIa:e ’,’z., 10.1 it is 1.0-0-St app ro0-r 5,55e 10 :o ,0- :c~~ ,r. l 11.7 1.10-C f~c .a—ra ,to.~,..a:.

So3 ’~, 10 - - J —Ic. ’v el  5-3i’O11lu’l C’i S .

So: o I o f, i o l - ! ) 010-0 (5-) taO ci’,cIcu is Od v.O’s S . For (oo~~ies (c) ‘si,;0~ ’l 10-
If ) 15-0 cI ’,o.ce i s  bet ’.’ios. ’. 3.1 ‘.1~1.5CC I’L~~ u o o  a I~ ’.’ic ’r ?LD vil’.ns , o~~o, ’t

O’SI’,l 5-101110 (ci), t Ile i- ’I’J,’0r 10-1i.,D sLron1.lu: (~ I0- lc’:n ’..1 of sf0- ) t 0 sn  110- C 1. 0-1 0-al’. If

tOo choice is based (surO ly  Ofl :5-c ,‘I’,O’~ ,0-11~~c.0 of 9 sllur. , ceuc,0-c lr,r- ‘00- ‘.‘.‘5~~, , . ’
:,;e 3 5 5 O ,~~ SO C U J 5 C O S C ’f l t S  0110- 0 OC dIsIar,ce, .,,lc selcctod 2L~~ vzoslo , , ,

~

ir- sia 65 meters  to 15 I0- I c ’ l o r s  l 1e•0- to 30 ::.ete:s over .wo gluo—spac.,,0-gs or

over two ar ,clys,s 111cr0ms’r,tS :cspectivo.y. Osci ’, V3CiaO ’~.L1e5 13 SI55CO 330

155,5’ arC no, ç,”~~1’.st’~c. For L ’l.m.T.pts ’ I). 1 5— 0-7 0 7  11.01.1000,0- Ii’,O 000 p0..0-1.,

space or li me with ?LDs of 15 3.0-1.. 80 11100-Cl ’S rcs ,100’l rv c l y ,  an sJ0-tCC5-0.,,, ,~ Ofl

scheme would indicat e a PL~ of about 48 ;,0-c’lc’.’s; none of the p:o: ,icS

~nd tcate  t ha t  1.10-is is a repr o ’icr , :ative v a ,u5 .  C,ea:ty the choice of 55-13
cannot be based on Ihe m a gn i l u d e  of ~ . S-Ja co—a10 - d— tlm e con 13r,u~’sy 110- 110-0

obj ect scale of resolution raust be provi ded .

Considering now profiles (g) t10-:o’scjl’ (10-), 110-0 profiles are ii0 -~ eI0-c.sci

to show an initially weak but ir,tensifying th ermocline overlying an 00 -II1~~. ,Y

strong but eroding thermocl ine. Such occurrences are common ir, i0 -0 -on ’T 3:03 S

vj ith the onset of spring. The problem is obvious——when (or W111.00) to

transfer  the f ine—r esolut ion set of parameters available for representing tao

chosen ?LD from the lower PL~ to the upper PLD.

The algorithm for ?LD selection encompasses the following steps
for analysis time ‘T:
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I’ , s 0 - \ ’ , , b s ’ s , 1)’,’ ills ’ l ls ’S tlflsl ls.”s0 - C I f ’s i ,’ i j iI5 .111 ,s:Il , (I, ’,,, J s i ,  0- of 51) l1 ,s ’ i s ’l S .

,\ii l If ’ . s 0- s I V~ l l ( 1s ’S dUO Cs ’5- 15’SsOISs ,’ ,1 I~v “~~s. ’ . I ,0-si  C5 0- ,, 0 - 0- ( s ’s s ’ s( \‘~ s f 0 - 1s.’S i)V “.0” .

s ’s’Oli0 -~ 1l (c) Sl l s 0-\\ ’ :l ‘si lO s ’ i f s ,’s ,”I 01 , i l s ’O;  Ills , 11 ,5 ’ 11ix, s ,1 .110-sI I I O a t i I l s :  s t ’\’ s ’ , l ’

0’s~ ’ 1,13 I .ill I1Xs,’s,l 1 01’s’ 1 pa 1,1111 ,101:1 1.0 - Us ‘ 1k ;  ‘s’, ,.ll,ll 1 1 , s ,’ 1.1 IlsI s ’ 1 ’ 1 , 1 0 - — I ’, 1 3 : , I  I s ’

i”t . l) t  O0iii ,irs,’ ‘ s ,’ 5 0 - l s l s ’s,’s( Of’ ti lso i I s 0 -,i I i l 0 - s l  Is ’\” s,’ IS . \‘~~1u ~’s .0-I iC ii0 -5 -S’i’slIUi ’s ’

s i 5 C s ’ro I0-c s,’ mus’. be comput ed 10-1’ 1110 l’s, l l I ” s,’S 2 5  -. 30 llls,’ts ,’rs ~li1si 105 ‘ 125

:i’lctcr s . A s imple l inear  r e la t ion s t i  ip IS US s ,’ sl . 1~s0-i~ 5JXs.0-Iflple

‘l’I,n - : 0 - I_
-

25(110w) 50 — 25 ‘ 25

where T~ 5 is the  f ixed— lcvc I ~i rad lent V,~ I U s , ’ .0-I 25 rn o t 5’rs . Th ~ l1 5- 100- is is ’s

a new value for 
~~~~ ~ 

which is a measure  o I’ Ills’ t s ’ 1li ’1)5’l ’si 1 1,1’ s,’ d~ i l s ’i’s ’i0 - 0 - s’

between 30 meters and 25 motors . Til e si. 1500 is toO Ws” i s I h i  t IS .11 i\’ s,’ 10- U’, ’

(TI 

T~ 5 )2 x (W~ Lsiht of 4”, ,  s l lv s ,’10- ill Table 
2)25(new) \

IThi s  is a direct appli cation of :s~. (2 8) .
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(a) (“ 4 (5 ’)

5 
2~qu rc 24 FIxs’s l — l s ’ V s ’ l  ps r,lnlc”ss,0 -US .0 - I’s’ 1 iss ~ 0-0 - 0, 1 110 - (.1). Floss 111s 1 1 5 0-\ 0- s I

Ps1I’ , I i l l s . ’ i s ,’ CS ‘ IFs ’ :0-10-00-0,1 in (0) 101 ,lI0- 5 : :~u lls,’~1 PI,il of 51) Ii0 - s,’sOi 1,1 .

‘ tIlls,’ t ” I I OC I  of 0s 1111)lilsils’T ill s ,’ , ‘.Vs ’ ( s s i ” s . ”  ,,‘l,’ Il ,,’,:l 15 S 1 I V 5 ’l0- 110- ~~~
‘

C •Ills,1 ~~ i’s,’pl’s ’S I’ll ’s 50- f l~~ i7 l :s .’sj V., l’.,s,’S 0 1110-s b ,‘\ rs ’pl’s’Ss,’ll s 0010-l i S sI s’s,l

VII lucs . Nots,’ 01.0-I, iOl ls’5W 1 ’,0- ,)  0. 11,) s , 0 - 5 5 ’s, 05 01 tl0- C ‘s ’sV C) 5 - s s is s l ,, s ‘

sets , qradi ent— comp on cnt  valuos m u s t  bc’ c o l l0 -p u t s .,’d for 25 -, 30 .10 - 0-

and for 105 ~ 12 5111 .

—is,) ~
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A s imilar  calculation provides the new tcs0 -1~ur11t’uro difference botwool,  12.5

meters and 105 meters and the associated w c ’i O i s : .  In general , no rnattc-r

whe re the PLD fal ls  in relation to the fixed levels , no more ‘.1,1110- two socO

calcu lations are required to adjus t  the “inter rup t ed”  f ixed—level  graal ,er5t

values and associated weights .  If PLD < 25 meters then T~ is mult ipl i ed

by ?LD/25 .

Let d be any level in the ocean;

Td be the temperature at that level. (Td is provided ei. ’ner

by analysis of the 2 ,’i field or by formulation F ) ;

A d be the weight associated with T ,

bd be the f i rs t—difference temperature referred to level d

0- 
where bd 

= Td+l 
- Td

;

B be the weight associated with b , ;
d a

Cd be the second—difference temperature referred to level d

where c = T ‘r T — 2T ; andd a~-1 d-1 d

Cd be the weight associated with Cd .

During the vertical blending process , information from all levels is
to be spread and assimilated , and the final result will be the “best estimate ”

of each parameter that can be provided by the total information available

This best estimate will be denoted by a double—star superscript since

estimates of the thermal—structure parameters for vertical blending are
derived from fields which have been analyzed horizontally (and include
information accrued along the time axis). Thus T~ * denotes the final
blended resultant of the temperature at level d of associated weight A*,* ,

C

and similarly for the other parameters and their associated weights . We
regard the difference between any parameter-value before and after  vertical

blending as a disparity , and to produce the “best-estimate ” profile we must
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,, s sl ’,,i’,’slI,l s,’ the t~ s ‘.iI ‘s’s’s,’ lghls,’si l_11~u11 l’s 51 510 - S 1 0-s ,1.s,’:; OV s ,’l’ ,s l  i 5-111.1 Ills ’ Is- I ’S ~l . s’

T , b , c) for ‘ s u e  whole profile (i .s’. , ls’I ’ s ,, 1 0- 0- s . .  11s S Of 0) .

To do ‘si l l S WO SOt  U~~ t i 0 - s,,’ ss P5- I’Q5-l’ is,j is,j 5.5-1.01’ 1’.lI’5CIiOl 0-Jl E W1.sO I’s,?

E 
~~~~~~~

50d (T d ~d )  ~ 
b

d~~
s

i l  
_ T 0 - A  

- o ,)
2

r C
s,: (‘

I’

~
,
~~~ 

‘ T ~~~1 - f’f~~* - 0
d I~~~

p
100 m i n i l I 5 L 0 - e  we sot

S .

= 0
0.0-

(1

. \ot ins~ f rom Eq. (85) tb’s~ t ther o 11CC ‘sorm s involving 7~ *’ assc ’oIut5 ’0
with the  levels d— 1 , d , and d i i

_ _  = A d~~ d 
- 

- Sd — 1 (  0 si—i 0 — 1

- Bd( T~
*

1 
- T~ * - b .)

+ C , (.i ~~** + T ’
~~,, — 2T~0 - * , — c , )sl”~’i d sI— ... s 0 - — ’ i s’i — l

— 2C 0 ( T ~~*1 “
~~~d — l  

— 2 1~~* —

4 ’ 20 , (T~~ + T~~* — 2T~~* — 
~~~~ , )a~~i c”- 2 d d~- 1 a ’s- i

= 0
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Rear rangement gives:

S ** A Td T
d d d

Bd ‘s c’s- i a

• ,i + bc — i  \ u — i  t i i

+ T~~~1 
- c ,)

‘ s - C , (2 , , - — 1 1 , ‘- cti— i \ t i — i  u— 2 c, —i

s-i  
~~ ‘ ‘

~~~ - 1d 1~2 cd+1) (87)

where S
d l A d Bd + Bd i  40d 

+ + .

110-ore s.s one such equation for every d , for ming a system of
simultaneous equations .

The set of blending equations may be expressed in matrix no:ecior..
To deduce matrix elements for the level d ,  Eq. (87) may be rearranged as
follows :

(cd_ l ) T~
*

2 
+ (_B

d l  
- 20d 

- 2C d , ) T ~ *
1 + (sd)T~

*

+ (_Bd 
- 20d 

- 20. ~)T~~~1 
+ (cd l i) T ~~ 2

= A dTd 
- Bd bd + Bd l  b

d l  
-

+ Cd_ i  Cd_ i  ÷ Cd+l Cd~~1 
. (88) 

S
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,1 . iS SC ’. 01 s,’s j0- s ,t ’C~~:i0 -0- SlI ,, O l V 0 - ’ s l  0-0- 1, 1 s i’.I)s ’ s . i s 0- , ’,s lY  1)\ ’ I,.s ’ 0 -1 . 0, s.~~~~0-’

.Ni’50\’~
’il I is ’.~~~s.’ lIs ’l, ’ .,lI.’ .0- S Is ’l \ \ ’. s l s I  s,’ .l . . , 1 .- s ~ ,.‘,0- , ,~.I,5,l\V,

’,C s 1 SU’30-.~~.Ol :0-0-
’ .

S ,1 0 - s,’s.5 ~‘s, 15 Sf’I1l00-s,’Is ’51’ 0- 10-,. p.’0-iI 1’,’ s,’ s,, I 51.1(5 , I C.s10 - 10- s. ’ s . s ’ ..~~~~” . “ . ‘ s ’ t .

‘0- ’
‘.ii ’, 1 s 10 - i s, ’ i f ’ 11 0-Is) 1. Wl0-s’l ’C L = s ’ 11, 11 ,C’\\’s ,’ ,‘,‘ ,.,I,. , .ll,,I ’ ,l.,Il ”.X with 0- 

.1 sst;0i0-.l 1 010,11010-15 . I d  ‘.1,1k ,s 5 11 0 - 0 -  ‘.S) . ) 0C s 0-1,1L’S

p

L 
~~~ I 

‘~ = . 1’. 5 0 - )

- ** ‘
f l’ s.O 50-0111010- 15 -0-1’ 2 0,0-10- ,,0- 011 0-0 0:)’.., .10-,, s. .0- f’ s 1,0-,’. 5010-0- .11.1

=

~or Z IIC3 ‘.10-CC S01v110-d

U .  5 5 ’ — ’ ’

for 1’ . ‘j ’l’, ,.,” e ic ment s  of Z src s,’1110- Of’ 0013110-Cd frolll Eq. (~ 1) 110- ills,’ 01’,:,,:

Z~ , 5 , , Z3
. . . since Ols,’ t iC s’s Os l ’s1.iti0-l0- 11’,Vt) k’os 01-dy Z, , ‘.i;o sc cs ’ :~~1

,‘s 0 -lsI I 1, 0-11 1l0 -VO 1VCS Z 1 and Z
2 
, 310-a SO s0-i0- . ‘ s’l ,s,’i0- ,,0-0 C 1010-1010-IS of ~~~~ * 

.,:s,’

s. ’s ’ ..i ufle d 501111,’ :iy from Eq. (‘32) 110- the UOVCCSs’ s ,‘dor , i .C. ~~~~~~~~~~~ ‘ ,
‘ 0 - ’

ô 2
‘i’hs.,’se two St OpS — 00t3110-iils tOO si0 - Is’i’ s s s s ’ s ’,L,l Is’ 50:51’. 1s,0-i0- , I I  ,

‘s1sj . (~3 1) and obtain insi  the fina l so lu t ion , ‘ , ‘
~~~~~ , 1 1  s 0-11l Eq. (‘32) .0-Cs’ rc f s ’r , ’s’ sl

to as forward elimination and backward subs l , l .ut Is’10- 1’ OS’sls ’ C l I V s ’l f ’ .

To exp O-lin the procedure 110- more slC ’ .. l i i , the r c l ,0 -t lons l l I F  ~.l L IT

may be expanded as follows:
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3
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11 3 (5 3 l ; ’ L~ 3 5’~~ C

3
’.

5

= f ,C , 0 , o~ ~c , s~~ f~ s-~~ rH c , f ~d , e ~, f  -
9 9 .) 9 .0- 9 ,

’
,
’ 9 5  9 5 .s S

- p

L. — l

.‘d’.Id’s ,115 0- IC , i l ¼ I s ’.’lCllIdl 010 .100-Is of ~ 1 II) .1 0 C0..’cS7s’~0-s. I1g C:L.l.Cil .~~ of

p1’o uc: L 510-il solving ror Cl , e 5110 1 ’..’,o 10,,,,0-’s01110 1’ClS’ . ,010-S 1 . 0 - 0 -  Is ,,, ,,. I:

1/2ci , = (a 1
)

e2 
= 3

2
0

1
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—
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, 2 ~2 l . ’2
05
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— ~a

3
— e

3
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3
)

etc.

IIIIv110-.0- determined ‘she elements of L a.0-c, T we ca:~ 0 10- 15-b y fo , ’v,’,l :s

e . lm5ra l i on  to solve for Z in Eq. i ’3 l ) :
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~~ N -1  
- e~~~~.z~~~) / d \.
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1H10- r i  

- 0
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~~~n 5 f d )

Vertica l blend i10 -~ is carried out a: every  C; 1’ .Ci P OIC , of 1 , 1 0  il0riu0nI~~1

s10-.’l lys i s  a r ray .  Toe i n i t i a l  va5ues Or t o c r l I 0 - a l — s t r ’ . l o t u u’e paralne’.ers C0CI ’Cc, , l I ,

in the 10- o r i zon lo l l y— ana l yzed  f ie ld s are rs~0 -p 1 3 c c u  J y  t I l e  correspo:0 -cI.10 -~s v u . s . s , s

i’es .liElng troni verticrs 1 b l e l0 -d 120-0. These r c 0 - — 0 -,vI’i’.tc’ n nelds I’epr esc- rl ’. 110-0 1103 1

analyzed product and are used to derive PIFS b r  t o e  next ana ly si s  ‘.10

I0 -’23nner previously described . A series or’ such analyses  provides a

4—dimens iona l  ana lysis of ocean 110-erma l s lr uc lu r e .

The u n L o r m a t i o n — p a r t l l i o l 0 - I n o  VIolCTi0 - tS u t i l l l t ed  in ve r t i ca l  b l en d i n c

0 - 1 1 0 -,’C’ to be speci f ied .  By appropria te  ass 100110-COt of these W oj o s -LS 1,0-0

re la t ive  informat ion  cont r ibut ion  provided 5y any one or any sub -set  of 1:0 - 0

ther ,r ,o l -st ruc ture  parameters can be control led.  For example if gr a d ,cu l s

are emphasized then conflict between , say ,  an analyzed temperature at .~ 
0-
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di f fe t ’ence WOjs.1 i0 -ts . In n eu r—sur faco  WO 101’s tile sI$ ’I ’ 5110-3 1VS Ol 001111 1 bu t  5 1 ’

1 
Examples of ver t ica l and h o r i z on t o  I 010:0- I;  — S s . ’ s I i  l s ’ I 0 - S  of 501 1 1 0 - s i  1 0 - 5-s Os. I

0 - T ’ 0 -s l U C ( ’ sI by the COTS ana lysis system arc ~ ‘,V en in Section 7.
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the available N I I E M  climatologies. Regiona l c l i r : uo l o g i e s  should

be used but , a s yet , these ha ve fbI  been generated .

The effe ct on the resultant profile of the two different scales of

hori zonta l analysis resolution may be noted—— b oth resul tants  are best

estimat es of the representative profile provided by the available i n fo rm u t~ on ,

the differences being due to the different object scales of analysis

resolution.

Note how synoptic information is propaçoted downward to mod.1 fy

the uppe r climatological levels , and how the shape of the profile is 0-

preserved in these regions .
p

(As currently configured , the vertical blending process extends to

5000 meters irrespective of bottom depth . In due course the EOTS analysis

system is to be modified to take account of local bathymetry.)
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6. ~1~i I ~,: dXOANDE IJ OCEA N’ Til11I ~~vi]\L S1fRUC’1’U 1’~E ANALYSIS SY3’ ,’LXI

13 . 1 1I0- Li’0d0- Ic1100

Previous Sections l0-~~V0 describes 10-OW 1~10 conce pis Onc, L ol ’ I , , ’o , s .,.1~~~ “ .0-S

01 toe FIB a n a l y si s  i i iC5 0 -Oc iO i Ogy  n iay  be S j ” 5 - ! i C C 1  to Prouuce i0-OIO ZO ,0-s5 , , / ~~

10-0-SI Iy zc’d CII S Lr iou t ions  of U l O  ocean Li1el ’l,, o t— s I . r o c ; ’ o l’s.’ IJ5I ’lur l I e t e r s  510-C. ,,s.lvs.’
0-l ose i:0 - C lepeI0 - Cie l 0 -t ly ana lyzed  p aram e tcu ’ s chen  s0-’13~~ be b ler,dcd verUcS ,f’
to produce the  resu l tan t  temperature  at any point ill space and 10-10-C. 11115
hoc t ib f l , based very largely 010- the more dc ’lSiied account contained 110- the
301’S Us ers  Llcmn u al , provides a basic O U L I I O C  Oi o0-o EOT S ana lysis ~~ .‘:1 0 - - I l

V’ ., iCl0 -  carries Out the  overall analysis  process.

The EOTS system exists in two conf ~g u r o c i o n s —— t h e  “ 00—1110 -0 ’ 150-11

the  operationa l (or “ on—lin e ’) mode. Thc 510 -—lin e mode is osoc 101 1.0
‘orociuc:ioi ; of syn opt ic  sequences in a r oa i — ’cil , l o ope roliona l C010-tc1 ’I’ L . ‘L0-0

o f f — l i n e  mode permits  non—ro ut ine  tasks to be performed without  hav ll0 -o to
modify or provide an input to the on—line mode. The off-line version is
used for R&D ; tuning and evaluation; setting up new areas for subseq000l
t l ’ansfe r to the operational configuration ; generating climatological fieic. s;
and for providing a rapid respons e to operational requests for products not
available on a routine basis .

6 .2  Summary  of System Capabili t ies

a. Vertical Resolution The EOTS ana lysis system uses up to 23
parameters to represent the temperature pro fi le at any po int in the ocean 11020-0-
the  surface to 400 meters (Fi g. 2 2 ) .  Eig ht of these  parameters are devoted
to a high—resolut ion representation of the PLD . Below 400 meters (~ O a
depth of 5000 meters) ,  climatological va lues are used which are synopt t c o i i y
modified during the course of vertical blending . Any number of parameters
may be specified for analysis . Thus specifying parameter no. 9 would
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COTS I EOTS drives the analysis of ther m al— st~~ct ure p aramoiol ’s
requi red for each area using relevant observational data , previously an a l yzed

10-cod s and climatological information . As can be seen from Fig . 2 6 , the

analysis is performed , one parameter at a t ime , by entering an iflfOr ll’110-1o11-

processing loop which commences with 100IS.

FIBTS , . ‘
______________ This module drives til C ana lys i s  of ind iviciual t a c rm a l—

structure parameters , one at a time. (FIBTS and its associated modules
form the subject of Section 4 . )
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_ _ _

_____________ 
For reasons previous ly expiell0-0d1 (Section 4 . 5 . 3 ) ,

satellite—derived and synoptic 0-0-urine SST data ase not assembled wits ec’aa l

w e iq ot s .  These two mod u les convert the SST data to an internal  :0:110-St ~~5 . .C .0-

incluaes a class numoer indicating source . T10-e SST aata are groupeci togcll0-or

in the data list according to their source for later assembly.

0- OTSCLIM . .~~~~~~~~~~~~~~~~~~~ . .  ~
.

______________ 
Adjus ts  the assembly fie lo.  anc the ana lyzed resul ’.ar,: ‘. .CiCl

from the previous analysis to provid e ?~ and P~~ H aving no prediction

model in concurrent operation , the present EOTS system bases the adj u s t l0 -’.c, 10-’S

on climatologica l trend . See Eqs. (58) and (66) .

INITFLD 1 ** ‘ ‘

i Computes , from P0 , tr .e shaping and spreading 2ii’s

and stores them together with their associated weight field .
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~Ci~hGF
L As can oe seen fro m ~~~~~. zo , u e  i nfo r rn at ion -r~rocess~ng
loop entered by EOTS is exited when all  ~ .~~l ysis cycles ha ve boon comp~cted
for all requested parameters . As the hor iz~~,~~3l ~r .uiysis of each th c~r r r a l —
structure parameter is completed it is s c ~rec~. ‘;he func t ion  of hCi~~C~ ~s to
reconstruct a vertical  pro file ot eac.~ gri d :~c~r,t valu es  from tne cj rec
set of hori zontally analyzed f i e l d s .  f ’i~~~~ir~; lev e~z are merged w~~ the
fixed levels as described in Section 5 .7 . ~C7hOF also acquires the  deej~
climatological pa rameters (see Table 2) from storage .

Bi’?~OF iL
_______________ This moduj e carries ou~ tri o vertical blenaing process ,
grid poi nt by grid point . (The corresponding value: from the hor izonta l ly-
analyzed fields are replaced by the resultant from BPROFIL to provide the
fina l ana lyzed products . This is carried out by ROPROF.)

~-iaving completed the analysis sequence for a given area , the progra m
returns to the scheduler OTSRAT S to commence the next therm al—structur e
analysis (if any) .

6.4 Tunable Parameters

The EOTS analysis system encompasses a number of tunable
parameters , some of which can be readily accessed and modified by the
User and others which , deliberately , are less accessible .1 Tunable

‘For example the weights used in the vertical blending process(Table 2) are not under direct control of the operationa l User .
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• ~ t ’s ’ t s i C  t h U I : c ;n l ~; p ; ;  C U U U  ~i ill ~~~1: ’C Cl I L ) — ~~~~~;I~~)flU , ~~5 U i  i t  k’U

S IC U~I ta 51CCCI ~l lUs: ~y ,  U ~1 C¼ ’ IU p t S  U ~t .  : 5 U ; . c t c  ;:;c5 Ii ¼ ’;

L’sIC h ~ni  — I e~ ;Ion . ~‘h ; :;  is I nc \~~u : s ; c ; 
~s s U sU e  5s ~ ’~ ’;c5 ls ’,; .

I ’ S U a l l  t n e  c~~~; cI ~~U t ¼ U ~~ . ; ; l Us i t ’ a I ~t ;  c:~ d U5: Cd t V  C d 5  U

analysi s  ot t lS d d ;d  . ~\ s:;:;p lc U¼ ~ i l U .  \ v C u l 5 ;  CS ’ IC’ C d :  V

t h I s  a 5 5 5 I 1 y S ’~s in 1~, C S ¼ l ¼ L C ’ ;~ , a I C ’ 5  :cs’ U~ C¼ UU j U I C I t U p C z . ..’

foi~~ard —and —b a c~~v5i r5i CS ’n, t ; ~i~ ;n i : n e US ;fl5; 5U~~ dds ~ ~~~~~~ 
5 

~~

‘

1 rUn ;  p ;e c e sj  in5i and S U C C c U d  tUs ;  ::;Cd, h s .)

C.  ~~‘ U S ’ a l l  t h e  ) Ss’\  t Is~flU ICI d C s\ ’ s ’ I ’. 5ms ’ t U  51n , ¼ ~ ~S .in~~ v . ;

Ut  he SS’i’ parameter , iUpt ’sl t hi Pt U C C U  S ‘~Ut d l i  I I U U U , h

der5 ve an 5i11 — Jun es c 1 h~~d s U l C ¼ ,  :c5i l ~ I C A S I  by Ld~~s l f lS l  Ihe  C i i u  —

ps ’In ~ means of the ~~ cs~n t~ :hut  s U s :  5 5 d 5 1 l \ ~~5 5 ’:~ .

d ~ iv ide each June in to  s Lx S —d5: y pe t  ted:; 
• ~~I CSI UCU a na l  ~s c i ;  : Ci :1

UdCh period , th en ~~~5 t :ve an ~i 11— I Une ;;  C k IUU 5 ¼ ~ IC ’ s ’~i I l I ’  is .  b y

1.1 ~ I i1C the ~rid p o int  med U:; ot he 150 contribut  in~ ana iv;; s’s •

\Vh ich of these approaches Is t h e  bes t  ;‘

1Scc SectIon 7 . 4 .
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~~~~e ~~~a rS s i e n  s q u a r e  5:ppru5 ieh , c >L. ;U o ; t~~~• u S e s ; , ( ; e ; 5 5r C ’y U ~~ U C : .

of the L U U e R ~Ut  t n : o : ; : ;u t 5 u n , hu~ r•5 Sis~n i : i C d U ~ ;;~~ r ;t  W s .Cf l  C V dj U s 5 L t ;; d 5 u 5 U S t

the capa oi l i i ie s  of an c f f U c t l V c  analys is  sys:cr. ; , ~nd cre ;orc w~1l r o~ uo

dis cussed fur ther .

if :ne  O ;) scUvd L so f lS uscu f o r  p r u ~j 55 c S 5 S S ~~~~~~S • C  C i l ; C d t OlOgy Or e

(re a sonably)  ~~r5~~form y d i s t r i b~ t c~d ~U SpO C c ~~~~~~~ t U C c  hon dO s i ~ i f ~ cu n t  Jcu: r cr cnce would be apparent acrwcer ~ tne c rce prouu ct s  based on ~~~.~~‘s •u .
h owever this is an u n j u s t i f i e d  (and unn c c cs sa ;y )  a s sumpt ion ,  In s~enc:n i

SST observat ions are not un i formly  d i s t r ib u ted . In these circumstances
method b. is the least sa t i s fa c tory  and rnch od d .  is the best.

To i l lus t ra te  this point , a d m i t t e d l y  by exacj ge ra t in e  the  li, :ei ’;

c r cu ;r5 stan ces , assume tn a t  the  only  oos~~ vu :;u ~~ ; ;:; a par t icu la r  area 0:

tne ana lysis  come f rom a sn i p  W S tCI  norn ;d~ ~;‘ ;s5~~icS one measure•~ en5 0:

SST every 5 ciays . i nus  there wil l  be 6 ooscrvo:~ons normal :y  V a i . n a i c

for each June . h Owever , assum e I n at  fo r  one p ar t i cu l a r  5—d ay  per ion a

low—tempe rature anomaly affects the im ; : :edfutc vicinity and that , ir• order to
obtain data regarding this unique phenomenon , the ship makes measurements
of SST every hour.  Thus there will be 120 observations of anomalously low
SST values for this 5—day period .

Xow consider method b. A total of 294 observations (29 x 6 + 20)

are available . However over 40% (120/2 94 x 100%) of the informat io n
contributing to this product is derived from one particular 5-day period .
This is clearly unrealistic .

Now consider method c. For the June encompassing the 5-day

• period during which more frequent measurem ents  were made , there are
125 observations availa ble . 95% (120/125 x 100) of the information
contributing to the analysis for this particular June comes from one 5— day
period . If now a mean value for all Junes is derived , giving equal weight
to each June , then 3.2% of the contributing information (1/30 x 95%) comes
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f rom the  uniquely cold 5—day  period . ‘in: s ~~~~~ hi unrea l ist ic  b u c a u u u

only 5 days of anomalously  low ternperu :ur e  out  of a possible 500 days

(30 days x 30 years) were observed--i . e . ,  O . % ~’/~.

Now cons ider rnet i5 od d.  Llach S-~~~y period IS equal ly  weii : ;5:ed

in deriving the mean .  1;ere a:e 150 5— da y per iou s (6 x 3 0 ) .  For one ~:
l~cSC 100% of the i n f o rm ~ :ion r e f l e c t s  t s sC  Coin str . : • a i y — — a r . u corrcc : ly  so

since it  nas been po stulu:ed t • 5 a t  t n c  unu t C u ly  pert~~stcd in r ou q ;so~5t U s a

5 day s. PS r•ow a mean value tor u l l  Jones is cier ived g ivinq equni Wu~~; 5 t

to each 5-aay period , then tr ¼e contr ibut ion a: n~•iormut i on  trom ~~~~ 5-cloy

period is equal to 0 .5i~%.

(This is not an unduly contrived c::a;.~p ie .  Oceanographic crui ses

and Nava l exercises notoriously bias obseoihiians in  space and L~~~Us C• )

It is clear that to avoid unrea l i s t ic  we ic ; ;t inq  of information , i c jua l

weignt snould oe given to equal t i me  per ;od s i r resp ect ive of tne r •u m o c r  or

ooservations in eacn t ime period . 3 ne an a :y s es  sr~oulci be per~ormc-a as

frequent ly  as can be justif ied by the available data , the object range of

scale , and by computer resources.

7.3 Commencing an Analysis Sequence

in previous discussions of the ana lysis process it generally has been

assumed that the analysis for time ‘r forms part of an ana lysis sequence -—in

other words the T— 1 analysis is available to provide the necessary PIFS 1

for time T . Now consider the first analysis in a synoptic sequence. Our
best estimate of the object—parameter PIF is provided by climatology. (If

1As defined in Section 4 . 4 , the obj ect—parameter PIF (from which
the shaping and spreading fields are derived) is the best estimate of what t.
the forthcoming analysis will be before any information contribution from
current observations is considered .
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:Ui I t ~~L’U i t U i e  w ;t ; I t ; s : s c ; i t s s ;  ~~~~~~~~~~~~~~

,\S 5 ~ U ; a t5 ;  1 :nn C i ,  ma U ’ P S .  v 1 ~ va . hi .  PS ;e;1 : e : i t ; -  I ~ I .~~ I v ; ; ;  .: n.e

~~~~~~~~~ .c :.~~i’r :n1v s I ;  :y ~~ • . S n : ; S  c; C ~ C, 5 ~~~~ s ’. ;.~ : :c . : ; ‘
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-

the ; ;  S pred5i: ;  t h e  aS scm s P S s i  i s ~~~ s . ~ ; : :d :. ‘; s; 5:ces ;;c epI ~~U
- *5 t : a i y s . s  r e s u i n 5 n t  ,. an5:  ~i :;s~ ’~’;5 t : e~i r esC.t ; :  I C U  \ V ’  c U t  ,-‘~~,,, . l ’i:e : ; - h i  3’ ,.

s ’,C~,c.\’ rk ’~ e : :C5c  t U e  ~~~~~~~~~~~~~~ ; 5 t e :Uiic’ ; C: t ; a ’  d i t s i  CCC. 5UU’ ~~~l ’C

~ r e . . i t ;v e 5 y  U C U I s I  i u : :5 : ’c t  Cl rs ’pU tU; Ws ’ ~ 5 V . . 1 d 5 0 5 ’ U ’ C s ’.’Se U l U

ne :ween C . s . , 5 i U ~ • U : V  dUs t s s U  s lCUis l  I c~~; rc : .5~~.: 5 U a :  Is n .

~ ;ie ss S e . . : )  i \ Si  ~5 • ~
) • e l5: . - p; c~ ~ . I s~~ edI C5, :~~ t , :  . -

. . C w e ver :.. e ; ‘ii ’S :e: t. ;e s5 ’cend 5~:.u lv ,; e; c c n : a i n  f ls ’I

C • , ; . a ~ ) •s ’ ; lCd I S ;  ;;.n : ~~~ h U t  a l so  s yr te j ’:  5c . .. f 5 :  :.o ien ;n cccps ns :ss .

he ~S . . ;: ami  i~~~;s

~‘i ea r i y ,  as t h e  se sh us ’nce Cf 5i U 5 i i \ s c s  •s C C U U U U c u , U U ’ n U 5 ; t 5 U

ncc:~n ed a •Cm:  t ; :U t i t t i ~ ax :s ana t U e  ces S Un ;i: ann ivs ;s d~’) ; C d ~ n~ ’ I

. ic:ua~ c c r r e n :  syn5 ’p:5c s : tua :.on. ~See i’ n . 3 d:;5 ; q . ~ ) . ) PS is si

; S l  5h ;a 1 preces s , CU i nk ; sI~’pen5i en. upon th e  nt.: . her ~n nd b ::: cn: i  sn) s s .

U vUept  IC repe; hi . i’C~ s eme a reas  — — I UU \ s ’C’sV se; :t Sen in w t n :  cr be ;

not eworthy COS e — — t h e  process m a y  t ak e  C U U : .  ~dcra  b le i ;n e .  ~~h , U; C~ ~ U

1;; net a f au ’t  ot the an alys 1S s ys t em ;  no sy s t em  can preuuce a ;nean:nc :t . -

rina lv :; • S rU ;U i f lU  t I t  t i c  le ft  if t Orst a I lUf . : i C\VeV er , C V C U  :fl I ;tes e

c i r c 5 t m s  t ances , the EOTS analys is  sys tem pr~ 5iuces :he best e st i m at e  e:

th e  rep res entat ive value of the  object p a r ame ter  ~n I ic eh ;ec :  scale c:

resolution t h a t  is to be ob ta ined  from the  5eta I a va i l ab l e  in ;e ; - s ; a : •  en;

analysis resolution wil l  be l im: ted  by InC dens o of obsei~~at ions in 
~~h s s c s ’

a n5. t i m e , not by the analysis  r i d .  ~h e ‘.vc ic ht  •\
* 

~~~~ ;dcs a i l iUd S ore c; . :~ e
uncertainty of the analysis ( i . e . ,  the resid ual ana lys i s  var ian ce) .
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SC~~’C U t C  n rcn  u~ u n 1 l v  noes net ~‘x~ ;- t .  ~d i t ; . -t t s i U  ~:nr ’5 ;:c n . a ’ : ~~~~~ ~L ’l~ , ,

55 ; tc : pc , a :cn  P S C r t t U ’r n  i i e ;0 1 s p 5 ;c r c  c 1 5 ; : : O t e l c - t y  •s nced . ~.‘s b c t t 5 r p r c . c~ -~.5 • ; e

‘,vouid  tie U) s ta r t  f rom :ne ~~~~~~~~~~~ ~~~~~~~~ s S  k . . ,  h5 - .o ;spherc  a n niv . :;,; ~f

t n i s  we. e none tn e  la r ~:e r —sCn .C SyflO ~) i iC t e55 t . ~r~ s wou~n a i r e n oy  cc

Tn~s cnam e can easi ly tie m ad e .)

/ • s. UC ~ ‘rOdU Ct icn c . :r t 4 - t . C ~U A n a l y s : s  Se crtces

in terms of SST an a ly se s  , suppose  tha  we prca uce  an n na i y s . s

sec loence  by pronres s inn in t he  ner :nn I ma ;t ter  .com t ime  T — 1 to  t me

k r • f c r m a t t o n  15 carried and accrued a long the  t5me axis .  Now cons t d er  tha t

a h~:nerto cata—vo id r en lon  ts snown oy CCsct ~ ’5 5 5 ; O f l  to ~vc , s ay ,  a

m a r ~te~sly h in ne r  SsT I t a n  snewn tn the ann y s es  np :o u’e time at wn . cn

th i s  ~n f o r m a t  icr. was a s s i mi l a t e d .  Clear ly  n is u n r e a l i s t i c  to 5~ss u n t e  ;c~~t

such a jump if SST value has in deed occurr ed netween one analy sl s  cnd

the next . It is much more l ih e ly  th aI  the previous ana lysis was par t i a l ly

in error because of the lack of observations . A be t t e r  e s t ima te  of th e

representative temperature may be obtained by carrying informat ion along

the time axis in both directions . Figure 27 : l i u st r a t e s  how this is ach ;evcd .
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, ‘O f l t t f l i i t \ ’  of Ocean ‘l’ ;e:’n . r i l — S t :  ‘ci.-

\\ ‘;t t , s U sS OCs ’ 5 i U t C  r s ’s , t s  :1 s lePSn5 - 55 -~i s~.’ t . 5 ~ SC~~ f old , hi l  t .ei - .:. - d —

st r u c t o r e  p51 ;a ; : ieter s are n U n ~~ . c n  os cc tt. 55 .. -os  i s e i s s — — u v e r y  u U s i ’~

~~sO r i ; ; e er 1.35 n v a l’ ,,e a: ever~’ p o i i i t  I I  t S S L  . . s L ,  , 5 5 t 5 .  t O O  S I’ s C t m -i U n~~~t ~~~~~

~ c tc :p elat ;c i ;s  a ssor ie  c-~ ; t5 ; t.5 .:y bet’5vee; -. - n.h p~-

i- i~~wc’5’er , tn an o p e r a t ;o n a l  c on t ex t , t o e  ~‘hi ‘ para ; ete ;- 1007 cc

5 i I s c c n t i n : ; o t s . ~ or e x amp l e , ~n some r c~- .ons (soc ; as toe N o ;t h c~~ -

Ut v.’ lo :e r) ,  t he  oceao may be sothe ;  .o~~1 to 400 : ; c t e r s— — ;h € - ; ’e s
no P o P  01 any eperat iona l s ten: :  ;cartcc . .PSirn::5 -t e r  :;u ::.oc ;5 4 5( \  u s  •U

.a cue 1) s a m e asu r e  e: toe e;’sn1~~nt in t oe  :i r s t  12.5 meters of toe F 
-

tn ermocline  . \\ here toe to ermocl ine  is ‘.vca.~t ann i l l — n c i i n e c i  t n i s  c~’ns i s .Ur

n c o n tin u o u s  :~cld) wi l l  tie s ma l t .  In suco r en oos toe PLD fiela  \Vi i SUC’.’;

sam e var :ations in spa ce and t i m e — — t o e  v a r t n o l~:y ot Ire  ~~~ fi ej a  in cr ea s e s

as t i -c  s t r e ne t ;  of th e toermocitne , meas ur eU cy GV OO • decreases . io

‘A modified procedure which u t i i : o o s  only two a n a l y s is  s cqu eoccs  to
carry information in both directions alone the t ote axis has  been cieveie~.’eh
ant i applied to the production of a 30—y ear h u s t  Orv of nor th ern  h e m i s p ;er5 -
analyzed sea—level pressure fields at 6—hourly  in t e rv a l s——a tota l oi scnt o
4 4 c 0 O ana lyses; diagnosed wind fields also have been produced for th~ same
times [7] .

—1 95—

—S •~~~~— ‘~ 5 ~~
__

~~~~~~_ . -— . a ._ , -— ~~
_
~
_a._.__ — — . —- —-



i_ I

s .’ . : .s .’ t  CC 1 - 0 .  s s t . . ~~, 7 O t ss i l . .~ ‘, d - ~eo ~~~ . - .  I - s i r t ; c55 1 5: ; u : C~ 1 . ,\ ’ s ;

- ~- :5 ~t . - . c . 5 l S .  , . s s t s c s l . L s ’ to t oe  ~~Ss i d e  C; ’.-~~ : .~~~: .  SC I . . .

i t ’ s; ~~~~~~~ t U i t  ~b’i50 s ~c..e;; ~~~~~~~~~~ ~~~ ~~~~~ ..e ,,‘;. - - t t - . - P S~~

‘.51 , . s i  ‘. v s ;s ’ ~- P S :t  .1 U ‘,v- —~~h ,  he I ’ - - ; .- ; ; h Ie to .do .h t  o f f  ~p p rc ~~; i s C  ~~0 . U .  0~

s o~ u & a c

‘.V . . ,CU  sire ,, -. t S ie ;, : s c n t t t  .0 CUe ti~~e . n t .  ..- ~~~~ C - . . t U U - : n 5 ~ y 1)0 SO i s , 5 t -  ..-~~r . )  k ’
7 .o A: - -, , ‘c nh - ; - - ‘ ‘ n  t h e  U -

~~~ - - . . - - - 
- - ~~~- - 

-

-sn ‘.‘ ‘c-: c d  C : —  - ; — 0 . -  - - .. - s ’ ‘- :c ”s r r o : - :no

20 .‘i t s w . : vcrt ic5d s ’ ; s ’ ; - i o t~s’t ; - 5 ’:t -f t s :: 0s’rn t ’ .r e  thc - : 5: t o e
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P A - l o r e  2c shc - - ,v , ; t he  S U U . S ’ c r o s s —s i c .  .-~ U u..U5~:1teh U ’o;:t i U s - — ,c i5 .I

PSCT~ a n a i y s : s  :or toe Cu) : o t r 5 .-d ;a  s n o — r e -  ~o;t . I ;O a oa ly s ;s  cr 0. ;  O S s  -~~

a grid—point spac l r c’; equa l to- 1 ~. t h a t  o t rte \ c rt : ’erS i i cm I sp : t c; ’ c al to ~‘‘s~ s

~)uo to the s c he dj i ne of oper a554 .- n 5 l  cults  , t he c ro s S—sec t iC - It sl ’,o’:ot to

F i q .  20 was ob a4net.  f rom sO-:s ft e l h s  at a sy r c p t ~c t i ;n e 12 hou ;-s c a r b o n
t . -,n o t. oae ‘usea in ~ ig . 27 ; :ne oi::erencc ta noc. s g;t i :ican: tO t I l t S

o:scss s~on .

£ r e  two cross— sect tor ,c -  are oaoea or nOT~ ::eIn~- us iit~ a com;oc;t

vertica l r esohut .on (see P:e . 2 2 )  . h1o’.’.- vc: one h onioont .~ I

~see Pi~ . 0) for F ig .  28 e;.co;opa~ ses ~4 a n a h y a ~s modules for Fig . 29 .

hh- e capab : l i ty  of pmodu c  i n ;  such cros s—se ctu on s  form s part  of the
over al l  i. OTS sys tem .  Detai ls  are n ;ven  in . ‘s t S C C f l ;j j X  A of the Users ~.i an - na1
Note that th is  j _

~~b-_ 15:0’ o t l I nes l inc ’n r  interpolat io n of a c;rid i t nv i ;t c , a 0 . 2 5
meter vertical spacing . T h i s  introduces ‘ k i n h s ’ in the isopleths nn5i l i m i t s
matching of the analyzed PLD.
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I
A l t i i o u s ;h  the s ame  (j a t i contr ibuted to both c r u : s — U e c t i o ; I ~ (1~~;. n r i r j t i e  t s . I I C

d u f f e r e a c e  of 1~ hours)  tl ’ erc~ are obvious S i f f o r eu t cc s  b etween  t h e  tV/u

fig ures . Both cross—sections are equal ly  “ correct ’ in the sense tPS~~t ad

available information was used to provide the best estimate of a

rep resenta t ive  cross—section.  The differences ore due to the fact  t h a t  d o

represe ntat ive cross—section on one scale of resolution is ro t  the sante a ;-i

tha t  on another scale of resolut ion . 1 a

7 .7 An Example  of Temperature  Fields ot  ‘i ’hrc ’c- D i f f e r en t  Depths

Figures 30 , 3 1 and 32 show temper atur e  f i e lds  at the surface (i .e . ,

t h e  SST) , 150 meters and 300 meters on 12Z , 30 May 1979 for the  Western

P ac i f ic  in the v ic in i ty  of Ta iwan.  The don lysis grid is 63x63 , polar

:;:ereogrop ;t ic projection , with a m o SI t  siz e ~~~s~~1 to O f l C — O i g ; l t I l  t ou t  of

“ st un u 3 r d ” s, 3x0 3 hemispher ic  qrid and a t i ,oe  gr ;d spacing ’ o 24 h our s .

These :ields , produced by the EOTS ana lysis system , in effect arc 2— ID

ho rizontal sections through the ~—D EOTS a n a l y s i s  for this  r egion .

Figure 30 , the SST , shows a fa irly flat field to the east of Taiwa n ,

with temperature decreasing fa irly rapidly to the north . Note also , CP Oi’t

from the cold water near the China coast , that temperatures in the South

China Sea are similar  to those ifl the Western Pacific . For example , a ion ~
20 ° N , Pacific temperatures are about 28° C and South China Sea temperatures

are about 28 or 29 ° C.

‘See the examples of SST analyses and associated discussion given
in Section 4.13 , and the blended profiles given in Table 3 and Fig . 25.
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i’ u~~u :e  3 1 s h - -w; ;  S:~. - ; i ps ’rd t unt - at  150 me1 t ~~:. ~~ .i , ~~ ~ ad

ap p ar e n t , t h er e  is a very & i i f : er -n t  r e c u ;n c  ~~t t h i : .  s;e~i t L i .  ye ;  0 0  \‘~~- : . i ~

i d O l iC t h t _ ’ t e m p e t a t u r &  I i ~~1S it ; s t i l i  f 1 . 5 t — —~~.: it  i t ,  s 5 V O L  t h e  S o u t i  ~~ ;~~~; -~ 
~~

•

i i  owt ’ver t he r e  is a m ar k e d  e d s t — w e s t  t e m p e r a t u r e  s ; ru d  i~~nt t i n  o u u h  th

St r a i t s .  l ;t  croad t enn i s , ~1 ls I0; 20~ N ( l i e  P a c i : i c  has  d& ’c reasesi  in te ; ; ;p~ r t u r &

~~ about t’° C be t w e& -n t he  s u r fa c e  and I 30 me ter s  whereas  he Sou : it  -

Sen n t i s  decreased  by 12~ C .  hy 300 ni ~’ter :;  (see i’ i t~. 32 )  t h e s e  ~ & ‘c; s - . i;,e; :

are about 11 C and 17 C esp~-ct  ive ly .  l’i - : t ; r 5 -t ; 3 3 t O 32 ~i I  C r s 5 i evn io t  to

st u d n e s  of toe s t r u c t u r e  r ind r i i ~, t r u o u t  100 of t h e  ~u r o s h u o  C U t ; s ’10

‘em peru  1 UF I ’ Se I~i s a t  her  d e pt h s  cot ; ~ 1 cc prey i S L ~ . y  t I ;e  , s  5

a n a l y s i s  Sy s t e :n , as cou l d  t em p er a tu r e  vs . dc~~t i t  C L O S S — ; ; & ’ci s O: -  .; is .:~

.~ny  doe ~s t ; a i s ; h t  or cuxed)  . i i o v n e v 1 -r F i n s .  30 to 32 .5r~5 s : :vc : t  t o

~l~u s t r a t t - app l i c a t i o n s  ot LCi55 to ocean.~ : i 5 u p i ; i c  e s & 5 i r c h .  t h e y  in ’i V C  ) 5~5 5 r

;~r ov14j e~i to  s ;el: i ’ ’n ; ;t n i t e  t h a t  t : ;e hOfS .mo. i  i v O l t ;  sy st e m  ea: : ik’  can cope \- ;ah
ro .irk en cha Oi l es ifl to il ~~ ‘i a t u n e  rest i me \v ;:  1: sie~~t l ;  — — fe.i tur e s  in t 25 ’ 5 S .

anti  iys is biv~ not been cmp osed on t& ’mpcra tu; ’e Sels;s at ore a ter  n e - p r o s  ; 1t

de f i an c e  of o ther  ava i lab le  in fo r m a t i o n .

7 .8 Sound Speed in the Oceans

Given temp erature , sal i nity and depth (or pr essure) it is a r e l a t i v e l y

s tr a i’.; nt f or war d  matter  to compute sound speed u s ing , for example , Wi ~so n s

or Leroy ’s formulation .

The LOTS analysis  system produces 4-D analyses of ocean t i ’ e r m n i

• s tructure . AS has been demonstrated a capabi l i ty  exists  for ext r act inn ~ ho t s

vertica l cross—sections ( e .g ., Figs.  28 and 29) and horizo ntal  cross—s ectccn s 1

(e.g., Figs . 30 , 31 , 32).

1
These can be quasi—horizont al sections——for example the t emper a tu re

at 25 meters above the PLD.
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Al t i i o u e i t  2013 , appr opr iat e y m odridec , could oc’ used to anJi yn c-

:;u 1 .n i z y  c ; A s t n i u u t  sans , nt is  is r iot u s e f u l  t o  s yn op t ic  t ;n t e — f r ~~me bc-ca a ce

of the lach of synoptic data . Current ly , thc bes t— av a i l ab l e  sa l5r . . ty

i nformation is provided by climato logica l f ie lds .

j h u s , given vertical and/or horizontal  t e m p er a t u r e  c ros s— scct5do s

(fro m the LOTS system) , corresponding sa l in i ty  cross—sect ions (fro m

cdmatology) and the depth , then cross-sect ions of sound speed may be

computed. (Further details are given in the EOTS Users Manua l .)

Figure 33 shows a horiz ontal field of sound speed at a depth of

(PL D— 25 ) m e t e r s — — i . e . ,  25 meters abov e the PLD — —based  on the f i n e — r r - sh

ECTS ana lysis  for the Gulf  Stream at 12Z , 24 TUN 1979. The heavy line

drawn on Fig . 33 corresponds to the vertica l cross-section of sound spn c-d

shown in Fig.  34. Figure 35 shows another  vertical cross—section of

sound speed , bas ed on the Northern h emisphere  analysis  of OOZ , 08 JUN 1979 ,

and running along longitude 20 ° W from the equator to Iceland .

Knowledge of vertica l and horizontal sound speeds in the ocean is of

considerable importance to surface and sub—surface naval operations .

7 .9  Qual i ty  Control L Evaluat ion ,  and Verif ication

7 .9 . 1 Output Statistics and Diagnostics

As an integral part of any FIB analysis system , a wide variety of

output statistics and diagnostics are generated during the analysis process

to assist with quality control. Some of these measures are derived from the

observed data contributing to the analysis , others provide the values of

adjustable constants used by the analysis , and others are based on the

‘The available fields for salinity are compiled monthly climatologies--
they have not been analyzed by a FIB analysis system .
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Figure 33 Sound speed at 25 meters above the PLD for the Gulf Stream
for 12Z , 24 June 1979.
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syste m used is not the EOTS system. Note that gross errors
in observations have not been el iminated——see text .
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