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ABSTRACT 

ODSI h a s  developed and t e s t e d  a tmospher ic  o b j e c t i v e  

a n a l y s i s  models for NASA i n  p repa ra t ion  f o r  a s s e s s i n g  t h e  

u t i l i t y  o f  SEASAT d a t a .  O f  t h e  s e v e r a l  d i s c r e t i o n a r y  pro- 

cedures  i n  such computer programs, t h e  e f f e c t s  of t h r e e  

were examined and documented: (I) t h e  effect o f  vary ing  

t h e  weights  i n  t h e  Pat texl ' i  Conserving Technique; ( 2 )  t h e  

effect of  vary ing  t h e  d a t a  i n f l u e n c e  reg ion ;  (3 )  t h e  e f f e c t  

of inc lud ing  wind in format ion  i n  ana lyses  o f  mass-s t ruc ture  

v a r i a b l e s .  The problem of  i n s e r t i n g  bogus r e p o r t s  i s  also 

examined. 
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1. INTRODUCTION 
C 

Ocean Data Systems, Inc. (OBSI) has designed, developad 

and tested a set of atmospheric objective analysis and prc- 

diction modols of varying (grid) resolution in support of 

the SEASAT Program under Contract No. 954668 to the Jet 

Propulsion Laboratory, and under Contract No. NASW-2558 to 

Econ, Inc. Some advanced development of these models has 
f 

I been accomplished by ODSX personnel under Contract No. NAS5- 

24469 to the Goddard Space Flight Center. This Final Technical 
L 

I Report covers the modeling efforts maade under NAS5-24469. 
I/ (~dditional advanced development is in progress under Contract 

NAS5-24468 to GSFC.) 
i 

m 

I The main objective of all such modeling activities was/ 

is to prepare an appropriate model context: (1) for assessing 

t the utility of SEASAT data in atmos2heric analysis and 

short-range prediction; and (2) for enhancing the usefulness 

of such data through improved procedures in analysis and 

prediction models. As a practical matter, this means that 

one must use procedures to ingest and to distribute SEASAT 

information into (spatial) scales that are less likely to 

get 'washed out" in the first few hours of a short-range 

forecast (the model' s "adjustment period1') . 
In this specific contractual effort, ODSI identified 

and tested procedures for enhancing the computational via- 

bility of (SEASAT) data. (This development is needed as a 

prerequisite to the development of a computationally- 



economicak a s s i m i l a t i o n  model for a synop t i c  SEASAT informat ion.)  

There a m  many dAscre t ianary  procedures  i n  o b j a c t i v e  a n a l y s i s  

models. Three wars s i n g l e d  o u t  fog spewknl a tudy  he re in :  

(1) an examination o f  t h e  weights i n  t h e  Fr%t@ern Conaarvation 

~ s c h n i q u a ;  ( 2 )  a n  examination o f  the r eg ion  of  i n f luence  f o r  

obse rva t ions t  (3)  an examination of t h e  e f f e c t s  o f  wind 

in format ion  i n  ana lyses  of mass-s t ructure  v ~ r i a b l a s ,  

The a n a l y s i s  techniquo chosen f o r  t h i s  work has  boan 

named t h e  P a t t e r n  Corrservation Technique (PCT). This  mothad 

p r e s e r v e s  s p e c i f i e d  d i f f e r e n t i a l  p r o p e r t i e s  o f  t h e  first- 

guess  f i e l d  w h i h  f i t t i n g  t h e  l a t e s t  observakions  under a 

system a£ weights.  ODST s e l e c t e d  t h i s  scheme because it 

e x h i b i t s  many of t h e  des ixabJe  c h a ~ a c t e r i s ~ i c s  o f  a good 

manual a n a l y s i s  procedure.  (A c l o s e l y - r e l a t e d  technique i s  

used by F l e e t  Numerical Weather C e n t r a l  f o r  ana lyz ing  t h e  

ma jo r i t y  o f  i C s  r e q u i r e d  meteoro log ica l  parameters . )  A 

complete d e s c r i p t i o n  of  t h e  PCT technique,  i nc lud ing  r e l e v a n t  

equa t ions  and program o rgan iza t ion ,  i s  a v a i l a b l e  i n  VaPurne 

If of t h e  ODSI F i n a l  R e p 0 ~ t  t o  JPL e n t i t l e d  " ~ t m o s p h e r i c  

Model Development i n  Support  of SEASAT", da t ed  30 September 

19'77. Appendices I and IP con ta in  replacement pages t o  

Sec t ion  I and 11, r e s p e c t i v e l y ,  ko t h a t  Report .  

As poin ted  o u t  e a r l i e r ,  one must a l l ow obse rva t ions  t o  

i n f l u e n c e  a n  a n a l y s i s  i n  s p a t i a l  s c a l e s  which are 

computa t iona l ly  v i a b l e  i n  t h e  p r e d i c t i o n  model -- y e t  be 

c o n s i s t e n t  wi th  t h e  requirements  f o r  meteoro log ica l  v a l i d i t y  i n  

such an a n a l y s i s ,  I n  s o  doing,  the impor tan t  dependencies a r e :  



g r i d  rc lsolut ion,  the nun~ber and d i e t r i b u t i o n  o f  obsc tva t ions ,  

t h e  q u a l i k y  oE f ixs t -guess  f i lalde,  kho diseipaC&va pxoperti@s of 

o p e r a t o r s  i n  t h @  forecast nods%, and procedures  i n  a n a l y s i s  for 

i n g e s t i n g  d a t a  tt' g r i d  p o i n t s  and smoothing the f i n a l  a n a l y s i s  

ou tpu t s .  A c e r t a i n  amount o f  vtanginaexingw i s  necessary  t o  

ach ieve  t h a  best balance oE a l l  considerations/consCraints. X t  

i s  somotimes necessaxy t o  i n s o r t  "bogus" r s p o x t s  to compenaata 

for t h e  lack 0 2  rcak r o p o r t s  t o  i n p u t  non-standard informat ion,  

o r  to ovorcorne, shortcomings i n  o b j e c t i v e  methods. I n  any c n s s ,  

a n a l y s i s  modeling i n  a n  o p e r a t i o n a l  c o n t o x t  i s  an  on-going 

p r o p o s i t i o n  r e q u i r i n g  d a i l y  s c r u t i n y  of  model o u t p u t s  i n  a l l  

types  o f  mc;teorological scenari ,os.  

T h i s  F i n a l  Report desc r ibes  work performed on khe dis- 

c r e t i o n a r y  procedures  i n  t h e  va r ious  a n a l y s e s ,  J u s t  as varying 

t h o  s e t t i n g s  f o r  cons t an t s  i n  a f o r e c a s t  model can s i g n i -  

f i c a n t l y  change t h e  r e s u l t i n g  oukput ( a s  d e s c r i b e d  i n  Volume 

IV of  t h e  aforementioned ODSX F i n a l  Report  t o  JPL), "tuning1! of 

d i s c r e t i o n a r y  procedures and constganks i n  an a n a l y s i s  can a l s o  

a l t e r  t h e  o u t p u t  f i e l d s  d r a s t i c a l l y .  

S e c t i o n s  If through V d e s c r i b e  observed d e f i c i e n c i e s ,  

r a t i o n a l e  f o r  change, and r e s u l t i n g  procedures .  Appendices -- 
X and IT c o n t a i n  updated pages of t h e  o r i g i n a l  Volume I1 a n a l y s i s  

model d e s c r i p t i o n  a s  modified by <he work i n  t h i s  report."ll 

o f  t h e  development e f f o r t  was expended on t h e  63x63 models. The 

concepts  developed would be d i x e c t l y  a p p l i c a b l e  t o  t h e  187x187 

models, b u t  t u n i n g ,  f i l t e r i n g ,  etc. would probably be d i f f e r e n t .  
-- 
* ~ p p e n d i x  I r e p l a c e s  pages 1-1 through 1-26.. 

Appendix I1 r e p l a c e s  pages 11-1 through 11-17, 



A s u b s t a n b i a l  coding e f fo r t  would be m q u i r e d  t o  implement t h e  

new assembly concept  across p a r t i t i o n  boundarios i n  t h e  187x187 

models. 

Tn Sec t ion  X I ,  t h e  s e l e c t i o n  of Che PCT weights  f o r  t h e  

d i f f e r e n t  ana lyses  is  d iscussed .  The effect of t h e  qualj . ty of  

the! f i r s t - g u e s s  f i e l d s  on t h e  s e l e c t i o n  o f  t h o s e  weights i s  a l s o  

connidered.  Sec t ion  III c o n s i s t s  cf. s e v e r a l  subsec t ions  which 

come under t h e  g e n e r a l  heading o f  Assembly Procadures.  Each 

subsec t ion  c o n t a i n s  a  d e s c r i p t i o n  o f  a procedure  used i n  

de te rmin ing  t h e  i n f l u e n c e  r eg ion  of  a d a t a  r e p o r t .  Sec t ion  IV 

describes a srrpplementary assembly procedure,  t h e  i n t r o d u c t i o n  

of bogus in format ion  i a t o  t h e  a n a l y s i s .  F i n a l l y ,  i n  Sec t ion  V, 

t h e  use oL wind observa t ions  t o  better d e f i n e  t h e  h e i g h t  

g r a d i e n t s  i n  t h e  upper l e v e l  h e i g h t  a n a l y s i s  i s  examined. 



IJ. VARYING THE WEIGHTS IN THE ANALYSIS 

The objective analysis programs developed by ODs1 

employ the Pattern Conserving Technique (PCT), an analysis 

approach which, through a system of weights, attempts to 

preserve the differential properties of the first-guess 

field while incorporating the current observations. With 

Che appropriate selection of weights, control can be exer- 

cised over which characteristics will be emphasized in the 

final analysis. 

The tescing of the analysis program sequence was carried 

aut with a data set for lLZ, 22 April 1976, available from 

Fleet Numerical Weather Central (FNWC) . Five atmospheric 

parameters were analyzed -- the sea surface temperature, 
sea-level pressure, and the upper air winds, temperatures 

and heights. Of these, the most extensive investigations 

were carried 0u.t: with the pressure analysis, and a major 

portion of the discussion will focus on those tests. 

As a secondary objective, ODs1 sought to evaluate the 

effect of the quality of the first-guess field on the final 

analysis. In an operational contexk, the quality of the 

available first-guess field can vary considerably. It is 

important, then, that a program be ,designed to handle the 

problems which might arise from the first-guess field. To 

test the performance of the NASA-ODSI analysis program, two 

very different guess fields were used in conjunction with 

the FNWC data set. 



Th. major i ty  of  tha  t o s t s  ware c a r r i e d  o u t  using a 

f o x e c a ~ t  ou tpn t  f i e l d  from t h e  previous twelve hours a s  t h e  

E i r s t - g u e s s  E i a l d .  These p a r t i ~ u l a r  f ~ r e c a s t  f i e l d s  ware 

no t  very s k i l l f u l ,  and con be considered a s  examples o f  t h e  

poorar q u a l i t y  guess f i e l d s  which mig1.ght be encountered. For 

ramparison, seve ra l  r u n s  wera made using t h e  FNWC opera- 

t i o n a l  analyzed Eields  fox +!tat time. These f i a l d s  repre-  

sent t h e  b e s t  quality t h a t  could be expected f o r  Eirst-guess 

Eie lds .  Our  aim was t o  f i n d  how tho  program requirements 

might changa a s  n consequence of t h e  f i r s t - g u e s s  f i e l d .  



A. Background f o r  PCT 

As mentioned prev ious ly ,  a complete d e s c r i p t i o n  of  t h e  

concepts  and implementation o f  t h o  P a t t e r n  Conserving Tech- 

nique (PCT) i s  found in Volume IJ: of t h e  OLSI P i n a l  Report 

t o  JPL.  

To review b r i e f l y ,  i n  PCT, a f u n c t i o n a l  i s  de f ined  a s  

the  sum o f  t h e  squares  o f  t h e  d ig fe rences  between t h e  char-  

acteristics of t h e  a n a l y s i s  and t h e i r  c o u n t e r p a r t s  i n  t h e  

f i r s t - g u e s s  f i e l d .  Each term i s  n ~ u l t i p l i e d  by an  ass igned  

weight.  The fui lc t ionol  i s  then minimized through an app l i -  

c a t i o n  of  t h e  c a l c u l u s  o f  v a r i a t i o n s ;  t h e  numerical  s o l u t i o n  

t o  which y i e l d s  a  new a n a l y s i s  E ie ld .  

To demonstrate t h e  r o l e  of t h e  weights ,  le t  u s  assume 

t h a t  $ i s  one proper ty  inc luded  as a tern1 i n  t h e  PCT equa- 

t i o n s .  I ts  c o n t r i b u t i o n  t o  t h e  f u n c t i o n a l  a t  a g r i d p o i n t  i s  

given by: 

2 
P ( $ r  - $ 4 ) I t J  

where $ g  = va lue  of t h e  p rope r ty  i n  t h e  guess f i e l d  

Or = va lue  of t h e  p rope r ty  i n  t h e  r e s u l t i n g  
a n a l y s i s  

I p = PCT weight ass igned t o  p rope r ty  $ 

I? S,J = g r i d p o i n t  i rZd ices  
I 

1 Cont r ibu t ions  by Che o t h e r  p r o p e r t i e s  t o  t h e  f u n c t i o n a l  can 

I 
t be s i m i l a r l y  expressed.  A l l  t h e  terms are su~nmed over t h e  

e n t i r e  g r i d  and t h e  equa t ions  a r e  solved f o r  t h e  new a n a l y s i s  

f i e l d ;  i .e . ,  f o r  t h e  $ r  va lues .  The r e l a t i v e  importance of 

a p a r t i c u l a r  c h a r a c t e r i s t i c  i s  dependent upon i t s  weight.  

11-3 
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C l e a r l y ,  i n  t h e  exp res s ion  above, when t h e  weight  p i s  

l a r g e ,  a term's c o n t r i b u t i o n  t o  t h e  f u n c t i o n a l  w i l l  be small 

o n l y  when t h e  analyzed f i e l d  va lue ,  Or, approaches t h e  guess  

f i e l d  v a l u e  of  t h e  p rope r ty ,  $4. A smal le r  v a l u e  of  p 

would a l l ow a g r e a t e r  d i f f e r e n c e  between $ r  and Og f o r  t h e  

same t o t a l  c o n t r i b u t i o n  t o  t h e  Y r r l ~ ~ ~ ~ i o n a l .  (Re;:all t h a t  

t h e  f u n c t i o n a l  is  t o  be minimized.) S ince  each p rope r ty  or 

c h a r a c t e r i s t i c  has  i ts  own weight,  i t s  i n f l u e n c e  on t h e  

1 
I i " 

f i n a l  a n a l y s i s  can  be changed wi th  an  adjustment  o f  t h e  

1 weights .  

Three t ypes  of  informat ion comprise t h e  terms i n  t h e  

PCT equa t ions  -- t h e  g r a d i e n t s ,  t h e  Laplac ians  and t h e  new 

d a t a .  The g r a d i e n t s  i n  e i g h t  d i r e c t i o n s  from a g r i d p o i n t  

a r e  c a l c u l a t e d  a s  w e l l  a s  t h e  Laplacian a t  t h e  g r i d p o i n t .  

The $g v a l u e s  f o r  t h e s e  d i f f e r e n t i a l  p r o p e r t i e s  a r e  d e t e r -  

mined from t h e  f i r s t - g u e s s  f i e l d  and remain c o n s t a n t  through 

t h e  e n t i r e  program sequence. The new d a t a ,  on t h e  o t h e r  

hand, i s  inco rpo ra t ed  v i a  t h e  assembled f i e l d .  On each 

scan,  t h e  new assembled f i e l d  r e p l a c e s  t h e  f i e l d  from t h e  

prev ious  scan a s  t h e  c o n s t r a i n i n g  terms, t h e  $ g l s ,  i n  t h e  

PCT equa t ions .  

Two major changes have been made i n  t h e  PCT program 

desc r ibed  i n  t h e  r e p o r t  t o  JPL.  lie f i : s t  is  a  s imp l i -  

f i c a t i o n  of  t h e  Laplac ian  term i n  t h e  equa t ions .  I n  t h e  

o r i g i n a l  programs, t h e  in format ion  from a  r e p o r t  was assembled 

on ly  t o  t h e  n e a r e s t  g r i d p o i n t .  From t h e r e ,  t h e  in format ion  

was d i s t r i b u t e d  through t h e  f i e l d  by t h e  g r a d i e n t  and Laplacian 

terms when t h e  PCT equa t ions  were solved.  To do t h i s  i n  
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l a r g e  s p a t i a l  scales r equ i r ed  n o t  on ly  t h e  Laplacian term a t  

a  g r i d p o i n t ,  b u t  a t  t h e  f o u r  surrounding g r i d p o i n t s  as well. 

The r e s u l t i n g  pentadiagonal  ma t r i ce s  made t h e  s o l u t i o n  of  

t h e  PCT equa t ions  q u i t e  time consuming. With t h e  develop- 

ment of  a  b e t t e r  assembling procedure i n  which a  r e p o r t  

i n f l u e n c e s  t h e  assembled va lues  a t  more t h a n  one g r i d p o i n t  

l o c a t i o n ,  t h e  fou r  e x t r a  Laplacian terms could be removed 

f rom t h e  PCT equa t ions .  A s i g n i f i c a n t  r e d u c t i o n  i n  t h e  t i m e  

r e q u i r e d  t o  s o l v e  t h e  equa i ions  ( a t  l e a s t  25%) i s  r e a l i z e d  

i n  us ing  t h e  s impler  t r i d i a g o n a l  form. 

The second major change j,n PCT was t o  modify t h e  weights 

on t h e  b a s i s  ~f t h e  l o c a l  d a t a  d e n s i t y .  That  is ,  t h e  PCT 

weights  are aLtered according t o  t h e  r e l a t i v e  d e n s i t y  of 

r e p o r t s  i n  t h e  v i c i n i t y  of  a  g r i d p o i n t .  Where r e p o r t s  a r e  

c l o s e l y  spaced, a f a i r l y  a c c u r a t e  approximation o f  t h e  s t a t e  

o f  t h e  atmosphere can be made from t h e  assembled f i e l d .  I n  

t h e s e  l o c a t i o n s ,  t h e  a n a l y s i s  should f a v o r  t h e  assembled 

f i e l d  over  t h e  f i r s t - g u e s s  f i e l d .  C)n t h e  o t h e r  hand, where 

r e p o r t s  are widely s c a t t e r e d ,  it i s  probably better t o  r e l y  

more heav i ly  on t h e  f i r s t - g u e s s  f i e l d  p r o p e r t i e s .  

The mod i f i ca t ion  of t h e  weights  i s  done v i a  INFOFACI 

t h e  informat ion d e n s i t y  f a c t o r .  INFOFAC i s  c a l c u l a t e d  i n  a 

s e p a r a t e  sub rou t ine ,  INFODEN, which i s  desc r ibed  f u l l y  i n  a  

la ter  s e c t i o n .  I n  IMFODEN, an  a t t empt  i s  made t o  determine 

how many r e p o r t s  w i l l  c o n t r i b u t e  t o  t h e  assembled f i e l d  
i 
i 
1 

v a l u e  a t  a p a r t i c u l a r  g r i d p o i n t .  This  c o n s t i t u t e s  t h e  I 

i n format ion  d e n s i t y .  INFOFAC is  a measure of  t h e  d e n s i t y  a t  
I 

I 

1 
a po in t  r e l a t i v e  t o  t h e  d e n s i t i e s  a t  o t h e r  l o c a t i o n s .  The 



tarn1 o r  f a c t o r  i s  app l i ed  s imul tanaously  to  i n c r e a s i n g  t h o  

weights  on t h e  assembled f i e l d  and reduc ing  t h e  weights  on 

tha d i f f e r e n t i a l  p r o p e r t i e s .  The degree  t o  which t h o  PCT 

weights  are a l t e r e d  i s  c o n t r o l l e d  through REDUCE, n f r a c t i o n  

between ze ro  and one. The sma l l e r  t h e  va lue  of  REDUCE, t h e  . 
less t h e  v a r i a t i o n  i n  t h e  in format ion  d e n s i t y  i s  allowed t o  

aEfect t h e  weights  and, hence, t h o  a n a l y s i s .  Thus, a t  a 

ASMBLWTItJ = (1. 4- REDUCE * INFOFAC ) * ASMBLWT 
It5 

GMDWTT , = (1. - REDUCE * INFOFACIfJ) * GRADWT 

PCTLAPL 
1,J 

(1. - REDUCE * XNFOFAC ) * PCTLAPL 
I,J 

where ASMBLWT = PCT weight on t h e  assembled f i e l d  

GRADKT = PCT weight on t h e  g r a d i e n t s  of t h e  
f i r s t - g u e s s  f i e l d  

PCTLAPL = PCT weight on t h e  Laplacian of t h e  
Ei r s t -guess  f i e l d  

TNFOFAC = informat ion d e n s i t y  f a c t o r  a t  l o c a t i o n  
I, 3 

REDUCE = f r a c t i o n ;  0 2 REDUCE - 1 

1,J = g r i d p o i n t  i n d i c e s  

I n  the fol lowing s e c t i o n s ,  t h e  exa~nples  w i l l  be l i m i t e d  

t o  t h o s e  f o r  which REDUCE was equa l  t o  e i t h e r  zero o r  0.75. 

This  permi t s  a coinparison o f  c a s e s  . in  which t h e  in format ion  

d e n s i t y  does  n o t  a f f e c t  t h e  PCT weights  and cases f o r  which 

t h o s e  weights  a r e  a l t e r e d .  



B. Sea-Level P re s su re  Analys i s  

The s e a - i f w l  p r e s s u r e  a n a l y s i s  d i f f e r s  s i g n i f i c a n t l y  

from t h e  upper a i r  ana lyses  i n  s e v e r a l  r e s p e c t s .  F i r s t  and 

most impor t an t ly ,  t h e  number o f  obse rva t ions  a v a i l a b l e  t o  

t h e  a l l a ly s i s  i s  much g r e a t e r ,  o f t e n  an  o r d e r  of magnitude 

g r e a t e r .  Where t h e  h e i g h t  a n a l y s i s  might have f i v e  !.andred 

obse rva t ions  t o  use ,  t h e  s u r f a c e  p r e s s u r e  a n a l y s i s  w i l l  have 

f i v e  thousand. Secondly, t h e  PCT weights  f o r  t h e  s ea - l eve l  

p r e s s u r e  a n a l y s i s  a r e  modified by t h e  t e r r a i n  g r a d i e n t s .  

I Observa t iona l  r e p o r t s  from mountainous r eg ions  o f t e n  i 

I 
I 

r e f l e c t  t h e  l o c a l  e f f e c t s  due t o  e l e v a t i o n  r a t h e r  t han  

i i 
gene ra l  cond i t i ons ;  consequrc t ly ,  t h e  f i e l d  g r a d i e n t s  i n  

t h e s e  r e g i o n s  tend to be ianrel iable .  For t h i s  reason ,  t h e  

1 I PCT g r a d i e n t  weights a r e  s i g n i f i c a n t l y  reduced whe 're t h e  
i t e r r a i n  g r a d i e n t s  a r e  s t rong .  The modi f ica t ion  o f  t h e  

g r a d i e n t  weights  i s  given by: 

i 

1 GRADWT I,J 
= [l. - (TERGRRD /TERMAX) I * GRADWT 

I,J 1,J 

where GRADWT = PCT g r a d i e n t  weight 

TERGRAD = t e r r a i n  g r a d i e n t  

TERMAX = maximum t e r r a i n  g r a d i c n t  f o r  t h e  f i e l d  

IvJ  = g r i d  i n d i c e s  

The f i r s t  group of  tests which w i l l  be d i scussed  i s  t h e  

s e a - l e v e l  p re s su re  ana lyses  which used a  12-hour f o r e c a s t  

ou tpu t  f i e l d  a s  t h e  f i r s t  guess.  F igu re  11-1 shows a p o r t i o n  

o f  t h i s  f i r s t - g u e s s  f i e l d  on t h e  Northern Hemisphere 63x63 

g r i d .  The d i scuss ion  w i l l  focus  on t h r e e  f e a t u r e s  -- t h e  

XI-7 

- -- .-A- 
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developing cyc lone  i n  t h e  North A t l a n t i c ,  t h e  broad a n t i -  
* 

cyclone i n  t h e  North P a c i f i c ,  and a smaller cyalone,  akso i n  

t h e  Worth P a c i f i c ,  which i s  n o t  r e a d i l y  npparant  i n  t h i s  

f i r s t - g u e s s  f i e l d .  This  second cyclone appears  i n  t h e  

a n a l y s e s  a t  40°N betweon lGOOE and 170°E. A c a r e f u l  exqmination 

o f  t h e  p r e s s u r e  r e p o r t s  shows Chat t h e  f o r e c a s t  under- 

es t imated  t h e  s t r e n g t h  o f  t h e  major synop t i c  systems. For 

i n s t a n c e ,  t h e  two 1033mb r e p o r t s  between 170°E and 180°E and 

near  37ON sugges t  t h a t  a 1032mb contour  should appear i n  t h e  

North P a c i f i c  an t i cyc lone ,  b u t  t h e  l a r g e s t  contour  shown i s  

1024mb. I n  t h e  North A t l a n t i c  cyclone,  a  r e p o r t  of 986nib t o  

t h e  west of t h e  c e n t e r  o f  t h e  992mb con tou r ' aga in  i n d i c a t e s  

t h a t  t h e  cyclone is  much deeper  t han  p red ic t ed .  

The analyzed f i e l d s  which a r e  ob ta ined  under d i f f e r e n t  

PCT weights  u s ing  t h i s  guess  f i e l d  vary s i g n i f i c a n t l y .  The 

nex t  fou r  f i g u r e s  demonstra te  t h e  e f f e c t  o f  varying t h e  PCkP 

weight on t h e  assembled f i e l d .  The PCT weights f o r  t h e  

g r a d i e n t  and Laplac ian  terms w e r e  he ld  c o n s t a n t  (see Tabie 

11-1) a s  t h e  assembled f i e l d  weight w a s  increased  by a 

f a c t o r  of t e n  on each succeeding run,  from one t o  one 

thousand. (Note t h a t  t h e  in format ion  d e n s i t y  was allowed t o  

modify t h e  PCT weights ;  REDUCE i s  set t o  0 .75 . )  

When t h e  weight on t h e  assembled f i e l d  w a s  smal l  (1. 0 )  , 
t h e  a n a l y s i s  (F igure  11-2) shows l i t t l e  change from t h e  

f i r s t - g u e s s  p r e s s u r e  f i e l d .  A l a r g e  number of obse rva t ions  

were r e j e c t e d .  ( I n  t h e  f i g u r e s ,  a  r e j e c t e d  observa t ion  i s  

enclosed i n  a  black box. T h e  t o t a l  number of r e j e c t e d  , 

r e p o r t s  i n  each case i s  inc luded  i n  Table 11-1.) The a n a l y s i s  
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b e t t a r  accommodates t h e  obse rva t ion  when t h e  PCT rrssembltild I 
I f i e l d  weight  i s  i n c r e a s e d  t o  t en .  Note t h a t  t h e  central 

contour  i n  t h a  P a c i f i c  h igh  prwisure  c e n t e r  has  reached 

1028mb (F igure  IZ-3). In tho same a n a l y s i s ,  a lOO4mb 
h 

contour  i a  now inc luded  Pn t h s  low p r e s s u r e  center over  t h e  1 
western United SCatea, as suggested by t h e  obse rva t ions .  

I With a f u r t h e r  i n c r e a s e  i n  t h e  assembled f i e l d  weight  ( t o  

one hundrad) a 1032mb contour  appears  i n  t h o  P a c i f i c  h igh,  
I 

I seen i n  F igu re  11-4, 3 thec  impor tan t  changes i nc lude  t h e  

1 a n a l y s i s  of  a cyclone a t  approximately 46ON and 162OW. 
I 

I While t h e  cyclone i n  t h e  North A t l a n t i c  i s  f3tiI.l n o t  as deep 
I 

I 
as might be expected,  t h e  a n a l y s i s  i s  a t  least  in,cluding a 

992mb contour  where t h e  lowest  va lue  contour  i n  t h e  o t h e r  

I two ana lyses  was 996mb. The l a s t  f i g u r e  i n  t h i s  group, 

1 Figure  XI-5, shows t h e  a n a l y s i s  when t h e  PCT assembled f i e l d  

weight i s  one thousand. The a n a l y s i s  has  come even c l o s e r  

t o  t h e  obse rva t ions ,  The 1032mb contour  o f  t h e  P a c i f i c  h igh 

1 covers  a widor a r ea .  The P a c i f i c  low j u s t  t o  t h e  nor thwest  

I of  it has  been deepened t o  i nc lude  a 1004mb contour .  Xn t h e  

I A t l a n t i c  cyclone,  t h e  992mb contour  enc loses  a l a r g e r  a r e a  

which i n c l u d e s  t h e  986mb observa t ion .  

I n  a d d i t i o n  t o  looking a t  t h e  p l o t t e d  analyzed f i e l d s ,  

P one can a p p r e c i a t e  t h e  e f fecC of vary ing  t h e  weights  by 

no t ing  some o f  t h e  program s t a t i s t i c s  which have been inc luded  

i n  Table 11-1. These f i r s t  f ou r  c a s e s  a r e  given a s  t h e  

f i r s t  e n t r i e s  i n  Table  11-1. Three q u a n t i t i e s  can be compared 

from one run  t o  t h e  n e x t  -- t h e  r o o t  mean square  (RMS) 

depa r tu re ,  t h e  number of i t e r a t i o n s  r e q u i r e d  t o  s o l v e  t h e  



;.; 
11 

+
4

 J
 

[
i
r
 C.. 







PCT equa t ions ,  and t h e  number o f  r e p o r t s  r e j e c t e d  i n  t h e  

a n a l y s i s .  (The RMS d e p a r t u r e  is a weighted d i f f e r e n c e  

between an obse rva t ion  and t h e  a n a l y s i s  va lue  i n t e r p o l a t e d  

t o  t h e  l o c a t i o n . )  

A s  t h e  emphasis on t h e  assembled f i e l d  is  inc reased ,  

t h e  RMS va lues  become smaller, as  would be  expected,  i nd i -  

c a t i n g  t h a t  t h e  a n a l y s i s  is  approaching t h e  form suggested 

by t h e  observa t ions .  The PCT equa t ions  are so lved  by an  

i t e r a t i v e  ovez- re laxa t ion  techniqus .  It is advantageous, i n  

terms of t o t a l  program t i m e ,  t o  have as few i t e r a t i o n s  as 

poss ib l e .  Table 11-1 shows t h e  sha rp  r educ t ion  i n  t h e  

number of i t e r a t i o n s  t h a t  occurs  (from 39 t o  1 2 )  when t h e  

assembled f i e l d  weight becomes t e n  v e r s u s  one. S i m i l a r l y ,  

t h e  number o f  r e j e c t e d  r e p o r t s  d rops  t o  about  h a l f  f o r  t h e  

same i n c r e a s e  i n  t h e  assembled f i e l d  weight. The number of 

i t e r a t i o n s  a g a i n  dec reases  when ASMBLWT i s  r a i s e d  t o  100 bu t  

f u r t h e r  i n c r e a s e s  appears  n o t  t o  f u r t h e r  reduce t h e  number 

of  i t e r a t i o n s .  However, t h e  number o f  r e j e c t e d  observa t ions  I 
con t inues  t o  decrease ,  b u t  a t  a much less r a p i d  r a t e .  

From t h e  preceding d i scuss ion ,  it i s  apparen t  t h a t  when 

t h e  i n i t i a l  guess  f i e l d  i s  n o t  e s p e c i a l l y  good, a r e l a t i v e l y  

l a r g e  PCT assembled f i e l d  weight  i s  r equ i r ed  t o  o b t a i n  an 

a n a l y s i s  which c l o s e l y  f i t s  t h e  obse rva t ions .  How l a r g e  an 

ASMBLWT is needed when t h e  f i r s t - g u e s s  f i e l d  i s  more accu ra t e?  

To a n s w e r ' t h i s  ques t ion ,  s e v e r a l  runs  of  t h e  s u r f a c e  a n a l y s i s  
i 

were made w i t h  t h e  FNWC analyzed sea - l eve l  p r e s s u r e  f i e l d  d 
1 

s e r v i n g  as t h e  f i r s t  guess.  O f  cou r se ,  t h i s  f i e l d ,  Figure  

11-6, shows most of  t h e  synop t i c  f e a t u r e s  which t h e  





observakjons  sugges t ,  such as  t h e  p rav ious ly  d i scussed  

cyclone ,in t h e  North P a c i f i c  and t h e  1032mb contour  i n  t h e  

P a c i f i c  high.  Note a l s o  t h a t  t h e  A t l a n t i c  cyclone has  a 

9 8  8mb contour .  

s t a r t i n g  wi th  t h i s  b e t t e r  f i r s t  guess ,  t h o  a n a l y s i s  was 

run aga in  vary ing  t h e  asssmbled f i e l d  weights by a f a c t o r  of 

t e n ,  frorn one t o  one hundred. The g r a d i e n t  and Laplacian 

weights  remained t h e  same as before .  I n  t h e  case o f  t h e  

b e t t e x  guess  f i e l d ,  when t h e  va lue  o f  t h e  assembled f i e l d  

weight i s  r e l a t i v e l y  small, t h e  r e s u l t i n g  a n a l y s i s  c l o s e l y  

resembles t h e  f  i r s t - g u e s s  f i e l d  (compare F igu res  11-6 and 

11-7).  F igu re s  11-8 and 12-9 show t h e  r e s u l t a n t  analyzed 

p r e s s u r e  f i e l d s  when ASMBLWT takes  on t h e  va lues  o f  t e n  and 

one hundred, r e s p e c t i v e l y .  There i s  l i t t l e  d i f f e r e n c e ,  

however, between them and t h e  a n a l y s i s  where t h e  assembled 

f i e l d  weight  i s  one,  w i th  t h e  except ion  of  a s l i g h t l y  b e t t e r  

d e p i c t i o n  o f  t h e  two cyclones  under d i s c u s s i o n .  The s t a t i s -  

t i c s  i n  Tab le  1 1 - 2 ,  e n t r i e s  1-3, f u r t h e r  suppor t  t h e  con- 

c l u s i o n  t h a t  t h e r e  is  r e l a t i v e l y  l i t t l e  d i f f e r e n c e  between 

thein, a s  evidenced by t h e  RMS values  which range from 0.82 

t o  0.77mb. When t h e  f i r s t - - g u e s s  f i e l d  a l r eady  f i t s  t h e  

obse rva t ions ,  t h i s  is  t o  be  expected.  However, i t  i s  impor tan t  

t u  compare t h e  number of  i t e r a t i o n s  r equ i r ed  f o r  convergence 

i n  t h e  s o l u t i o n  of  t h e  PCT equa t ions .  If t h e  va lue  of  t h e  

assembled f i e l d  weight i s  less than t h e  o t h e r  two weights ,  

i . e . ,  t h e  g r a d i e n t  and Laplacian weights ,  t h e  number of  

i t e r a t i o n s  r e q u i r e d  f o r  convergence i s  s i g n i f i c a n t l y  l a r g e r ,  

i n  t h i s  c a s e  twice  t h e  number needed i n  t h e  o t h e r  two runs .  
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I n  an  o p e r a t i o n a l  con tex t ,  t h i s  can be  a major f a c t o r  i n  

dec id ing  how t o  a s s i g n  weights ,  e s p e c i a l l y  i f  a  f i n e r  g r i d  

r e q u i r i n g  a much g r e a t e r  number o i  computations were t o  be 

used i n s t e a d  o f  t h e  63x63 g r i d ,  

F u r t h e r  tests were conducted i n  which t h e  Laplac ian  and 

g r a d i e n t  weigh ts  were v a r i e d  whi le  holding t h e  assembled 

f i e l d  weight  cons t an t .  Comparing entries 3 ,  7,  and 9 i n  

Table  11-1, c a s e s  f o r  which t h e  g r a d i e n t  and assembled f i e l d  

weights  wexe h e l d  a t  t e n  and one hundred, r e s p e c t i v e l y ,  it 

c a n  be seen  t h a t  i n c r e a s i n g  t h e  Laplacian weight  from 2.5 t o  

250 a c t u a l l y  i n c r e a s e s  t h e  RMS va lues  from 0.88 t o  1.32mb. 

The number of  i t e r a t i o n s  fox t h e  s o l u t i o n  o f  t h e  PCT equa- 

t i o n s  jumps from 7 t o  47 .  S i m i l a r l y ,  when t h e  g r a d i e n t  

weight i s  i nc reased ,  a  ve ry  l a r g e  number of i t e r a t i o n s  is  

r e q u i r e d  t o  s o l v e  t h e  PCT equa t ions .  A s  shown i n  e n t r i e s  2 ,  

1 0 ,  and 11 of  Table II-1, when t h e  assembled f i e l d  and 

Laplac ian  weights  a r e  10 and 2.5, r e s p e c t i v e l y ,  t h e  number 

of i t e r a t i o n s  r equ i r ed  rises a s  does  t h e  RMS e r r o r  (from 

1.02 t o  1 . 4 1 )  when t h e  g r a d i e n t  weight i nc reases .  

F igu re  I I - l O  shows t h e  a n a l y s i s  f i e l d  which r e s u l t s  

w!lcn +he g r a d i e n t  weight is  set t o  100. Comparing t h i s  

f i g u r e  wi th  t h e  i n i t i a l  f i e l d  i n  F igu re  11-1, it can be seen 

how e f f e c t i v e l y  t h e  a n a l y s i s  i s  cons t r a ined  t o  resemble t h e  

o r i g i n a l  guess  f i e l d .  Reports  t h a t  i n c r e a s e  t h e  g r a d i e n t s  

are r e j e c t e d .  A 1008rnb contour  i n  t h e  low over  t h e  western  

United Staj..?s i s  found i n  both  f i g u r e s .  The a n a l y s i s  f i e l d  

i n  F i g u r e  11-10 a l s o  shows t h e  P a c i f i c  h igh wi th  a maximum 

contour  o f  on ly  1028mb. The lowest  r e p o r t e d  p r e s s u r e s  i n  

t h e  A t l a n t i c  cyclone have been r e j e c t e d .  
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The other factor which must be taken into consideration 

, in these tests is Che affects o f  ixlcluding the information 

density modification to the PCT weights. Recall Chat, whem 

the obsexvations are closely spaced, the weights on the 

I assembled field are relatively higher and the weights on the 

, differential properties are lower than in areas with few 

reports. Several runs were made without the information 

density factor. These cases are the entries in Tables 31-1 

and 1x02 for which REDUCE equals zero. Regardless of the 

! combination of PCT weights, the liMS values are better when 
I the information density is included. This result could be 
I I 

anticipated since the inclusion of the information density I 
increases the weights on the assembled field (which most 

i clearly approximates the data). The decreased emphasis on 
i 
1 

1 the gradient and ~aplacian terms in these same areas further 

supports an analysis which accommodates the observational 

information. In the data sparso regions, the field is more 

constrained to preserve the characteristics of the guess 

field, but the assembled fie34 weights are still slightly 

I larger than they would be without INFOFAC. It is not as 

I obvious why fewer iterations are required to solve the PCT i 
I" equations, but it appears that this is always true. 

As a final step in the examination of the PCT weights, 

a test was made in which the PCT equations were eliminated. 

The analysis field, Figure 11-11, represents the smoothed 

output after three cycles of the assembly procedure. If 

this figure is compared with the field obtained with strong 
4 assembled field weights (ASMBLWT, GRADWT, and PCTLAPL are i 
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1000., LO., and 2 . 5 ,  raepockively) shown i n  Figure I1-5, it 

i s  d i f f i c u l t  t o  f i n d  d i f f w e n c a s  batwean them. The s i m i l a r i t y  

batwecn the  two is f u r t h e r  s u p p u r t ~ d  by the s t a t i s t i c s  in 

Tabla XX-3. E n t r i e s  4 and 12 show t h e  snma RMS and t h s  same 

number of r ~ j s c t e d  r ~ p s t - t s ,  Thus, it would appear t h a t  

where t h s  PCT asearnbled Eiald weight i s  very much l a r g e r  

t h ~ n  the weights on t h o  d i f f e r e n t i a l  p r o p a r t i a s  of t h a  guess 

Eiald,  there may not be much advantage An using tha PCT 

equat ions,  a t  l a a s t  f o r  tha sureace pressure  ana lys i s .  



Son Sur face  Temperature and Upper A i r  A n n l w  

The f o u r  remaining ana lysas  -- t h e  so& s u r f a c a  tempera- 

t u r a ,  and upper air temperature,  h e i g h t  and wind a n a l y s ~ s  -- 
w i L 1  b s  d i s c u s s e d  as n u n i t .  They s h a m  a common problem i n  

t hak ,  z e l a t i v e  to  t h e  s u r f a c s  p re s su re  a n a l y s i s ,  Eew obser-  

v a t i o n s  a r e  a v a i l a b l e .  This  increases t h e  importance of t h e  

f i r s t - g u e s s  E i a l d  p r o p e r t i e s  i n  t h e  PCT equa t ions ,  Shene 

ana lyses  are l i k e l y  t o  become "noisy" i f  l a r g e  woights are 

a s s igned  t o  t h e  assembSed f i e l d s  because t h o  repoa%s a r e  widely  

spaced and the ~ b s e r v n t i o n a l  i n p u t  a t  a g r i d p o i n t  i s  g e n e r a l l y  

from one r a t h e r  t han  s e v e r a l  r e p o r t s .  

To i L l u s t r a t e ,  w e  w i l l  compare s eve ra3  r u n s  o f  t h e  s e a  

s u r f a c e  tempera ture  (§ST) a n a l y s i s .  The SST f i r s t - g u e s s  

f i e l d  appears  i n  F igure  11-12.  The i so therms  i n  t h e  P a c i f i c  

Ocean a r e  g e n e r a l l y  p a r a l l e l .  Th i s  c o n f i g u r a t i o n  changes 

accord ing  t o  t h e  r e l a t i v e  s i z e s  o f  t h e  PCT weights .  I n  t h e  

fo l lowing  SST ana lyses ,  t h e  weights  were v a r i e d  a s  i n  t h e  

f i r a t  set of p r e s s u r e  ana lyses .  Weights on t h e  g r a d i e n t  and 

Laplac ian  terms were he ld  cons t an t  (10 .0  and 2.5, r e s p e c t i v e l y )  

w h i l e  t h e  weights  on t h e  assembled f i e l d  i nc reased  by a 

f a c t o r  of t e n ,  from one t o  one thousand. F igu res  11-13 and 

1 1 - 1 4  r e p r e s e n t  t h e  ana lyses  fo r  which ASMBLWT was one and 

t e n ,  r e s p e c t i v e l y .  The  amount of c u r v a t u r e  i n  t h e  e a s t e r n  

P a c i f i c  i so therms  i s  q u i t e  d i f f e r e n t  between t h e  two ana lyses .  

The s t r o n g l y  curved 22OC contour (Figure  1 1 - 1 4 )  occurs  when 

t h e  a n a l y s i s  t r ies t o  accofimodate two widely-spaced 22OC 

observaCions. With t h e  smal le r  ASMBLWT ( o n e ) ,  t h e r e  i s  moxe 

emphasis on t h e  o r i g i n a l  g r a d i e n t s  i n  t h e  PCT equa t ions  

11-28  
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which r e s u l t s  i n  a smoother f i e l d  ( F i g u r e  11-13).  The 24OC 

i s a t h e r m  n e a r  t h e  West I n d i e s  d i s p l a y s  a similar change i n  

c o n f i g u r a t i o n  between t h e  t w o  a n a l y s e s .  A s  t h e  we igh t  on 

t h e  assembled f i e l d  becomes l a r g e r ,  t h e  e f f e c t  o f  t h e  

i s o l a t e d  r e p o r t s  becomes more pronounced. Compare t h e  SST 

a n a l y s i s  i n  F i g u r e  11-15, where t h e  assembled f i e l d  w e i g h t  

is one  hundred,  w i t h  t h e  p r e v i o u s  two anal;- i t  ~ e s .  

it c o u l d  be  a rgued  t h a t  a  human a n a l y s t  would smooth 

t h e s e  i s o t h e r m s  because  t h e  s e a  s u r f a c e  t e m p e r a t u r e  measure- 

ments a r e  prone  t o  errors. Some r e g i o n s  t e n d  t o  b e  smoothly- 

v a r y i n g  w h i l e  o t h e r s  a r e  n o t .  I n  t h e  Gulf S t ream and 

Kuroshio c u r r e n t s  are warm, r e l a t i v e l y  narrow c u r r e n t s  w i t h  

s t r o n g  g r a d i e n t s .  However, most o f  t h e  w o r l d ' s  oceans  a r e  

c h a r a c t e r i z e d  by weak g r a d i e n t s  and smooth d i s t r i b u t i o n s  o f  

t h e  s e a  s u r f a c e  t empera tu re .  For  t h i s  r e a s o n ,  e i t h e r  o f  t h e  

f i r s t  t w o  a n a l y s e s  ( F i g u r e s  IX-13 and 1 1 - 1 4 )  might  b e  con- 

s i d e r e d  more a c c e p t a b l e  t h a n  t h e  l a s t  d e s p i t e  t h e i r  h i g h e r  

WIS v a l u e s .  See T a b l e  11-3 f o r  t h e  s ta t i s t ics  f o r  t h o s e  

r u n s .  

To a c h i e v e  t h e  r e l a t i v e  smoothness o f  t h e  f i e l d  f o r  SST 1 
1 

a n a l y s i s ,  t h e  w e i g h t s  i n  t h e  d i f f e r e n t i a l  p r o p e r t i e s  must be 

r e l a t i v e l y  l a r g e .  S i n c e  it i s  a l s o  d e s i r a b l e  t o  emphasize 

t h e  o b s e r v a t i o n s  a s  much a s  poss ib l ' e ,  t h e  b e a t  b a l a n c e  

a p p e a r s  t o  r e s u l t  when t h e  assembled f i e l d  w e i g h t s  a r e  

approx imate ly  t h e  same o r d e r  o f  magnitude a s  t h e  o t h e r  PCT 

weigh t s .  I n  c o n s i d e r i n g  t h e  t i m e  r e q u i r e d  t,o s o l v e  t h e  PCT 

e q u a t i o n s ,  i t  i s  found t h a t  t h i s  r e l a t i v e  s i z e  r e l a t i o n s h i p  

keeps  t h e  number o f  i t e r a t i o n s  s m a l l .  For i n s t a n c e ,  f o r  t h e  



TABLE 11-3: SEA SURFACE TEMPERATURE STATISTICS 

REJECTED 
of 442 

29 

27 

28 

28 

28 

28 

(OC) 

0.95 

0.90 

0.87 

REDUCE 

0.75 

0.75 

0.75 

01.00 

ITERATIONS 

24 

9 

7 

LAPLACIAN 
WEIGHT 

2.5 

2.5 

2.5 

2.5 

GPADIENT 
WEIGHT 

10.0 

10.0 

10.0 

10.0 

ENTRY 

1 

2 

3 

4 

2.5 

-- 

ASSEMBLED 
FIELD 
WEIGHT 

1.0 

10.0 

100.0 

100.0 0.88 

10.0 

-- 
5 

6 

8 

6 

-- 
01-75 

-- 
1000.0 

-- 
0.37 

0.87 





r -  

* * 

r t n  

i s i r  

SST a n a l y s i s ,  n i n e  i t e r a t i o n s  were r e q u i r e d  t o  s o l v e  t h e  PCT 

e q u a t i o n s  when t h e  assembled f i e l d  w e i g h t  was t e n  v e r s u s  t h e  

twenty-faux r e q u i r e d  when ASMBLWT was o n e  (see Tab le  11-3). 

The examples p r e s e n t e d  t h u s  g a r  have i n c l u d e d  t h e  

m o d i f i c a t i o n  o f  t h e  w e i g h t s  based on t h e  i n f a r m a t i o n  d e n s i t y ,  

a s  e x p l a i n e d  i n  S e c t i o n  TI--A.  Ry col~rparing e n t r i e s  3 and 4 

i n  Tab le  11-3, it is  e v i d e n t  t h a t  t h e  u s e  o f  t h e  i n f o r m a t i o n  

d e n s i t y  a f f e c t s  t h i s  a n a l y s i s  i n  much t h e  same way a s  it 

d o e s  t h e  s u r f a c e  p r e s s u r e  a n a l y s i f s .  T h a t  is ,  t h e  RMS v a l u e  

i s  s m a l l e r  and fewer i t e r a t i o n s  a r e  r e q u i r e d  f o r  t h e  s o l u t i o n  

o f  t h e  e q u a t i o n s  when t h e  i n f o r m a t i o n  d e n s i t y  m o d i f i e s  t h e  

PCT weigh t s .  

Two a d d i t i o n a l  examples a p p e a r  i n  T a b l e  11-3. E n t r i e s  

5 and 6 show t h e  s t a t i s t i c s  f o r  t h e  a n a l y s i s  when ASMBLWT 

w a s  one *thousand and t h e  a n a l y s i s  was done o m i t t i n g  t h e  PCT 

e q u a t i o n s .  A s  was t r u e  f o r  t h e  c o r r e s p o n d i n g  p r e s s u r e  

a n a l y s e s ,  t h e s e  two a n a l y s e s  are q u i t e  s i m i l a r  b o t h  s t a t i s t i -  

c a l l y  and i n  t h e  f i e l d s  which a r e  produced (compare F i g u r e s  

11-16 and 11-17).  T h i s  s u p p o r t s  t h e  s t a t e m e n t  made e a r l i e r  

t h a t  t h e  t i m e  r e q u i r e d  t o  So lve  t h e  PCT e q u a t i o n s  may n o t  b e  

j u s t i f i e d  i f  t h e  assembled f i e l d  w e i g h t s  a r e  s e v e r a l  o r d e r s  

of magnitude l a r g e r  t h a n  t h e  d i f f e r e n t i a l  p r o p e r t y  we igh t s .  

I n  many r e s p e c t s ,  t h e  r e s u l t s  from t h e  upper a i r  

a n a l y s e s  p a r a l l e l  t h o s e  f o r  t h e  s e a  s u r f a c e  t e m p e r a t u r e  

a n a l y s i s .  I n  s t u d y i n g  t h e  s ta t i s t ics  for s e v e r a l  r u n s  o f  

t h e  t e m p e r a t u r e  a n a l y s i s  under  t h e  same series o f  we igh t  

combina t ions ,  it becomes c l e a r  t h a t  s e v e r a l  g e n e r a l i z a t i o n s  

c a n  be made (Note:  t h i s  f o l l o w i n g  d i s c u s s i o n  a p p l i e s  a l s o  t o  
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t h e  h e i g h t  a n a l y s i s ) .  Table 11-4  shows t h e  s t a t i s t i c s  f o r  

several o f  t h e  tests o f  t h e  tempera ture  a h a l y s i s .  For 

s i m p l i c i t y ,  t h e  r e s u l t s  from o n l y  two of  t h e  twelve l e v e l s  

have been included,  t h e  lOOOmb and 500mb levels. The number 

o f  i t e r a t i o n s  r e q u i r e d  f o r  t h e  convergence o f  t h e  PCT 

equa t ions  dec reases  a s  t h e  r e l a t i v e  s i z e  o f  t h e  weights  on 

t h e  assembled f i e l d  i n c r e a s e s ,  he re  dropping from th i r ty -one  

i t e r a t i o n s  when t h e  assembled f i e l d  weight  was one t o  s i x  

i t e r a t i o n s  when t h e  weight was one thousand. When t h e  PCT 

equa t ions  are n o t  used ( see  Ent ry  5 ) ,  t h e  s t a t i s t i c s  vary 

l i t t l e  from t h e  a n a l y s i s  w i th  very  l a r g e  assembled f i e l d  

weights  (Entry  4 ) .  

One a d d i t i o n a l  technique was t e s t e d  which involved t h e  

f i! , tering of  t h e  f i r s t - g u e s s  f i e l d  b e f o r e  t h e  a n a l y s i s  was 

done. For t h e  temperature  a n a l y s i s ,  t h i s  somewhat improved 

t h e  smoothness of  t h e  a n a l y s i s  and improved t h e  s ta t is t ics  

f o r  a  c a s e  where t h e  guess  f i e l d  c o n t a i n s  a  l o t  of no i se .  

I n  us ing  a b e t t e r  guess f i e l d ,  however, Li t t le  o v e r a l l  

improvement i s  achieved w i t h  an  i n i t i a l  f i l t e r i n g  o f  t h e  

f i e l d .  Compare F igu res  13-18 and 11-19, t h e  1OOOmb l e v e l  

a n a l y s e s  f o r  which t h e  f i r s t - g u e s s  f i e l d  was f i l t e r e d  and 

n o t  f i l t e r e d ,  r e s p e c t i v e l y .  The f i l t e r  has smoothed t h e  20° 

contour  i n  t h e  A t l a n t i c ,  removing a f e a t u r e  which was found 

i n  t h e  f i r s t - g u e s s  f i e l d  b u t  which i s  n o t  supported by data, .  

However, t h e  temperature  a n a l y s i s  over  t h e  southwestern  

p o r t i o n  of t h e  United S t a t e s  i s  q u i t e  d i f f e r e n t .  I n  t h e  

f i l t e r e d  ve r s ion ,  t h e  smoothing of  t h e  f i e l d  a p p a r e n t l y  

caused more r e p o r t s  t o  be r e j e c t e d  (F igu re  11-18) than  i n  



TABLE 11-4: TEMPERATURE ANALYSIS STATISTICS -- 1000 AND 500 MB LEVELS. 

* Filtered F i r s t - G u e s s  Field 

ITERATIONS 

31 

19 

10 

RMS (OC) 

1.27 

1.12 

1.09 

REJECTED 

6.00% 

1.62% 

4.55% 

0.94 1 9 

REDUCE 

Q.75 

G1.75 

1.62% 

LA2LACIAN 
TJEIGHT 

2.5 

2.5 

GRADIENT 
WEIGHT ENTRY 

ASSEMBLED 
FIELD 
\ E I G H T  

1 

2 

01. 75 

Q.75 

-- 

0.75 

2.5 

2.5 

-- 

2.5 

3 

4 

5 

6* 

I 

1.0 

10.0 

3.82% 

1.62% 

3.64% 

1.62% 

3.64% 

1.62% 

3.09% 

1.62% 

0.83 

0.70 

0.76 

0.64 

0.75 

0.63 

0.75 

0.64 

10.0 

10.0 

6 

6 

6 

6 

-- 

6 

6 

100.0 

1000.0 

-- 

1000.0 

10.0 

10.0 

-- 

10.0 







kho o t h a r  a n a l y s i s  (Figure  f6T-19). Whether a l l  of  t h ~ e t e  

r e p o r t s  should have been r e j e c t e d  i s  d i f f i c u l t  t o  answer. 

OE courao,  t h a  f i n a l  ana,lyzad ksmparaturs f i e l d  i s  g e n a r a l l y  

smoother and t h i s  may be a n  impor tan t  c r i t e r i o n  Ear t h a  

f orecns  t model, 

As an add ik iona l  noks, the wind a n a l y s i s  e l r s t - g u e s s  

g i e l d  i s  de r ived  yaos t roph icn l ly  from t h o  h e i g h t  a n a l y s i s .  

As n rasult ,  Ch@ woights on Che okso rva t ions  (via t h e  

assei,Wed f i e l d )  are se t  r e l a t k v e l y  l a r g e r  t han  t h o  okhor 

weights.  

I n  p l a c e  of t h e  Laplncian c o n s t r a i n t ,  a divergence and 

v o r t i c i t y  term arc used i n  t h e  PCT equa t ions ,  a l though t h e  

r e l a t i v e  weights  on theso p r u p e z t i e s  a r e  smal l .  I n  the 

cour se  of t h i s  work, t h e  observed winds were incorporaked 

i n t o  the h e i g h t  ana lyses  (sec s e c t i o n  V ) .  With a r e l a t i v e l y  

l a r g e  assembled f i e l d  weight i n  t h e  wind a n a l y s i s ,  con- 

s i s t o n c y  i s  maintained between t h e  two ana lyses .  

Table  IT-5 c o n t a i n s  t h e  va lues  o f  t h e  PCT weights f o r  

each type  o f  a n a l y s i s  a s  c u r r e n t l y  employed i n  t h e  6 3 x 6 3  

NASA-ODSI model. 



TABLE 11-5: PCT WEIGHTS. 

MIND 

1 0 . 0  

0 . 0 2  

-- 
0 . 0 2  

0 . 1 0  

HEIGHT 

2 5 . 0  

5 . 0  

5 . 0  

-- 
-- 

TEMPERATURE 

1 0 . 0  

3 . 0  

0 . 2 5  

-- 
-- 

SURE'ACE 
PRESSURE 

2 5 . 0  

1 . 0  

0 . 2 5  

-- 
-- 

Assembled F i e l d  

G r a d i e n t  

L a p l a c i a n  

V o r t i c i t y  

D i v e r g e n c e  

5 . 0  

5 . 0  

0 . 5  

-- 
-- 



The results for selected tests of the PCT weights have 

been described from which several conclusions can be made: 

1. Convergence of the PCT equations occurs more 
rapidly as the relative size of the PCT assembled 
field weight increases. 

2.  The first-guess field has a very significant 
affect on the quality of resulting analyzed fields. 
However, regardless of the quality of the guess 
field, it is advantageous to have the assembled 
field weights at least the same order of magnitude 
as the weights on the differential properties both 
in terms of response to data input and the time 
required to do the analysis. 

3 .  If the assembled field weights are to be several 
orders of magnitude greater than the other PCT 
weights, it is better to omit the use of the PCT 
equations. The time for the analysis is reduced 
with very little difference in the resulting analyzed 
field. 

4 .  The use of the Information Density to modify the 
PCT weights appears to improve the analysis. 

5. In the surface pressure analysis, the much greater 
availability of data allows the use of much larger 
assembled field weights relative to the other PCT 
weights. The wind analysis should emphasize the 
observations, especially with the use of the obser- 
vations in the height analyses. To avoid the 
introduction of very small-scale features in the 
other analyses, the assembled field weight must be 
approximately the same order of magnitude as the 
gradient weight. 



IXI. INFLUENCE OB DATA - ASSEMBLY PROCEDURES 

The v a r i a t i o n  i l l  t h e  lrulnbar. q u a l i t y  and d i s  Cribution 

oE obecrvations ,presents the most bas ic  problem i n  a b j a c t i v e  

ana lys i s .  Quest ions a r i s o  such ns lrotv t o  deternlinc t l r e  

accuracy of a gi-'en r c p o r t ,  whcther the  r e p o r t  r e f l e c t s  

genera l  c o l ~ d i t i o n s  o r  l o c a l  e f f e c t s ,  and t o  what exteirt a 

report should i n f  l u c i ~ c e  t h e  surroundilrg a rea .  Thcsc problclns 

arc ospcc ia l ly  acu te  ovcr t h e  ocoons gonera l ly  and ovcr 

c e r t a i n  l a n d  regions as weLl whcrc tho pauci ty  of d a t a  

l i lni ts  t h c  q u a l i t y  of an oh jcc t ive  analysis. 

O D S I  has  introduced i n t o  t h e  assembly proccdurc of the 

~nodcls  seve ra l  ncw techniqucs which improve t h c  nnalyscs.  In 

the follorvitlg sec t ions ,  theso techniqucs and t h c i r  role i n  

dotcrmining tho impact oE thc data r c p o r t s  a r c  discussed.  The 

1. Thc bas ic  areit inf lucnccd by n r e p o r t  - Region of 
Inf luoncs.  

2. T h e  proximity of othor  da ta  r e p o r t s  - Tnformation 
Density. 

3 .  Thc p r o p e r t i ~ s  oE synoptic  d i s t r i b u t i o n s  m a r  the 
l oca t ion  O E  the r e p o r t  - Gradient P ~ c t o r  and 
Laplncinn Depcndcnt Weights. 

4 .  The derjrfe t o  which a rcpoxt depar t s  froln t h e  
surrounding f i c l d  - Rocvaluation of Data Weights a118 
Rajcct Cr iker in .  



A. Region of  In f luence  

The OD81 o b j e c t i v e  a n a l y s i s  scheme involves  s e v e r a l  

s c a n s  o r  c y c l e s  i n  which d a t a  are assembled t o  g r i d  l o c a t i o n s  

and t h e  PCT equa t ions  solved.  With each  succes s ive  s can ,  t h e  

r eg ion  in f luenced  by a  r e p o r t  dec reases  i n  s i z e .  P r e s e n t l y ,  

t h r e e  scans  a r e  made i n  each of t h e  a n a l y s i s  programs. 

The b a s i c  i n f l u e n c e  reg ion  i s  a circle whose r a d i u s  i s  

t h e  produc t  of a  r a d i u s  f a c t o r  (FACT), t h e  b a s i c  scan  u n i t  

(RAD),  and t h e  map o r  image p lane  f a c t o r  (AMAP) .  This  product  

is normalized by t h e  s tandard  meshlength a t  t h e  r e f e r e n c e  
* 

latitude on a  63x63 hemispheric p o l a r  s t e r e o g r a p h i c  g r i d  

(AMESH) s o  t h a t  t h e  r a d i u s  of i n f l u e n c e  is  de f ined  i n  terms 

of meshlengths. That  is: 

RADIUS = FACT * RAD * AMAP 
AMESH 

where RADIUS = assembly r a d i u s ,  o r  r a d i u s  of i n f luence .  

FACT = t h e  r a d i u s  f a c t o r ,  a f u n c t i o n  of t h e  maximum 
r a d i u s ,  t h e  in format ion  d e n s i t y ,  and l o c a l  
g r a d i e n t s .  

1 + s i n  4,  
AMAP = map f a c t o r  = 1 + s i n  4 

4, i s  t h e  r e f e rence  l a t i t u d e  on a p o l a r  s t e r e o -  
g raph ic  g r i d  (60° i n  t h i s  c a s e )  and $ is t h e  
l a t i t u d e  of t h e  l o c a t i o n  of t h e  d a t a  r e p o r t .  

I 

AMESH = s t anda rd  meshlength a t  $,, = 381 k i lome te r s  
(205.74 nm) . 

RAD = b a s i c  scan  u n i t ,  a  m u l t i p l e  of AMESH, i t s  v a l u e  
v a r i e s  according t o  t h e  parameters  being analyzed.  



T e s t s  were made t o  i n v e s t i g a t e  t h e  e f f e c t  o f  v a r y i n g  t h e  

I* basic s c a n  u n i t ,  HAD. The r e s u l t s  s u g g e s t e d  t h a t ,  i n  t h e  sea -  

l e v e l  p r e s s u r e  a n a l y s i s ,  RAD s h o u l d  e q u a l  t h e  s t a n d a r d  

meshlength  (AMESH) o r  205.74 nm. However, t h e  much s m a l l e r  

number of o b s e r v a t i o n s  a v a i l a b l e  t o  t h e  o t h e r  a n a l y s e s  n e c e s s i -  

t a t e d  t h e  u s e  0 5  a  l a r g e r  v a l u e  of RAD to  ach ieb  : a smoother 

d i s t r i b u t i o n  of  t h e  i n f o r m a t i o n .  Values  up t o  t h r e e  t i m e s  

AMESH were t r i e d ,  b u t  v e r y  l a r g e  v a l u e s  d i d  n o t  f u r t h e r  

improve t h e  smoothness o f  t h e  a n a l y s e s .  Consequent ly ,  f o r  t h e  

s e a - s u r f a c e  t e m p e r a t u r e  a n a l y s i s  and t h e  u p p e r - a i r  a n a l y s e s ,  

t h e  c u r r e n t  v a l u e  o f  RAD i s  twice t h e  s t a n d a r d  meshlength .  

A comparison o f  F i g u r e s  111-1 and 111-2 d e m o n s t r a t e s  t h e  

g r e a t e r  smoothness which is a c h i e v e d  w i t h  t h e  l a r g e r  RAD v a l u e .  

These f i g u r e s  r e p r e s e n t  t h e  f i n a l  assembled f i e l d s  i n  t h e  s e a -  

s u r f a c e  t e m p e r a t u r e  a n a l y s i s .  For  F i g u r e  111-1, RAD W a s  set 

t o  one s t a n d a r d  meshlength;  f o r  F i g u r e  111-2, it was doubled .  

With t h e  l a r g e r  s c a n  u n i t ,  much of t h e  " l o c a l i z e d w  i n f l u e n c e  

i s  e l i m i n a t e d .  T h i s  i s  e s p e c i a l l y  e v i d e n t  i n  t h e  North 

P a c i f i c  Ocean. 

The o t h e r  t e r m  i n  t h e  a l g o r i t h m  for t h e  assembly r a d i u s ,  

FACT, r e p r e s e n t s  a composi te  of  s e v e r a l  f a c t o r s ,  a l l  o f  which 

v a r y  i n d e p e n d e n t l y  and i n f l u e n c e  t h e  s i z e  o f  RADIUS. FACT i s  

computed a s :  
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where 1, J = g r i d  i n d i c e s  f o r  t h e  g r i d p o i n t  c l o s e s t  t o  t h e  
l o c a t i o n  of t h e  r e p o r t .  

GRADFAC= g r a d i e n t  f a c t o r .  

INFOFAC= inEormat ion  d e n s i t y  f a c t o r  0 - < INFOFAC - < 1. 

RADMAX = maximum and minimum r a n g e  f a c t o r s ,  r e s p e c t i v e l y .  
RADMIN 

lNFOPAC and GRADFAC w i l l  be  d e s c r i b e d  i n  d e t a i l .  i n  S e c t i o n s  

I I - B  and 11-C,  r e s p e c t i v e l y .  The o t h e r  two v a r i a b l e s ,  RADMAX 

and RADMIN,  a r e  used t o  de te rmine  a r a n g e  th rough  which t h e  

r a d i u s  s i z e  can  v a r y  on a g i v e n  scan .  S i n c e  INFOFAC v a r i e s  

between z e r o  and one ,  t h i s  term w i b l  l i e  between RADMAX and 

RADMIN. The minimum range  f a c t o r ,  RADMIN,  i s  c o n s t a n t  through-  

o u t  t h e  a n a l y s i s  program, b u t  t h e  maximum f a c t o r ,  RADIUX, 

d e c r e a s e s  w i t h  e a c h  new c y c l e .  The new RADMAX i s  t h e  p r o d u c t  

of i t s  v a l u e  from khe p r e v i a u s  c y c l e  and a f r a c t i o n ,  RADFAC: 

RADMAXK = RADFAC * RADMAXK-l 

where t h e  s u b s c r i p t  K d e n o t e s  t h e  scan  number. The v a l u e s  

a s s i g n e d  t o  RADMAX, R A D M I N ,  and RADFAC d i f f e r  s l i g h t l y  from 

one  a tmospher ic  parameter  t o  a n o t h e r .  They c a n  be  found i n  t h e  

table o f  assembly v a r i a b l e s ,  Tab le  111-1. 





f n  t h e  s u r f a c e  p r e s s u r e  a n a l y s i s ,  a n  i n i t i a l  RADMAX v a l u e  

o f  a t  l e a s t  t h r e e  i s  r e q u i r e d  f o r  a  good a n a l y s i s  oE t h e  l a r g e -  

scale a n t i c y c l o n e s  o v e r  t h e  d a t a - s p a r s e  oceans .  On t h e  o t h e r  

hand,  a  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  maximum r a d i u s  i n  l a t e r  

s c a n s  i s  n e c e s s a r y  t o  d e f i n e  t h e  centQrrs  of  c y c l o n e s .  

The e f f e c t  o f  t h e  v a r i a t i o n  o f  RADMAX c a n  be s e e n  i n  a  

comparison o f  t h e  f i n a l  assembled f i e l d s  f o r  two r u n s  o f  t h e  

s e a - l e v e l  p r e s s u r e  a n a l y s i s ,  shown i n  F i g u r e s  111-3 and 1x1 -4 .  

The assembly p rocedure  was i d e n t i c a l  e x c e p t  t h a t  RADMAX was 
i 

2 . 5  i n  t h e  f i r s t  case and 3.5 i n  t h e  second.  The s i z e  o f  t h e  

I 
h i g h  p r e s s u r e  c e n t e r s  over b o t h  t h e  A t l a n t i c  and P a c i f i c  Oceans 

i n c r e a s e s  w i t h  t h e  l a r g e r  RADEIAX, i n  b e t t e r  agreement  w i t h  t h e  

o b s e r v a t i ~ n s .  To u s e  v a l u e s  o f  RADl'lAX g r e a t e r  t h a n  3 .5  was 

found  t o  be c o u n t e r p r o d u c t i v e .  Data i n f o r m a t i o n  became s o  

d i f f u s e  t h a t  t h e  impac t  o f  t h e  i n d i v i d u a l  r e p o r t  was o f t e n  l o s t .  

The same f i g u r e s  demons t ra te  t h e  need t o  r e d u c e  t h e  maxi- 

mum r a d i u s  enough t o  accommodate t h e  s l i g h t l y  s m a l l e r  s p a t i a l  

scales o f  t h e  c y c l o n e  c e n t e r s .  A c y c l o n e  l o c a t e d  i n  t h e  P a c i f i c  

j u s t  n o r t h  of  40° between 160° and 170°E i s  a n a l y z e d  v e r y  

d i f f e r e n t l y  i n  t h e  a n a l y s e s  i n  F i g u r e s  111-3 and 111-4. During 

t h e  f ina l .  assembly s c a n ,  t h e  maximum r a d i u s  f o r  t h e  a n a l y s i s  

i n  F i g u r e  111-3 was approx imate ly  s e v e n t y  p e r c e n t  of  t h e  RADMAX 

i n  F i g u r e  111-4. Not ice  t h a t  t h e  s m a l l e r  r a d i u s  p e r m i t s  t h e  
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a n a l y s e s  t o  draw t h e  1004mb c o n t o u r  s u g g e s t e d  by t h e  data i n  

t h e  f irst  c a s e ,  whereas i n  t h e  case of t h e  l a r g e r  r a d i u s ,  the 

d a t a  r a p o r t s  have boen r e j e c t e d ,  n r e s u X t  o f  the  i n f l u e n c e  

of t h e  h i g h e r  p r a s s u r a  r e p o r t s  s u r r o u n d i n g  them. 

In c o n c l u s i o n ,  a d e E i n i t e  r a n g e  i n  t h e  assembly r a d i u s  

i s  r e q u i r e d  t o  extract  c o n t r i b u t i o n s  from t h e  d a t a  r e p o r t s  f o r  

t h e  v a r i o u s  s y n o p t i c  s p a t i a l  s c a l e s ,  A s i m p l e  way t o  o b t a i n  

t h i s  r a n g e  i s  t o  make t h e  r a d i u s  r e d u c t i o n  f a c t o r  (RADFAC) 

s m a l l  s o  t h a t  Chere i s  a s i g n i f i c a n t  change i n  t h e  maximum 

r a d i u s  v a l u e s  (RADMAX) between t h e  f i rs t  and l a s t  s c a n s  of  t h a  

analysis program. 

It may be no ted  i n  Table XSX-1 @ h a t  RADFAC i s  g r e a t e r  ( - 8 )  

i n  t h e  s u r f a c e  p r e s s u r e  a n a l y s i s  t h a n  i n  t h e  o t h e r  a n a l y s e s  

(.6); i . e , ,  RADMAX does  n o t  d e c r e a s e  a s  much from one scan  t o  

a n o t h e r .  T h i s  is  due ,  i n  par t ,  t o  t h e  f a c t  t h a t  RAD i s  

i n c l u d e d  i n  t h e  computat ion o f  t h e  assembly r a d i u s  of i n -  

f l u e n c e .  For  t h e  s u r f a c e  p r e s s u r e  a n a l y s i s ,  RAD i s  o n l y  h a l f  

as g r e a t  a s  i n  t h e  o t h e r  a n a l y s e s ,  and i f  RADFAC i s  a l lowed t o  

become t o o  s m a l l ,  t h e n  t h e  assembly r a d i u s  i n t r o d u c e s  v e r y  

s m a l l  scales i n t o  t h e  a n a l y s i s  which a p p e a r  as n o i s e  r e l a t i v e  

t o  t h e  l a r g e - s c a l e  sys tems.  



~ n f  ormation Dansi t y  (XNFODEN) -- 
Tha concope of  t h e  informat ion d e n s i t y  i s  based on t h e  

pxomise t h a t  w h e ~ e  r e p o r t s  ara c l o s e l y  spaced,  t h e  in format ion  

Egom ona r e p o r t  should n o t  be spread  beyond neighboring r e p o r t s .  

Conversely,  t h e  r e p o r t s  i n  d a t a  s p a r s e  r e g i o n s  should be 

allowed t o  i n f l u e n c e  a xeXatively l a r g e  a r e a .  Accordinyly,  t h e  

assembly r a d i u s  f o r  an observa t ion  is modified on t h e  b a s i s  of  

t h e  r e l a t i v e  d e n s i t y  of r epo r t ed  in format ion  i n  its v i c i n i t y .  

Thc r e l a t i v e  d e n s i t y  a t  each p o i n t  on t h e  grid i s  d e t e r -  

minod i n  t h e  sub rou t ine ,  INFODEN. Here a r e p o r t  i s  assumed t o  

i n f l u e n c e  t h e  assembled f i e l d  va lues  a t  t h e  g r i d p o i n t s  l o c a t e d  

wi th in  a  c e r t a i n  r a d i a l  d i s t a n c e  of t h e  r e p o r t .  I n s i d e  t h a t  

c i r c l e ,  t h e  c o n t r i b u t i o n  by u r e p o r t  t o  a  g r i d p o i n t  va lue  i s  

weighted by t h e  d i s t a n c e  between t h e  r e p o r t  and t h e  obse rva t ion :  

where W = weighked c o n t r i b u t i o n  by a r e p o r t  a t  a 
g r i d p o i n t  

D = d i s t a n c e  between t h e  r e p o r t  and t h e  
g ~ l i d p o i n t  

R = t h e  maximum radia l .  e x t e n t  of a  r e p o r t ' s  
i n f l u e n c e  

1,J = g r i d p o i n t  i n d i c e s  



Once these ~on~xibutions are calculated, they are added to 

the cumulative totals at those gridpoints. The same is done 

for each report. The sums at the gridpoints constitute the 

information densities. 

The absolute density at a gridpoint is converted to a 

relative value INFOFAC, which lies between zero end one. The 

distribution of the densities is extremely skewed -- many 
gridpoints have little or no input from the current observations 

and a few have very high densities. For this reason, the 

absolute densities are :lormalized by a percentage of the 

marimum density. If this were not  done, there would be very 

little variation in the PCT weighted on the basis of the 

information density (see Section II-A). The relative density 

INFOFAC cannot exceed one. 

INFODENIIJ 
INFOFACXtJ - - DENMAX and 0 - < INFOFAC < 1 - 
where INFODEN = nbsulute information density at a 

gridpoint 

INFOFAC = relative information density at a 
gridpoint 

DENMAX = a percentage of the maximum absolute 
density for the grid. 

I,J = grid location indices 



DENMAX i s  d e f i n e d  a s  a v a l u e  f o r  which a  g i v e n  pe r -  

c e n t a g e  o f  t h e  t o t a l  number o f  g r i d p o i n t s  h a s  a h i g h e r  

d e n s i t y  v a l u e .  For  example, PER ( a  program v a r i a b l e )  i s  set 

t o  a p e r c e n t a g e  such  a s  twenty  p e r c e n t .  The g r i d p o i n t s  a r e  

d i v i d e d  i n t o  c a t e g o r i e s  on t h e  b a s i s  o f  t h e i r  d e n s i t y  v a l u e s .  

DENMAX r e p r e s e n t s  t h e  c a t e g o r y  above which twenty  p e r c e n t  o f  

t h e  g r i d p o i n t s  l i e .  

R e c a l l  t h a k  INFOFAC d e t e r m i n e s  t h e  magnitude o f  t h e  

t e r m  i n  t h e  assembly r a d i u s  which lies between RADMAX and 

RADMIN (see t h e  beg inn ing  of  S e c t i o n  111) . When t h e  d e n s i t y  

of i n f o r m a t i o n  is  h i g h ,  i .e . ,  when t h e  r e p o r t s  a r e  c l o s e l y  spaced ,  

FADIUS w i l l  be  s m a l l  because  t h e  term approaches  RADMIN. 

S i m i l a r l y ,  as t h e  d a t a  become less d e n s e ,  INFOFAC i s  less 

and RADIUS approaches  RADMAX, t h e  maximum a l l o w a b l e  v a l u e .  

T e s t s  o f  INFODEN 

The f i r s t  series o f  r u n s  which i n c l u d e d  INFODEN used t h e  

p r o d u c t  of t h e  b a s i c  s c a n  u n i t  and t h e  map f a c t o r ,  normal ized  

by t h e  s t a n d a r d  meshlength  t o  d e f i n e  t h e  r a d i u s  of  t h e  cir- 

c u l a r  r e g i o n  w i t h i n  which t h e  i n f l u e n c e  of a r e p o r t  c o u l d  b e  

f e l t .  The r a d i u s  o f  t h e  INFODEN c i rc le  is e x p r e s s e d :  



INPODEN RADIUSM = I C  * RAD * AMAP M E S H  

where RAD = b a s i c  s c a n  u n i t  

I AMAP = map f a c t o r  
I 

AMESH = s t a n d a r d  meshlength  a t  t h e  r e f e r e n c e  
l a t i t u d e s  

M = d a t a  r e p o r t  i n d e x  

I C  = c o n s t a n t  

I C  was o r i g i n a l l y  e q u a l  t o  one. However, i n  later  r u n s ,  i t  

was se t  t o  two or t h r e e  s i n c e  t h e  assembly r a d i u s  cou ld  be  

a s  l a r g e  as  t h r e e  o r  f o u r  times RAD. It a p p e a r s  t h a t  w i t h  

I C  set t o  two, an  INFODEN r a d i u s  i s  d e f i n e d  which i s  r e p r e -  

s e n t a t i v e  of a r e p o r t ' s  s i g n i f i c a n t  i n f l u e n c e  r e g i o n .  

The p e r c e n t a g e  ( P E R )  which would b e s t  s e r v e  a s  t h e  c u t o f f  

maximum d e n s i t y  l i m i t ,  was examined a l s o .  Va lues  f o r  PER 

ranged from f i v e  t o  f i f t y  p e r c e n t .  C u r r e n t l y ,  P E R  i s  set  t o  

twenty p e r c e n t .  

To f i n d  t h e  maximum d e n s i t y  l i m i t ,  DENMAX, t h e  a b s o l u t e  

d e n s i t y  v a l u e s  a t  t h e  g r i d p o i n t s  are d i v i d e d  i n t o  i n t e r v a l s .  

 rigi in ally, w e  d e f i n e d  o n l y  t e n  i n t e r v a l s  based  on a  l i n e a r  

s c a l e .  T h i s  proved t o  be t o o  g r o s s  a  d i v i s i o n  f o r  d e t e r m i n i n g  

a p e r c e n t i l e  i n  l i g h t  of t h e  ext reme skewness o f  t h e  d i s t r i -  

b u t i o n ,  S.O t h e  number o f  i n t e r v a l s  was i n c r e a s e d  t o  one hundred.  



An example of  t h e  d e n s i t y  d i s t r i b u t i o n  f o r  t h e  SST a n a l y s i s  

based on a l i n e a r  s c a l e  is  shown i n  F igure  111-5. Not ice  

t h a t  most of  t h e  d e n s i t i e s  f a l l  i n t o  t h e  f i r s t  dozen i n -  

t e r v a l s .  Given a PER of twenty p e r c e n t ,  t h e  DENMAX v a l u e  

f a l l s  i n t o  t h e  f o u r t e e n t h  i n t e r v a l .  I n  o t h e r  words, twenty 

pe rcen t  of t h e  g r i d p o i n t  l o c a t i o n s  have d e n s i t i e s  h igher  t h a n  

t h e  v a l u e  corresponding t o  t h e  f o u r t e e n t h  i n t e r v a l .  I£ PER 

were g r e a t e r  than  twenty pe rcen t ,  t h e  s e l e c t i o n  of DENMAX 

would n o t  be ve ry  p r e c i s e  because t h e  overwhelming m a j o r i t y  1 
of t h e  g r i d p o i n t  va lues  are concent ra ted  i n  t h e  lower cate- 

gor i e s .  To overcome t h i s  problem, t h e  i n t e r v a l  s c a l e  was 

changed t o  a l o g  1Q s c a l e .  The r e s u l t i n g  d i s t r i b u t i o n ,  

Figure  111-6, s t i l l  shows a very l a r g e  number of g r i d p o i n t s  

i n  t h e  f i r s t  ca tegory ,  b u t  t h i s  i s  t o  be expected.  Many g r i d -  

p o i n t s  a r e  n o t  i n f luenced  by any of t h e  r e p o r t s .  Not ice ,  how- 

eve r ,  t h a t  t h e  rest of t h e  g r i d p o i n t s  a r e  spread  more evenly 

through t h e  remaining c a t e g o r i e s .  I n  t h i s  case, w i t h  a PER 

of twenty pe rcen t ,  DENMAX i s  found i n  t h e  f i f t y - f i f t h  i n t e r v a l .  

A reasonable  approximation of t h e  d e n s i t y  v a l u e  r e p r e s e n t i n g  

even f i f t y  pe rcen t  of t h e  r e p o r t s  could be made from t h ~ s  

d i s t r i b u t i o n .  



INFORMATION DENSITY DISTRIBUTION 

( N u m b e r  of G r i d  Points  per D e n s i t y  In terval)  

DENSITY INTERVAL 

FIGURE 111-5: HISTOGRAM O F  INFORMATIO?J DENSITY BASED ON LINEAP, SCALE 
INTERVALS - SEA SURFACE T E l " I P ~ ? A T r l ~  AN.9T;YSIS. 





One p o i n t  needs t o  be made he re  r ega rd ing  t h e  c a t e g o r i e s .  

If PER is ve ry  small, such a s  f i v e  o r  C m  p e r c e n t ,  then a more 

a c c u r a t e  e s t i m a t e  of t h e  r e p r e s e n t a t i v e  DENMAX va lue  i s  obta ined  

u s i n g  t h e  l i n e a r  s c a l e ,  The reason i s  t h a t  t h e  upper i n t e r v a l s  

on the l o g  10 scale encompass a much broader  range of va lues  

t h a n  t h e  same i n t e r v a l  on a l i n e a r  s c a l e .  The choice  of  s c a l e ,  

t h e r e f o r e ,  must be  made with  some c o n s i d e r a t i o n  of  t h e  va lues  

of PER which w i l l  be used. Cur ren t ly ,  t h e  NASA-ODSI model 

employs t h e  l og  10 scale. 



C. Grad ien t  Fac tor  

i The assembly procedure can be f u r t h e r  improved through 
' I 

t h e  use  of  g r a d i e n t  informatioll.  S p e c i f i c a l l y ,  t h e  r a d i u s  of 

i n f l u e n c e  f o r  each  observa t ion  may be modified according t o  
I 

1 t h e  gues s - f i e ld  g r a d i e n t s  a t  t h e  g r i d p o i n t s  c l o s e s t  t o  each 

1 r e p o r t .  I n  s t r o n g  g r a d i e n t  r eg ions ,  moreover, one wishes t o  

l i m i t  t h e  i n f l u e n c e  r eg ion  of an obse rva t ion  t o  p reven t  t h e  
I 
I 
I d e s t r u c t i o n  of t h e  e x i s t i n g  g r a d i e n t s .  The g r a d i e n t  f a c t o r ,  

GRADFAC, i s  de f ined  a s :  

GRADFACT , J = A - B * (GRADI , J / ~ ~ ~ ~ ~ X )  

where GRAD = g r a d i e n t  wi th  t h e  maximum a b s o l u t e  
va lue  a t  t h e  g r i d p o i n t  c l o s e s t  t o  
t h e  r e p o r t  

GRADMAX = maximum g r a d i e n t  over  t h e  e n t i r e  g r i d  1 
i 

A , B  = c o n s t a n t s ,  parameter-dependent 

ItJ = g r i d p o i n t  i n d i c e s  

R e c a l l  t h a t  GiiADPAC modif ies  t h e  assembly r a d i u s .  I ts 

i n f l u e n c e  i s  b e s t  explained wi th  an  example. L e t  u s  assume t h a t  

t h e  c o n s t a n t s ,  A and B ,  a r e  set t o  1.35 and 0.90,  r e s p e c t i v e l y .  

To f i n d  t h e  assembly r a d i u s  (RADIUS) f o r  a  r e p o r t ,  t h e  g r a d i e n t s  

I i n  f o u r  d i r e c t i o n s  from t h e  g r i d p o i n t  c l o s e s t  t o  t h a t  r e p o r t  

are c a l c u l a t e d .  The g r a d i e n t  w i th  t h e  l a r g e s t  a b s o l u t e  v a l u e  

becomes GRAD i n  t h e  express ion  above. GRAD i s  normalized by 

111-20 
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t h e  maximum g r a d i e n t  f o r  t h e  e n t i r e  S i e l d ,  GRADMAX. If  GRAD 

equa l s  GRADMAX, t h e i r  r a t i o  is  one and GfQDFAC becomes 0.45. 

I n  o t h e r  words, i n  an  a r e a  of s t rong  g r a d i e n t s ,  t h e  assembly 

r a d i u s  i s  s i g n i f i c a n t l y  reduced from what it might o the rwi se  

have been, O f  course ,  i f  t h e  l o c a l  gr .adients  a r e  weak, G R A D  

i s  c l o s e  t o  ze ro ,  and GRADPAC approaches a  va lue  of  1.35. 

Here a  r e p o r t  i s  allowed t o  i n f l u e n c e  a  much g r e a t e r  r eg ion  

because t h e r e  i s  l e s s  chance of i n t e r f e r i n g  wi th  t h e  l o c a l  

g r a d i e n t s .  

The c o n s t a n t s  i n  t h e  GRADFAC expres s ion  va ry  somewhat 

from one a n a l y s i s  t o  another .  They can  be found i n  t h e  Table  

of Assembly Var i ab l e s ,  Table 111-1. 



D. Assembly  weight,^ 

 he degree  t o  which o b s e r v a t i o n a l  in format ion  i s  incor -  

pora ted  i n t o  an a n a l y s i s  depends on how much t h e  r e p o r t s  are 

al lowed t o  i n f l u e n c e  t h e  f i e l d  a t  t h e  surrounding g r i d p o i n t s .  

Weighted c o n t r i b u t i o n s  from t h e  nearby r e p o r t s  are combined 

t o  f i n d  t h e  new assembled va lue  a t  a  g r i d p o i n t .  

The formula f o r  t h e  new va lue  is :  

where P = t h e  f i e l d  v a l u e  a t  g r i d p o i n t  I ,J 

w~ = assembly weight f o r  t h e  Kth r e p o r t  

DWTK = d a t a  weight f o r  t h e  Kth r e p o r t  ( t o  be  
explained i n  t h e  nex t  s e c t i o n )  

DIPK = d i f f e r e n c e  between t h e  Kth r e p o r t  and t h e  
va lue  i n t e r p o l a t e d  from t h e  f i e l d  f o r  i ts  
l o c a t i o n  

C l e a r l y ,  t h e  weights w i l l  l a r g e l y  determine t h e  impact of t h e  

i n d i v i d u a l  r e p o r t .  

The c u r r e n t  NASA-ODs1 model employs two c r i t e r i a  i n  t h e  

de te rmina t ion  of t h e  weights.  The f i r s t  is  a d i s t a n c e  dependence, 

i . e . ,  rhe  c l o s e r  a  r e p o r t  l ies  t o  a  g r i d p o i n t ,  t h e  g r e a t e r  i s  t h e  

weight  ass igned  t o  i t s  c o n t r i b u t i o n .  The second c r i t e r i o n  is  

based on t h e  magnitude of t h e  c u r v a t u r e  of t h e  f i e l d  i n  t h e  



v i c i n i t y  of t h e  r e p o r t .  I n  r eg ions  of  h igh  cu rva tu re ,  t h e r e  

is  a r a p i d  s p a t i a l  v a r i a t i o n  i n  t h e  f i e l d .  A weight ing f u n c t i o n  

which dec reases  ve ry  r a p i d l y  wi th  i n c r e a s i n g  d i s t a n c e  Erom a 

r e p o r t  is  h igh ly  d e s i r a b l e  under t h e s e  c o n d i t i o n s  because i t ,  

i n  e f f e c t ,  l o c a l i z e s  t h c  i n f l u e n c e  of  t h e  r e p o r t .  

The Eirst r u n s  of t h e  model used t h e  Cressman weight 

func t ion  which i s  only d i s t a n c e  dependent: 

where \? = weight of a r e p o r t  a t  g r i d p o i n t  1,J 

R = assembly r a d i u s  of t h e  Kth r e p o r t  

D = d i s t a n c e  between t h e  r e p o r t  l o c a t i o n  and t h e  
g r i d p o i n t  I, J 

 eights range from zero  t o  one. F igu re  111-7 i s  a  graph 

of t h e  weights  a s  a  func t ion  of d i s t a n c e  from t h e  r e p o r t .  To 

i n c r e a s e  t h e  impact of t h e  obse rva t ions ,  a  f u l l  weight of one 

was ass igned t o  any g r i d p o i n t  l y i n g  w i t h i n  a set d i s t a n c e  of  t h e  

r e p o r t ;  e.g.,  w i th in  a  d i s t a n c e  of twenty pe rcen t  of t h e  r e p o r t ' s  

assembly r a d i u s .  Even wi th  t h i s  t echnique ,  t h e  a n a l y s i s  f a i l e d  

t o  d e p i c t  t h e  s t r e n g t h  of t h e  cyclories and an t i cyc lones  i n  t h e  

s u r f a c e  p r e s s u r e  a n a l y s i s .  



DISTANCE 

FIGURE IIL-7: GRAPH OF THE CRESSMAN WEIGHTS. 
WELGHTS ARE A FUNCTIQM OF THE 
DXSTANCE FROM A REPORT. THE 
DISTANCE HAS BEEN fTOPMALIXED 
BY THE TiRDIUS OF 11IFLUENCE. 



The c u r r e n t  formula al lows waights  to  be a Eunction of 

bo th  t h e  d i s t a n c e  from t h e  r e p o r t  and t h o  cu rvn tu ro  OR tha 

f i e l d ,  X t  is  designed t o  ennure t h a t  d a t a  r e p o r t s  w i t h i n  a 

sma l l  d i s t a n c e  o f  a g r i d p o i n t  w i l l  r e c e i v e  a f u l l  weight of 

one. If t h i s  were n o t  t h e  case ,  it would be almost impossib3.e 

f o r  t he  a n a l y s i s  t o  e x a c t l y  r e p r e s e n t  any r e p o r t .  

The weights  a r e  computed a s :  

W x , ~  = (3. - R A D P E R ) / ( l .  - FMC) 

where RADPER = D/R a s  de f ined  above 

FRAC = a func t ion  of  t h e  Laplacian cu rva tu re s  
O - c FRAC < 1 and 0 4 I? 4 1. 

f S 

When RADPER i s  less than  FRAC, I? is set t o  one. 

The Laplacian va lue  (WTLAPL), used i n  t h a  de te rmina t ion  o f  

FRAC, i s  computed a t  t h e  g r i d p o i n t  c l o s e s t  t o  t h e  r e p o r t .  WTLAPL 

i s  normalized by a percentage of t h e  maximum Laplac ian ,  WTLAPLM. 

The r a t i o  of  WTLAPL and WTLAPLM cannot  exceed one s o  t h a t  FRAC 

l ies  between ze ro  and one. 

where WTLAPL = Laplacian a t  t h e  g r i d p o i n t  c l o s e s t  t o  
a r e p o r t  

WTLAPLM = PERLAPL * WTLAPMX 

PERLAPL = a f r a c t i o n  less than  one 

WTLAPMX = maximum Laplacian i n  t h e  Ei r s t -guess  
f i e l d  



I n  ths program, FRAC is  l imi ted  by a maximum and 

minimum v a l u e .  The maximum v a l u e ,  FRACMAX, r e p r e s e n t s  t h e  

g r e a t e s t  e x t e n t  w i t h i n  Che circle o f  i n f l u e n c e  t o  which a 

wa igh t  of one  migh t  bo a s s i g n e d .  ( R e c a l l  t h a t  when PADPER 

is less t h a n  PMC, t h e  weligh.t i s  set Co one . )  The minimum 

v a l u e ,  FRACNXN, d e f i n e s  t h e  r a d i u s  of a s m a l l  circle w i t h i n  

which the weigh t  i s  always one. 

The s l o p e  o f  t h i s  we igh t  f u n c t i o n  c a n  b e  s e e n  i n  F i g u r e  

5ZI-8 fo r  t h e  c a s e  where FRACMAX and FRACMIN a r e  0.5 and 0.1. 

The f u n c t i o n  i s  a c t u a l l y  a  f a m i l y  o f  c u r v e s  f i m i t e d  t o  t h e  

r e g i o n  bekween t h e  maximum and minimum FRAC val.ues.  

T e s t s  were r u n  i n  which a r a n g e  o f  v a l u e s  was a s s i g n e d  

t o  t h e  v a r i a b l e s  FRACMAX, FRACMIW and PERLAPL. Various  combin- 

a t i o n s  were examined f o r  each of t h e  d i f f e r e n t  a n a l y s e s ;  t h e  

v a l u e s  for  t h e s e  v a r i a b l e s  i n  Tab le  1 1 T - 1  appear  t o  be  t h e  

optimum v a l u e s  f o r  t h e  c u r r e n t  forms a2 t h e  a n a l y s e s .  

S e v e r a l  tests were made i n  which t h e  L a p l a c i a n  dependence 

was removad from t h e  we igh t ing  f u n c t i o n .  These we igh t s  were 

s o l e l y  d i s t a n c e  dependent ,  buk d i f f e r e d  from t h e  Cressman w e i g h t s .  

Two fo rmulae  were examined: 1 
W 
1,J 

= 1. - RADPER 
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FIGURE 1 1 - 8 :  DISTRIBUTION OF WEIGHTS AS A FUNCTICN 
OF THE RADIAL DISTANCE FROM AN 
OBSERVATION. I N  THIS CASE, FRACblAX=O. 5 
AND FRACMIN=O.l. WEIGHTS L I E  BETWEEN 
THESE LIMITS. 



A 1 1  v a r i a b l e s  a r e  d e f i n e d  a s  b e f o r e .  The l o s t  s e n s i t i v i t y  

t o  t h e  c u r v a t u r e  o f  t h e  f i e l d  was e v i d e n t  i n  t h e  assembled 

f i e l d s  o f  t h e s e  a n a l y s e s ,  and t h e  LapPacian dependence was 

r e i n s t a t e d .  Compare F i g u r e s  IXX-9 and 111-10, t h e  s u r f a c e  

p r e s s u r e  f i e l d s  a f t e r  t h e  t h i r d  s c a n  o f  t h e  assembly p r o c e s s .  

The we igh t s  i n  t h e  f i r s t  a n a l y s i s  i n c l u d e  t h e  L a p l a c i a n  

dependence. For  t h e  a n a l y s i s  i n  F i g u r e  111-10, t h e  L a p l a c i a n  

dependent  w e i g h t  f u n c t i o n  h a s  been r e p l a c e d  by t h e  second 

w e i g h t  formula  above. S e v e r a l  d i f f e r e n c e s  c a n  b e  seen .  I n  

t h e  second a n a l y s i s ,  t h e  c e n t r a l  c o n t o u r  i n  t h e  P a c i f i c  does  

n o t  ex tend  a s  f a r  a s  i n  t h e  f i r s t  case, t h e  c y c l o n e  i n  t h e  

P a c i f i c  i s  n o t  a s  deep,  n o r  does  t h e  l O O O m b  c o n t o u r  appear  

o v e r  t h e  I n d i a n  s u b c o n t i n e n t ,  a f e a t u r e  c l e a r l y  s u g g e s t e d  by 

1 t h e  d a t a .  

I t  s h o u l d  be  noted. t h a t  t h e  w e i g h t  W ,  a s  d e s c r i b e d  above,  
I 

I 

i s  i n  e f f e c t  s q u a r e d  when used t o  c a l c u l a t e  t h e  assembled 

f i e l d  v a l u e s .  Re tu rn ing  t o  t h e  formula  f o r  t h e  new assembled 

I v a l u e ,  

1 n o t i c e  t h a t  W a p p e a r s  twice i n  t h e  numerator  and once  i n  t h e  
j 

denominator .  T h i s  formula  was compared t o  a n o t h e r  method of  1 
1 

d e t e r m i n i n g  t h e  assembled f i e l d  v a l u e s ,  The second fo rmula ,  1 
I 1 

1 

5 
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does  n o t  work a s  w e l l  a s  evidenced by t h e  change i n  RMS 

v a l u e s ,  whether  i n  t h e  s c a l a r  o r  v e c t o r  f i e l d s .  For  example, 

i n  t h e  s u r f a c e  p r e s s u r e  an:;l.ysis, t h e  RMS v a l u e  f o r  t h e  

a n a l y s i s  w ~ s  r educed  by t e n  p e r c e n t  w i t h  t h e  i .n t roduc t ion  o f  

2 t h e  W formula .  I n  t h e  wind a n a l y s i s ,  t h e  same formula  change 

r e s u l t e d  i n  a n  a v e r a g e  r e d u c t i o n  i n  t h e  RMS v a l u e  o f  twenty- 

two p e r c e n t  a t  e a c h  of t h e  t w e l v e  l e v e l s .  

Much o f  t h e  p r e c e d i n g  d i s c u s s i o n  o f  w e i g h t s  a p p l i e s  o n l y  

t o  t h e  s c a l a r  a n a l y s e s .  The w e i g h t s  i n  t h e  wind a n a l y s i s  

a r e  d e r i v e d  w i t h  t h e  Cressman formula  o n l y .  



Data Weights and Reevaluation 

The original method of data reevaluation was rather 

complex. It basically involved re-solving the PCT equations 

in the vicinity of an observation, omitting the report under 

reevaluation. Depending Jn the change in the analysis field, 

the observation's weight was restored to the original data 

weight or assigned some lesser value. This procedure was 

computationally very expensive, accounting for more than 

one-half the computer time for the analysis. 

A new method of reevaluation has been installed in the 

scalar analysis programs. Initially, each observation is 

assigned a subjective data weight, DWT. At the end of each 

scan, the data weight is evaluated in the subroutine REVALWT 

according to a report's departure from the interpolated value 

for its location in the new analysis field. If there is a 

significant difference between the two, the data weight may 

be lowered. Should the analysis better agree with an obser- 

vation whose weight was reduced in an earlier scan, the 

original data weight may be restored. 

In the current sea surface temperature and sea-level 

pressure analyses, all reports are assigned the same initial 

data weight. Smaller data weights had been assigned to ship 

reports in the pressure analysis previously, but this was 



found to be unnecessary. In the upper air temperature, 

height and wind analyses, a different basic data weight is 

assigned at each level. The role of the data weight in the 

reevaluation algorithm necessitates the separate specification. 

Only the wind analysis differentiates between types of reports; 

satellite-derived winds have half the weight of the conventional 

wind observations. 

The reevaluation process has evolved to where the differ- 

ences tolerated between the reports and the analysis fields 

are smaller with each new scan. It is felt that the new 

analyzed field should better accommodate the reports than the 

previous field. Observations which continue to show distinct 

departures from the field must be considered unrepresentative 

or unreliable data, and their importance reduced accordingly. 

Of course, in the first scan, all observations carry their 

full weight. 

In the wind analysis program, the u and v wind components 

are processed separately. However, only one data weight is 

assigned to the two. Reevaluation of the wind reports is based 

upon the magnitude of the wind vector. 

A report's weight is reevaluated if the parameter, REVAL, 

exceeds a constant critical value, CRIT. The parameter REVAL 

is expressed as: 



where FP = t h e  c u r r e n t  s c a n  number 

REFAC = r e e v a l u a t i o n  f a c t o r ,  a c o n s t a n t  
s p e c i f i e d  for e a c h  t y p e  o f  a n a l y s i s  

DIF = t h e  d i f f e r e n c e  between a  r e p o r t  and i t s  
i n t e r p o l a t e d  v a l u e  

ODWT = o r i g i n a l  d a t a  w e i g h t  

K = s u b s c r i p t  i n d i c a t i n g  t h e  r e p o r t  number 

S i n c e  t h e  f a c t o r  FP i n c r e a s e s  on s u c c e e d i n g  s c a n s ,  t h e  d i f f e r -  

e n c e s  t o l e r a t e d  between a  r e p o r t  and t h e  f i e l d  a t  i t s  l o c a t i o n  

is  less e a c h  t i m e .  The v a l u e  of REFAC depends on t h e  t y p e  of  

a n a l y s i s .  If  REVAL is  less than  o r  e q u a l  t o  CRZT, t h e  new 

data weight  i s  se t  t o  t h e  o r i g i n a l  v a l u e ,  ODWT. I f  REVAL i s  

g r e a t e r ,  t h e  new d a t a  weight  i s  de te rmined  a s :  

CONST * ODWT, 
n DWTK = 1. + REVAL 

where CONST = a  c o n s t a n t  

DWT = t h e  new d a t a  we igh t  a s s i g n e d  t o  a  r e p o r t  

ODWT = t h e  o r i g i n a l  d a t a  w e i g h t  f o r  t h e  Kth 
r e p o r t  



The cho ice  of c o n s t a n t s  f o r  bo th  CRIT and CONST i s  

impor tan t .  CRIT r e p r e s e n t s  t h e  upper l i m i t  of accep tab le  

d e p a r t u r e s  from t h e  guess  f i e l d .  Beyond t h a t  a r e p o r t ' s  d a t a  

weight  i s  reduced. I f  t h e  weights of  t o o  many r e p o r t s  are 

reduced,  t h e  a n a l y s i s  w i l l  f a i l  t o  respond t o  t h e  o b s e r v a t i o n a l  

i n p u t .  The va lue  of  CONST i s  a l s o  c r i t i c a l ,  f o r  it determines  

t h e  e x t e n t  t o  which t h e  d a t a  weight i s  changed. 

The va lues  of CRIT, CONST, and REFAC underwent many changes 

du r ing  t h e  t e s t i n g  of  t h e  ana lyses  a s  d i d  t h e  i n i t i a l  va lues  of 

t h e  d a t a  weights  f o r  each a n a l y s i s .  Adjustments were made s o  

t h a t  only  a  few weights  would be reduced and y e t  t h e  unrepre- 
i 

s e n t a t i v e  r e p o r t s  would n o t  unduly i n f l u e n c e  t h e  a n a l y s i s .  The t 

v a l u e s  f o r  t h e  f i r s t  t h r e e  f a c t o r s  appear i n  t h e  t a b l e  of  
1 

assembly v a r i a b l e s ,  Table 111-1. The d a t a  weights  f o r  each I 
I 1 a n a l y s i s  a r e  given s e p a r a t e l y  i n  Table  111-2. 

I r 
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F, Reject C r i t e r i a  

Whether an a n a l y s i s  begins  wi th  a poor o r  r ea sonab le  

f i r s t - g u e s s  f i e l d ,  t h e r e  w i l l  be  some obse rva t ions  which 

d e v i a t e  so g r e a t l y  from t h c  f i e l d  t h a t  they  must be cons idered  

bad r epo r t s .  To i n c o r p o r a t e  them i n t o  t h e  f i e l d  would l e a d  

t o  a t o t a l l y  i n v a l i d  a n a l y s i s .  Thus, a r e a l i s t i c  o b j e c t i v e  

c r i t e r i o n  f o r  r e j e c t i n g  such r e p o r t s  is  e s s e n t i a l .  

Seve ra l  procedures were tried i n  t h e  NASA-ODSI a n a l y s i s .  

The f irst  involved t h e  s e l e c t i o n  o f  a c o n s t a n t  v a l u e  f o r  a 

g r o s s  r e j e c t  c r i t e r i o n ,  GROS. Tt r ep re sen ted  the c r i t i c a l  

amount by which a r e p o r t  could d i f f e r  from i t s  i n t e r p o l a t e d  

f i e l d  va lue  wi thout  being r e j e c t e d .  There 'is a  problem, however, 

i n  us ing a c o n s t a n t  va lue  for t h e  e n t i r e  hemisphere. The mag- 

n i t u d e  of  t h e  v a r i a t i o n s  i n  t h e  f i e l d s  is s u b s t a n t i a l l y  less 

i n  t h e  t r o p i c s  t han  i n  t h e  middle l a t i t u d e s .  I t  would seem, 

then ,  t h a t  t h e  d i f f e r e n c e s  t o l e r a t e d  between t h e  r e p o r t s  and 

t h e  f i e l d s  should a l s o  be less. A r e j e c t  c r i t e r i o n  t h a t  would 

v a r y  w i t h  l a t i t u d e  was obvious ly  needed. 

A convenient  way t o  j .ncorporate t h e  l a t i t u d i n a l  dependence 

is  t o  use t h e  image p lane  f a c t o r ,  AMAP. The new r e j e c t  cri-  

t e r i o n ,  GROSTOL, is def ined  a s :  



where GROSTOL = t h e  l a t i t ud ina l ly -dependen t  r e j e c t  
c r i t e r i o n  

GROS = c o n s t a n t  g r o s s  reject va lue  

AMAP = map f a c t o r ,  a f u n c t i o n  of l a t i t u d e  

IRAISE = an exponent which is set t o  one o r  
two, analysis-dependent  

A s  one moves c l o s e r  t o  t h e  equa to r ,  t h e  map f a c t o r  (AMAP) 

i nc reases .  Correspondingly,  t h e  v a l u e  oZ t h e  g r o s s  t o l e r a n c e ,  

GROSTOL, becomes less. 

The advantage of using GROSTOL v e r s u s  GROS i s  i l l u s t r a t e d  

i n  F igures  111-11 and 111-12.  Both f i g u r e s  r e p r e s e n t  f i n a l  

ana lyses  o f  t h e  s ea - l eve l  p re s su re .  

I n  t h e  f i r s t ,  t h e  reject c r i t e r i o n  was based on GROS; 

t h e  second employed GROSTOL v ~ i t h  IRAXSE equa l  t o  2 .  The a r e a s  

surroaxnt3lng t h e  Ind ian  subcont inen t  show a  p a t t e r n  of  h ighs  and 

lows which i s  u n r e a l i s t i c  for t h e  t r o p i c s  (F igure  111-11). The 

problem i s  e l imina t ed  w i t h  t h e  use  of  GROSTOL (Figure  111-12)  

which f o r c e s  t h e  r e j e c t i o n  of  many more r e p o r t s  i n  t h e  a r e a .  

An a d d i t i o n a l  change has  been made i f i  t h e  procedure.  

Rather t han  a l lowing  GROS t o  remain c o n s t a n t ,  i ts  va lue  i s  

reduced f o r  each new scan.  It seems reasonable  t o  make t h e  

r e j e c t  c r i t e r i o n  succes s ive ly  more s t r i n g e n t  s i n c e  wi th  each 

cyc l e  t h e  a n a l y s i s  should be c l o s e r  t o  f i t t i n g  t h e  obse rva t ions .  
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The new v a l u e  of  GROS is  c a l c u l a t e d  a s  a f r a c t i o n  o f  

t h e  o l d  va lue :  

where GROSFAC = a c o n s t a n t  less than  one,  parameter- 
dependent 

M = a s u b s c r i p t  denot ing  c y c l e  number 

The choice  o f  t h e  i n i t i a l  va lue  of  GROS can have a marked 

e f f e c t  on t h e  r e s u l t i n g  a n a l y s i s .  A s  an  example, compare two 

ana lyses  of  t h e  s e a  s u r f a c e  temperature  which were i d e n t i c a l  

wi th  t h e  except ion  t h a t  f o r  t h e  f i r s t  (F igure  111-13) t h e  i n i t i a l  

va lue  of  GROS w a s  seven,  and f o r  t h e  second (F igure  1 1 1 - 1 4 )  

GROS was t h r e e .  Not unexpectedly,  many more r e p o r t s  are r e j e c t e d  

wi th  t h e  sma l l e r  GROS va lue  (20% ve r sus  65) b u t  t h e  f i e l d  i s  much 

smoother. For t h i s  p a r t i c u l a r  a n a l y s i s ,  t h e  smaller t o l e r a n c e  

may be b e t t e r .  

I n  t h e  upper a i r  h e i g h t  and wind ana lyses ,  t h e  i n i t i a l  

va lues  ass igned  t o  GROS a r e  level-dependent.  Larger GROS v a l u e s  

a r e  r equ i r ed  i n  t h e  upper l e v e l s  because t h e  range of  f i e l d  

va lues  a t  t h e s e  l e v e l s  is  s o  much g r e a t e r .  I n  t h r  temperature  

a n a l y s i s ,  one i n i t i a l  va lue  f o r  GROS i s  asel.gned t o  a l l  l e v e l s  

s i n c e  t h e  v a r i a t i o n  i n  t h e  temperature  f i e l d  a t  any l e v e l  is  1 
r e l a t i v e l y  smal l .  A s  i n  t h e  o t h e r  ana lyses ,  GROSTOL i s  d e t e r -  

mined a t , e a c h  l e v e l  a s  explci.ned above, and t h e  va lue  o f  GROS 

at a g iven  l e v e l  dec reases  wi th  each scan.  I n i t i a l  va lues  of 

GROS appear  i n  Table  111-3; GROSFAC and IRAISE are shown wi th  

t h e  assembly v a r i a b l e s  i n  Table 111-1. 
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IV. EiOGUS REPORTS 

I n  3 s i t u a t i o n  where t h e  number o f  obse rva t ions  i s  

s e v e r e l y  l i m i t e d  and t h e  E i m t  guess  is  poor,  t h e  a n a l y s i s  

w i l l  n o t  adequa te ly  p o r t r a y  systems wit l lout  a d d i t i o n a l  i n p u t .  

T h i s  i s  e s p e c i a l l y  c r i t i c a l  i n  t h e  c a s e  of  a developing and/or 

f a s t  nroving system. Improvements I n  an a n a l y s i s  can be made 

w i t h  t h e  use  o f  bogus r e p o r t s .  These supplemental  r e p o r t s  a r e  

in t roduced  by a t r a i n e d  a n a l y s t  whose d e c i s i o n s  t o  Itbogust1 may 

be based on new informat ion  o r  simply on exper ience  w i t h  

c e r t a i n  t y p e s  of weather s ikua t ions .  

I n  t h e  program code, bogus r e p o r t s  a r e  handled d i f f e r e n t l y  

from the o b s e r v a t i o n a l  r e p o r t s .  ~ i r s t ,  t h e  d a t a  weight  ass igned  

t o  a bogus r e p o r t  i s  h igher  and cannot  be  seduced i n  t h e  

r e e v a l u a t i o n  r o u t i n e .  Of course ,  t h e  r e p o r t  cannot  be r e j e c t e d .  

P i n a l l y ,  t h e  assembly r a d i u s  f o r  a bogus r e p o r t  i s  always t h e  

maximurn al lowed f o r  a p a r t i c u l a r  scan.  

A s i t u a t i o n  involv ing  a developing cyclone i n  t h e  North 

A t l a n t i c  can be used t o  demonstrate t h e  bogusing procedure.  

Piguxe TV-1 shows an anaLysis of t h e  s ea  l e v e l  p re s su re .  

Witllout a d d i t i o n a l  informat ion,  the' a n a l y s i s  shows a 996mb 

contour  which f a i l s  t o  enc lose  tile much Lower 986mb observa t ion .  

To a s c e r t a i n  t h e  e f f e c t  o f  bogusing, a series of  r u n s  was made 
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i n  which a n  i n c r e a s i n g  number of 980mb r e p o r t s  were i n t r o -  

duced a t  l o c a t i o n s  n e a r  t h e  c y c l o n e  c e n t e r .  The d a t a  w e i g h t s  

f o r  t h e  bogus r e p o r t s  were t h r e e  1:imes t h e  normal d a t a  we igh t .  

The impac t  o f  t h e  bogus r e p o r t s  on t h e  f i n a l  p r e p s u r e  a n a l y s i s  

i s  shown i n  F i g u r e s  IV-2  th rough  I V - 5 .  

With t h e  i n t r o d u c t i o n  of  one  bogus r e p o r t ,  t h e  North 

1 A t l a n t i c  c y c l o n e  deepens.  Note t h a t  t h e  a r e a  e n c l o s e d  by 

t h e  996mb c o n t o u r  i n  P i g u r e  IV-2 is  much g r e a t e r  t h a n  i n  

F i g u r e  I V - 1 .  A second bogus r e p o r t  f u r t h e r  s t r e n g t h e n s  t h e  

cyc lone  as it now shows a  992mb c o n t o u r  ( P i g u r e  IV-3).  Note, 
1 
! 

b t o o ,  t h a t  t h i s  r e s u l t s  i n  t h e  r e j e c t i o n  of t w o  more obse r -  

v a t i o n a l  r e p o r t s  n e a r  the low c e n t e r .  With a n  a d d i t i o n a l  
I bogus r e p o r t ,  t h e  low c e n t e r  s h i f t s  somewhat w h i l e  encompassing 

a s l i g h t l y  l a r g e r  r e g i o n ,  as s e e n  i n  P i g u r e  I V - 4 .  Apparen t ly ,  
I t h e  s h i f t  of t h e  c e n t e r  h a s  a l lowed  t h e  1004mb r e p o r t  t o  be 

r e t a i n e d .  The l a s t  f i g u r e  of t h e  series shows t h e  a n a l y s i s  

u s i n g  f o u r  bogus r e p o r t s  ( F i g u r e  IV-5). I n  t h i s  f i g u r e ,  t h e  

cyc lone  h a s  a 988mb c o n t o u r .  

I n  t h i s  p a r t i c u l a r  s i t u a t i o n ,  t h @  bogusing e f f o r t  i s  v e r y  

m u ~ h  hampered by t h e  i m p l i e d  s t r e n g t h  of t h e  g r a d i e n t s .  I t  i s  

d i f f i c u l t  t o  a n a l y z e  such  s t r o n g  g r a d i e n t s  on t h e  r e l a t i v e l y  

c o a r s e  63x63 g r id .  The i n f l u e n c e  of nearby r e p o r t s  can  b e  a  

major f a c t o r ,  f o r  a l t h o u g h  t h e i r  i n f l u e n c e  may decrease on 
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succsasive scans,  they can have a s ign i i i can t .  impact on 

t h e  i n i t i a l  scan. The FCT c o n s t r a i n t s  which tend t o  br ing  

t h e  f i e l d  back t o  t h c  o r i g i n a l  (weaker, i n  t h i s  case)  g rad ien t s  

are a l s o  a f a c t o r .  Despite these  d i f f i c u l t i e s ,  t h e  bogusing 

technique can improve an analys is .  The impact of t h e  bogus 

r e p o r t s  can be con t ro l l ed  through: 

L. Tho number of bogus r e p o r t s .  

2. The l o c a t i o n  of t h e  r e p o r t s  i n  t h e  f i e l d  
and with r e spec t  t o  o thes  bogus repor t s .  

3 .  The r e l a t i v e  s i z e  o f  t h e  da ta  weight 
assigned t o  bogus da ta .  



V. WIND ZNFORMATION XN HEIGHT ANALYSES 

I n  an a n a l y s i s ,  it is important  t o  i n c l u d e  as much of  

thtt a v a i l a b l e  o b s e r v a t i o n a l  d a t a  as  p o s s i b l e .  This  i s  

e s p e c i a l l y  true i n  an upper-a i r  a n a l y s i s  where d a t a  a t e  

l i m i t e d .  I n  t h o  o r i g i n a l  NASA-ODs1 upper -a i r  h e i g h t  a n a l y s i s ,  

g r a d i e n t  in format ion  de r ived  from wind infoxmation was incor- 

pora ted  i n t o  t h e  a n a l y s i s  v i a  t h e  PCT c o n s t r a i n t s .  The geo- 

s t r o p h i c  r e l a t i o n s h i p  was used t o  compute h e i g h t  g r a d i e n t s  

c o n s i s t e a t  wi th  t h e  r epo r t ed  winds. These the igh t  g r a d i e n t s  

rep laced  t h e  x and y a x i s  g r a d i e n t s  computed Erom t h e  f i r s t -  

guess  f i e l d  a t  t h e  g r i d p o i n t  n e a r e s t  t h e  obse rva t ion .  I E  

t h e  he igh t  g r a d i e n t  de r ived  Erom t h e  wind obse rva t ions  was 

g r e a t e r  t h a n  a  s p e c i f i e d  l i m i t ,  t h e  gues s - f i e ld  g r a d i e n t  was 

r e t a i n e d .  I f  more than one r e p o r t  i n f luenced  one g r i d p o i n t ,  

t h e  de r ived  g r a d i e n t  n e a r e s t  i n  magnitude t o  t h e  g r a d i e n t  

found i n  t h e  f i r s t - g u e s s  Ekeld was s u b s t i t u ~ e d .  

These procedures have been r e f i n e d  t o  b e t t e r  u t i l i z e  

t h e  wind observatiorrs .  F i r s t ,  t h e  wind reject cri teria has 

been modified r o  use  a method which is  p h y s i c a l l y  based r a t h c r  

t han  one b a ~ e d  upon an a r b i t r a r y  c o n s t a n t  g r a d i e n t  l i m i t .  

The geos t roph ic  wind speed der ived  from t h e  f i r s t - g u e s s  h e i g h t  

f i e l d  i s  compared with  t h e  r epo r t ed  wind observa t ion .  The 



wind obse rva t ions  a r e  r e j e c t e d  i f  t hey  d i f f e r  s i g n i f i c a n t l y  

from t h e  h e i g h t  de r ived  winds. Reject l i m i t s  which a r e  l e v e l -  

dependent and c o n s i s t e n t  wi th  t hose  used i n  t h e  wind a n a l y s i s .  

Therefore ,  t h e  wind obse rva t ions  which are  used t o  i n f l u e n c e  

t h e  h e i g h t  a n a l y s i s  w i l l  be inc luded  i n  t h e  wind a n a l y s i s .  

O r i g i n a l l y ,  t he  de r ived  h e i g h t  g r a d i e n t s  were only incor -  

pora ted  i n t o  t h e  g r a d i e n t s  i n  t h e  x and y d i r e c t i o n s .  T e s t s  

i n d i c a t e d  t h a t  t h i s  d i d  n o t  exert a s t r o n g  enough i n f l u e n c e  

on t h e  PCT equa t ions  t o  e f f e c t  much change. Reca3.l t h a t  t h e  

PCT equa t ions  a l s o  i nc lude  t h e  d iagona l  gf .adients  and t h e  

Laplacian.  Accordingly, t h e  a p p r o p r i a t e  d i agona l  g r a d i e n t s  

and Laplacian,  de r ived  from t h e  winds, were s u b s t i t u t e d  i n t o  

t h e  h e i g h t  f i e l d .  This  has  g r e a t l y  improved t h e  s e n s i t i v i t y  

of t h e  a n a l y s i s .  I f  more than  one obse rva t ion  in f luences  a 

p a r t i c u l a r  g r i d p o i n t ,  t h e  der ived  g r a d i e n t s  and Laplacians  

from t h e  va r ious  r e p o r t s  a r e  averaged. 

Some examples w i l l  show t h e  advantage o f  i nc lud ing  t h e  

wind obse rva t ions .  F igures  V-1  through V-4 show t h e  760422122 

900mb h e i g h t  a n a l y s i s  under d i f f e r e n t  cond i t i ons .  F igure  V-1 

shows t h e  a n a l y s i s  w i th  no wind obse rva t ions ;  F igu re  V-2 shows 

t h e  a n a l y s i s  wi th  obse rva t ions  inc luded  on ly  i n  t h e  x and y 

d i r e c t i o n  h e i g h t  g r a d i e n t s ;  and two c h a r t s ,  F igu re s  V-3 and V-4, 

with  wind obse rva t ions  included i n  a l l  PCT c o n s t r a i n t s .  (One 











I c h a r t  ha s  t h e  wind obse rva t ions  p l o t t e d ;  t h e  o t h e r  does no t . )  

One should no te  i n  p a r t i c u l a r  t h e  eas tward ex t ens ion  of t h e  

P a c i f i c  s u b t r o p i c a l  r i dge .  The PCT s o l u t i o n  i n  which a11 

g r a d i e n t s  and t h e  Laplacian were cons t r a ined  t o  t h e  wind , 

obse rva t ions  (F igure  V-4) shows a  change i n  t h e  o r i e n t a t i o n  

of t h e  contto\irs which b e t t e r  agrees  wi th  t h e  a v a i l a b l e  wind 

observa t ions .  The contour  g r a d i e n t s  and i n t e n s i t y  of t h e  

r i d g e  i s  cons iderab ly  diEEerent  from t h e  f i e l d s  wi th  no wind 

obse rva t ions  o r  wi th  c o n t r i b u t i o n s  i n  only  t h e  x  and y g r a d i e n t s .  
I 

The cyclone o f f  t h e  e a s t  c o a s t  of  t h e  United S t a t e s  a l s o  

e x h i b i t s  a  d i f f e r e n t  i n t e n s i t y  and g r a d i e n t s  when a l l  PCT 

c o n s t r a i n t s  are a l t e r e d  by t h e  wind obse rva t ions .  

F igu re s  V-5 through V-8 show c h a r t s  Eor s i rni lax cond i t i ons  

f o r  t h e  250mb l e v e l .  When wind de r ived  g r a d i e n t s  i n  a l l  

d i r e c t i o n s  a r e  inc luded ,  t h e  t rough i n  t h e  c e n t r a l  North , 

A t l a n t i c  shows a  s e p a r a t e  c lo sed  contour  (see F igu re  V-7), 

and t h e  t rough  o r i e n t a t i o n  ag rees  much b e t t e r  w i th  t h e  

a v a i l a b l e  wind observa t ions .  When only x  and y  d i r e c t i o n  I 

g r a d i e n t s  a r e  used,  t h e  wind e f f e c t  is  n o t  s u f f i c i e n t  t o  

c l o s e  o f f  t h e  l o w ,  as seen i n  F igu re  V-6. 
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APFENDJX 3C1 SCALAR ANALYSXS USTNG TflE PATTERN-CONSERVXNG 
TECNXIJXQUE 

Xn matoorolagical ana lys i s ,  one p iece  oE information 

t h a t  shouSd no t  bo ignored is the most recent p a s t  ana lys i s ,  

o r ,  i f  ava i l ab le ,  a good f o r e c a s t  v a l i d  a t  t h e  cu r ren t  ana- 

l y s i s  time. A man doing a hand a n a l y s i s  usual ly  uses such 

information. I n  p a r t i c u l a r ,  t h e  a n a l y s t  needs an estimate 

of t h e  p o s i t i o n s  of highs and Lows (curvature)  and of t h e  

a reas  of  s t rong  and weak g rad ien t s .  I n  r e f e r r i n g  t o  the  

pas t  a n a l y s i s  o r  fo recas t ,  t he  man usual ly  i s  looking no t  

so much f o r  absolu te  magnitudes as  f ~ r  the  shape cf the 

f i e l d .  When he draws h i s  new ana lys i s ,  he w i l l  f i r s t  a t tempt  

t o  T i t  t h e  shapes i n  tho p a s t  f i e l d  t o  t h e  new da ta .  X f  

c o n f l i c t  occurs ,  t h e  new d a t a  t a k e s  precedence unless  t h e  

a n a l y s t  suspects  t h a t  the  da ta  i s  i n  e r r o r .  In  regions wh&re 

d a t a  i s  r o u t i n e l y  sparse ,  many c o n f l i c t s  need t o  be resolved 1 

because of t h e  accumulation of e r r o r s .  This r e s u l t s  from 

the  cyc le  o f  a  poor ana lys i s  i n i t i a i i z i n g  a  f o r e c a s t  which 

i s  consequently poor which i s  used a s  a  d e f i c i e n t  f i r s t  

guess Eor t h e  next  ana lys is /predic t ion  cycle .  

The best ob jec t ive  a n a l y s i s  scheme i s  probably one 

t h a t  follows t h e  same r u l e s  t h a t  a  person fo l l sws .  I f  such 

o b j e c t i v e  techniques can be worked o u t ,  t h e  machine may do 

t h e  job i n  a  more cons i s t en t  manner than a  man i s  ab le  t o  do. 



Tha b a s i c  goa l  of this a n a l y s i s  i s  t o  f i t  t h e  follow- 

ing  in format ion  t o  varying degraos:  t k a  new d a t a ;  the most 

r e c e n t  pask a n a l y s i s  o r  f o r e c a s t  v a l u e  ( t h e  f i r s t  g u e s s ) ;  

t h e  g r a d i e n t s  o f  t ho  f i r s t  guess  i n  e i g h t  d i r e c t i o n s  from 

each g r i d  p o i n t ;  and t h e  Laplacian o f  t h e  f i r s t  guess.  

Th0 degree  o f  f i t  d e s i r e d  f o r  oach p i e c e  o f  informat ion i s  

spec iEied  by an a r r a y  of  weights .  Thess v a r i a b l e s  and 

weights art;  na~ned i n  Tablo X-1 .  

The d o s i r e d  f i t  i s  r e a l i z e d  by minimizing t h e  sum o f  

t h e  d e v i a t i o n s  of  t h e  va r ious  c h a r a c t e r i s t i c o  of  t h e  ana- 

l y s i s  from t h e i r  c o u n t e r p a r t s  i n  t h e  f i r s t  guess .  The 

minimization i s  accomplished wi th  an elementary a p p l i c a t i o n  

of t h e  calcuZus of v a r i a t i o n s ,  

XnEormaCion i s  spread through spaco by t h e  g r a d i e n t  

and Laplacian terms.  Sn a s u r f a c e  a n a l y s i s ,  t h e r e  a r e  

sometimes n a t u r a l  o b s t a c l e s  (mountain r i d g e s ,  c o a s t l i n e s ,  

etc.)  beyond which an  analysk would nak a l low a new obser-  

va t ion  t o  i n f luence  t h e  a n a l y s i s .    his kind of  c o n s t r a i n t  

can be s imula ted  i n  t h e  o b j e c t i v e  a n a l y s i s  by reducing t h e  

weights o f  t h e  g r a d i e n t s  and Laplacian a long  t h e  dcrnarcation 

zone. 

The d e c i s i o n  on t h e  magnitudes o f  t h e  va r ious  weights  

i s  l e s s  a r b i t r a r y  i f  w e  view each weight a s  t h e  i n v e r s e  of 

t h e  va r i ance  a s s o c i a t e d  wi th  t h e  parameter i t  m u l t i p l i e s .  



An a n a l y s i s  c~c3.e~ c o n s i s t s  of t h r e e  b a s i c  s t e p s :  

1. Assemblei the  d a t a  a t  g r i d  p o i n t s .  

2. Solve the mirrimiiatj,on equa t ion .  

3 ,  Re-evaluake t h e  weight of  each r e p o r t .  

I n  o rde r  t o  adequately  e v a l u a t e  t h e  weight o f  each r e p o r t ,  

a t  least  two c y c l e s  a r e  requi red .  It i s  d e s i r a b l e  t o  in -  

c lude  one a d d i t i o n a l  c y c l e  t o  a l low i n i t i a l l y  suppressed 

d a t a  t o  e n t e r  t h e  a n a l y s i s  wi th  a  h igh  weight i f  suppor t ing  

d a t a  some d i s t a n c e  away causes  t h e  a n a l y s i s  t o  conform 

more c l o s e l y  t o  t h e  r e p o r t  a f t e r  t h e  second cyc l e .  The 

b a s i c  s t e p s  a r e  d e t a i l e d  i n d i v i d u a l l y  i n  t h e  fo l lowing  

s e c t i o n s .  



B. Assembly 

We s h a l l  r e f e r  t o  t h e  guess f i e l d  as Pi w i th  weight 
I j 

j b  On &,ne f i r s t  cyc l e ,  i t  is  t h e  f i r s t  guess ,  and Ai 
I j 

has  a low and probably uniform va lue .  On subsequent c y c l e s ,  

'i, j i s  t h e  r e s u l t  of  t h e  p r e v i o u ~  c y c l e ,  bu t  Ai keeps 
I j 

i ts o r i g i n a l  va lue .  

The purpose of t h e  assembly procedure  i s  t o  i n c o r p o r a t e  

t h e  o b s e r v a t i o n a l  d a t a  i n t o  t h e  f i r s t  guess f i e l d  Pi , j  

t a k i n g  i n t o  account t h e  s u b j e c t i v e  s p e c i f i c a t i o n  of  each 

r e p o r t ' s  r e l i a b i l i t y  (DWT) and i t s  d i s t a n c e  from t h e  g r i d  

p o i n t .  Grid  p o i n t s  w i th in  a  c i r c u l a r  inf luence r eg ion  

cen te red  on each obse rva t ion  a r e  a f f e c t e d  by t h a t  obser-  

v a t i o n .  The s i z e  and shape of t h e  i n f l u e n c e  func t ion  a r e  

determined by t h e  d a t a  d e n s i t y  and f i r s t  guess  f i e l d  shape 

( i . e . ,  g r a d i e n t  and Lap lac i an ) ,  r e s p e c t i v e l y .  An in format ion  

d e n s i t y  f i e l d  Is used t o  produce a  f a c t o r  (FACT) which v a r i e s  

t h e  b a s i c  r a d i u s  o f  t h e  i n f luence  f o r  each obse rva t ion  between 

a  *minimum and maximum l i m i t .  I n  a r e a s  of dense d a t a  concen- 

t r a t i o n ,  t h e  i n f l u e n c e  r a d i u s  i s  s e t  t o  t h e  minimum va lue  

s o  as no t  t o  spread  a  d a t a  r e p o r t ' s  i n f l u e n c e  s o  f a r  t h a t  it 

i n t e r f e r e s  w i th  t h e  a l r eady  we l l - spec i f i ed  observed va lues .  

However, if t h e  obse rva t ion  i s  i s o l a t e d ,  i t s  i n f l u e n c e  i s  

sp read  t o  t h e  maximum allowed. 



The assembly r a d i u s  from an obse rva t ion  which inc ludes  i * 1 

a l l  g r i d p o i n t s  t o  be in f luenced  by t h a t  obsexvat ion i s  c a l -  
I 

c u l a t e d  a s :  

RADIUS = FACT * GRADFAC * AMAF * RAD 
AME S 1.1 

where AMAP = map f a c t o r  

AMESH = s tandard  meshlength of t h e  r e f e r e n c e  
l a t i t u d e  

RAD = a m u l t i p l e  of AMESH 

FACT = f a c t o r  p r o p o r t i o n a l  t o  t h e  informat ion 
d e n s i t y  

GRADFAC = g r a d i e n t  f a c t o r  

FACT is computed a s  fo l lows:  

FACT WDMAX - IMFOFAC * (RADMAX - RADMIN) 
( I ,  J) 

where RADMAX = maximum a l lowable  f a c t o r  

RADMIN -- minimum a l l o ~ r a b l ~ e  f a c t o r  1 
1 

TNFOTAC (I, J)  = va lue  of  in format ion  d e n s i t y  
f a c t o r  n e a r e s t  obse rva t ion  l o c a t i o n  

The maximum allowed r a d i u s  (RADMAX) i s  decreased wi th  each c y c l e  

i n  o rder  t o  b e t t e r  d s f i n e  succeedingly smaller s c a l e s .  The 
1 
.I 

assembly r a d i u s  ( R A D I U S )  i s  f u r t h e r  modified by GRADFAC, a f a c t o r  

which i s  i n v e r s e l y  p ropor t iona l  t o  t h e  g r a d i e n t .  Where g r a d i e n t s  

are l a r g e ,  RADIUS i s  reduced. Thus: 



where GRAD = maximum g r a d i e n t  a t  a g r i d p o i n t  

GRADMAX = maximum g r a d i e n t  f o r  t h e  e n t i r e  
i n i t i a l  f i e l d .  

A and B = cons t an t s  

The b a s i c  i n f l u e n c e  func t ion  has  a  weight of one a t  i t s  

c e n t e r  (obse rva t ion  l o c a t i o n ) ,  dec reas ing  t o  ze ro  a t  i t s  

maximum r a d i u s  a s  determined by t h e  in format ion  d e n s i t y .  

The f r a c t i o n  of t h e  r a d i u s  t o  which t h e  weight va lue  remains 

one (FRAC) v a r i e s  between a minimum and maximum va lue  

determined by t h e  cu rva tu re  of  t h e  f i r s t - g u e s ~  f i e l d .  I n  

systems such a s  cyc lones ,  t h e  c u r v a t u r e  i s  l a r g e  and an obser-  

v a t i o n ' s  f u l l  i n f l u e n c e  shou1.d n o t  extend f a r  from i t s  

l o c a t i o n  s i n c e  it i s  n o t  r e p r e s e n t a t i v e  i n  t h e  r a p i d l y  varying 

f i e l d .  I n  an t i cyc lones ,  t h e  f i e l d  v a r i e s  less r a p i d l y  and 

it i s  accep tab le  t o  have t h e  f u l l  weight of t h e  observa t ion  

inc luded  i n  t h e  assembled f i e l d s  a t  l a r g e r  d i s t a n c e s .  

FRAC i s  computed a s  fol lows:  

FRAC = 1 . 0  - (WTLAPL/WTLAPLM) 

i WTLAPL = I Laplacian (I ,  J) .I 
WTLAPLM = Percentage of t h e  maximum Laplacian f o r  
t h e  e n t i r e  f i e l d .  

WTLAPL € WTLAPLM - 
FRACMIN < FRAC < FRACMAX 



As the first step in the assembly procedure, the guess 

field is interpolated at the observatian location and the 

difference between the observation and the guess field 

determined (DIF). If DIF j.s greater than the gross tolerance 

for the parameter being analyzed, it is excluded from the 

assembly process. 

Next, the value of the influence function appropriate to 

the distance of the grid point from the observation is com- 

puted (w) , where: 
distance < FRAC w = 1.0 if RADIUS 

distance 
otherwise w = - RADIUS 

1.0 - FRAC 

For each gridpoint affected by the observation, a cumu- 

lative sum of the product (W*DWT)*W*DIF is computed at the 

appropriate 1,J. Also, a field of the product W*DWT is 

accumulated. Once all observations have been processed, the 

assembled value is obtained by dividing the two fields at 

all grid points: 

NOBS 
.Z [W*DWT (K) 1 *+W*DIF 

P 
1,J 

= P + K=l 1,J - NOBS 

for I=l,M 
J= 1 , F7 

P = assembled field value 
NOBS = number of observations 

DWT = data weight assigned to an observation 



C . Minimizing the Deviations 

TABLE X-1: PCT SCALAR CONSTRAINTS 

Constraint 

'il j = Variable being analyzed (assembled value) 

Weight 

pi, j = y axis gradient = 'it jtl - 'i1j 'it j 
(computed from non-assembled value of first guess) 

= x axis gradient = Pi+l,j - 'it j 'i, j 'it j , 

[computed from non-assembled value of first guess) i 
= x-lly+l gradient = Pi-i,j+l - "itj 'it$ E~ j I 

(computed from non-assembled value of first guess) 

= x+l,y+l gradient = Pi+l,j+l - @it j 'i, j 
Fi 

j 
(computed from non-assembled value of first guess) 

j = ~aplacian = Pi+ltj + Pi-l,j + Pi,j+l + Pi 
j -1 

- 4Pi 
,j 

(computed from non-assembled value of first guess) 

The first guess shapes p, v,  a, @ and L and their re- 
i 
1 
1 

spective weights B, C, El F and D have a constant value I 

during the entire analysis, Within limits specified by the 
i 
1 

weights, we require the final analysis to have similar values 
i 
i 

of the constraints as the first guess field. 



To effect this matching, we shall minimize the following 

i n t e g r a l  : 



In  t h e  above, t h e  s t a r r e d  q u a n t i t i e s  a r e  t h e  a n a l y s i s  

values w e  are seeking.  Each term i s  a  d e p a r t u r e  from t h e  

d e s i r e d  matching of d i f f e r e n t i a l  p r o p e r t i e s .  ExCra terms 

have been added t o  account f o r  t h e  e f f e c t  of a chanqing 

PI on t h e  d i f f e r e n t i a l  p r o p e r t i e s  computed a t  surrounding 
j 

p o i n t s .  T h e i r  e f f e c t  i s  t o  more c l o s e l y  couple  nerghboring 

g r i d  po in t s .  See F igu re  1-1 f o r  a d e p i c t i o n  of t h e  minimi- 

z a t i o n  s t e n c i l  a s  it r e l a t e s  t o  t h e  terms of equa t ion  II.11. 

T o  minimize t h e  i n t e g r a l ,  we simply t a k e  t h e  f i r s t  v a r i a t i o n  

w i t h  s e s p e c t  t o  Pf , j l  
and set it t o  zero  (see equa t ion  [I. 21 ) . 

The s o l u t i o n  of t h e  r e s u l t i n g  equa t ion  w i l l  be  t h e  Pt I, j that 

w i l l  cause t h e  i n t e g r a l  t o  be  minimized. The f a c t  t h a t  each 

term is  squared ensures  a minimum a s  opposed t o  a maximum 

v a l u e .  



LEGEND: ( ) = c o n s t r a i n t  from Equa t ion  [I.1] 

0 = d i f f e r e n c e  
= g r a d i e n t  

= l a p l a c i a n  a t  g r i d  p o i n t  

@ = g r i d  p o i n t s  

FIGURE 1-1: SCALAR MINIMIZATION STENCIL 



- "st 

set: ] dxdY = 

61 The terms in p* can be grouped into three categories: 

1. Those involving Pi 
, j  

2. Those involving P* at surrounding points. 

3. Those not involving P*. 



Note t h a t  a l l  terms i n  S and G except  Ai i n  Si 
I j 4 j 

and 

-A ~ , j  a ' i , j  i n  Gi involve  f i r s t - g u e s s  p a t t e r n  in format ion  
j 

which i s  c o n s i s t e n t  du r ing  t h e  a n a l y s i s .  

The-minim.ization may be  w r i t t e n  as 

I n  Hi 4 '  l e t  us group toge the r  t h c  c o e f f i c i e n t s  of  P* 

at each p o i n t .  



-'$,.j " + (-ci"l,j - "it$ p L = ~ l  j 

+ i ,  D i i j )  P;tl,j 

+ (-%,j) pi-l,j+l 

+ , - i Pflj+~ 

+ i ,  Pi+l,j*l 

+ (-%-1, j-1) pi-l,j-l 

- i t -  - i p2,j-1 

+ i t ,  1 P1+l, 1-1 

Note t h a t  X, Y ,  Z and R have a constant value during 

the analys is .  

Then : 



Tha minimization equation tX .31  i s  solved by simul- 
. 

tnneous over-relaxat ion.  The mat r i ces  Si ,j and Gi ' I  may 

be computed i n i t i a l l y  except  f o r  t h e  Ai 1 5  term and w i l l  

n o t  cknnge throughour t h e  analys is .  Matrix H i,j must be 

recomputed f o r  every i t e r a t i o n  of t h e  r c l a x a t i o n .  

The r e l a x a t i o n  proceeds os fol lows:  A t  Po in t  ( i , j )  

t h e  terms of t h e  minimization equnfion a r e  evalua ted  using 

the assembled P f i c l d  f o r  P*. Tn gonora l l  t h e  equat ion  i s  

n o t  s a t i s f i e d  and n r e s i d u a l  i s  def ined  a s  

The s u p e r s c r i p t  r i s  an i t e r a t i o n  counter .  The va lue  of 

Pi i s  t o  be a l t e r e d  s o  t h a t  or.. t h e  next  i t e r a t i o n ,  t h e  
j 

r c s i d u a l  w i l l  be  zero,  provided Hi I j does n o t  change. Of 

course ,  Hi, w i l l  change, but  if t h e  equat ion i s  f a i r l y  

w d l  behaved, r e p e t i t i o n  of t h e  procedure should l e a d  t o  

convergence on the c o r r e c t  so lu t ion .  

Subt rac t ing  [ I . 6 ]  from [I .511 



Convergence can be hastened by i n c r e a s i n g  t h e  c o r r e c t i o n  

term i n  [1.71 by a f a c t o x  ALFA. The Eactor by which it i s  

i n c r e a s e d  i s  calLed t h e  ove r - r e l axa t ion  c o e f f i c i e n t ,  

Equation [I. '73 becomes t 

One i t e r a t i o n  c o n s i s t s  ~f making the c o r r e c t i o n  [1.8] 

a t  every g r i d  p o i n t .  Tes t ing  has shown t h e  convergence can 

be speeded up and unwanted s o l u t i o n  n o i s e  decre'xsed i f  t h e  

g r i d  p o i n t s  a r e  processed i n  a c i r c u l a r  manner. Therefore ,  

t h e  field i s  scanned i n  a counter-clockwise c i r c u l a r  sweep 

s t a r t i n g  a t  t h e  c e n t e r  and working toward t h e  boundar ies .  

I t e r a t i o n s  a r e  r epea t ed  u n t i l  t h e  maximum r e s i d u a l  i s  less 

than  a s p e c i f i e d  convergence c r i t e r i o n .  The r e s u l t i n g  P* 

f i e l d  i s  t h e  s o l u t i o n  of  equat ion lI .31.  



D. Reevaluating t h e  Data Weights 

A t  t h e  end of  each c y c l e ,  t h e  weight  of each r e p o r t  i s  

reeva lua ted .  An obse rva t ion  w i l l  have i t s  weight reduced i f  

t h e  r e p o r t  d i f f e r s  from t h e  a n a l y s i s  va lue  on t h e  c u r r e n t  

scan  by more than  a  subject i .vely  determined amount. REVAL 

i s  t h e  r e e v a l u a t i o n  parameter and CRIT, t h e  c r i t i c a l  va lue  

a t  which a  r e p o r t ' s  weight i e  reduced. REVAL i s  c a l c u l a t e d  

as : 

FP * REFAC * ( D I F ) ~  
ODWT 

where FP = scan number 

REFAC = c o n s t a n t ,  r e e v a l u a t i o n  

ODWT = o r i g i n a l  d a t a  weight f a c t o r  

I f  REVAL i s  less than  C R I T ,  t h e  obse rva t ion  r e t a i n s  i t 5  

o r i g i n a l  weight,  even though it may have been reduced another  

scan.  I f  REVAL i s  g r e a t e r  than C R I T ,  then :  

DWT = CONST * ODWT 
1 + REVAL 

where CONST = cons t an t  * 

ODWT = o r i g i n a l  d a t a  weight 

DWT = new d a t a  weight  



Notice Chat on any cyc le ,  every data p o i n t  may have i t s  

o r i g i n a l  weight r e s t o r a d ,  oven i f  it had been reduccd pro- 

v ious ly .  f n  t h i s  way, a r e p o r t  that causes n Large change 

i n  t h e  a n a l y s i s  may have f u l l  e f f e c t  i f  i t  i s  supported by 

d a t a  nearby. 



E. Program Description - 63x63 Grid Version 

1. INFODEN 

The logic in the assembling process requires a field 

which quantifies the density of the available observations. 

The subroutine INFODEN produces such a field and related 

statistics. The density is computed in a manner similar to 

that used in the assembly process without the variation 

introduced by FRAC and PACT. An influence function with a 

value of one at the center, reducing to zero at its periph- 

ery is superimposed at each observation location. All grid 

points within the circle accumulate a contribution equal to 

the appropriate influence value multiplied by the observations 

subjective weight. The resulting fieid is written to the 

random access file TAPE9, with the record name IDEN as 

described in the PCT description. A 100-word array is 

computed giving the distribution of the information density 

using a loglO increment between the minimum and maximum 

values in the field. Finally, the denslty value correspond- 

ing to having PPER percent of the grid points with a density 

less than PPER is computed and defined as DENLIM for use in 

the assembly process. 



2. PCT 

The c a l l i n g  arguments a r e  desc r ibed  i n  d e t a i l  i n  t h e  

comments o f  t h e  program. A l l  t h e  a r r a y s  a r e  v a r i a b l y  

dimensioned, u s ing  t h e  dimensions M and N provided i n  t h e  

c a l l i n g  arguments. The date- t ime group i s  provided through 

common block /DTG/, a t i t l e  f o r  p l o t t i n g ,  a  contour  s t a r t i n g  

p o i n t  and a contour  i n t e r v a l  a r e  i n  common block /INFO/ and 

s e n s e  swi tch  v a r i a b l e s  a r e  passed i n  /ISW/. 

A random-access f i l e  TAPE9 i s  used f o r  temporary s t o r -  

a g e  and must be dec l a red  on t h e  PROGRAM c a r d  of t h e  c a l l i n g  

program. The w r i t i n g  of some a r r a y s  on t h e  random-access 

f i l e  f o r  l a t e r  r e t r i e v a l  al lows t h e i r  use  a s  work a r r a y s .  

F i r s t ,  t h e  d a t a  l i s t ,  t h e  I and J d a t a  l o c a t i o n  l i s t s ,  t h e  

i n i t l a l  d a t a  weight l i s t  and t h e  i n i t i a l  weight f i e l d  of 

t h e  f i r s t - g u e s s  A and l a p l a c i a n  f i e l d  D a r e  a l l  w r i t t e n  on 

t h e  random-access f i l e  s o  t h a t  t h e s e  a r r a y s  can be used i n  

s u b r o u t i n e  BKGRND. S ince  t h e  same a r r a y  i s  f r e q u e n t l y  used 

t o  hold t w o  d i f f e r e n t  f i e l d s ,  two names, s e p a r a t e d  by a 

space ,  make up t h e  names of t h e s e  a r r a y s .  Of cour se ,  t h e  

space  i s  ignored by For t r an .  The two names a r e  i n t e r p r e t e d  

as one, .but  t h i s  convention he lps  i n  read ing  t h e  l i s t i n g .  



A f t e r  BKGRND computes ma t r i ce s  S and G (see page 1-12 

and 1-13) ,  t hey ,  along wi th  Y and X ,  are w r i t t e n  on TAPE9 

and t h e  d a t a - r e l a t e d  a r r a y s  a r e  r ead  back i n .  

DO l oop  100 i s  t h e  main loop  c o n t r o l l i n g  t h e  number of 

c y c l e s  t o  be  made through t h e  program. A c y c l e  c o n s i s t s  of 

assembly (Sec t ion  1-B) , so lv ing  equa t ion  [I. 33 (Sec t ion  I-C) t 

and r e e v a l u a t i n g  t h e  d a t a  weights  (Sec t ion  1-1)). F i r s t ,  t h e  

sub rou t ine  ASSMBL i s  c a l l e d  t o  i nc lude  t h e  i n f l u e n c e  of t h e  

a v a i l a b l e  obse rva t ions .  The l a t e s t  s o l u t i o n  of P ,  t h e  f i e l d  

be ing  analyzed,  i s  a v a i l a b l e  f o r  use  as t h e  f i r s t - g u e s s  f i e l d  

f o r  t h e  assembly. 

Af t e r  c a l l i n g  ASSMBL on t h e  l a s t  a n a l y s i s  c y c l e  o n l y ,  

sub rou t ine  PLTDAT (see Appendix) writes t h e  d a t a  l i s t  on t h e  

p l o t  f i l e .  The d a t a  l i s t  i s  r e w r i t t e n  on WPE9 because i n  

ASSMBL, g r o s s  e r r o r s  were f lagged  by s e t t i n g  t h e  l a s t  b i t  of 

t h e  d a t a  word. The l a s t  b i t  of a l l  good d a t a  i s  c l e a r e d .  

Also,  t h e  d a t a  weight f o r  t h e  c u r r e n t  c y c l e  i s  w r i t t e n  t o  

TAPE9 a s  CURWT f o r  la ter  use  by t h e  subrroutine REVALIVT. 

Matr ices  A ,  G and S (see page 1-12 and 1-13) a r e  read  from 

TAPE9 and subrout ine  UPDATE adds A t o  S  and A*P t o  G .  

Weight f i e l d  D and a r r a y s  X and Y a r e  r e a d  from TAPES, and 

sub rou t ine  BLEND so lves  equa t ion  [1.3], r e s u l t i n g  i n  a new 

a n a l y s i s  f i e l d .  



A f t e r  r e s t o r i n g  t h e  a r r a y s  DATA, A I S  and A J G ,  and 

t h e  a r r a y  A w i t h  t h e  current :  d a t a  w e i g h t  CURWT, REVALWT i s  

c a l l e d .  The s u b r o u t i n e  r e e v a l u a t e s  t h e  d a t a  w e i g h t  and 

computes RMS v a l u e s .  If t h e  number o f  c y c l e s  completed i s  

less than  NOPAS, t h e  program c o n t i n u e s  th rough  a n o t h e r  e n t i r e  

c y c l e  a f t e r  r e d u c i n g  t h e  s c a n  r a d i u s  and g r o s s  reject l i m i t .  

I f  t h e  a n a l y s i s  is  comple te ,  t h e  a n a l y z e d  f i e l d  i s  p a s s e d  

th rough  a  v a r i a b l e  number o f  p a s s e s  o f  a  f i l t e r .  If approp- 

r ia te ,  t h e  t r o p i c a l  L a t i t u d e s  a r e  smoothed by c a l l i n g  t h e  

s u b r o u t i n e  SMTWP (see Appendix) .  Depending upon e x t e r n a l  

s e n s e  s w i t c h  s e t t i n g s ,  t h e  a n a l y s i s  f i e l d  i s  w r i t t e n  on t h e  

p l o t  f i l e  by s u b r o u t i n e  PLOT (see Appendix) ;  PRT (see Appendix) 

makes a  p r i n t e r  map sf t h e  f i e l d ,  and t h e  f i e l d  may be w r i t t e n  

t o  d i s k  u s i n g  t h e  F l e e t  Numerical Weather C e n t r a l  (FNWC) 

random a c c e s s  r o u t i n e  Z1,UiNDIO (see Appendix) . 

M a t r i c e s  S t  G ,  X ,  Z and R (see pages  1-12, 1-13 and 1 - 1 4 )  

a r e  computed and r e t u r n e d .  There i s  no p ~ o b l e m  i n  i n t e r p r e t i n g  

t h e  code w i t h  t h e  a i d  o f  t h e  comments. A maximum v a l u e  f o r  

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

f i e l d  a r e  computed and s t o r e d  i n  common. 



3 .  ASSMBL 

F i r s t ,  t h e  a r r a y s  SUM and DENOM a r e  set t o  ze ro ,  and 

DENSITY i n i t i a l i z e d  with  t h e  in forn \a t ion  d e n s i t y  f i e l d .  Then, 

t h e  d a t a  l i s t  i s  scanned and t h e  gucbss f i e l d  i n t e r p o l a t e d  t o  

each r e p o r t  l o c a t i o n .  I f  t h e  i n t e x p o l a t e d  v a l u e  d i f f e r s  from 

t h e  r e p o r t  by more than  GROS, t h z  r e p o r t  i s  r e j e c t e d  by 

s e t t i n g  t h e  l a s t  b i t  of t h e  r e r o r t  word. Otherwise,  t h i s  b i t  

i s  c l e a r e d .  The va lue  of GROS v a r i e s  wi th  l a t i t u d e  and de- 

c r e a s e s  wi th  each cyc l e .  I f  t h e  r e p o r t  i s  f lagged  a s  being 

a bogus r e p o r t ,  it i s  no t  t e s t e d  f o r  p o s s i b l e  r e j e c t i o n  s i n c e  

bogus obse rva t ions  a r e  en t e red  t o  c o r r e c t  a r e a s  of i n c o r r e c t  

a n a l y s i s .  The cons t an t s  FRAC and FACT are computed a s  

desc r ibed  i n  Sec t ion  I-B us ing  t h e  c u r r e n t  f i r s t - g u e s s  f i e l d .  

A bogus obse rva t ion  has FRAC s e t  t o  FRACMAX, and FACT set t o  

1 t h e  sma l l e r  of RADMAX and l2 t h e  computed FACT. A l l  g r i d  

p o i n t s  w i th in  t h e  subgr id  computed around t h e  obse rva t ion  

l o c a t i o n  have accumulated i n  sum t h e  product  W*DWT*W*DIF (see 

I-B f o r  n o t a t i o n )  and i n  DENOM t h e  produc t  W*DWT. A f t e r  a l l  

d a t a  have been scanned, SUM i s  d iv ided  by DENOM t o  o b t a i n  t h e  

c o n t r i b u t i o n  t o  t h e  f i r s t - g u e s s  f i e l d  producing t h e  assembled 

f i e l d  ( s e e  Sec t ion  I-B) . 
F i n a l l y ,  s t a . t i s t i c s  desc r ib ing  accepted and r e j e c t e d  

d i s t r i b u t i o n s  a r e  computed and d i sp l ayed .  



4 .  UPDATE 

The current assembled weight field A is added to matrix 

S (see page 1-12 and the BKGRND listing) and A*P is added to 

matrix G, where P is the current guess field. 

The minimization equation [I.3] is solved by simul- 

taneous over-relaxation. The method is described in detail 

on pages 1-25 and 1-16. No further discussion is warranted. 

6. REVALWT 

The weight oi each datum is reevaluated as discussed in 

Section I-D. First, a distribution of weights is computed 

and printed before reevaluation. No reevaluation of bogus 

observations are allowed. Once the difference between the 

observation and the resulting field is determined, h L  is 
2 computed. If X is greater than one, the observation weight 

is decreased according to the equation in Section I-D. Once 

a11 observations have been processed, the distribution of 

weights is recomputed and displayed as before. 





APPENBfX 11: VECTOR WIND ANALYSIS USING THE PATTERN . I 
CONSERVIMG TECHNIQUE 

The pattern-conserving technique described in Section I 

is used to analyze a scalar variable. In this section, we 

will concentrate on those aspects which are peculiar to the 

wind problem. 

The most essential feature of the pattern-conserving 

tcchni.que is that, while fitting new data, it tends to retain 

certain differential properties of the first-guess field. 

For scalar analysis, we were only corlcerned with gradients 

and the Laplacian. The wind, being a vector, complicates the 

problem slightly. Some of the properties we would like to 

conserve; e.g., vorticity and divergence, invol.ve both scalar 

components. We must analyze both components simultaneously. 

The differential properties that we choose to conserve 

are the gradients of each wind component in eight directions 

from each grid point, the vorticity and the divergence. 'The 

same method is used here as in the scalar analysis, the main 

difference being that two minimization equations rather than 

one must be solved simultaneously. 

The equations are considerably simplified by using the 

staggered grid illustrated by Figure 11-1 and defining the 

divergence, vorticity and gradients as in Table 11-1 and 

Figure 11-2. This arrangement causes certain matrices to be 

tridiagonal. 

11-1 



1 ---+ 

FIGURE 11-1: STAGGERED U,V G R I D  

* = u g r i d  

x = v grid 

+ = grid  point 
1,m 



~ h c  assembly oE data Co g r i d  p o i n t s  i s  done i n  the 

same way a s  i n  t h e  s c a l a r  a n a l y s i s .  The wind components 

o re  moved t o  g r i d  points wi th in  an i n f l u e n c e  f u n c t i o n ,  and 

n weighted overage i s  computed a t  each g r i d  p o i n t  fog each 

component. S ince  the grid i s  s t agge red  (F igu re  XI-1), tho 

components of an observa t ion  may be moved to g r i d  p o i n t s  wi th  

d i f f e r e n t  weight ings .  

For t h e  wind a n a l y s i s ,  w e  need a f i e l d  SUMU and SUMV 

i n i t i a l i z e d  t o  zero  f o r  accumulating the c o n t r i b ~ t i a n  t o  the 

assembled f i e l d  of  each component. The denominator is 

c a r r i e d  as two packed f l o a t i n g  p o i n t  v a l u e s  i n  t h e  a r r a y  

DENOM. The i n f l u e n c e  func t ion  r a d i u s  i s  v a r i e d  a s  i n  t h e  

s c a l a r  a n a l y s i s  based upon t h e  in format ion  d e n s i t y  t o  compute 

t h e  f a c t o r  FACT. Unlike t h e  s c a l a r  i n f l u e n c e  f u n c t i o n ,  t h e  

r ad ius  o f  weight equa l s  one i s  n o t  v a r i a b l e  and decreases  from 

onc a t  t h e  c e n t e r  210 z e ro  a t  t h e  maximuxn r a d i u s .  



C, Minimizing the Deviations 

In the acnlar analysis, we wanted to conservo tho 

gradients and the Laplacian, With *he regular grid, tho 

finite differonce expressions for tho gradients and Laplacian 

did not provide good horizontal coupling among the grid points, 

so we included in the integra3. to be minimized tho gradients 

and Laplacinn at surrounding grid points. In tho case of the 

wind analysis, the Inore complex differential properties and 

the staggered grid extend the influence of the computations at 

a grid point further thsn in the scakzr anslysis, snd it ix not 

necessary to add the contributions at the surrounding points. 



TABLE IX-1: PCT VECTOR CQNSTRAXNTS 

Constraint: 

'X ,m = Variable being analyzed (assembled value) 

Vl,m = variable being analyzed (assembled value) 

Weight: 

,m = divergence = a ~ / ~ ,  + av/ 
aY 

- - 'l,m - - ,m * Vl,mc 1 Vl,m D l,m 
(Computed from non-assembled value of first guess.) 

41,m = vorticity = - WgY 
Q1,m 

(Computed from non-assembled value of first guess.) 
el,m * x-1,y+1 u gradient = - 

'1- i ,m+ 1 '1, m E ~ , m  
(Computed from non-assembled value of first guens.)- 

a 

elfm = X- I y+l v gradient = V1*-l,m+ 1 - Vl,m El,m 
(computed from non-assembled value of first guess.) 

fl,m = y axis u gradient = u 1,mt 1 - u 1, m F 
1, m 

(Computed from non-assembled value of first guess. ) . A 

fl,m = y axis v gradient = v 1,mf 1 - 'J 1,m F 
1, m 

(Computed from non-assembled value of first guess.) 

gl,m = x+i,yt 1 u gradient = 
1 ,m+ 1 - u 1,m Gl,m 

a (Computed from non-assembled value of first guess.). 
gl ,m = x+l,ycl v gradient = v ~ + ~ , ~ + ~  - v 

1, m G1,m 
(Computed Erom non-assembled value of first guess.) 

hl,m = x axis u gradient = u ~ + ~ , ~  - l,n~ iI , m 
(Computed from !:on-assembled value of fi.rst guess.) a 

0 

hl,m = x axis v gradidnt = v ~ + ~ , ~  - u 
1, m 

!I 
1, m 

(Computed Erom non-assembled value of first guess.) 



We s h a l l  minimize the following i n t e g r ~ l :  



The s u p e r s c r i p t  ( * )  i n d i c a t e s  t h e  v a l u e s  w e  scek .  The 

d i f f e r c n t i n l  p r o p c r t i c s  of t h e  f i r s t - g u e s s  E i c l d  are d e f i n e d  

i n  Tablc 11-1, and a d c p i c t i o n  of t h e  u  component min imiza t ion  

s t c n c i l  as it relates t o  t h e  u  terms o f  e q u a t i o n  [II.lI i s  

To minimize t h c  i n t e g r a l  we t a k e  the first  v a r i a t i o n  w i t h  

r e s p e c t  t o  u* and w i t h  r e s p e c t  t o  71 , y i e l d i n g  t he  
3, ,m r m  

f o l l o w i n g  two equa t ions :  

(u* set - u *  -hl,m)J&c6:i = - Gl,m (Ui+l,mtl - Ui,"l - g 1 . m )  -HiI ., l+l ,m 1, m 

A n n n - - v* - 
Gl,nr (Vi+t,m+l 1 , m  g1,9 

sct 
1 -  ' 11 m ("i+l,m-~i,n- hl,m)ldxdy 



1- b 

( ) =: c o n s t r a i n t  from equa t ion  [XS. 11 

= U grid p o i n t s  

x = V g r i d  p o i n t s  

0 = d i f  ference 

------J. = g r a d i e n t  

X U  1 : U COMPONENT M ~ N I E I I Z A T I O N  STENCIL 



In equation tII.21 group terms involving 1) ~ i , ~ ;  2 )  u* at 

surxounding points; 3) v h n d  4) everything else. 

Group [IX. 31 similarly: 

Note that all terms in S and Z except A in S 1 ,m 
and 

l,m 
- 
"1 ,mUl ,m in Z 

involve first-guess information which is 
l,n 

constant during the analysis. Similar conditions hold for 
h 0 

S and Z. 



Equations [II.4] and (If.51 can be written in matrix form: 

These equations must be solved simultaneously. The method of 

sol,ution used is Liebmann over-relaxatior.. t;.~ing a first- 

guess fox u* and v*, equation [II.6] is, in general, not 

satisficd. A residual is defined by: 

[II. 8 1  

The superscript T is the iteration counter. We wish to find a 

next guess at - u* such thnt the residual is zero, if the values 
at sur.:rounding points do not change. 

Subtracting [II. 91 from [IZ. 81  , 



Convergelice i s  more r a p i d  i f  t h e  c o r r e c t i o n  i n  [ I I . lOJ  i s  

exaggera ted  by t h e  i n c l u s i o n  of RLFA f a c t o r .  

A t  a p a r t i c u l a r  g r i d  p o i n t ,  u* i s  c o r r e c t e d  by 

equa t ion  [ I I . l l ]  and v* i s  then  c o r r e c t e d  i n  an analogous 

way. I n  computing R from equa t ion  [II.8] o r  from t h e  

analogous equa t ion  i n  v*, t h e  l a t e s t  e s t i m a t e  o f  bo th  u* 

and v* a t  surrounding p o i n t s  i s  used. Some of them have 

been changed on t h e  c u r r e n t  i t e r a t i o n  and sene  have n o t .  

A s  i n  t h a  s c a l a r  a n a l y s i s ,  t h e  f i e l d  i s  scanned i n  a  

counter-c lockwise  c i r c u l a r  sweep s t a r t i n g  a t  t h e  c e n t e r  

and working toward t h e  boundaries.  

During each i t e r a t i o n  through t h e  g r i d ,  t h e  maximum 

r e s i d u a l  i s  checked. When it becomes less than  a  p re -  

s c r i b e d  convergence c r i t e r i o n ,  t h e  equa t ions  a r e  cons idered  

so lved .  



B .  Reeva lun t ing  t h e  Daka weigh t s  

The v a l i d i t y  of wind r e p o r t s  i s  judged a c c o r d i n g  t o  t h e  

v e c t o r  d i f f e r e n c e  batween t h e  r e p o r t e d  wind and t h e  analyzod 

wind. The a n a l y z e d  wind is  o b t a i n e d  by i n t e r p o l a t i o n  from 

t h e  a n a l y s i s  f i e l d s ,  The root-moan-square d i f f e r e n c e  i s  

computltid and averaged f o r  a l l  t h e  o b s e r v a t i o n s  t h a t  were 

a c c e p t e d  on t h e  c u r r e n t  scan  a s  d i a g n o s t i c  o u t p u t .  Sf t h e  

r e p o r t  d i f f e r s  i n  v e c t o r  magnikude from t h e  a n a l y s i s  by more 

t h a n  t h e  e s p e c t c d  d i f f e r e n c e ,  i t s  w e i g h t  i s  r e e v a l u a t e d .  The 

c s p e c t e d  d i f f e r e n c e  i s  d e f i n e d  a s  t h e  s q u a r e  r o o t  o f  t h e  c l a s s  

v a r i a n c e  a s s i g n e d  t o  t h e  r e p o r t  i n i t i a l l y ,  which i s  t h e  i n v e r s e  

of t h c  o r i g i n a l  d a t a  we igh t .  Define:  

where \Vn i s  t h e  n t h  r e p o r t ,  \Va i s  t h e  i n t e r p o l a t e d  ana lyzed  

wind, and A. i s  t h e  o r i g i n a l  r e p o r t  w i g h t .  

2 Is X i s  g r e a t e r  t han  1, which i m p l i e s  a c t u a l  e r r o r  i s  

g r e a t e r  t han  e x p e c t e d  e r r o r ,  t h e  r e p o r t  weight  i s  computed a s :  

2 If h i s  less t h a n  1, t h e  r e p o r t  i s  a s s i g n e d  t h e  w e i g h t  A. even 

i f  i t s  w e i g h t  was p r e v i o u s l y  reduced.  
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1. INFBDEN 

A s  i n  t h e  s c a l a r  a n a l y s i s ,  a  f i e l d  i s  r e q u i r e d  which 

q u a n t i f i e s  t h e  d e n s i t y  of t h e  a v a i l a b l e  obse rva t ions .  An 

i n f l u e n c e  f u n c t i o n  wi th  a va lue  of one a t  t h e  c e n t e r ,  reducing 

t o  zero a t  i t s  per iphery  is  superimposed a t  each obse rva t ion  

l o c a t i o n .  A l l  g r i d  p o i n t s  w i th in  t h e  c i r c l e  accun~ula te  a  

c o ~ ~ t r i b u t i o n  equa l  t o  t h e  a p p r o p r i a t e  i n f l u e n c e  v a l u e  mul t i -  

p l i e d  by t h e  observa t ions  s u b j e c t i v e  weight.  Once a l l  obser-  

v a t i o n s  have been processed,  t h e  f i e l d  i s  w r i t t e n  t o  t h e  

random f i l e  TAPE9 a s  I D E N .  A loglO his tog ran^ of t h e  r e s u l t i n g  

g r i d  po in t  va lues  i s  computed and p r i n t e d .  F i n a l l y ,  t h e  

d e n s i t y  v a l u e  corresponding t o  having PPER p e r c e n t  of t h e  

g r i d  p o i n t s  wi th  a d e n s i t y  less t h a n  PPBR i s  c a l c u l a t e d  and 

def ined  a s  DENLIM f o r  u s e  by t h e  assembly p roces s .  

2.  PCTWND 

All t h e  a r r a y s  have v a r i a b l e  dimensions.  Common block 

/DTG/ p rov ides  t h e  date- t ime group,  /INFO/ t h e  i d e n t  i n l o r -  

mation and /ISN/ t h e  swi tch  s e t t i n g s .  Random-access f i l e  

TAPE9 must be dec la red  on t h e  PROGRAM c a r d  of t h e  c a l l i n g  

program and i s  used f o r  temporary s t o r a g e  space w i t h i n  

PCTWND. The d a t a  l o c a t i o n  l i s t s ,  t h e  d a t a  weight l i s t  

and t h e  i n i t i a l  weight of t h e  f i r s t - g u e s s  f i e l d  a r e  



w r i t t e n  o n  TAPES. These a r r a y s  a r e  used  i n  t h e  c a l l  t o  

s u b r o u t i n e  BKGRND, which computes m a t r i c e s  5, BU and ZV. 

Xn t h e  n o t a t i o n  o f  S e c t i o n  XI-C, a ( " )  r e f e r r e d  t o  t h e  v  
6 

wind component. S i n c e  S i s  t h e  same as S, no d i s t i n c t i o n  

needs t o  be made. Z U  i s  used i n  t h e  program f o r  Q, and ZV 
n 

for  Z .  

The conven t ion  o f  a s s i g n i n g  two names t o  an  a r r a y  and 

s e p a r a t i n g  them by a s p a c e  i s  used h e r e  a s  it was i n  PCT. 

Array  A 1  S  h o l d s  t h e  I c o o r d i n a t e  d a t a  l o c a t i o n  l i s t  i n i t -  

i a l l y ,  b u t  r e t u r n s  m a t r i x  S from BKGRND. The m a t r i c e s  S ,  

Z U  and ZV a r c  w r i t t e n  on TAPE9 and t h e i r  a r r a y s  a r e  r e f i l l e d  

w i t h  t h e i r  o r i g i n a l  f i e l d s .  Weight f i e l d s  E ,  F, G ,  and N a r e  

s t o r e d  on TAPE9 s o  t h e y  can be used  as work a r r a y s  l a t e r .  

DO loop  100 i s  t h e  main l o o p  c o n t r o l l i n g  t h e  number o f  

c y c l e s  t o  be made th rough  the program. S u b r o u t i n e  ASSMBL 

adds  t h e  i n f l u e n c e  o f  t h e  o b s e r v a t i o n s  i n t o  t h e  f i r s t - g u e s s  

f i e l d  as  d e s c r i b e d  i n  S e c t i o n  11-B. The d a t a  l i s t  which 

i n c l u d e s  reject  b i t s  se t  i n  t h e  c a l l  t o  ASSMBL a r e  w r i t t e n  

t o  TAPE9 f o r  later access. A f t e r  c a l l i n g  ASSMBL on t h e  l a s t  

a n a l y s i s  c y c l e  o n l y ,  s u b r o u t i n e  FLTWIND (see Appendix) 

writes t h e  d a t a  l i s t  on t h e  p l o t  f i l e .  



Ncxt, t h e  ma t r i ce s  S ,  A, ZU and ZV arc read from TAPE9. 

Subrout ine  UPDATE adds A to  S ,  -A" t o  ZU and -A*V t o  ZV. 

Arrays E l  P I  G and li a r e  r e f i l l e d  from TAPED. Subrout ine  

BLEND so lves  Equations [ T I .  C ]  and [LX. 71 , r e s u l t i n g  i n  the 

a n a l y s i s  f i e l d s  U and V. After r e s t o r i n g  the c u r r e n t  data 

weights  i n t o  a r r a y  A and DWT ZV, t h e  d a t a  i t s e l f  and i t s  I,J 

l o c a t i o n  a r r a y s  a r e  r e s t o r e d .  Now tha d a t a  weights  are  

r eeva lua t ed  by REVALWT as descr ibed  i n  Sec t ion  XI-Dl and a 

v e c t o r  root-mean-square d i f f e r e n c e  between t h e  obse rva t ions  

accepted on t h e  c u r r e n t  c y c l e  and t h e  r e s u l t i n g  a n a l y s i s  of 

t h e  cycle i s  cempufed. Tile r eeva lua t ed  weights  a r e  w r i t t e n  

t o  TAPES a s  CURWT, If t h e  number 02 c y c l e s  completed. is  

Less than NOPAS, the pxogram cont inues  through another  

e n t i r e  cyc l e  a f t e r  reducing t h e  scan radl.cs and g r o s s  r e j e c t -  

t i o n  l i m i t .  i f  t h e  a n a l y s i s  i s  complete and t h e  s ense  

swi t ch  s e t t i n g s  a r e  app rop r i a t e ly  set, t h e  a n a l y s i s  f i e l d s  

and t h e  a s soc i a t ed  divergence a r e  p r i n t e d  by PRT, t h e  U and 

V a n a l y s i s  f i e l d s  a r e  w r i t t e n  on t h e  p l o t  f i l e  by sub rou t ine  

PLOT, and t,he f i e l d s  a r e  w r i t t e n  t o  t h e  d i s k  us ing  t h e  FNWC 

random access  r o u t i n e  ZRANDIO. 

2. BKGRND 

Matr ices  S ,  ZU and ZV are computed a s  i n d i c a t e d  on 



ASSMBL 39 - 
Arrays SUMU and SUMV a r e  used t o  accumulate t h e  c o n t r i -  

bu t ion  of t h e  obse rva t ions  t o  t h e  f i r s t - g u e s s  f i e l d .  They 

are i n i t i a l i z e d  t o  zero.  S ince  t h e  g r i d  i s  s t agge red  ( s e e  

F igure  X I - l ) ,  t h e  J coord ina t e  of t h e  U component r e p o r t  and 

t h e  J coord ina t e  of t k e  V component r e p o r t  a r e  decreased by 

. 5 .  Thcn t h e  guess  U and V a r e  i n t e r p o l a t e d  t o  t h e  a d j u s t e d  

r e p o r t  l o c a t i o n .  The assembly equa t ion  i s  t h e  same a s  used 

i n  t h e  s c a l a r  a n a l y s i s  b u t  i s  computed f o ~  each component. 

I f  a grasa e r r o r  has n o t  occur red ,  the p r o d m t  of t h e  i n f l u -  

ence f u n c t i o n  va lue  times t h e  d a t a  weight times t h e  d i f f e r e n c e  

of t h e  obse rva t ion  and t h e  f i r s t  guess  a r e  added t o  SUllU 

and SUMV f o r  each g r i d  p o i n t  i n f luenced  by each obse rva t ion .  

The d a t a  weight i s  a l s o  accumulated i n  DENOM and DENOMV and 

packed i n t o  DENOM. It should be noted t h a t  t h e  d i s t a n c e  

from t h e  d a t a  l o c a t i o n  t o  t h e  s taggered  U (I,  J) and V ( I ,  J) 

w i l l  be d i f f e r e n t  r e s u l t i n g  i n  a  d i f g e r e n t  i n f l u e n c e  

func t ion  v a l u e  f o r  t h e  same d a t a  r e p o r t .  

Gross e r r o r s  a r e  r e j e c t e d  by s e t t i n g  t h e  l a s t  b i t  

of t h e  DATA word. For good d a t a ,  Chis b i t  i s  c l e a r e d .  Dogus 

r e p o r t s  cannot  be r e j e c t e d .  

F i n a l l y ,  t h e  weighted average of U and V a r e  computed 

f o r  each g r i d  p o i n t  a long wi th  a c c e p t  and r e j e c t  s t a t i s t i c s .  



4. UPDATE. 

Matrix S applies to both t h e  U and V equations. but 

the toms A*U and A*V have beon left out. UPDATE adds 

them in and kwo matriccs result. Thesc two are packed into 

array S. Also, A*U is subtracted from ZU and AW from ZV. 

5 .  BLEND 

Tha two minimization equations, [II. GI and [XI. 71 , 
are solved as descxibed in detail on page I I - L O .  No 

E u r t h c r  discussion is needed. 

6, REVALWT 

The explanation in Section XI-D is followed closely and 

the comments in the listing suffice to explain the code. 
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