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7 the state vector components are subject to adjustment and represent , in fact ,
a set of independent weighted parameters. Orbits good to approximately 20 m
are adequate for precise reductions. Altimetric data processed by SAGG
was gathered by the GEOS-3 satellite over adjacent portions of the Indian and
South Pacific Oceans and a portion of the North At lan~tic; gravity anomaly data
is represented by mean anomalies from over 2200 ~44~ ~~~~ geographic blocks.
The recovered geoid over most of the globe shows good agreement with
gravimetric geoids. This is especially true of the areas covered by GEOS-3
when compared with th-e earlier reported results of the AFGL computer pro-
gram SARRA (Short Arc Reduction of Radar Altimetry) .
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Combination of Sate l l te Alt imetric Data in the
Short Arc Mode and Gravity Anomal y Data

I. I \ m o m  (:i’Io\

The shor t  arc  ad jus tment  mode of s a t e l l i t e  a l t i m e t r y  makes a d e t e r m i n a t i o n  of

the geoid su r face  possible wi thou t  the requirement of hi gh l y  precise reference

orbi t s .  In fact , approximate values of the s ta te  vector parameters  w i t h  some

fa i r ly  large a -pr ior i  s tandard  deviat ions are suff ic ient . The observations gathered

over the oceanic reg ions represent the d is tances  f rom a sa te l l i te  to the geaid . I - o r

many purposes , the geoid ~urface is assumed to coincide wi th  the su r face  of

oceans . For a good determinat ion of the geoid everywhere, it  is necessary t i  COfl1~~

bine satell i te alt ime t r i c  data wi th  some other  data gathe red over the cont inental

reg ions , such as gravi ty  observations. In th i s  paper , sa te l l i te  a l t i m e t r y  dat a
whose nature wi l l  be described later  is combined wi th  mean g rav i ty  anomalies  rep-
resenting over 2200 10 / 10 geographic blocks covering many cont inenta l  as well as
oceanic regions.

The pert inent  analysis of the (short  arc)  sa t e l l i t e  a l t i m e t r y  model and the
gravi ty  anomaly model wil l  be preceded by a few exp lana tory  remarks  wi th  regard
to the former  model , the more comp lex of the two .  The pa r ame te rs  in t h i s  model
are divid ed int o t wo basic groups: ( 1) the ear th  potent ia l  coeff ic ients  which are
the conventional C’ s and S’s of the spherical harmonic  expansion inc lud ing  the
‘ central  t e rm ” r , and (2 ) six s ta te  vector components for each short  arc . The

(Rece ived  for pub ‘ation 2 June  1977)
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paramete r s  I Ti the f i r s t  group may  be considered comp letel y f r e e  t o  ad jus t , except

tot t h e  f ive ‘ ‘ forbidden ’’ coe f f i c i en t s , C 10’ ~~l 1’ ~~ P ~~2 1’ ~2 l ’  w h i c h  are usua l l y

~et t o  /c ’t’o and h e lI .I a t  tha t  va lue . ih i s  imp l i e s  tha t  the or i g i n of the Car tes ian
c ( I ( , T’(i if la te  ‘I S t  ( ‘ I I I  IS ic le t i t  j ca l  w i t h  the  e a r t h ’ s center  i~f mass and tha t  the ~ —axis

c l l in c i l l e s  w i t h  t h e  e ar t h ’ s a x i s  of r o t a t i o n . “h e  p t i I ’ a O i & ’ t t ’ t ’ .S in the  second group,
t o g e t h e r  a i t h i  t h e i r  a— P I ’ i o r i  e l i o t  i t l a I : I I - t t - i t s t i ( s , I l l ’  a ssumed  to be supp l ied
Fr I F I I  an  i n I l t pen I I t ’n t  so u t c e .  I I i t v b a y  to gI \ I t i  10 lIne i n e r t i a l  coord ina te  -ivs —

t e r n  t or  t i l l  t I N S , ,Il In  a c l I I ~S( ’n t i i i t t i t i l l 1 l o I d l l i t l t ( ’  s v s t e i i i wh i c h  i f l t I \ ’  i a  r’v f rom

a I i  t II a i-c . 1- t I c  c o n v e n i e n c e, the  pa t -a l l o t I l - ~ ! t l t I V  1( I i n ( icIe w i t h  t h e  e a r t h  f i x e d

( I - . I- .)  c i t o r d i nat e  sy s t e m  i t  t h e  epoch t u l l e , ( I I ’  in t h e  E . I .  svs t e i t t  i t s e l f . We
i ’t iot , se t h i s  las t  pi~~.— i i I t i l i t v  w h i c h  leads to a who l e  a dj u s t m e n t  l~~ing pe r fo rmed  in
the  E. I- . sy s t e m .

A t  t h i s  point , a d i scuss ion  of w h a t  c on s t i tu t e s  a shoi t a rc  may  be u s e f u l . As

Pointed  o u t  in Brown , the ra t iona le  for the  shor t  a c approach is tha t  o rb i t a l
e r ro r s  re su l t ing  f rom the en fo rcen ien t  (I f  a reasonably  accura te  set c,f po tent ia l
coe f f i c i e n t s  t r unca t ed  at f a i r l y  low degi’ee and t I l de r can , uncle r pr ( I pe  r C ircu ii~ —

s tances , be accommodated by s l ight  a d j u s t m e n t s  of t he  s ix  s t a t e  v e c tor  parameters .
h o  r exam ple , in the  case ( If  a nea i - l~- c i r c u l a r  orbi t  at an a l t i t u d e  of 1000 km , the
i n t e g i -a t  ion of an are  of tWO sec using enforced po ten t i a l  c o e f f i c i e n t s  (cons tants)

I’unca ted at (n , m) — (4 , 4) can resul t  in ert’o rs at the  e x t r e mi t I e s  (If th e  arc

approach ing  I t 2 m when the s t a t e  vector at n i i d ar c  is held t o  i t s  co r r ec t  value.

I low eve  r , when the  s t a t e  vec to r  is allowed appr opr i a t e  freedom to a d j u s t , the error
in the r e s u l t i n g  ar c  may he reduced to a level ( I f  a few cen t ime te r s.  In the general
con t ex t  of t h e  shor t  arc method , then , a ‘ shor t  arc ’’ is s i m p ly one t h a t  is su f f i  —

c i e n t l v  shor t  so tha t  P o s i t iona l  e r ro r s  a t t r i b u t a b l e  to the e r rors  in enforced poten-
t i a l  coef f ic ien t s  (combined w i t h  e r rors  of t runca t ion )  are ‘‘ s u f f i c i e n t ly  well’’ accom-
modated over the a rc  ic, an ad ju s tmen t  of the s ta te  vec to r .  What cons t i tu tes  ‘‘ s u f —
f i r i e n t lv  well” depends on the cha rac t e r  of the pa r t i cu l a r  problem . By v i r tue  of

such cons ide ra t ions , it can be said that  the  short a rc  method , Lw de f in i t i on , does
not r equ i r e  t h a t  spec i f i c  a t t en t ion  be paid to errol’s in potential  coef f ic ien ts  insofa r
as each s a t e l l i t e  a rc  is concerned. This is compat ible  wi th  the funct ional  relat ion-
shi p appear ing  in equation (43) of Brown. 2 In par t i cu la r , the  coordinates of a sat-
e l l i t e  P o in t  on a shor t  a rc  are  expressed as independent of the adjustable  potent ia l
coc f f i c  i e u s .

1. Prown , 1). C. ( 1967)  Review of Current  Geodetic Satel l i te  Programs and Reco in—
n iendat  ions for !“utu I.e P rogr ains ,  R eport for NA SA llead qua rte rs , Contract
No, NA SW-1469 .

2. Brown , I). (‘ . ( 1973) Invest igat ion of the Feasibi l i ty  of a Short Arc R educt ion
( If Satellite Al t imet ry  for Determinat ion of the  Oceanic Geoid , Repor t  No.
A F C U L — T R — 7 ~ — 0~ 20, A i r  Force Cambr id ge Research Laboratories (LW ) ,
Bedford , MA.
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The s ta te  vector components for a short  arc  ad jus tment  of ten  contain

standard errors  which  serve subsequently for wei gh t i n g  purposes. V~ei gh t ing
must  be independent for each arc , Blaha 3

. Weigh t s  for o rb i t a l  pa rameters,
although weak , are required in a shor t  arc  s a t e l l i t e  a lt i n i e t r i c  a d j ust m e n t ;

without weights the determinat ion of the six s t a t e  vector pa ramete r s  would be

impossible since alt ime t r i c  measurements  conta in  l i t t l e  or no in fo rma t ion

about the spat ia l  o r ien ta t ion  of the o rb i t a l  p lane.  h owever , the short  arc

approach to the u t i l i z a t i on  of s a t e l l i t e  a l t i m e t r ~- is not dependent on i n t e n s i v e

externa l  t r ack ing  and can be visual ized as fo l lows :
( 1) Reference orbits approximate ly  a c c u r a t e  to 20 m ( rm s)  are i n i t i a l l y

established from routine global t racking (VHF Dopp ler t r ack ing  alone is s u f f i c i e n t
to establ ish suitable reference orbits) .

(2) The reference orbits are divided in to  a large number  of subarcs s i tua ted

over oceanic regions ; such subarcs are l imited in length to at most 1/4 i-evolution
and average about 1/6 revolution .

(3) Each subarc is treated as an independent orbit  w i t h  the epoch at midarc
having a state vector subject to a -pr ior i  wei ght ing  consistent  wi th  the qua l i ty  of the
reference orbit .

(4) For each subarc , observation equations ar ising  from satel l i te  a l t i m e t r y
are  introduced (such equations , of course, introduce a model representing the
oceanic geoid) .

(5) The adjustment  a t tempts  the s imultaneous recovery of all geoidal param-
eters along wi th  revised estitnates of the state vectors of all orbital arcs (which
may number in the thousands for dense global coverage).

GEOS-3 a l t imet r ic  observations ove r a portion of the Nor th  A t l a n t i c  were pro-
vided to AFGL by NA SA : another set of a l t imet r ic  observations ove r adjacent  por-
tions of the Indian and South Pacific Oceans was provided by the N a v a l  Surface
Weapons Center (NSWC). Figure 1 dep icts one-hundred and twelve passes of

GEOS-3 NASA data used in the North A t l an t i c  regions , and one-hundred and eleven

passes of GEOS-3 NSWC data used in the Indian and Pacif ic  Oceans area.
During the ini t ia l  preprocessing of the GEOS-3 data , cer ta in  charac te r i s t i c s

were identif ied for edi t ing  criteria.  The f i r s t  editing level automat ica l l y examined

a l t i m e t i c  measurements  for gross errors that occurred from data  handling proce-
dures , e. g. , tape pa r i t y  errors and measurement  i d e n t i f i c a t i o n  problems. The
second edi t ing procedure was to examine the a l t im et i c  measurements  for con t inu i ty

3. Blaha , 0. ( 1975) The Combina t ion  of Grav i ty  and Sa te l l i t e  A l t i m e t ry  Data for
D e t e r m i n i n g  the Ceoid Surface,  Report  of DT3A Systems , Inc . ;  AP CR L
Re port No. 75-0347 , A i r  Force Cambridge Research  Laborator ies , h i ansconi
AFE , MA.
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and to  e l imina te  abrupt  point  —t o — p o i n t  changes . The f inal  ed i t i ng  is  based on a

th ree  s igma c r i t e i - i a  when compared to a pol ynomial smoothing funct ion .

T h e  posi t ional  a - p r i o r i  s tandard  errol-s  of the s tate  vectors  were assumed to

be 24 in , 17 in , and 8 ni in the  i n - t r a c k , c ro s s - t r a ck, and u p - t r a c k  d i rec t ions ,

r e spec t ive l y. The velocity stan dard  errors  were s i m i l a r ly assumed to be 0. 02

ii i  sec , 0. 02 r n/ s e e, and 0 . 01 in/ sec .  The a - p r i o r i  s t andard  e r r o r  was assumed

to  lie 1. 0 ni for a l l  a l t i n i e t r i c  measurements . The a n o m a ly  va lues , pos i t iona l

i n f o r m a t i o n, and the  a - p r i o r i  s t andard  e r ro r  of each g r a v i t y  a n o m a l  was read

f r o m  a tape supp lied to AF G I .  by by Defense Mapping Agency A e r o n a u t i c a l  (‘e n t e r

(E)MA AC) .

2. ~I)j I ~i~i i-:\ r ‘IOI)I-L.~

2.1  ~aleIl  i i i  ~I i j r i i ,~Ir ~ ~lodel

The g e o b n ct l v  of th i s  model can be symbolized by the vec to r  equat ion

Ii  = R -

as indica ted  in Figure 2 , w h e r e  II , H , and r are the magnitudes of the  above ~‘ec-

t orS .  The 1e~ter s  H and r represent  the adjusted quan t i t i e s  tha t  f u l f i l l  ex a c t l y  the

prescr ibed m a t h e m a t i c al  model . The a p p r o x i m a t e  values of these  q u a n t i t i e s  based

on some in i t i a l  values of pararñeters  wi l l  be denoted as ~~ and r °. The adjus ted

and observed s a t e l l i t e  a l t i m e t ry  values wi l l  be denoted as 11 and 11b, respectively.

These nota t ions  wi l l  s er v e  onl y w hen fo rming  the ‘ ‘discrepancy’’ t e rms  (somet imes

called cons tan t  t e l l i l s )  in observat ion  equa t ion s ;  in o ther  instances , especially

when f o r m i n g  t h e  pa r t i a l  d e r i v a t i ve s , the ind ices  are dropped . Thus the s t a t e

vec tor  components  for an arc  are symbol ized  by N , Y , 7, N , 1, Z and the coor-

d i n a t e s  of S a point on th i s  arc  by N , Y , 7. (al l  in t h e  E. F. sy s t e m) .  The
- 5 5 5 -

epoch (o f  t he  s t a t e  vector) is denoted 1w t and the  t i m e  of the ‘‘ event S’ is

The )I lS  j t i o n  (I f  S f O r  a given t — t N a funct ion of the s ta te  vec tor , w r i t t e n  as

N N (N , Y , t , N , 1, 7)

I 
-
~ (N , V . 7, N , V , 7.)

7. t ( N , ’- , / ., \ , V , Z)
.5

In t~~r - t - t t t e t i t w i t h i  t h e  ea r l i e r  d i scuss  ion , t h i s  posi t ion is considered to be indepen-

dent  i ’I  t h e  t I c I j t N t a l ’ l c  po ten t ia l  coef f ic ien t s  r , (‘‘s , and S’ s.

1
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I= i ~~u r - ,- 2 . G -n ’nl e t l - \  of s a t e l l i t e  ~\ I ’ i m t - t t v  in he - : I l - t l l  1 - i x t - d  (G~- ’ —
c~~t i t  l i e )  ( or d i n a t e  ~ \ - ~t t - I t )

In ot -de r to cx ~~~
- -

~~ i- as a fu n c t i o n  f po t en t  iz i  I ~- , - i t  o ‘ nt - the  \ 0  I ia -~ of 0

mus t  he known;  they  c-an he comp~t t ed f rom th e  ~o’ — - i t  o a of I’ wh i c h , in u rn  can in’

-l ’ t a ined  f r o m  t h e  p o s i t i o n  ( I f  .~ a nd f r o n t  t h e  n t e a s l l l , - h  v a l u e  I l
l)

. I I u c v e i , t h e
d i r e c t i o n  of ii is u n k n o w n  and w i l l  he ap p i - i x i n i a t e d  t l i r t u g h  t h e  u se  If an  e l l i ps oid .

In many  respects , the  best appr ox  m a t  i i  n t~ the  ~e t i d  i s  ‘ I to  ge, cc i t t  i- ic  n - : t i l  &-a i - t h
e l l i p s o i d ;  the  se l i i in l a j o r  a x i s  (a )  and t h e  I - N - c ot  r i c i t \  ~.-i f tb  s e l h i ç i s td o f f e r  t h e
m e a n s  to a p p r o x im a t e  t i l l -  d i r e c t i o n  e l f  fl by the  pei d et  i Let i t u t h -  and l o n g i t u d e , ~
and ~ (u n d e r  the  p resen t  s imp l i f i c a t i o n , i t l ’ —  in Fi gure 2 ~‘ ould h~ - in t h e  i n - t i r h i a n

p lane  whose l o n g i t u d e  is  \ ) .  ‘I he l ong i tude  is eI f l l p l l t e d  f t - o m

‘g.\ V , \

w h i l e  the  l a t i t u d e  na he ob ta ined  t h i r o u g h i  an i t e r a t i v e  p r t r c I - -~ -. as

-, 1 - ‘ 1

t~~~ [Z i ( N ’ • \ ‘ 1  - hi )  [ \ i l  — e 1  - h i  -
~ -, I / I

N i - ( l  - e~ sin ~’ ~t t  -
2 2 1 ’

ii (N + ‘i ) ‘ I I ’ S  ó — N

10
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:1 ‘Fhie p o s i t i o n  of I ’ is thu s  computed  t o  a good a p p r o x i m a t ion  :i.~ f o l l o w s :

N N — I l l 
C 115 ~ ( I S  ~ -

\ \ - I I  1 1 5  ~ 5l ~ .\ -P

7. i. - i t t 
~in o

his v i e — l I s fcc  i i i  t he c I t i t  i t t

- l  1 j -,

tg o 1. (\  \~ ‘) —

P P P

lt r1 t hi and n i - c  s e ’- n  I I t - p e nd  on t h e  s t a t e  v e c t o r  p a t a i n e t i r s  t h u -  ug h t i r e  p o 5 r t i o n

I f

(N , Y , 1, N V , 7) - ( i t t )

.\ \ (~~~Y , 7, N , Y , 7) . ( l t d

ih e  values of H and t - c an  n e \ ~ I s -  exp r e s s e d  as fu n c t i o n s  of t h e  ad iu s t ab l e

p a r anu t C s  - r i te  mel

-, -)  1 ~i~ ~~~~ - ~~~~~ 
— ( 2 )

and , f rom I t l a h a , eq u te t  ion ( 4 1 ;a ) ,

i. r [1 ~~~ (a r ) ~ (( c s  in - S s i l l  in  \ t  I’  ( s i n  ‘1(1 I 1110 nil) 11111

L ii 2 iii 0

1 2 3 2 —
- I’ I ( 0 5  a ( kT~1) ( 3 )

wh et- I — ~ , is the  a n g u l a r-  ve loc  i t ~ o f c-a r - t  h ’ s rn ’t a t  ion and k?~1 t h e  product  of t h e

g r a v it a t i onal  (- I n s t a n t  and t i l e  e a rt h ’ s i i i a .s r U and S n ore a l r eady  labe led
ti n t  t i m  -

as r - ( ‘ -i and S’ s w h i l e  I ’ ( s i n  ) : t i c - t h e  c o n v e n t  i rn I l l  I .egendre f u r i c t l TI -i . In
11 0111

prac t i c e , the  series expans ion  in ( 3 )  is t ru n c a t ed  at SI i1l(~ s u i t a b l e  n N . The

p r -an l e t e r  r c o r l e sp l n d s  t t I  th ie  r ad ius  e l f  a f i r - t i t a n -- s p h e r i c a l  e a r t h  h i a v i n g  l i i i -

s on i c  p ot e n t i a l  as t h e  p m i h , n a m e ly

r kM / \V
11 I l

I i  

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



— 
-~~~-- ---- —-——---,----- - --- --- -—----—--- ‘-- ——-

~~~
- — --—-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—---- - __ ~~~_ o

n I l k - I - I  \\ is  the  ~ i - t i ~- i t v  p i t en ’ b t i l of t i c -  geoid . To obtain a s in  i l  ing v a l u e  I f  r in
( -a~ e i t i _s sub le ct  t o  a I i l j - t i n e n t  If lC could  use 1 t b i t -  p o t e n t i a l  of t h e  a l - a n  c i j r th

- . ci
e l l i ( . ~~ i l . l i nt (2 )  and ( 3 )  0 1 - t h I n -  w i t h  e q u a t i o n s  ( 1 )  i t  I’ I I w s  t h a t

I l  H (N , V /., N, Y , 7) - ( 2 ’ )

r ( I  , ( s , ~~ - : \ , N , / ., N. \ , 7) . 13 ’)

P i i l ; ( \  I .  c l t ( - i - a t l I h u t  a l t  hi u g h  r is p r i n c ip a l l  a f u n c t i o n  f the  s t e r i t i a l
c, e f f i c i - t  — - i t l ice ti es d e I a n I I - n t  ( In ‘lie I l — h i t a l  i - I I - I - ( - n t . ~ h i - ug h t i l l -  a l t i t -  e ter
i t - c a s u t ( ~~~t l i t i v h i i c h i  is c n . ~ I l ! e l - , - i  p er p en d i cu l a r  to the ge -i t - I I r , ¶ 1  a good a pp r - o x —

i : l a t i i g  p f - i -p e n d i c u l a i -  to the e l l i 1i s i i t l .
Upon u s ing  lie  ap p l - x i n t a t e  va lues  ( if  p a r a n t e t  i- i - s and the  m e as u r e d  a l t i m e t r y

‘. 111 - - , t h e  I h i s c l - e p a l i  in  , - i ’ laS  ( U )  may  l u -  computed  in in c  of the  ‘a-a equ iva l en t
fl 0 i i:,-, ( d i r ’

2 3 1 0
- V - 1 1 - 

- ( 4 a )
I P I

( 1

I .  t ;  - r t i )  - 11 h i  ( 4 ( 1

\‘ i - r e ca l l  t h a t I I  i s  the d i s t a n t - c  t i - ni a s a t e l l i t e  to the geoid (and not f o  the e l l i p —
s l i d )  a nd f l i t t h e  ch i p s  id  s e rv e  I n l v  to ap p r o x i m a t e  the  d i r e c t i o n  along w h i c h
l i i i  s d i s t a n c e  is n i l - a  sw-ed in o i -der  to c o mp u t e  d. The e r - d r in d caused by th i s
t i p p r o x i l a a t i l l ’ i  w I l u l i l  a a unt  to less t i t an  4 i-rn even if t he  d e f l e c t i o n  of the  v e r t i c a l

were  1’ ( f o r - i l t t p l II  ( 1 3 ,  one can l a k e  I I  1000 k n t )  . i~ t n = i d er i n g  the  \ - er a l l  f~~~ —
c is ion c f  — a t e l l i t e  u i l l l n t e t r v , such e l - c e l l - s  a I-e t i l - g h i g i h l e .  It  r an  he sh o w n  h a t

rh ~
_ 

I l l  ( r  - h i )  T I

whore

6 hemo  t t i , -  a I - I - c  n f t - i c  I : i t i t u d e  I f  S and 1 I - e } I r ( - s I - t l t  h i 0  t h e  g e o c e n t r i c  1 : 1  i t  I l l  I f  P
ill I i g o ~~e 2 . In p a l - t i c u l a - , 0 is c o m p u t e d  t I f l l

l~~~ lt Z / (N ~ ~~~~ -

_ _ _ _ _  

_
~--~ ~~~~

--
~~

- - 
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For some purposes, the q u a n t i t y  d could be roughl y eva lua ted  as

d — 4 . 8 m sin 2 H . . .  per 1000 km of H

For the par t ia l  d i f fe rent a t ion , the model

H~~~ R - i -

may be shown to be ent irel y su f f i c i en t .  In the most general f o r m , the observat ion

equations are wr i t ten  as

= 
a(R - r) d (pa ramete rs  + La (parameters)

Upon considering ( 2 ’) , (3 ’)  this is

dl d r

V = ~3 R J P ( X , Y , Z, N . Y , Z)] [
~

] - I d r  - h ( e , U ’ s , S’ s) (  [dt
~~sI

dX
dl

— I a r / a (X , Y , Z, N N ’ 7)1 U , ( - I )

where  the d i f f e r e n t i a t i o n  of H w i t h  respect  to the  s t a t e  Vc c t l l components is done
via the chain rule app lied to m a t r i c e s  as fo l lows:

aR a(x , 1, 7 )

a(X , Y , Z, N , Y , Z) d ( N , N , Z )  a (N , y , 7, x , V, Z)

With  the  aid of (2) , the f i rst  m a t r i x  on the ri gh t  hand side i .s seen to he con ipe lSed

of the three directional  cosines. The second (3 ~ (4) m a t r i x , denoted  111 1, is g iven

as

a(X 5 , Y
~ 

Z
5

) -3 (x ,, y5 , i~~) a ( x , y, z , ~ , ~ , ~)
1 3(x ,, y 4 ,  z , ) f I x , y , u’ ~-t , y , ~) ( ( N  V , 7. ~ ~ 7)

13
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h ere , the lower case let ters  are equivalent  to t he i r  coun ter -pa r t s  ( c a p i t a l  l e t t e r s ) ,
excep t tha t  they  r e f e r to a chosen i n e r t i a l  sys tem . The f i i - ~~t (3 - 3) mat  l i x  Ii t h e

rig ht —hand side of the last  e q uat i o n  r -epresen ts  a r o t a t i o n  and t h e  St -u - mI  (3 .

m a t r ix  consists  of the f i r s t  thr ee  r o w s  (if the  r t a t r i za n t .  [ Pan us ing  ( h I C -  a dv an tz i  —

geous choice of the ine r t i a l  s y s t e m  for -  ea -h ar-c so that  it e o i r i c - h h - s  w i t h  th ee ’  l - . I’ .

s y s t em at the epoch ( t ) , one can express

~~~~~ ~~~ — t ) l  sin  ( ( t  - t )~ 05 1) 5 0
; ( N , Y , 7 . )

h ( x , ~ z~~~ 
— sin 1i~- ( t

5 
— t 0) 1 ( 115 lL. I(t 5 — t~1 ) 1 0

0 0 1

and

01 0 - ~~~0h (x , y, z , ~~~ i’-) = I T ~ 0 0
a(X ,V , 7 N Y  z) T 0 0 0

the par t ia l  der ivat ives  of H are thus w r i t t e n  as

aR/ a (X , \~, z, N , \ , 7) (N / H , N / H , 7. , - u 1 ~ i 1 . ( I ~~

I-’rorn (3 ) the  p a r ti a l  d e r i v a t i v e s  dr ~ 
- 
d ( r  (0 s 5I~~ ) can he t-xpre-o- eIh in the

following manner :  
-

f r  l r ~~ = ( 1  + ~ D) Q , ( 7a)

a r / a C e = r ( a  - _ ?d n l’ (si n o) 
~Q , ( 7 1 1

hr  PC ) r ( a  r)~
t 

1’nm~~ 
in o) cos m A  Q - 

( 7 c )

rii -- 0
he- ‘PS .1 — r (~l l ) n i~ (s i n ~ ) s in  li1~ Q , (7 11)

where

Q 1 1 ~r ) (F ’ 2 — 31 ) 2 ) -
I’~ ( i i  - r)

11 5(n) 1 9 
~~~ 

n( a / r ) n 5 ( )

1-1
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n

5(n)  (C u - I S  l i l A  S s in  m A )  P ( s i n  t i )
n n i  n ra  nm

iii 0

D i COS 0/ C  , C = kM / r

If the q u a n t i t y  D is rep laced by zero in all  of the above fo rmu la s, one recovers

equations (49)  of I3laha , where  the effect  of the earth rota t ion wa.s not included.

Wi t h  t he  p resen t  n o t a t i o n s , equa t ion  (3) reads

t - r ( l - ~- Po 1 2

the t e rm (1 + P 1 ~. D) already appeared in (7a).

The di f fe e-ent ia t ion of r w i th  respect  to the state vector parameters can be

accomplished along the  following lines :

-~~ P(N , Y , Z, X , Y , 7) ~- -(a r/a~)(a~ / ao ) (a0 / a&F a~ / a(X ,, V ,. Z5))

-, ( a(X ,, Y
~

, Z ,)/ a ( X , Y, Z, X , Y , Z) (

where  the last (3 - - 6) ma t r ix  had been denoted as and where the ellipsoid

approximat ion  to the geoid has been used for this purpose ( h r / h A  = 0). According

to Blaha , this  expression may be developed to read

-P r / 3 (X , Y , Z. N , Y , Z) a e2 sin ~ cos ~~(a~~/ a(X ,, Y , Z f l

and f inal ly,

-h r / h (X , Y, Z, N , Y, Z) ( a/ R )  e2 
~-(X 5 /R )  sin 2 

~ , -(Y ,/ R )  sin 2 
~ ,

(Z / R)  cos 2 
~ 1i i 1 . (8)

4 . T3laha , G. ( lb’77) Ref inement  of the short  arc satell i te a l t ime t ry  adjustment
model , paper published in Bulletin Geodesique.
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l- :ql_ l a t i l l l is  ( h )  and (8) l i i av  1111w be s u I l -_ t i t u t e d  in t o ( 
~-) , I I  t h o i t  t h e  b o r i r i  I t

Ob l4ervat  ion equ at  ions is t u e  fo l lowing :

_ ) -I — -) -, —

V = ( (N / W L l — (a h i )  e s in  c’t I  , (V h l ) ( l — (a Ii) c~~ sin  ol

dN
d V

(z / R ) ( 1 ( a / H )  ( t ( l S  ~ 1 ‘
c I’ ~
ii ~

dr
I (I

- (f r Or - U ’ s , S’s)l I l i t ’s ‘ I 
- 

( 9)
I I  

~ciS’s

where U was g iven in ( 4 a)  ( C r  (4b) ari d W i l l I e  f r  I ( i -  , ( ‘ 5 , S’~~) a p p e a r -  exp l i c i t l y i t t

(7). Iror each satellite t i re , a new set of (weig hi ti’ch) S h i t  I V l I t  -r  l u i l t I  m e ter s  is

int roduced . The a d l u s t t i l e r i t  ( oh ’ t h i e  s a t e l l i t e -  : e l t i l i i e - t r v  a l c l l i e  I I I  ( I i  c- e l l l i t l i r ( a t i l l r i

w i th  the gravity—type d ata) is e f f e c t u a t e d  h i~ ( h i t -  I l i e - t h l och  dose l i h l e ( in Chapt er 2 l l f

Blaha.
_) ) _  1 1 l _

The valtres — ( a r H) e s i n  t , — ( a  I I )  sin  l , -(a ‘Ii) c I l l s  t i~i c- p i t  i o n  ( 1 )

m a y  be called ’’ m e  f i ner i i en t  c f  (he  p a i -t i a i  c h e i - i v a t i v t - - ’ a.s f u l l -  ( I i ,  — i a t r ( c t  I I

p a r a m e t e r s  are  concerned. These d - or n ec t ( e l l i s  ( t I l l  ch i ar ige  I he - - t i l l  i c’ l i i i  I I I  I - ’  r t  l u l l

der iva t ives  up to 0 . (1 percent  ( If t h e i r  va lues  ( t h e  av e  m u l g e ~ - - r I - c - I - t i l - l i  i s  I I t l ( 4 h ( l \

0. 1 pet - t en t ) .  If the c o r r e c t i o n s  w e r e  not appl ied , (1W- p a r t i al  I h e r l t - u l t  i \ e =  V Oi l

respect  to the state- v e c t o r -  w o u l d  o f t e n  be u o - c u m u i t e -  i l l  l l l i l ~ 2 t I  3 sI , i t l i  t i t ~~ l1!

digit s. li~- including (lie — ui , t h e  ‘ali d i t v e l f  t h e s e  pa r t i a l  l h t - r i v t I t i \ - t- ~ i .  e - x t , - n h t - d

to another 2 d l i  n O l l e  significant d ig i t s .  ‘lh- i-eni aiuii ng ert 5 s l I - I l i r u i n g  f l - l i l t

(li e e l l ipso ida l  a p p r o x in i a t i o n i  I I I  t he  gt- ( I i l t  tI re h l t d i e ( e l h  I ,  h~e S l i l t I l l e r  t h l u l l l  ( l i t ’
t W e l v e co r rec t ions  h at l e a s t  clne c lr d er  e l f  r i l a gn i t u l l e  and t h i e~ d i l i l i n i  s li ~ j Ilt

dee-ceasing deflectidlns e l f  the vertU-te l. T-’trr-th er -mllr- e , 511( 11 r e t l l a i n i i n g  t I - I r a  a I I

i -andom in n a t u r e  un l i k e  the  above c o r r e ct i l ,n s . ‘h he p l’a l t l l u l l  em s c tm i hm i e- -_ ( I f  ( l I e ’

r e f ine m ent in the  pa r -t i a l  de r i v a t i v e s  oi ly he il l us t ra te-i l e~ ( 11 1 1110  ~. -
~~ ~~ i u e l i  - I e l f

s a t & - I l i t e  a l t i m e t r y  da ta  was ad jus ted  by the  A 1-’(il p t ’ c~gr - :eu l  St\ R1IA (Shi , r - (  ~\ r r

R e d u c t i o n  e l f  Radar - A l t i m e t r y )  desc r ibed  in h l a l l g i g c l lr - g e  t e n d  I l l -  l e t , • ‘ I t i  ( I l l s

program , a d i f f e r e n t  st-I  o f e- d l e f f i c i e n t S  fr o n i  ( ‘ s t l r i l h  S’ s is u s C - h , l l u t  ( h i , - s l a t , -

vector  I ) a r t i r i l ( — t e r s a I-c I r -eated e x a c t ly  ti _ s l l e - s l - r - i h I t ’ l l  e - t l r ’ l i e  m - . A f t e r  0 I t e n t I t  i . I l i —

w i th  the- ‘‘ u n r e f i n e d ’ ’  pa r t i a l  d e r i v a t i v e s , thic ’ pa r a n i r et e r s  l e e k  i t - e l 1111 ii rtlie-

[ . hladgigeorge, G. , arid 1 r’ e l t t e t’, J . E . ( 19 7t ;)  Silo n - I in - c  r ed t nc t  ions ( I f  ( l - (  i S— I
a l t i m e t r y  data , l’aper  pr t - sented  at ( i to  A G U  Fall  Illet - t i n g .



- -~~~ 
-‘

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

e l i - i - I - c  I I I  In— I. 111 10 ever , u s i n g  the  n - ef ined  p a r t i a l  d e r i v a t i v es , a l ready  the f i r s t

adj u s t m e n t  ~- m c - h d e d  all  the f i n a l  values , In thi .s wa i t e r a t i o n s  m ay  be e l i m i n a t e d

a l t l l g e t h t  i w h i c h  r e s u l t s  in i m p o r t a n t  s av ings  in t er -ms  cif c o nip u t et -  n - u n — t i m e .

2.2 i , r iue i t s  ~ r I e I l n t u l %  ~Ioch-l

The gi-avity a n o n m i a l y model used in the p resen t  reduc t ions  co r re sponds  c lo se ly
S - p - -to tha t  given by Rapp,  equation (3 ) .

n

(k l\I f i- 2 ) In — l)(a r)’1 
~~~~ l i f t  

Cdl i ,  n i X  - ~ S sin mA ) 1
~~m ( s i n  o) 

-

n - 2  i m i r O

( 10)

w h e r e  ó is the geocentr ic  l a t i t u d e  of the point  a s s o c i a te d  w i t h  ~~g. F u r t h e r ,

~~~20 = 

~~20 
- 

~ 20

(
~C40 = 

~ 40 - 

~ 40

~~~
(- _ - C _((0 (10 (10

the other ~ U ’ s and ~~S ’s being essential ly th e convent ional  spher ica l  h a r m o n i c

potent ial  coeff ic ients  (C ’ s and 5’s) t hemse lves. The values C~~0, C~ 0, and C~ 0
refer to the equi potential  elli psoid of revolution adopted as a base m-efere ri ce sti r-

face in the normal  gravi ty  field . The in ipact  of rep lacing the  coef f ic ien ts  C~ 0,
etc . , by Scm - os is neg lig ible. The m a x i m u m  possible con t r ibu t ion  of C (.0
-0. 000 000 0061 in equation (10) represents  onl y 0 . 03 mgal .  The con t r i bu t ion

of c-’1~0 would be tw o  order.s of magnitude smaller and a similar patter-n would

hold to r  f u r t h e r  c o e f f i c i e n t s .  By comparison , the m a x i m u m  cont r ibu t ion  (If

C~ 0 ~0, 000 0024 is 7 r i i g n l .
In considering r to be an ad iustab le  parameter  as in the preceding  sect ion ,

the n i ,- ,dc-l (10 > can be r ewr i t t en  as

~ g ~ c [_ 2 (r/r :2 ) ~ - 

n = 2  

(n - 1) (a/r ) ~ ~~S(n)] , (11 )

6 . Rapp, B. II. (1972) Improved Models foe A n o m a l y Cdln iputa t i on s  fr or im Potent ia l
Coeff ic ien ts ,  Depar tment  of Geodetic Science , iT~~ ort  ~ o. 181 , The o h io
State Universi ty ,  Columbus.
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where

I~1

~ r r - r
0 di 0

C
r = k M !Uo -

11’ being the potential of the reference ellipsoid ; in practice, the initial value of

Ar is zero and the parameter r is often wei ghted. The remaining new notation
is

AS(n) = (AC~~~ Cos mA  + ~ S sin mA) 
~ nm 

(sin ~)

— The series inside the brackets in (11) may be expressed as

(n - 1)(a/r ) n A S(n) - = 
n = 2  

(n - l ) ( a/ r ) ° S(n) - ( a/r ) 2 C~ 0 P2 
(Sin ~ )

- 3 (a/ r )~ C~ 0 P4 (sin ~) - 5 ( a/ r ) 6 C~ 0 P6 ( sin ~

The discrepancy terms are obtained by the usual approach as

(12)

where Ag is a function of the parameters to be adjusted (see equation 11) and
is the input - or “ observed” - value of the gravit y anomaly. When the gravity

anomaly model is differentiated with respect to the parameters r , C’s and S’ s ,
the value of r may be considered constant . The observation equations have the
following form ~

Idr
I 0

V = ( aA g/ a ( r 0, C’s , S’s) I  dC’s L , (13)
~ dS’s
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11

nmu ( s in  3’) simi n i X  . ( l 4 i l )

2. : 1 I-:rr o r I’ r,~ c , i~ , ui u,,II

Either of the ( ( V I I  kinds d l f  ob se r-va t i on  equa t ions  desce- ib oc i  in t h c -  p m - -\ ’iotns ‘c c —

1(105 m ay  be adjuste d  sepa ra te l y if  the  data  is s u f f i c i e n t .  l i c r w i - v e n , (lie i i d l 5 I  t nse—

fi n l r -esults  ar e  obta ined f rom t h e i r  conmi b in at ion ;  t ine n -cadet’  is aga in  t - e f e r r e d  to

Chap te r  2 of Blaha , for ti m e al g o n - i t h n n s  tha t  m ake tui e combina t ion  amid the  5( l l t i t  ion

of a l l  the  pan - a mn e te  rs p c .ssible ( i n c l u d i n g  t ime s t a t e  v ec t or  pa n - an ie ten - s  for each

sa t e l l i t e  a rc) .  A f t e r  the ad justn ien t , the va r - i anc e  — c o v au - i a n c e  tua t  n i x  c ’f , C ‘ s ,

and S~~s b ec o rmi e s  I t t i  l I ab l e  (denoted ~ r- C’ s 5’s) .  This  n i a t n - i x  is I n s t  r um en  —
(1 -

ta l  in cent  put i n i g  the a — p o s t e r i e ) 1- i  va e-iances ( I f  n and ~~ at rh o - d e n  g e o g m a  phit-

locations. In the  f i r s t  case the values e i f  Dr D ( r  C T 5 5’ s) arc ut i l i z e d  and in the

second e-n se , the  values  elf I )
~~~~(4 f ( n- , C’ s 5l~~~~) are  needed . I3oth k inds  of p a r t i a l

der iva t ions  h ave been presented exp l i c i t l y in eq tna t i on s ( 7 )  amid (14 ) , n -e spect  ivelv .

The f o r m u l a s  g i v i n g  cit lien- t’a riance a n-c of cotn n-se unchanged whet  hen -  a sepa n - a te

ad ju st m -nent  or a con ihined  ad ,j t n s tm e n t  has been p e r f o r m e d . They an-c used to gen-

era te  a gr’i d of a — p o s t e r i o r - i  st andard  dem ’iva t ion s  in ge(lid t n mi du la t  ions and in gn - av i tv

anomal ies . Such gr ids  m ay  serve to cdlns t n-m et a contour  m a p  c I t  s t amid a  r’d d e m - i t - a  —

t ion~ ; s i n m i i l a r  gr -id s lead to c o n t o u r  mimp s of ge dl id u m t d t m l a t  ions and gn-av i tv  an o m a l—

ies themselves .
The value  of n is closel y n -e l a ted  te l  t h e  ge(lid m mnd t n la t ion  ( N )  as fol lows

N N ’  = r- — r° , ( l ~~)

where  r- ’ is the radia l  d i s t ance  (c~ the r e fe rence  e l lip so id  dep icted in 1-’igu n-e 3 .

It can be shown tha t  for N I  as lam - ge-  as 120 tim , the e r ro r  in ( 1 ~) is s t i l l  neg li g ib le ;

in pa r t i cu la r ,

I N ’ - N !  ~~0 , 7 tn m

I

~ 
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1- i gure 3 . f l e l a t  ion of the Value of r Wi th  That  of the Geoid
U n d u l a t i o n  ( N )

Since r ’ is constant  ( independent  ( If  the a dj u s t a b l e  p a r a m e t e r s) , the  van - iance  of N 
-

is the same as the  v a r i a n c e  (I f  r ;  it is  c ih t a in ed  fn -om the law (If  p r opaga t  ion e ’f v an ’ —

i ances-covar iances , namel y -
i

2 2 (lr i j (r C’• 5’ s ) l ~~ ( 3 m  ~l ( r  ( ‘ ‘
~~ 

SI s ) (  
1 ( 1 (i )

N r i ’ ’ ‘ r ( s ~‘s (I ’ ‘ I
0’

The g n - a v i t v  on the  ge (I id  is by d e f i n i t i o n

g ~ g - ‘
~ 

(17) -

and the l ) e r t in e n t  va r i ances  s in i i i l a i ’ l v  ar -e I

O~ G~~g 
- ( i ~~0

hI ( n , C’s , S’ s) l  
~ r , ~~ (~~~~g i ( r , (“ s S’sfl , (18)

~ being (lie nc , rn i i a l  g n - a v i t v  ( independent  of t i m e  a d it r s t a b l e  p a n - a m i i e t e n - s ) .

3. \ I ‘II- RI~ : ~~ RI- :~l I . I  -

A combined globa l a d j m n s t n i m e n t  of s a t e l l i t e  a l t i n i e t  r -y c h a I n  and g i - a v i t  ; c n I , m l m a l y

data  has been pen - fo r- ru ed as d I e - s d  r ibec l  in the  lnt  n -oelu c l ion of Sect ion 1. I h e  
I

-

a d j u s t m e n t  model tha t  hu e s  served in (h is ( a s k  is cha r a c t e m ’ i  ,e-d b the  presence

of s n eal ha rmonic  po ten t ia l  roe f f i c  ient s imp I i ,  a n n d  i m i c ld l d  m u g  I lie degree timid I I  n - den- -
( 14 , 14) .  ‘Fime op t i on  ( ci i n c lude  a —pm- io n  — i ( a n d m m n - r l  1 - n - I - I l l - s  m m  I lie ce ,e f f i e i en t s  has beemi
e x e r c ised in the  f o l l o w i ng  n u a n n e m - :

20
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The f ive “ forb idden” coeff ic ients  have been held fixed at the zero value . Due to

the scarc i ty  of satel l i te  a l t i m e t r y  data , a separate a l t ime t ry  ad jus tment  in the

(14 , 14) geopotential model failed (the system of normal  equations was severely
i l l - cond i t ioned) .  The gravity anomaly data has been adjusted alone and in com-

binat ion wi th  the a l t ime t ry  data.  The present gravit y anomaly data also exhibits

gaps ; fu r the rmore, in several areas the a-priori  standard deviation is ex t remely

large. This is locally reflected by relatively large a-posteriori  standard errors
in geoid undulations and gravity anomalies in the separate gravity anomaly adjust-

ment as well as in the combined adjustment.

The inclusion (If  satel l i te  a l t imetr ic  data has sign if icant ly improved the external

reliabili t y of the gravity anomaly adjustment .  This is due not only to the addition

of data in areas where  it has been previously lacking, but also to the fact that  a

conipletel y different and independent source of data has been allowed to play its
role in the de terminat ion  of the earth ’ s gravity field. As far as the internal pre-
cision is concerned , sign if icant  improvements have been noted , especially in the
areas of the thus added data.  This precision is represented by a-poster iori  stand-

ard errors in geoid undulations and gravit y anomalies. As an example, the stand-
and  e r ror  in geoid undulation in the Indian Ocean region (around ~ = -60° and

~ 120 °) improved more than 10 times (from 8. 3 m to 0. 82 m). The internal
precis ion is of course invariably too opt imist ic  wi th  regard to the “ real world”
since it ref lects  the assumption that  the geoid is exactly represented by the
5pher ica l  harmonic  expansion t runcated at a given degree and order (any fur ther
coeff ic ients  as well as their  standard errors are considered to be exactl y zero) .
h owever, the  a-po ste r io r i  standard errors can be of great assistance in de te rn i imt -
ing the goodness of f i t  accomplished by a given reduction, in depict ing areas of
i n s u f f i c i e n t  data , etc.

The combined adjus tment  in the (14 , 14) geopotential model y ielded the values
c,f geoid undulations (N), gravi ty  anomalies (Ag) , a-pos ter ior i  standard errors in

and a-poster ior i  s tandard errors in Ag (c
Ag

) . computed a l l  in a 100 10°

geographic gr id .  These values have been subsequently used for plo t t ing  contour
maps .  I- igures 4 and 5 show the contour maps for N (contour i n t e rva l  is 10 m u )
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a o l  ~~p I 1- I l o t l I u r  i n t e r v a l  i s  10 n i ga l ) , r -esp c c t i v e l \ - . The areas of i n su f f i c i e n t  d at a

em t h e s i -  iiiap. s ima m’ e been b lanked  out.  The c u t — , l f ! ’  d e c i s i o n  for th is  purpose  has

bee n F a c i l i t a t e d  p r I - c i ~ (- lv  by the ce > ntoun  maps of s t anda rd  er rors . A cer ta in  con-

t - u r  ( in  ( l o s  e l s e  the  ~1 n-i c o n t o u r- )  has been rhosen from the  plot assoc ia ted  ~-;i

lt
\ 

beyond winch  the  data has been deemed i n s u f f i c i e n t . The values of °N in the

a r e a s  I f week geoid d e t e r m i n a t i o n  r ise sh a r p i and are three to ten fold l a rge r

t h a n  the  va lues  m u  all t i m e  o t he r  pa n t s  of the g lobe.

Time geoid con tou r  map  has  been compared w i t h  the  geoidal maps appear ing in

l l a d l g ig e l lr g e  and I m i 0 t ~ i - . 
- )  In I l i c  as of c omp an i ~ on , the shape of the L ’Cold

e x h i b i t s  m - c n m a n - k a b l e  ~i mt i l a r i t i e s . In add i t i on , t h e  n u nu en i c a l  values of geoid L-ndu-

l a t ions  t i m e n i s e l v e s  10 I l - c  ~e rV  s a t i s f a c t o r i ly . It is to be noted tha t  the  geoid pne —

-sente ,h ~m m t h i s  n -e fe - rencc  l i l t  in (u t - n  been i- on ip ared , along four  d i f f e r e n t  p ro f i l e s ,

- l i l t  a d c - t a i l ed  g m - a v i n , - i I i c  p1 -l i l t  ( s e e -  -‘,ect ions 3 . 2 and 3 . 3); th e  r e s u l t - , I f these

co i p a m - i  s I l l - , u crc  i - e i l l l i t e l (  as excellent . The present  reduc t ion  is thu .s v er i f i e d

f m oni  independenit  sotm rce —

In c,rcler t I  I I I  I v i l i e  I I  - r e  insig ht 1 1 ( 1 -  tuie interdependence of I l ie  degree  and

order  of t n -unc u t  ion t e n i , h  t i me -  d e t a i l  in geoidal  f ea tu res , a new id us  I m i e l e t  has h een

p er f r ’r m i i e d , t h i s  t i i m i e -  in I - I - i t i u n ( t i o n  w i t h  a ( 1 :- , 11) L II~I l i i , t e n t l i I l  HI l l e l .  ‘I I i - ha—

y ie lded  a new set of v a l u e s  N , le , - - and a . The p e r t m n l - n t  I l l i l l I l it’ I i l t l ( 1 =  I - n
- N
N and ~ g appear  m -e spec t i \ - e l y i n l- ’ignm-e s and  7 , ma w h i c h  ( I s -  s a l . - -- 1 i ( ~~ - h a v e

been blanked I ,Vm t u.s p r ev iously . ~ s (- xpc- c t 1 - d  , — I n  ewha t  II  10 c m -  t i l i l i a  l i  I - r I  - r -  —

have  been not iced  comuu pared  to th e i r  c i ,un te  - p a r t s  in t I l l -  (14 , 14) ge I I ( i l  - 1 , - l i t  m l  model.

T - non the  last  tw o  figim n-es , a ce r t a i n  an i oum it  (If s mn o o t h i n g  m a y  he Il l  - — I - I - \ - e - i  F . he-

con tours  are compared t o  these  of the  tw o  p receding  f i g ur - e s ;  thi s f u e l , H - . -
to he expected.

I. ~:O\ I.l —IU\—

A s imul taneous  a d j u s t m e n t  of neal s a t e l l i t e  a l t i m i t e t n i c  and g m - a v i t y  a n l l m - i u a l y d I t I

in con junc t ion  w i t h  a ( 14 , 14) ( l e d l f l o t ( - r m t  j u l  nuio de l  appea r-s to have  been aec l i- nI  m i n - I t

s a t l sf a c t o n i v . The geoidal f ea tu r e -  e - x t r a c ’t e d  f rom t h i s  r educ t ion  reveal  i p I l I l d

ap I - I - c -m e a t  w i t h  those  cibtained f rom i n d e p -n d e n t  sources .  A comparison c’f in-

t e r n a l  p I l - c i . s i o n  has d e mon s t r a t e d  the benef ic ia l  e f f e c t  of add ing  a l ( i nu e t n i c  da ta  I l l

t h e  1 - 1 - 1 5 1  i n p  bod y (If  p r , v i t v  anomal y d a t a . I l i wever , adding th i s  n - e l a t i ve lv  new and

cl  l i , 1  I - t  c lv  independent 51 H - r- to a Ito re t r a d i t i o n a l  type of data in a combined

a d ( u st m e n t  is  h en e f i c i a l  I ,  I-i c fom e t h er  I d i  s~ fl - such as inc I - e l ’  j og  the  e x t  cr 101 I

r e l i a b i l i ty  I I F  (he i - e s u h t  s . Ant i m n p o m - t a m i l  f l i r t  t h a t  has heem i-omifirmed du m-ing tIle

real d a t a  r - e c l u c ( i i ,n  — and riot ,,nlv in ~ I - i n e ce l mp il t e r  si ilnl l t m l l l . . — m.s t ha t  I l i p h i l y

i l - - l i  m - , t , -  n ’ ( - I e - r e n c l ’ l l r l l i t  5 a l - I -  I l l  I t  a ~t l i l i p e r I t  t-ei~to re I i ie f l t  m m the , h I I r (  l i e  mode

‘ I f  s , t , - l h i t e -  ,t I o , - t  rv .
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The p r e s e n t  1-eduction in wh ich  only a par t  of the ex is t ing  satel l i te  a l t i m e t r i c

and g I - a v i t y  anomaly da ta  has been u t i l i z e d  i nd i ca t e  that  the global geoid recovery

w i t h  a s t andard  e r ro r  bet ter  than  1 m could be achieved wi thout  undue d i f f i c u l t y .
The c ,u tconie  of this stud y also points to the desirability of further refining the

progr -am SAGG so that moore detailed geoidal features in the regions wi th  abundant

data  may  be ex t r ac t ed  w i t h o u t  subs tan t i a l l y increasing the computer  core-space
and n - u n — t i m e  r -equ i rements .

R e f e r e n c es

1. Br-own , D.( ’ . ( 1 P 6 7 )  Review of C u r r e n t  Geodetic Sate l l i te  Programs and Recom-
niendat ions  fc , m - Fu tu re  Programs,  Repor t  for  NASA Headquarters , Contract
No. NASW- 1469 .

2 . Brown , D . (‘ . (1973)  Invest i gation of the Feasibi l i ty  of a Short Arc  Reduction
of Satel l i te  A l t i m e t r y  for -Determina t ion  of the Oceanic Geoid, Report No.
AFC I- l L -TH - 7 3 - 0 5 2 0 , Air  Force Cambr id ge Research Laboratories (LW) ,
Bedford , MA.

3. Blaha , G. (1975) The Combinat ion of Gravi ty  and Satell i te A l t i m e t r y  Data for
De te rmin ing  the Geoid Surface, Repor t  of DRA Systems, Inc. ;  AFCRI .
Report  No . 75-0347 , A i r  Force Cambrid ge Research Laboratories, Hanscom
AFB , MA.

4. Blaha , G. (1977) Ref inement  of the shor -t  arc satel l i te  a l t ime t ry  ad jus tment
model , paper published in Bul le t in  Geodesique.

5. llad gigeorge, G, , and T r o t t e r , i . E . ( 1976)  Short arc reductions of GEOS-3
a l t i m e t m -y  data , Paper presented at the A G U  Fall Meeting .

Ii . Rapp ,  B. II . (1972)  Improved Models for Anomal y Computat ions  from Potential
Coeff ic ien ts,  Depar tment  of Geodetic Science , Repor t  No. 181 , The Ohio
State Unive r s i ty ,  Columbus.

27

--

~

- - -  -~~~~~


