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Abstracf. Inproved second generatlon nornal-
lzqd radar cross sectlon (NRCS) and brlghtness
tenperature (TR) nodels and assoclated wlnd re-
trleval algorlEhns are derlved for bhe Seasab
nlcrovave radloneter SHMR and scabteroneter SASS.
Tbe derlvatlon of the NRCS nodel ls based on fhe
assunptlon of a Raylelgh dlstr lbublon of wlnd
speeds, and no ln sltu anenoneter measurenents
are used. Furtherroore, the NRCS nodel derlvatlon
ls deslgned to preclude, as nuch as posslble,
sysfenatlc emors ln fhe polarlzafion and lncl-
dence angle relat lonshlps. A constanf power law
NRCS oodel ls used, except for nadlr observa-
l ions. The nadlr NRCS for wlnds above 15 m/s
fal ls off  faster wlth lncreaslng wlnd speed than
1s predlcted by a constant power law relat lon-
sh1p. The To EodeL derlvatlon conslsbs of f lnd-
1ng the wlndl lnduced enlsslvlty coeff lclents,
nodlfylrg tbe 37-Gllz atmospherlc absorptlon coef-
f lclenfs and renoving blases 1n lhe To observa-
t lons. The To blases are found bo be-stabl"e
except for tb; 18-GHz cbannels, whlch experlence
large, t lne-dependenf blages. '  The NRCS and TU
nodels are incorporated lnto ner wlnd retr leval
algorl thns, vblch are used to process bhe SASS
aod SHHR 3-nontb data sets. SnalL resldual sys-
tenatlc errors ln the sASS vlnds (10.5 u/s or
less) are found. A hlsfogram of the SASS wlnds
closely reseobles a Raylelgh dlsbrlbuflon. The
SASS nlnds are conpared r*1bh 1623 Natlonal Data
Eroy Off lce (NDBO) buoy observatlons, and a 1.6-
n/s  rns d lscrepancy,  r l th  a  -0 .1-n/s  b1as,  ls
found. The SASS and SMMR wlnds are conpared on a

150*n ce11-by-ceI I  bas ls ,  g lv lng 123,000 wlnd
conparlsons for the 3-nonth perlod. The conparl-
sons are done using elght dif ferenb conblnatlons
of Lbree SMMR channels. Good agreeraent 1s found
betveen the SASS and SMHR wlnds, except for two
of lbe cbannel conblnatlons that show l1tt le, l f
any, ski i l  ln retr leving wlnd. Over the SASS
prlnary off-nadir swath, the SMMR and SASS wlnd
agreenen! ranges fron 1.3 Lo 2.2 n/3, depending
on lhe channel conblnatlon. For bhe SMMH versus

SA$S nadlr wind eonparlsons, fhe agreenenL
sl ighbly degrades. The SMMR wlnds appear to be
more nolsy than tbe SASS rlnds for.wlnds below 3
ro/s. These resulLs indlcate that bhe Speclal

Sensor Hlcrovave Inager (SSM/I),  to be launched
j.n 1986, w111 have bhe capabll l ty to rneasure the
near-surface wind speed to an accuracy of about

2  m l s .
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Int roduct ion

Alrcraft and satel l1te experlnents have clear-
ly denonstrated fhat fhe wind speed near the sea
surface can be renotely sensed by nlcrowave ra-
d ioneters  and scat terometers  [Swl f ! ,  1977;  Huan,
L978;  Bernsfe in ,  1982j .  The pass lve rad lonefer
col lects the radlaf lon tha! ls natural ly enlf ted
by lhe sea surface and lnlervenlng atroosphere,
whereas the actlve scatteronefer roeasures Lhe
conponent  o f  t ransn l t ted power  that  1s backscat -
tered fron the sea surface. Both fhe enltted and
backscaf tered rad la t lon are d i reet ly  a f fec ted by
sur face roughness,  which 1s core la ted wl th  the
near-sur face wlnd speed.  The corre la f ion between
roughness and wlnd speed ls a conplex, coupled
phenonenon [K insnan,  1965]  thaf  1s not  cur rent ly
wel l  unders tood.

In thls paper we focus on the wlnd-senslqg
per fornance of  the oceanograpblc  sate l l l fe
Seasat, nhlch observed the world's oceans fron
JuIy  to  0ctober  1978.  The Seasat  resu l ts  are
then used as an lndlcafor of fhe vlnd-senslng
capabl11f1es of  a  new generaf lon sate lL l te  n lcro-
wave radloneter, the speclal sensor mlcroxave
lnager  (SSM/I ) ,  whlch wi l l  be launched ln  1986.
Seasat carr led three wlnd sensors: a ]-4.6-Gllz
scaf teroneter  SASS,  a  nu l t l f requency n lcrowave
radloneter SHMR, and a 13.s-GHz alf lnefer. The
Seasat lnsbrumentatlon is thoroughly descrlbed by
l{elssnan t19801. The alt fuoeter winds have been
analyzed by Chel ton and McCabe t19851,  ard we do
not conslder fhero 1n thls paper. AIso, we only
conslder wlnd speed retr levals, and the SASS wlnd
dlrectlons are not analYzed.

The origlnal analysls of t ,he SASS wlnds con-
s is ted of  coropar lsons r l th  x lnd f1e lds generated
f rom ln  s l tu  anenoneter  neasurenents  obLalned
frorn the Jolnt Alr Sea Interac!lon Experlmenl
(JASIN) and the Gulf of Alaska Experlnent
(GOASE(), as ls descrlbed by Jones et aI.  17982),
Schroeder et aI.  1L982), and Brorn et aI.
[1982] .  Af ter  carefu l  bun lng of  Nhe a lgor lbhn fo
fhe 1n s l tu  wlnds,  a  1 .3-n/s  rns d i f ference,  wl tb
no b1as, was obtalned for the SASS versus JASIN

wind conparlsons. Tbls JASIN-derlved algorl tho
was called SASS-I. Slnce Lhe algorlthn funlng

lnvolved nodlfylng a nodel functlon r lbh nany

degrees of freedon, the slgnlf lcance of the 1-3-
rn ls  s taL is f lc  was unc lear .  Fur thermore,  when tbe

winds fron the SASS-I algori thto were conpared
with the GOASE( ln sltu f lelds, the 2greetrent was
cons iderab ly  poorer ,  betng 2.7  n /s ,  and there h 'as
an overal l  l -rn/s blas, with the SASS wlnds belng
hlgh re la t lve to  the f ie lds .  Subsequent ly ,
Wel ler  e t  a I .  [1983]  d iscovered prob lens wl th  bhe

JASIN buoy anenonefers .  The JASIN re ference
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anenom€ter lI2lVAl{R seemed t,o be blased hlgh by
about 10t. Tbls blas ln fhe W2lVAWn anenoneter
vas absorbed 1n the SASS algorlthn Lunlng and nay
part ly explaln wby the SASS-I wlnds were blased
hlgb relaflve to the G0ASEX rlnds.

The SASS-I algorllhn was used for fhe orlglnal
pnocesslng of the 3-nonth SASS data sef. A sta-
t lst lcal analysls of lhese orlglnal wlnds re-
vealed a nunber of systeuatlc emors l l ' lentz et
aI.,  19841. The wlnds calculated fron horlzontal
polarlzatlon nornal lzed radar cross-secblon nea-
gurenents (denoted by NRCS or so) were blased
hlgh relablve to those conlng fron lhe vert lcal
polarlzatlon oo's. Slnl lar1y, there was an art l-
f1c1aJ. cross-sHatb ylnd speed gradlent due to an
lncorrec! speclf lcat lon of tbe o0 versus lnci-
dence angle  re la t lonsh lp .  Fur thernore,  fhe o0 'g
havlng a loy slgnal-to-nolse rat lo were excluded
fron processlng, and as a result,  the wlnds below
5 n/s were blased hlgh and there were data gaps
1n reglons of ]or w1nds. Flna.l ly, fhls sbafls-
f lcal analysls also lndlcafed that lhe SASS wlnds
uere blased hlgh by abouf 1 n/s.

l {o lceshyn et  a l .  [ fh ls  lssueJ recent ly  ob-
served sotne of these same problens wlth the SASS-
I wlnds. 

'However, 
thelr concluslon fha! the

lnconslstencles ln fhe SASS-I wlnds are due the
lnadequacy of the oo power law nodel dlsagrees
wl tb  the resu l ts  repor ted here ln .  As we wi l l
shol, the naJor problen 1s not the forn of bhe
poyer law nodel bub rather bhe orlglna] coeff l-
clenLs appearlng in the nodel. The one excepflon
1s bbe nadlr NRCS, whlch does seen to devlate
fron a constant pover law relat lonshlp. l{hen fhe
correct values for the coeff lclents are used, fhe
off-nad1r poner law nodel ylelds wlnds fha! are
cons ls tent  to  wl lh ln  +0.5 n /s  between po lar lza-
t lons and +0.2 n/s over lncldence angle. These
resldual systernablo emors are much snal ler fhan
tbe emors in the SASS-I winds.

To evaluate fhe SMM8 wlnds, l{entz ef al.
[1982] conpared SMI{R ninds fron 11 orblt  segrents

over the Norbh Paclf lc and Nortb Atlantlc xl th
col located SASS slnds. In addlt lon, a snalI
nunber of the SUMR wlnds were direct ly conpared
wlth hlgh-quall ty buoy spot observatlons. At the
t1ne, the SASS Hlnds bad already undergone a
reLatlvely tborough lnvestlgaflon vla JASIN and
GOASE(, aDd it  was nore expedlenb to conpare the
Sl ' lMn ylnds wlfh the SASS wlnds than to repeaf the
1a sltu f leLd analyses for SMMR. The SMMR and
SASS wlnds were easlIy conpared because thelr
sHaths overlapped, A least squares algorl fhn for
SMHR ras f lrst buned to the SASS wlnds for Lwo
orblt  segnents over the NorLh Paclf1c, and then
coroparlsolut lrere nade for the other orblt  seg-
nents. These SHMR/SASS cornparlsons showed 1.4-
n/s agreenent wlth no blas. Thls good agreenent
for the SUMn/SASS conparlsons lndj.cated a hlgh
comeLaflon exlsfs between the types of roughness
sensed by tbe bro lnstrutrenfs. The l lnl ted nun-
ber of SMHR veraus 1n situ cotrpanlsons gave a
1.8-n/s  var la t lon wl th  a  0 .7-n ls  b las.

For tbe orlglnal producflon of fhe 3-nonfh
SMMR geophys lca l  data  set ,  a  s lnp le  regress lon
algorlthn was used lCardone et a]. ,  19831, rather
than lhe least squares algorl thn nentloned abovo.
l{ l fh respecf to wlnd speed, the regresslon algo-
r lbbn bad a serlous f law. An 'ad !roc' sea-
surface tenperature term nas added lo the wlnd
regresslon fo nake the SMMR wlnds agree wlth the
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SASS wlnds for a few observatlons 1n bhe troplcs.
Later, when analyzlng the SMMR global rlnds on a
nonfhly bas1s, D. Chelton (prlvate connunlcatlon,
1983) dlscovered an art l f lc lal correlat lon be-
Lwoen the SMMR wlnd and sea-surface ieroperature.
Thls false correlat lon ras due to the ad boc
tern. The SMMR wlnds lrere also falsely core-
lated w1!h the atnospherlc l lquld water content.
These and other problens wlth the regresslon a1-
gor l thn are descr lbed by l {entz  e t  a I .  [1981] .  In
addlt lon fo the a\orl thn problens, the SUUR
brlghtness tenperafureg (Tp) suffered fron abso-
lute blases, tenporal drl f [s, and sysLenaflc
emors bhat depended on the swath poslt lon [Bern-
s te l n  and  Momls ,  1983J .

In vlew of the above problens wlfh tbe or1g1-
naI SASS and SMHR ylnds, lre have reprocessod fbe
SASS and SMMR sensor data. As 1s dlscussed bere-
1D, the wlnd retr leval algorlbhus are deter-
nlnlst lc lnverslon routlnes, whlch are mucb s1u-
pler lhan the leas! sguares nethods used 1n tbe
past. The algorl thns are based on NRCS and TB
nodels that are derlved wlthouf uslng 1n sltu
anenoneter neasurenents. The only assunptlon
concernlng wlnd speed ls thaf fhe r lnds observed
by SASS were Rayelgh dlsLrlbuted about a nean
value of  7 .4  rn ls  l l ' lentz  e t  a I . ,  1984] .  Thus tbe
new SASS and SMMR wlnds are conpletely lndepen-
dent  o f  any par t lcu lar  set  o f  convenblonal  obser-
va t l ons .

Th ls  s la t ls t , ica l  der lvat lon has a d ls t lnc t  ad-
vantage over the usuaL a.pproach of ' tunlng' tbe
algorlbhn to the ln sl lu observatlons. I f  ful1y
utl l lzes the large nunber of observatlons col lec-
fed by sateI l l !e  senaors .  In  cont rasf ,  the
amounf of good quall ty ln s1!u observatlons 1s
very l1n1ted. Even fhe hlghesf qual l ty JASII{
wlnds bad enrors. An addlblonal problen ylfh
uslr:g ln slbu data for nodel and algorl lhro devel-
opnent ls the nlsnafch beNween the spatlal and
tenporal scales of fhe sate1l1te footprlnf and
the 1n situ polnt observatlon. In other rords,
there are slnply nof enough 1n sltu data of
suff lclent accuracy to speclfy the xnany degrees
of freedon exblblbed by o0 and To. The systerna-
f1c emors 1n the JASIN-derlved $lSS-f algorl tbn
and the SMMR regresslon algorl thn attest !o lh1s.

A f lnal comnent should be rnade concernlng the
neasuretrent of surface roughness as opposed fo
wlnd speed. The radloneber and scatteroroeter
dlrect ly respond to varlat lons 1n surface rough-
ness, not wlnd speed. Varlat lons 1n the aLno-
spher lc  s f ra t l f lca t lon w111 degrade the cor re la-
t lon betHeen surface rou6hness and wlnd speed
roeasured af  sone he lght .  Fur thernore,  l t  1s
l lkely fhaf sone other atnospherlc parameter or
conblnaf lon o f  pararoeters  w111.  core la te  bet ter
r l th lhe roughness lhan wlnd speed. Thus ihe
wlnd speed cornlng fron the algorl fhns presented
hereln 1s nore indlcatlve of a roughness lndex
bhan an acfual wlnd speed. The hlgh correlat lon
that ls obfalned between the SHHR and SASS rlnd
speeds lndlcates lhe fypes of roughness aeruted by
the two lnstrunents (r.ave t l lblng and vhlte-
capplng for SMMff and caplllary waves for SASS)
are hlghly correlated. I t  does not indlcate that
the surface roughness ls comelated wlth wlnd
speed. To exanlne tbe roughness versus vlnd
corre la t lon,  one must  re fer  to  tbe ln  s l tu  com-
par lsons.

In  bh ls  paper ,  we f l rs t  d lscuss fhe fornat  for
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the varlous wlnd conparlsons to be shown. Then
we descrlbe bhe new SASS NRCS nodel and wlnd
retr leval algorlbhn. The SASS wlnds are conpared
nlth 1523 Nabional DaLa Buoy Off lce (NDBO) buoy
observat lons.  Nexf ,  bhe developnent  o f  bhe SMMn
To nodel and geopbyslcal algorl fhn 1s descrlbed.
Tf,e SHHR and SASS wlnds are tben conpared on a
150{cn celI-by-celL basls over the Seasaf 3-rnonth
perlod fron JuIy to October L978. t le conclude by
dlscusslng the upconlng satel l l te radloneter
sysben SSH/ I .

l{lnd ConParlson Flgures

Tbrougboub tbls Paper, He cotnpare palrs of
dlf ferent wlnd speed estlmates. In part lcular,
the follorlng couparlsons are nade.

1. SASS off-nadlr rlnds versus SASS nadlr
wlnds.

2. SASS b-pol r lnds versus SASS v-pol Hlnds.
3. Hlnds froo adJacent SASS cel ls.
4. SASS vlnds versus ln sltu buoy wlnds.
5. SASS ulnds vergus SMMR wlnds.
The usual rneLhod of l l lusfrablng the wlnd

speed conparlsons 1s to plof one wlnd esLlnate
versus bhe other 1n bhe forn of a scatter plob.

Hoyever, ln lhls lnvestlgaflon re fyplcal ly have
tens of thousands of wlnd palrs to p1ot, and a
scatler plob vould appear as a large sol1d area,
g1vlng 1lt t le lnforrqatlon about the relevanf
stablsf lcs, Thus we choose an alternatlve nefhod
for plott lng fhe data. The wlnd speed palrs are
f lrst sfrat l f led lnbo 1-n/s wlnd speed bins, and
t h e  v a r l a t l o n  o f  d a t a  p o l n t s  1 n  e a c h  b 1 n  1 s
conputed. Tben we plof the t1 standard devlaf lon
contours for lhe col lect lon of blns.

llhen blnnlrg the data, the spatlal and tenpor
al nlsuatcb between tbe tvo wlnd observatlons
nust be consldered, part lcularly for cases lnvol-
vlng extrenely hlgb or lor wlnds. Because of the
mesogcale varlabl l l ty 1n the wlnd f1e1d, tHo
dlfferent wlnd speeds w111 be observed. For ex-
ample, conslder tro local lons on the ocean, and
leb fhe observed wlnds be denoted by H1 and I{r.
Futhernore, note that ihe probabll l fy of obser-
vlng an extrene vlnd speed, elther hlgh or low,
ls less fhan the probabll l ty of observlng a nod-

crate r lnd speed. Thus l f  t{1 1s observed fo be
zero, the lJ.kel lhood ls that Hr wil l  be sonewhaL

'greater 
than zero. LJJcewlse, when l{1 is observed

to be extrenely b&h, l . l ,  v1II,  on Uhe average, be

Iess. Nov assune that the t{1 and I{" palrs Here
blnned accordlng to tl1. Thus for the low wlnd
speed blns, I{ ,  rould be greater than l{t ,  and for
tbe blgh vlnd speed r lnds lJ, would be less. In
presentlrg the dafa, thls type of blaslng ls
undeslrable. A better ray to present bhe data ls

to plot the dlf ferenc€ between $1 and W1 Y€ratrs
tbe average of i{r and i{1. In thls ray tbe sta-
t lst lcs are symmebrlcal,  and for a given bln, l l1
sbould equal t i1 on the average. In other words,

vben the r lnd palrs are blnned accordlr€ !o thelr

&v€feg€,  no preference ls  g lven to  Hr  or  l l1 .

For tbe vlnd plots ln thls paper, fhe absclssa

, alnays corresponds to tbe average H of bhe two
rrlnd estlmates, and fhe ordinate corresponds to
tbe dif ference Al{ betreen the tno estinates. The

vlnd palrs are strat l f led into 1-n/s bins accor-

dhg to f l .  A1I r lnd palrs fal l lng ln a glven bln

are ayeraged to flnd the nean values (F) and

<AIJ). In addMon the standard devlat lon of AH,

of Ocean Wlnds-seasat and SSU/I /  / Y l

SD (Al{),  ls found. The nean and +1 sfandard de-
vlablon points for a glven bLn are fhen deflned
b y  ( ( R > , ( A l { ) ) ,  ( ( R ) , ( a l { ) + s ( a u ) ) ,  a n d  ( ( R ) ,
(A}J) -S(AW)) ,  respect lve ly .  The respect lve
polnfs for adJacent blns are eonnected by

"gpaJght 
l lnes, thereby consfructlng a neart curve

and a +1 standard devlat lon envelope.

SASS N8CS Model

The SASS normallzed radar cross-sectlon (NRCS

or oo) nodel expresses so 1n terne of wlnd speed
and dlrect lon, lncldence ang1e, and poIarlzat1on.

l{e use the nodel developed by l{entz ef aI.  [1984]
Hlth a few nodlf lcat lons. Thls toodel expresses
fhe NRCS as

oo  =  Ao  +  A ,  cos (u r -o * )  +  A r  cos [2 ( t o - ro " ) ]  ( 1 )

The angles oH and o are azfuoufh angles for tbe
wlnd dlrect ibn and s0 neasurenenf, respectlvely.
The A coeff lclents are functlons of lhe polarl-

zatlon, lncldence angle, and wlnd speed i{.  The
coef f lc lents  Ao and A1 3r€ der lved f ron a s taL ls-
t1cal analysls of Lhe 3 nonths of SASS so obser-
vat ions,  1n whlch no 1n s i tu  anenoneter  Deasure-

nenbs are used,  Th ls  sbat ls f lca l  der lvat lon 1s
deslgned to preclude, as nucb as posslble, sys-

tenablc €rrors 1n the og versus polarlzatlon and
lncldence angle relat lonsblp. The Ar eoeff lclenb
cones fron the Mvanced Appllcatlons Fl igbt Ex-
perlnent radloneLerscatteroneter (AAFE RADSCAT)
alrcraft clrcle neasur€trents of oo IJones and
Sch roede r ,  19781 .

Three changes are rnade fo t,he orlglnal l{entz
et al.  t19S4l nodel. The f lrst cbange lnvolves
lbe nadlr NRCS and 1s relat lvely lnportant, wb1le
the other two cbanges are nlnor. Tbe orlglnal
rnodel assuned fbat the nadlr o0 could be eharac-
lerlzed by lbe satre type of constanf poxer lax
relat lonshlp as was used for fhe off-nadlr oo,
1 . e .  ,

A o  = ao l {ao (Z)

(At  nadl r  fhere 1s no wlnd d l rect lon dependence,
and the At and As coeff lclents are zero.) HoH-
ever, vhen tbe nadlr vlnds are conpared wltb Lbe
nelghborlng off-nadlr nlnds, a slgnlf lcant sys-
tenatlc error occurs. Flgure 1 shovs the nadlr
wlnds conpared rlbh fhe wlnd fr''on the flrst off-
nadlr cell, which has an lncldence angle of abouf
24o. The conparlsons are for tbe 3 nontbs of v-
po1 SASS data, whlcb represenf 340,000 vlnd
pa1rs. The algorl thn for compuflng the wlnds 1s
descrlbed below. Tbe nadlr and off-nadlr cel ls
are separated by abouf 250 kn. The sol" ld curve
shows the nean dlf ference between fhe off-nadlr
wlnd nlnus the nadlr for bbe port slde of the
SASS swath. The dashed curve shows the results
for the starboard slde. The port and starboard
sldes show nearJ.y the same systenatlc error ln
the s ind re t r leva ls .  A s ln l ]ar  p lob of  the v lnds
conputed frorn the h-pol oo's sboHs tbe sa&e emor
s lgnafure.  As ls  d lscussed be low,  the power  lav
re la t lon (2)  g lves very  cons lsLent  resu l ts  nhen
:onparlng the wlnds fron al l  of the adJacent off-
nadlr ceIls. Thus we attr lbute the emor shorn
1n Flgure 1 to the assuned Power lav relat lonsblp
for the nadlr oo. To correct tbe error, a Eore
general relat lonshlp roust be used.
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TABLE 1. Nadlr NRCS a! 14.6 GHz Versus lJlnd
Speed

Wlnd  Speed ,  NRCS,
ro l s  dB

0 . 5
1 . 0
1 . 5
2 . 0
2 . 5
3 . 0
3 . 5
4 . 0
4 . 5
5 . 0
5 . 5
6 . 0
6 . 5
7 . 0
7 , 5
8 . 0
8 . 5
9 . 0
9 . 5

1 0 . 0
1 0 . 5
1 1  . 0
1 1  . 5
L 2 . 0
12.5
1 3  . 0
1 3  . 5
1 4  . 0
1 4  . 5
1 5 . 0
1 5  . 5
1 6  . 0
1 6  . 5
1 7  . 0
1 7  , 5
1 8 . 0
1 8 . 5
1 9  . 0
1 9  . 5
2 0 . 0
2 0 . 5
2 L , 0
2 L . 5
2 2 . 0
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2 6 . 0
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L2.83
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1 2 . 0 1
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1 0  . 8 5
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s . 6 6
5  . 5 1
5 . 3 5
5  . 1 9
5  . 0 3
4  . 8 8

- 8
- 5
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F1g. 1. A cornparlson of SASS nadir wlnds and
off-nadlr wlnds assunlng a power law relat lon-
sblp for bhe nadlr NRCS. Tbe sol ld (dashed)
curve sbows the results for the port slde (star-
boa rd )  y l nds .

Rafher than speclfylng a functlona] forn for
the nadlr oo versus wlnd relat lonshlp, we cornpute
Table 1 thaf glves o0 1n declbels for wlnds
rarg l rg  f ron 0.5  to  30 n/s  1n 0.5-m/s s teps.  The
derlvatlon of Table 1 ls an l terat lve procedure
fbaf renoves the eror slgnaLure shown 1n Flgure
1. Flgure 2 sbors the resulf lng lable values
connected by l lnear segnenfs. A logarlthru scale
1s used for wlnd speed ln order to show the
departure of the t,able values fron a power law
relat lonsblp, whlcb rould be a stralght } lne 1n
Flgure 2 .  For  wlnds be low 15 n/s ,  the oo versua
ylnd relat lonshlp ls very slni lar !o Lhat found
1n the Seasat alLlneter analysls by Chelfon and
HcCabe [1985] ,  wbo assumed a power  law re la f lon-
sh lp .  For  v lnds above 15 rn /s ,  our  oo 's  fa l I  o f f
faster r l th lncreaslng wlnd speed fhan does the
Chelton-McCabe curve. Thls rnay be due bo the
sparslty of blgb-wlnd dafa polnfs ln the Chelton-
HcCabe ana1ysls.

The second change lnvolves the wlnd speed
dependence of  the rab los Ar lAo and Az/Ao.  The
assumed vlnd dependence 1n bhe orlglnal nodel ras

AJ /Ao  =  
" j  

*  a3  I n  H ( 3  )

where j = 1 or 2 and l{ is wlnd speed (1n neters
per second). For lor ylnds near 1 n/s and hlgh
lncldence angles near 600, the rat los glven by
(3) exeeed unlty, and as a resulb the oo glven by
(1) 1s Less tban zero for cross-wlnd observa-
t lons, rhlcb ls unphyslcal.  To prevent th1s, Lhe
fol lor lng l inear spl ine to (3) is used for I ' I  less
than 8.155 n/s :

AJ /Ao  =  
" J  

+  oJ  ( I n  3  +  W/8 .155 )  (4 )

rrhlcb 1s contlnuous 1n the zeroth and f irst deri-
vatlves of t{ .  The spl lne polnt of 8.155 m/s ls
chosen so that the value of (4) at l l=0 equals the
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ayeraged together i .rrespectlve of polarlzatlon or
antenna. (However, v-pol neasurenents froro an-
tenna 3 are nof used because of a very }ow anten-
na galn.) The off-nadlr o0 observatlons are
averaged separately accordlng to the polarlzatlon
and antenna.

The preaveraglng of oo before retr levlng wlnd
speed lncreases the slgnal-fo-nolse ral lo (snr).
A 100-kn ceII ln fhe n1ddle of the SASS prlnary
swafh byplcal ly contalns four observatlons fron
each anbenna. Averaglng tbese observatlons 1n-
cr€ases fhe snr by a facfor of 2. For l lghf
Hlnds below 6 m/s, the snr 1s poor, and the
preaveraglng helps conslderably. In the SASS-I
algorl thn no preaveraglDg uas done. The Lov snr
neasurenents were slnply excluded fron proees-
slng, whlcb resulted 1n data gaps ln low slnd
speed areas and a poslt lve blas 1n the retr leved
wlnd speeds for noderate xlnd speed areas. In
the nerr algorl thn, al l  s0 neasurenents are used,
regardless of the snr value. Sonetlmes under
l1ght wlnd condlt lons, a oc ueasureroenf 1s less
fhan zero due to fhe ueasured slgnal. plus nolse
belng less tban the neasured no1se. Tbese nega-
t lve oo's are aleo lncluded ln bbe averaglng. In
thls way, the retr levcd low wlnds are free of fbe
poslf lve blas bhat occurred 1n fhe orlglnal pro-
eess lng .

For nadlr observatlons, the r lnd speed ls
found by llnearj,y lnterpolatlng Table 1 fo the
averaged oo neasur€nent. A nlnor adJustnent ls
nade to account for the lncldence angle not belng
exactly zero. (For the SASS nadlr celI tbe 1nc1-
dence angle ranges fron 0c to abouf 1c.) For
off-nadlr observatlons, bhe averaged oo neasure-
ments for two ortbogonal antennas nust be eon-
blned 1n order to renove bhe wlnd dlrect lon ef-
fect. He requlre lhab the two orthogonal Eea-
surenents be the sane po1ar1zaf1on. The palr of
averaged orthogonal rneagurenents 1s represented
by

(oo )1  -  (Ac ) l  +  (A r )1  cos ( ro1 -o * )-  
+  (Ar  ) ;  cos [2{ r , r r : r "11 (5)

wbere subscrlpt 1 denotes the anfenna (1 = 1 or
2) and (" ') l  denotes an averag€ ov€r the 100-kn
cel l .  Nofe that  w l tb ln  a  100{<n ce l I ,  tbe oo
azlnuth angles to1 3r€ essenflal ly the 88nor and
we bave assuned that the vlnd dlrect lon ," fo
constant over the cel l .  Tbus terns lnvolvlng
these angles can be renoved fron the averages.

Equatlon (6) repregente two equatLons ln tvo
unknorns, H and or". The equaflons are solved by

notlng fbab fhe azlnufh angles ot1 and o1 are
or thogonal  (o1 = &11 *  90o + 1c) .  Us lng th lo
orbhogonall ty property, fbe second barnonlc ln
the two equatlons ls el1nlnated, glvlng

( A 1 ) r  ( a o ) r  +  ( A e ) r  ( o o ) t  =
( A 1 ) 1  ( A o ) '  +  ( A 1 ) 1  ( A 1 ) '  +  e  ( 7 )

'=- t:l: l i:l l:n[::t] ,,,
The tern a arlses because there ls a dlf ference
betveen an upwlnd and a dornwlnd Eeasuretrent of
60. I f  t ,be upwlnd and downrlnd so xere equal,
then At would be zero. As 1s dlscussed in the
next paragraph, the best est lnate of wlnd speed
1s found by sett lng e to zero, nhlch glves
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F1g. 2. Tbe relablonshlp between the nadlr NBCS
dnd wlnd speed as derlved fron a conparlson of
nadlr and off-nadlr SASS n1nds.

v a l u e  o f  ( 3 )  a t  t { = 3 .  I n  f h i s  w a y ,  t h e  v a l u e  o f
tbe rat lo glven by (4) for low wlnds 1s about fhe
sane a.g yan glven by (3). For wlnds greafer than
20 a/s, the r lnd dependence 1s also nodlf led.
Thls change ls nostly cosnetlc because vinds
above 20 n/s ar€ rare. The hlgh wlnd speed
spl1ne is

A . / A o  =  3 r  *  c {  [ I n  t J  -  ( l { - 2 0 ) ' , 1 6 0 0 ]  ( 5 )
J - J . J

l lben l{  equals 30 n/s, fbe derlvatlve of (5) with
respect to vlnd speed is zero. For nlnds greater
tban 30 n/s, ihe ral ios are assuned constant and
a r e  e q u a l  t o  f h e  3 0  n / s  v a l u e  g l v e a  b y  ( S ) .

The thlr{ change to tbe nodel lnvolves nodl-
fylng the 10 n/s vaJ.ue of fhe A6 coeff lclents.
Tbe ylnds conlng fron the orlg1naI nodel sbow
systenatlc errors of the order of 0.5 n/s or less
that cau be direct ly attr lbuted fo a nlsspeclf l-
catlon of lhe Ao coeff lclents. These emors are
easlly elfuulnated by sUghtly nodlfylng fhe Ae
coeff lclents. The requlred changes ln fhe 10-n/s
A .  c o e f f , l o l e n t s  a r e  o n l y  a b o u t  0 . 1  t o  0 . 2  d B .
Note tbaf snal l  systenatlc emors renaln 1n the
SASS slnds, as ls dlscussed belor. These errors
can not be corected by slnply nodlfylng Ao.

SASS lJlnd Rebrleval Algorlthn

Tbe SASS wlnd retrlevaL a)gorlfhn conputes
rlnd speed af a 100-kn resolublon. l{ lnd dlrec-
t lon is also conpufed but ls not considered here-
ln, Tbe flrst step ls fo average fbe oo Deasure-
ments lbai falI  r1thln a 1O0-kn-square ceIl .  The
100-ku cel ls are forned by a recf l l lnear grld
systen baving an r axls al lgned to the safel l l te
subtrack and a y aJcls perpendlcular Lo the sub-
track. For one conplete orblL, bhere are exactly
410 cel ls 1n the gubtrack di-rect lon and 15 cel ls
1n the cross-track dlrect lon. The elghLh cross-
track cel l  1s bbe nadlr ceII bhat 1s blsecfed by
tbe subtrack. The nadlr o0 observatlons are
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F (1{ )  =  (At  ) r  (oo ) t  +  (At  ) t  (oo ) r
-  ( A 1 ) r  ( A o ) r  -  ( A r ) r  ( A o ) r  =  0  ( 9 )

Tbe only unknorn ln tbe funcflon F(H) 1s wlnd
speed l{,  l {hlch 1s found by Nevlon's l ferat lve
nethod. 0n1y two or three l terat lons are re-
qulred for convergence. The wlnd speed error
lntroduced by neglecblng e ls approxlnately

Al {  =  -c l  taF ( Id)  /aHl  (10)

The percenfage error AI{/ l{  ls fyplcal ly about 6t
and 2i for h-po1 and v-pol, respectively.

The f1rst and second barnonlcs 1n (6) produce
nulblple solublons for or, whlch are cal led wlnd
dlrect lon aubJgult les. The nunber of tbese arnbl-

lul t les 1s between 0 (no solut ion) and 4. Each
anbtgulty bas a sl lghtly dlf ferenb vlnd speed
solut lon because of the upvlnd-downwlnd t€rn e.
Altbough tbe tern e ls dlfferent for each anbl-
gulty, l ts average over tbe varlous anblgulf les
1s nearly zero. Thus seftlng c to zero ln the
above analysls ls equlvalent to taklrg the aver-
age of fbe wlnd speeds assoclafed vlth the anbl-
gult les. Thls procedure glves fhe best es!1nate
of wlnd speed bhaf can be obfalned l f  there 1s no
addlt lonal lnfornai lon on vlnd dlrect lon, wblch
ls tbe case for lbls lnvestJgatlon.

The 3-nonth SASS dafa sef ls processed through
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SASS V-POL & H-POL WIND SPEED AVERAGE (M/S)

Fl€. 3. A conparlson of SASS rlnds derlved fron
b-pol observaflons.Hlth those derlved fron v-pol
observatlons. The so1ld (dasbed) curve sbors
tbe results for the port slde (starboard) wlnds.
S1r dlf ferent lncldence angle cel ls are shown.

1 0  1 5  2 0  2 5 0 1 0  1 5  2 0  2 5

SASS CELL-TO-CELL WIND SPEED AVEBAGE (M/S)

Flg. 4. A conpartson of SASS rlnds fron adJa-
cent lncldence angle cells derlved fron v-pol
observatlons. Tbe soLld (dashed) curve shoya
the results for lhe port slde (starboard) ylnds.

tbe algorlbbu, and rlnds are found for 2 nJ-lllon
100-kn ceIls. The wlnd speeds are analyzed to
reveal any systenatlc emors ln polarlzatlon and
lnoldence angle. Ffuures 3 through 5 shov the
results of tbls anaIysls. In fbe fJgures, lbe
resulbs for bhe SASS port cel ls are sborn by
sol1d l1nes, and fbe dasbed l1nes shov tbe re-
sults for the starboarrl  cel ls.

Flgure 3 cornpares the rilnds conputed fron tbe
h-pol oo's wlfh those couputed fron tbe v-pol
(r0'8. These conparlsons ar€ done for lbe s1x
off-nadlr cells, rhlch have average lncldenoe
a n g l e s  o f  2 1 0 , 3 2 c ,  3 9 0  ,  1 7 . ,  5 2 . ,  a n d  5 7 . ,
respectlvely. lle only use tbose cells thaf bave
bo th  h -po l  and  v -po l  o0 ' s  ( 1 .e . ,  SASS nodes  3  and
4). Tbe plots ghow tbe dlfference of tbe v-pol
slnd nlnus tbe h-pol wlrd plotted versus tbe
average of the v-pol and h-pol vlnd. For eacb
lncldence argle there are about 30,000 v-pol/h-
pol ulnd palrs, exoept for tbe 57. oel l ,  l rhlcb
has abouf 5,000 pa1rs. There 1g a defln1te,
though snaIl ,  sysfenablc dlf ference betreen the
v-pol and h-po} wlnds af tbe hlgher lncldence
angles. Bofh fbe port and starboard vlnds shor
tbe sane emor slgnature. The nagnltude of tbls
erpor 1s about 1O.5 n/s, and for nost appl lca-
t lons w111 be of l l t t le coffrequence. Hoxeyer,
l ts occurr€nce ls very lnterestlng, and ve do not
yef have an explanatlon for lt. Tbe v-pol aud b-
po1 wlnds fron the nadlr cell are also conpared,
and, as expected, show no slgnlf lcan! dlf ference.
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Flgureo 4 and 5 conpare the wlnds fron adJa-
cent cel ls acrosa bhe SASS snath for v-pol and h-
pol, respectlvely. 0n each slde of the srath,
there are s1x sets of adJacent oel ls. The f lrs!
set conslsts of fhe nadlr cel l  and t,he f lrsb off-
nadlr ceIl havlng an average lncldence angle of
24.. The separatlon between tbese two cel]s 1s
abouf 250 kro. For the other f lve sets, the
separablon between adJacent cel ls 1s only 100 kn.
For v-pol, there are about 340,000 wlnd palrs for
each adJacenb ceIl  set, except for the lasf seb
cons ls t lng o f  the 52.  and 57o ce l ls ,  whlch has
about 30,000 vlnd palrs. For h-pol there are
fewer observatlons. Typlcal ly, there are 40,000
wlnd palrs for eaob adJacent cel l  set, except for
tbe las t  set ,  wblch has about  7 ,000 pa l rs .  These
flgures plot the wlnd speed dlf ference of tbe
hlgher lncldence aqgle rlnd nlnus the lower 1nc1-
dence angle vlnd versus the averag€ of the two
vlud speeds. The v-pol conparlsons show very
snall  systenatlc emors of the order of 0.2 n/s.
For exanple, 1n the 32c nlnus 24o r lnO conparl-
sons, lhe port and starboard curves colnclde fo
better tbaa 0.1 n/s and shoy an emor slgnature
havlng an anpll tude of 02 mls. The cause of
tbese snall errors 1g unknorn. The extrenely
close agreenent betreen data faken froro lhe porf
and starboard sldes lndlcates thab the sanple
glze ls suff lclently large to effecf lvely f l lber
out bbe effecb of wlnd gradlents over the palr of
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Flg. 6. A conparlson of the hlstogram of SASS
rlnds (sol ld curve) wlth a Raylelgh dlstr lbutlon
havlng a 7.4 trean wlnd speed (dashed curve).

adJacent  ce l ls .  .  I t  a lso sbows the prec ls lon tbaf
can be obtalned by uslng large global data sefs
to renove systenatlc emors ln the wlnd retr le-
va1s .

The h-pol curves ln Flgure 5 are a 11ft le nore
nolsy than fhe v-po1 curves because of fhe snalL-
er nunber of sanples. AIso, tbe resulfs for wlnd
speeds near zero show conslderable scatter due fo
the very 1ow snr thab occurs for lov-wlnd h-poI
observat lons.  For  r lnds be lor  3  m/s ,  fbere s€ens
!o be a trend for lhe hlgher lncldence angle cel l
to retr leve a lower rr lnd speed. Tbls 1s probably
caused by a snalJ error 1n fhe volt-to-oc a.lgo-
rlthrn. The effect of such art emor 1s nagnlfled
when the snr ls Iow.

As nenfloned above, the derlvatlon of the SASS
oc nodel assunes that lbe r lnd speeds observed by
SASS durlng l ts 3 nonths 1n operatlon were d1s-
trlbuted as a RayleJgh probablllty denslty func-
!1on (pdf).  A Raylelgh dlstr lbuflon has only one
degree of freedon, yhlcb can be expressed 1n
terms of 1ts nean. Thls nean wlnd speed was set
Lo 7.4 n/s based on cl lnatology. No other as-
sunpblons concernlng wlnd speed were nade, and no
1n sltu observatlons were used 1n the derlvatlon.
To shor that the Raylelgb assunptlon 1s self-
cons ls tenf ,  we conc lude th ls  sec l lon by presen-
f lng FJgupe 6,  whlch 1s a  h ls togran of  2 ,115,041
SASS vlnds for fhe 3-rnonth perlod. The sol1d
lj.ne 1n Flgure 6 1s fhe SASS rlnd hlstogran that
ras construcbed from 0.5-n/s blns. The nean and
standard devlat lon of bhese Hlnds are '1.4 and 3.9
tr/s, respectlvely. The dashed I1ne shows a
Raylelgh dlsfr lbuflon havlng the sane 7.4-s/s
rneanr As can be seen, bhe dletr lbutlon of SASS
wlnds ls very close to Raylelgh.

SASS and In Situ lJlnd Conparlsons

Slnce fhe SASS rlnd algorlthn ls derlved wlbh-
ouf using 1n situ data, tro lnporfant questlons
arlse. The f lrst concerru the val ldlty of the
stat, lst lcal assumptlons used 1n the derivatlon,
1.€., the Raylelgh dlstr lbuflon of wlnds. The
second concerns the degree of corueLatlon that
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Flg. 5. A conparlson of SASS Hlnds fron adJa-
cent lncldence angle cells derlved fron h-pol
observatlons. The sol1d (dashed) curve shows
the results for the port slde (sbarboard) Hlnds.
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Flg .  1 .  A cornpar lson of  SASS wlnds r lbh 1523
NDBO buoy observatlons. The sol ld curve shoys
the nean dlfference, and tbe dashed curves are
lhe +1 standard devlat lon envelope.

exlsts befween the surface roughness sensed by
SASS and fhe near-surface rlnd speed. In order
to address fhese questlons, re conpare the SASS
ylnds wlth 1623 I'IDBO buoy observatlons provlded
by Chel ton and McCabe [1985] .  The 1n s l tu  data
set ls obbalned fron 19 buoys located off the
Easb and l{esb Coast of North Anerlca and ln bhe
GuIf of Mexlco. The buoy wlnds represenf an g.5-
nln average tbat 1s baken hourly. For the con-
parlsons, ye use al l  SASS wlnds fhat l1e w1lbln a
100-kn radlus and a t1 hour lnferval of fhe buoy
observaflon, The SASS vlnds falllng rlfhln fhls
spablal and tenporal wlndor are averaged together
and then conpared rlth the buoy ylnd. l{hen av€F-
aglng SASS nlnds, a 1/R1 welghtlng 1s used, rhere
R ls tbe dlstance betreen tbe buoy and the SASS
ceIl .  No dlsf lnct lon 1s nade between the nadlr
and off-nadlr SASS Elnds or befreen the SASS
ylnde conlng fron h-poL and v-po} o0,8. Thls
selectlon procedure results ln 1659 SASS/buoy
rlnd pa1rs. 0f these, 36 cases QA of the total)
are excluded because of anonalously large (>5
n/s) dlscrepancles between the tro xlnd esbl-
nates. A naJor source of eruor 1n fhls type of
conparlson 1s tbe spatlal and ienporal sarupllng
nlsnatch betweea the SASS and the buoy. Thls
sanpllng eror prohlblfs seelng the true comela-
tlon betreen bhe SASS r.1nd and the actual wlnd
averaged over tbe SASS celI at the t lue of the
SASS overpass. Thls true comelatlon ls nost
I1ke1y bigber than thab obLalned fron the SASS/-
buoy cornparlsons presented beloy.

Flgure 7 shows lbe dlf ference of the SASS wlnd
rolnus fbe buoy vlnd plotted versus fhe average of
fhe SASS and buoy v1nd. The sol ld curve repre-
senbs the nean SASS nlnus buoy wlnd dlf ference,
and tbe dashed curves are the J1 standard devla-
t lon envelope. The rns discrepancy between the
L623 SASS and buoy wlnd palrs 1s 1.6 rnls, wlth a
snal I  -0 .1  o /s  overa l l  b las .  The corre la t lon
betHeen the fwo wlnd esf lnates 1s 0 .89.  F lgure 7

shoys good agreenent between fhe fxo wlnd estl-
nabes over  Lhe ent l re  0-  fo  1?-n/s  range.  Cons l -
derlng t,he facf bhat bhe nerl SASS algorlthu bas
never  been ' tuned '  to  in  s l tu  observat lons,  th ls
c lose agreement  wl th  the ln  s l tu  1s qu l te  renark-
ab le  and ver l f les  the va l id l ty  o f  the sbat ls t lca l
assunptlons uged 1n fhe algorl thn development.
Furthernore, bhese resuLts along wlth the earl ler
f lndlngs of the GOASE( and JASIN experlnents ln-
d lcabe that  there ls  lndeed a good core la t lon
between fhe SASS rlnd speed, whlch 1s lnferred
frorn surface roughness, and the acfual near-
surface wlnd speed over the ocean.

S.{HR TB Model

The SMMR brlghtness tenperabure (Tr) nodel
glves tbe brlghfness tenperature 1n terns of tbe
relevant envlronnental paran'eters. l{e use the
nodel developed by l{entz [1983a] r l th a feg nodl-
f lcaf lons. Thls nodel expresses To as

T B 1  =  f 1 ( T s : t , V , L ) (  1 1 )

where f1( . . . )  ls  a  re la t lve ly  s1nple  c losed- forn
expresslon. The subscrlpt 1 denotes thc SHHR
channnel, The envlronnenfal paraneters are sea-
surface teroperature T" (1n degrees Ke1vln), nlnd
speed l {  (1n nebers  per  second) ,  a t roospher lc  co l -
unnar rater vapor V (1n grans per square centl-
neber), dnd abnospherlc coLunnar l lquld vater L
(ln grans per square centlneLer). Three cb'ngas
are nade to the l{entz [1983a] nodel, and ye
dlscuss fhen 1n order of lnportanee.

The f lrst cbange 1n the nodel lnvolves fbe
ylnd-lnduced en1sslv1t1es AE. The orlglnal derl-
vatlon of AE lndlcated tbaf fhe relatlonshlp
between AE and wlnd speed ls nonLlnear. To nodel
thls behavlor, tro 11near segtrents were used, one
for low ylnds (0 to 14 n/s) and a sbeeper one for
hlgh wlnds ()16 n/s). These segnents Here con-
nected by a quadraflc spl lne. l{e contlnue bo use
thls general forn but change tbe fwo spl1ne
polnbs to 7 mls and 17 n/s. Tbese ner sp11ne
polnts are deternlned fron a vlgual lnspecLion of
fhe AE plots dlscussed below. I f  ls lnterestlng
bo note that fhe 7-nls polnt corresponds to tbe
wlnd speed af yhlch foan f lrst appears [] tordberg
et  a1. ,  L97L;  l i1 lbe1t  and Chnng,  19801.  A1so,  ye
erpressed AE ln terns of wlnd speed ratber Lhan
fr lcblon veloolby, rblcb rras used 1n fhe orlglnal
fornulat lon, because the SASS algori tbn ls para-
neberlzed 1a terns of ylnd speed. (The orlglnal
derlvaflon slnply assuned fr lcf lon veloclty vas
0.047 t lnes wlnd speed.) The wlnd-lnduced ernls-
slvl ty ls nor glven by

AE = nrl{ H  I  7  ( 1 2 a )

AE -  DrW + 0.05(rne- t r r . ) (1{ -7)2 7  < I {  (  17 (12b)

A E = n r l { - 1 2 ( n e - n r ) I{ )  17 (12c)

As ls  d lscussed be lor ,  the coef f lc len ls  t r1  rnd B1
are rederlved uslrg the entlre 3 nonths of SHHR
brlghtness bernperatures col located wl!h SASS ylnd
speeds.  In  the l {entz  [1983a]  der lvat lon,  fhe m,g
yere based on data fron Just two Seasaf orblt
segnents  over  the NorLh Pac i f lc ,  which cons ls ted
of  on ly  119 SHMR cel Is .  Fur thernore,  lbe or1g1-
nal dorlvatlon used the SASS-I ylnds fbab suf-
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fered fron tbe above-nentloned systenatlc emors.
Thus re place nuch trore confldence 1n bhe new n's
than  f he  o ld .

The second chaage to bhe To nodel 1s to nodlfy
the atnospherlc absorpLlon co6ff lclents aE 37
GHz. In the orlglnal node], bhe Raylelgh scat-
terlng approxlnatlon was used to speclfy tbe
l1quld wafer absorptlon coeff lclent at 37 GHz,
Tbe absorpflon coeff lolenfs ab the lower frequen-
cles were then adJusted relat lve to fhe 37-GHz
Raylelgh vaJ.ue. The adJustnents Here pr1nar1ly
deslgned to obtaln conslstency between the I lquld
water retr leva.l .s corolng fron fhe 18-GHz channels
and those conlng frou the 3?-Gllz channels. In
retrospec!, 1b ls trore lqglcal to use Raylelgh
a-bsorpflon coeff lclents for tbe lower frequenclee
and tben to nodlfy tho 37-Gtlz coeff lclent. The
Raylefuh approxlnatlon assunes bhat the rat lo
bebyeen tbe water dropleb radlus and tbe radla-
tlon yavelengtb ls much Less than unlty, and thus
1s more vaJ.ld at tbe lover frequencles. fn fhe
netr nodel tbe unnodlfled RayleJgh values are used
for the 5.6- througb zt-Cllz channels. AL 37 GHz,
the Raylelgb value 1s reduced as 1s dlscussed
belor. Llkewlse, the rater vapor absorptlon
coefflclen! at 37 GIlz ls also reduced i.n order to
obfaln conslstenb l lquld water retr levals for
blgh uater vapor contents.

lte bblrd change affecfs fhe alr teroperature
To dependence 1n tbe nodel. Thls change 1s of
nlnor lnporlance, and 1ts prlnary purpose ls to
slupl l fy bbe nodeL. Tbe dependence of T, on T"
1s qulte yeak for nonralnlng cases. The layer of
alnospb€re thaf 1s responslble for tbo observed
brlghtneos fenperatures exfends fron the surface
up fo about 5 kn. A nonlnal value of 265 K 1s
assuned for tbe alr fenperature at the top of bhe
Iayer, and the alr tenperabure ab fhe surface ls
assuned equal to fhe surface fenperature T". The
ayerage fenperature of tbe layer 1s then

T a = ( T " + 2 6 5 ) 1 2 ( 1 3 )

In the orlglnal nodel, T" ras assumed to decrease
l1nearly r l th alt l fude h accordlng !o the lapse
rate l .  l le norl  use (13) to speclfy a slngle alr
tenperature for tbe abnospbere. Thls change has
a very snal l  effect on the conpubed brlgbtness
tenperaLure except for hlgh1y atfenuablng atno-
spheros for yhlch unnodeled raJ.n effects are the
donlnant source of eror. Tbe ofher cbaqge to
tbe To dependence 1s to sef the tenperature sen-
slblvl t les for tbe l1quld rater absorpblon coef-
f lclents to z€ro. Slnce Lhere ls a hlgh degree
of uncertalnfy 1n the tenperature profl le of the
cloud Hafer, a tenperabure correcflon for tbe
l lquld vater absorpflon ls not yananfed.

SI{HR TB Blases and Model Coefflclents

A systenatlc procedure ls used to f lnd bhe
blaees ln fbe Sl{Mn To'E, the wlnd-lnduced en1ss1-
vlty coefflclents, ariO tne 37-QItz afnospherlc
absorptlon coeff lclents. In thls procedure, the

,nerlf generated SASS yXnds are used lo deternlne
lhe r lnd-lnduced enlsslvlty coeff lclents ln the
To nodel. Hoyever, the SASS ylnde are nore of a
c5nvcnlence than a necesslfy. The wlnd depen-
dence ln the T- model could have been deternlned
lndependent otPSASS vla the sane stablsf loal
approach used by Wenfz  e t  a I .  [1984]  to  defermlne
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DAY OF YEAR FOR 1 978
F1g.  8 .  A t lne h ls fory  o f  tbe ocean br lghfness
tenperatures for tbe f lve SMMR v-pol cbannels.
The sol ld (dasbed) ourves sbow the results for
lhe descendlng,  n ighf t lne (aseendlng,  dayt lne)
orblt  segnents.

the so nodel wlnd dependenee. Thls vas done ln
an alternatlve derlvatloD, and Lbe results were
essentlal ly the sane as reported belou. Tbe
procedure only uses tbe SHHR grld 1 brlgbtness
ternperatures, Hblch are averaged onto 150-kn-
square cel1s bhat are al lgned to tbe satel l1te
subtrack. There are four such cells across tbe
SMHR'g 600-kn-wlde srath. NJoku et al.  [1980a]
descrlbee fhls grlddlng system 1n deta1l. Only
those cel ls tbat are at least 800 kn away fron
land are used ln order to avold antenna sldelobe
contanlnablon ab fhe lower frequency cbannels.

Before deecrlblr:g tbe procedure for the blas
renoval and coeff lclenf deterrolnatlon, He f lrs!
glve an overvlew of the SUMR Tt blas problen.
Flgure 8 shows global, 3-day averages of fhe Tt
rceasurenentg ln bhe open ocean. The average Tt 's
for the f lve SMHR v-po1 cbannels are plotted
versua t1ne. The chnnnel frequencles are 6.5,
1 0 . 7 ,  t 8 , 2 t ,  a n d  3 7  G H z .  T h e  s o l 1 d  c u r v e  1 s  f o r
the descendlng port lon of the orblf ,  and tbe
dasbed curve ls for the ascendlng porf lon. For
Seasat, the descendlng orblt  segnent occurred 1n
tbe evenhg, dnd tbe ascendlng orblt segnent
occurred ln the nornlng. Tbe nosb sfr lklng fea-
ture 1n FJgure 8 ls bhe sudden 5 K drop ln fbe
level of bbe 18-Gtlz cbannel that occurs near day
239 (AugusE 27), A slnl lar plot of bhe h-pol
ohannels shows the sane anonaly for 18 GHz. None
of the other cbannels sbors tbls behavlor, and ne
atbrlbute 1t bo a aetutor nalfunctlon rather than
a geophyslcal slgnal. Posslbly tbe transnlsslon
charaotsrj .ccloa of r fornJ.tr rnltqh nry hrve
degraded. Another lndlcatlon of a faulty front-
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end r.avegulde conponent 1s tbe large separatlon
betreen the 18V T, for ascendlng orblf  segroenfs
as conpared fo the descendlng orblb segnents. f f
one of tbe transnlsslon coeff lclents 1n the
volts-Lo-antenna Lenperature transfer f i rnct ion
lrere to cbange, then tbe transfer functlon would
not corectly conpensate for the change 1n the
SHHR lnternal tenperatur€ as the spacecraft goes

fron day to nlgbf. Note fbat the 6.6Y and 10'7V
To's are sonerhat blgher for the daytlne orblt
sSglents. Thls effecf ls fhe opposlte of bha0
for bbe 18V TR and 1s abtr lbut,ed to sea-surface
sun gl1tter. 

-Because 
Seasat was not in a sun-

synchronous orbl! ,  the sun gl lbter contanlnatlon
ras slgnlf lcant only durlng the second half bhe
mlss lon.

The SHMR Tg blases, tbe r lnd-lnduced en1ss1-
vlty coeff lclenbs, and bbe s7-Gllz absorptlon
coefflclents are found froru the followlng four-
s tep procedure.

1. To blases ln the 21V .aad 37V channelg are
found frdr conparlsons slth radlosonde water
vapors and fron a hlsfogran of I1quld rater con'
t e n t s .

2, The To blas 1n the 18V channel 1s found,
and the. atno5pherlc absorptlon coeff lclents at 37
GHz are nod1f1ed. Thls 1s done by conparlng the
l1qu1d rater contents retr leved fron the 37V and
21Y cbnnnels  r l fh  fhose ro f r leved f ron bhe.18V
and 21Y cbannels.

3. Tbe wlnd-lnduced enlsslvlty coeff lclents
for 1EV, 2LY, and 37V are nodlf led based on lhe
assunptlon of z€ro comelablon betreen wlnd speed
and I1qu1d Yater.

4. To blases and xlnd-lnduced enlsslvlty
coeff lcfenfs for fbe renalnlng seven cbannels are
found

Steps 1, 2, and 3 are lterated as a group four
tlnes untll lhe blases and coefflclenbs belng
deternlned reacb stable values (0.1 K 1n fhe Tt
blaeee and 11 1n tbe paranefers). Then step 4-1s
lteraied three f lnes fo oblaln stable values for
the renalnlng blases and coeff lclents,

In step 1, a Lwo-channel retr leval algorl fhn
1s used to f lnd the colunnar water vapor V and
columnar l1quld vaber L, glven fbe 21V and 37V
Tp'e. Tbls algorl lbn requires thab bhe param€-
f6rs T" and l{ be speclf led. Note thai bhe 21V and
37V T*'s are relat lvely lnsenslt lve fo T" and tI .
Reynofds '  [1982J c l lnafo ]ogy 1s used bo ipec l fy
To, as dlscussed belov. Tbe newly generated SASS
vinds are used !o speclfy t{. All SASS wlnds that
bave ceIl  centers nltbin a 200-kn radlus of the
SHHR celI center are averaged togetber. l{hen
averaglng SI,SS vlnds, a 1/Rt welghflr lg ls used,
yhere R 1s fhe dlstanoe between the SASS and the
SHHR cell. To flnd V and L, the algorlbhn 1n-
verts the two equatlons represented by (11), vl th
subscrlpt 1 denotlng 21V and 37V. Alfhough fhe
funcflon f1 ls nonllnear ln V and L, 1t does
lncrease nonofonlcally wlth V and L. Hence the
tvo equatlons are easlIy lnverted uslng Newbon's
netbod extended to tro dlmenslons. The detal ls
of tbls fype of lnverslon are glven belor.

The rebrleved vapors are conpaned wlth radlo-
sonde observatlons. Al lshouse U9831 assenbl6d a
col lect lon of radlosonde f l lghts from 10 stat lons
1n the Nortb and Troplcal Paclflc. l{hen conpar-
lng the SHMR and radlosonde vapors, the SMHR ceIl
1s requlred to be withln a 100-kn radlus of the
radlosonde stat lon. Thls procedure y1eIds 9L
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conparlsons Hlbh the radlosondes. The nean d1f-
ference AV between bbo SMHn and radlosonde vater
vapor 1s then calculated. In addlt lon to tbe
wafer vapor conparlsons, a hlstogran of 258,396
retr leved 11quld vafer contenbs 1s constructed
from the 3-nonbh SMMR data sef. Ideal ly, tbe
leff slde of the blsfogran should be zero for L(0
and should abruptly lncrease at L-0, whlch cor-
responds to cLear sky condlt lons. HoHeyer, nolse
ln fhe L refrievals broadens fhe hlstograro and
causes negatlve L values to occur. Assunlqg tbe
nolse 1s zero-nean Gausslan and lhe left  slde of
the brue hlstogram 1s a step f\:nctlon, then the
polnt at whlch the nolsy blstogram drops to one
balf 1ts na:clnun value should eomespond to L-0.
We use tbls Lefb-slde nldpolnf aa an lndlcator of
the blas 1n tbe l1quld lrater retr levals. The
dlstance that tbls nldpolnt ls offset fron zero
1 s  d e n o t e d  b y  A L .

For the f lrst l teraLlon, the To's are not
corrected for blases, and fhe neari dlfference AY
between SMMR nlnus radlosonde Hater vapors 1s
-0.3  g /cnr .  Funfhermore,  tbe 11quld  r iq fer  b las
AL 1s -14 nS lcmt. The To blases are Lbon con-
puled fron fhe parf lal  d6rlvaflves of the T,
nodel

aTB l  -  ( a tL /av )AV  +  (a f i / aL )aL  (14 )

Tbls blas 1s to be subtracted fron the Tt trea-
surenent bo obtaln fhe corecf To. Note tha! for
f lrst l terat lon of steps 1 and 2; Ebe vlnd-
lnduced enlsslvlty coeff lclen0s for 18V, ?tY, aod
37V are sef equal to bhe l fentz [1983a] values,
tbe 37-GIIz l lquld [ater absorptlon coeff lclent ls
set equal bo tbe Ray1elgh value, and Dhe xater
vapor absorpflon coeff lclent 1s sef equal to fbe
Barretf and Chung tL9621 valu€. For subsequent
l terat lons, the coeff lclents found 1n steps 2 and
3  a re  used ,

In step 2 ve f lnd the blas for fbe 18V To and
the yafer vapor and l1quld raler absorpflon-coef-
f lclents aL 37 GHz. Thls sfep requlres slnul-
taneous Eeasurenents of fhe 18Y, 21V, and 37Y
TB'", and hence only the flrst 27 days of SMMR
data are used ln thls step 1n order to avold tbe
18-GHz anonaly Eenbloned above. Tro sets of Y
and L retr levals are done, one uslng tbe 18Y and
21V channels (V, and Lr) and the oLher uslng the
37V and 21Y obannels (Vt and L1). The blases
found 1n sfep 1 are appl led to bbe 21Y and 37V
channeLs, but no blas ls appl led to tbe 18V
channel. For Lhe f lrst l terat lon, a least
squares f l t  of L1 veraus L1 shovs a slope of
about 12 and an ordlnate lntercept at Lr-70
ng/cnr. Tbe sJ.ope sbould, of course, be unlty,
and the lnfercepf should be af Lr=0. l{e atfr l-
bute tbe 1J slope to an laadequacy ln fhe Tg
nodel and the nonzero lntercept to a To blas-ln
tbe 18V channel. Tbe nost obvlous nodft lcat lon
to the To nodel thaf r11] comect lhe slope
problen 1g elther fo lncrease tbe IE-GHZ coeff l-
clenb or Lo decrease tbe 37-Gllz Raylelgh ab-
sorpblon coeff lclent. (Note bhab the retr leved
va-Iue of, L ls lnvereely proportlonal to tbe ab-
sorptlon coeff lclent.) He cboose to decr€ase tbe
37-AHz coeff lclent for the reasons gJ.ven above.
The lntercepb ls brought to zero by applylng a
blas correctlon to tbe 18V Te. After tbese cor-
rect lons are appl1ed, tbe dlf ference of Lr-Lt ls
plotted versus V1, sr ld anofher, relat lvely snal l
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sysieroatlc emor ls found. As the Yapor conbent

l icreasee , Lt.Lt decreases. Thls systenable

error caD be corrected by ettber lncreaslng the

18-GHz coefftclent or reduolng tbe Bameft and

a;rA og6n rater Yapor absorptlon coeff lc- lent

at gi CEz. tle cboose to docrease tbe 37-Gl1z

c o e f f l c l e n t . I n b b l g Y a y , H e r n o d l f y o n l y t h e 3 T -
Cllz absorptlon coefflclents (both }lquld and

vapor), &d bbe lover frequencles renaln un-

aJ'tered.
Tbe flnal value that ls found for the 31-gllz

l1quld vater abaorptlon -aoeff lclent ls 1'53 na-

pu""  
" t t /g ,  

conpared wl th  222 napers  c tn t /g  for

iue naytefsU 
".iu". 

The g7-gl1u. water vapor coef-

f lclenl ls found to be 0.021 napers cm'l8'  .whlch
1s a l l t tLe less tban tbe 0'021 napers cs' lg

value eoilputed fron the Barebt and Cbung €xpres-

glon. I t  1s not clear why fheee coeff lclents

n e e d e d t o b e r e d u c e d . O n e p o s a l b l e e x p l a n a t l o n
ls fbat tbe 37-GItz To nodel lncreases boo fas!

r l tb L because 1t nefi lects Mle scatterlng fron

tbe rafer droplets. Anotber posslble bause 1s

raln oel ls tbat are snal l  conpared wlth the SMMR

150*n celI .  Also, tbe tenperature profl le of

l1quld rater and nater vapoi becones lrnportant

ioi ugf,fy atfenuatlng atnospberes' An lnvesbl-

gatton-using che hlgber resolublon .SMMR data
-roulO 

sbed nore l1gbt on thls probleu'

In tbe fhlrd step tbe slnd-lnduced euleslvlby

coefficlents tr1 
"nO 

tt are found for 18V' zLV'

8Dd 3?V, uslng 
-tUe 

37-Gllz absorptlon coeff lclents

a n d T . b l a s c o r r e c t l o n s c o n l n g f r o u s t e p s l a n d
il- ioo o"a"" to separafe the wlnd dePendence fron

tbe l1qu1d rater 'dependence, an assutrpt lon nust

Ue uaae about bbe Y versus L comelatlon- thaf

erlsls ln nature. In gtorm8, thls correlat lon ls

""".iiy-p.gltlve 
rltb hlgh wlnds belng assoclated

v l t b " - " r " . E o w e v e r , f o r c l e a r s k l e s a n d . l l g h t
cl.ouds, re assutre tbat tbere ls no slgnlflcant

coirelatlon beiween F and L for tbe globa1 3-

nonbb SHI|R data set. Tbls assurnptlon 1s equlva-

lent to tbat nade by.l{enbz t1983a], ln rblcb bhe

i i l"ri-".l"i ooot"oi ttas set to zero for a cor-
Iectlon of SUHn cells havlng lor L values' Set-

tlog L !o zoro foroes tbe tf versus L correlatlon

uo f,e zero. In defernlnlng mr' and nr ' w-e only

use SHHR cel l 's for rhlcb f ls Ie"s than 5 ru8'/cor '

yhlcb 1s about half  of tbe fotal cel ls '  For thls

""J"a,-tbe 
coeff lclents n1 and mt for 18-V (37V)

are adjusted so as to obtaln e zero correlatlon

befveeir tbe SMHR l1qu1d vafer retr leval L1 (L1)

aDd lbe SASS vlnd speed' Note that the 21V n's

are found fron a 11uear lnterpolaflon ln-frequen-

c y . o f  t b e  1 8 Y  r o ' s  a n d  t h e  3 7 Y  l o ' s '  T h e  2 1 Y - n ' s

a r e n o t f o u n d d l r e c t l y b e c a u s e t h e s t r o n 8 u a L e r
vapor slgna1 a! tbls frequency tends to nask the

vlnd slgnal. Tbe flnal values for nt and l0r are

g lven be low.
Tbe fourtb and final step ls to flnd the rlnd-

lnducedlenlsslvlty coeff lclents nt and nr and TU

blaseg for fbe rena1nlrg seven SMMB cbannels' In

addlt lon, 81, E!, and t-he T, blas are recotrputed

fot '  tb. 16V-ab'nnel io eoooinb for the 18-GHz

anonaly. Tbe blas conputatlons are done sepan-

afely, ior four !1ne perlods and accordlng.to

descendlng and ascendlng orblt segments (1'e"

Oay ana ofgUt) ln order to assess the tenporal

ani aay/nlgbt stab1l l ty of fhe blases' Eacb t lne

perlo<t coreaponds to a 24-day port lon of the

Seasat rs1ss1on.
l le use arl  l terat lve procedure 1n nhlch nt and
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Flg. 9. The wlnd-lnduced v-pol sea-surface

eml.sslvlty derlved fron col locafed' SMMR and SASS

observatl6ns. The sol ld }1ne represents fhe

&ean value, and fbe dasbed curves are lbe 11

efandard devlat lon envelope. Four dlf ferent

SUUn frequencles are shorn.

nr are flrst found and lhen T, blases are deter-

nined. The n1 and n" coefflclents are found by

lnvert lr lg (11i such thab AE ls expressed J-n terns

o f  T -o ,  H ,  V ,  L ,  and  T r r .  A  AE  va lue  1s  co ropu ted

for Every SMHR cel l , f lv lrrg a fotal ot LL6'676 LE

v a l u o s f o r t h e 3 r a o n f b s . R e y n o l d ' s c l l n a L o l o g y
ls used bo speclfy fhe sea-surface tenperature

T-, and lhe wlnd speed tl cones fron the S+SS'

Tfie rater vapor V and llquld rater L are re-

brleved by the two-channeL 2LYl37V algorlthn'

wblch uses the f lnal values for tbe Tt blas

correctlons and coeff lclents conlng fron steps 1'

2 ,  and  3 .  Fo r  f be  f l r s t  l t e ra t l on  o f  s teP  4 . '  t he

T-'s are not comected for blases, but ln subse-

qffent l ferat lons a blas comectlon ls perforned

as dlscussed ln the next paragraph' Flgures 9

and 10 shor AE plobted vorsus tbe SASS wlnd speed

for bbe v-pol and h-pol channels, respectlvely'

These f lgures show the resulbs for the f lna1

lteratlon. fhe zL-GIlz plots, rhlch are not

shown, are essentla] ly the sane as those for 18

GHz. Tbe AE values are put lnfo 1-n/s SASS rlnd

;i;, and fhe d,ashed curvea show the +1 standard

devlat lon 
"n""iop"- 

for uhe blnned AE values' The

solld curve shows the least squares f1t of bhe AE

funcflon glven by (12) to bhe AE data polnts'

Table Z gives fbe n, and nr coeff lcl ,enls deter-

nlned fron these least squares f l ts '  For tbe 21Y

and 3?V Plots the AE dafa polnts exactly colnclde

rlth bhe AE f\rnctlons because these cbannel's are

useO to conpube bhe V and L fron whlsh the AE

data poln|s are then calculated' As a result '

i !"  Z' fV and 37V u's conputed ln thls f lnal step

a r e l d e n L l c a J . t o t h o s e c o n l r r g f r o n s i e p 3 a b o v e .
Uslng tbe least sguares values for nt 3qd n 1 '

bhe brlghLness tenperabure blases ATU are found

Uy conputlng the average dlf ference. Setween tbe

T, neasuremenf and the nodel funetlon'
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SMMB Geophysical  Retr leval  Algort thn

The orlglnal SMHR retr leval algorl thro I l{entz
et a1., L9821 used al l  ten SMI'{R channels to f lnd
T", H, V, and L. Wlt,h ten observatlons and four
unknoyns, the lnverslon problen uas overd.eten-
nlned, and a Least squares tecbnlque vas requlred
t , o  f l nd  l { ,  V ,  L ,  and  To .  A  we lgh t  bad  t o  be  as -
sJgned to each channe[ Thls welght represented
the lnverse of the expected varlance between the
observatlon and the nodel f \rnct lon. To obfaln
good Ts rebrlevaLs, the lower frequency channels
needed to be welghfed &ore heavll_y than the hl€h-
er freguencles. Altbough fbls least squares
algorlLhu perforned betfer than l lnear negresslon
algorlthns l ] lentz ef aI, ,  19g1; Llpes ald Born,
19811,  1 t  was fa l r ly  cornp lex.  I t  was nof  c lear
how the 10 channels rere affecLlng the retr leval
and what subsets of cbannels were actualJ.y re-
qulred fo acconpllsh the retr leval.  fn thls
sense, fhe 10-channe] algorl thn Has pretrature.

A betfer sfarf lng polnf 1s to assess ihe per-
fornance of lnverslon algorlthrns that use a rolnl,
nun nurober of cbannelg. For thls lnvestlgatlon,
ye ar€ prlnarl ly lnterested tn xlnd speed, vhlcb
can be obfalned fron Just three channels 1f tbe
sea-surfaee teraperature ls speclf led by cLlnatol-
ogy. The three channels are regulred Lo separate
fbe wlnd slgnabure fron the rater vapor and 11-
quld water slgnafur€o. Reynolds' LLggZJ cl lna-
bology 1s used to speclfy T.c. Thls cl lnaLology
glves T"  on a 1  nonth by lo- la t l fude by 1o long1-
fude gr1d. The grld values are llnearly lnterpo-
latod ln t lne and space t,o the center of fhe SHHR
150{<n ce l I .

A couparlson of the rlnds conlng fron a tbree-
cbannel algorl thn (6.6Hl18V/2IV) r l th fbose
conlng fron a four-chb,nnel algorlthrn
6.6V/6.6H|LBVl2 lV) ,  whlch re t r leves To,  shows
l1bt le  d l f ference (0 .7-s ls  var la t lon)  6ebween tbe
bwo wlnd estlnates. I t  appears that fbe cIfuna-
fology T" 1s suff lclently accurate fo obtaln good
rlnd estlnates. Note that the rns dl: f ference
bebween bhe cl lnafology T. and the T. conlng fron
the four-channeJ atgorithi 1s only 1-.6 C fi{enfz,
1983b1, whlch probably explalBs rhy lbe cl lnatol-
ogy ls sufflelent. For the SMHR and SASS ylnd
conparlsons dlscussed belor, wlnde are retr leved
fron elght dlfferenf conblnaflons of three SHUR
channels.

tllth three observatlons and fhree unknowns,
the lnverslon problem 1s defernlnlst lc. I f  bbe

TABLE 2. l{ lnd-Induced Enlsslvlty Coeff lclents

Channel D r ,  s / n E l  ,  s / n

F
=
U)
U)

t!

LU()
=
o
z
T
o
z
=
g

o

. 0 4

a )

6 .6  H

. 0 8

. 0 4

1 8  H  . , 7

, '/ '

../, '

1"

'f '
37 H , ' , / '

..r/". '/ '

?01 5, t n, t E{ n

SASS WIND SPEED (M/S)

f1g. 10. The vlnd-lnduced h-po} sea-surface
enlsslvlty derlved fron col located SMMR and SASS
observatlons. The sol1d l1ne represents bhe
nean value, and the dashed curves are fhe j1
sfandard devlablon envelope. Four dlf forent
SI.{HR frequencles are ghovn.

ATB I  =  (T i f  -  f l (Ts , I { ,V ,L ) )  ( 15 )

rbere the superscrlpt prl tre lndtcales a blased T,
and (" ')  denotes averaglng. The averages are
sLratl f led accordlng to four 24-day f lne perlods
and accordlng to day and nlght. These blases are
subtracted f lon the To Eeasurenenbs, and the n,
and n, coeff lclents aie reconputed, Thls process
1s l ferated three f lnes to obtaln stabLe values
for fhe m. and n, coeff lclents and To blases.

Table 3 glves the To blases conlng-fron the
flna1 l ferat lon. Thes-e blases are to be subtrac-
ted fron bbe T, neasurenenbs. Excepf for fhe 18-
GHz channels, tbe varlat lon 1n bhe blases ov€r
the four tlne perlods and fron day fo nlghb 1s
about J0.5 K. Note lhaf the blases for 21V and
37Y are the same as deterrnlned fron step 1 above,
whlch assumes a constant blas over ifune and frou
day fo nlght. Thls assunptlon of no tenporal
drl fbs for the 21V and 37V channels, wblch ls
supported by Flgure 8, ls necessary because there
1s no rel lable lndependent lnfornatlon on the
tenporal varlat lon of water vapor and l iquld
vaber. In conpuflng fhe daytlne blases, oceen
areas contalnlrg sea-surface sun glitter have
been excluded. The appllcatlon of the 18-GHz
blases corrects, to a large degree, the anonalous
drop 1n Lhe To level, and these channels can now
be used to reErleve r lnds over the entire Seasat
3-nonbh perlod.

One otber aspect of bho To blases that has not
been dlscussed ls fhe cross-5wath blases. Ttre
SHHR swath cons ls fs  o f  four  150-kn-square ce l ls .
Strat l fylng the T* blas conputaflons accordlng to
tbese four swatb los1t1ons reveals celL-bo-cel l
reLatlve blases on tbe order of lO.5 K. A cor-
rect ion ls  nade for  these reLat lve b lases.

6 . 6 V
6 . 6 H

1 0  . 7 V
1 0  . 7 H

1 8 V
1 8 H
2LV
2LH
37Y
37H

4 . 8 2  x  1 0 - {
t 4 .28  x  1O- '
6 . 0 4  x  1 0 - '

1 8 . 1 0  x  1 0 - '
6 . 1 ?  x  1 0 - '

22.06 x  10- '
6 . 3 0  x  1 0 - '

24 .55  x  10 -a
7 . 0 0  x  1 0 - a

g7  . 82  x  10 -a

3 4 . 0 ?  x  1 0 - '
44 .85  x  10 - '
3 7  . g 2  x  1 0 - '
51 .76  x  10 - '
3 5 . 3 6  x  1 0 - '
6 0 . 5 8  x  1 0 - '
g3 .72  x  1o - '

- 1
6 1 . 0 1  x  1 0
2 5 . 0 0  x  1 0 - a
6g  . 27  x  10 -a
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TABLE 3. BrighLness Tenperature Blases 1n Kelvln for Seasaf Sl ' lMR

2 3  0 t

Nlght  Tlme Per lod

2 3

Day Tine Per iod

2 3

6  . 6 V
6  . 6 H

1 0 . 7 Y
1 0  . 7 H

1 8 V
1 8 H
21Y
2LH
37Y
37H

- 1  . 5
3 . 4

- 5  . 8
-3  . 9
- 8  . 8
-L .2
- 5  . 8

3 . 3
- 6  . 9
- 1  . 9

- 0  . 9
3 . 6

- 6  . 1
- 4 . 5
-6  , 7

2 , 2
- 5  . 8

2 . 8
- 6 . 9
- 1  . 1

- 1  . 5
3 , 2

- 6  . 9
- 5  . 1

-11  . 1
- 3  , 6
- 5  . 8

3 , 2
- 6  . 9
- 1  . 1

-1 .7
2 . 9

- 7  . 0
- 5 . 2

-10  . 6
- 2 . 9
- 5  . 8

3 . 4
- 6 . 9
- 0  . 8

- 1  . 6
3 . 0

- 6  . 1
-4 .4
- 8 , 7
- 1  . 5
- 5  . 8

2 . 9
- 6 . 9
- 2 . 4

- 0  . 5
4 , 2

- 5  . 8
- 4 . t
- 8 . 2

0 . 1
- 5  . 8

2 . 2
- 6 . 9
- a . J

- 0  . 2  - . 8

4 . 5  3  . 7
- 5  . 8  - 6  . 0
- 4  . 0  - 4  . 4

-L3 .7 -L? .6
- 7  . 2  - 6 . 2
- 5 . 8  - 5 . 8

2 . 5  2 . 9
- 6 . 9  - 6  . 9
- 2 . 9  - 2 . 9

To ftrnctlon yere Llnear ln l{, V, and L, the
sSlui lon could be obbalned fron a slnpIe 3 by 3
natr lx lnverslon, assunlng fhe natr lx 1s nonsln-
guJ.ar. However, because of fbe nonlinearlt les,
an lgeratlve lnverslon nebhod uust bo used. Thls
netbod ls an extenglon of Negfon's nethod for
solvlng nonllnear equatlons. In each l terablon
the fol lor1ng systen of three l lnear equaflons 1s
inver ted:

A X = B  ( 1 5 )

nhe re  I  1s  a  3  by  3  na t r l x ,  and  I  and  B  a re  t h ree
element column vectors. The elenents ln the
unknovn vecLor I  are

x1 -  l {  -  l {o  (17a)

X t = V - V o  ( 1 7 b )

X 3 = L - L o  ( 1 7 c )

vbere t lo, Yo, and Lc are f lrs!-€uess values for
fhe rr lnd speed, water vapor, and l lquld rater,
and H,  V,  and L are the unknowns to  be found.
For t lre f lrst-guess values, lre use 7,4 m/s, 2.4
g/cmt ,  and 0.01 g lcmt ,  respecblve ly .  The e le-
nents of bhe I nafr lx are derlvatlves of bhe SMMR
T, nodel  funcf ion f1(Ts, i { ,V,L)  wl fh  respect  fo  l l ,
Vl and L.

B {  i  =  0 f q / 0 x 1 (  1 8 )

Tbese derlvaflves are conputed at the f lrst-guess
vaLues. The elenents 1n the vector B are the
dlfferences betlreen the T, observat, lons and tbe
nodel f l rnct lon evaluafed at the f lrst-guess val-
u e s .

b l  =  T B i  -  f l ( T s , l { o , V o , L o )  ( 1 9 )

Equatlon (16) ls inverted, and values for I{ ,  V,
and L are obLalned. In the second lnterat lon,
Ho, Ve, and L6 are set equal to bhe values conlng

fron the f lrst i feraf lon, and (15) ls agaln J.n-
verted. This procedure continues untl l  the W, V,
and L values change by less fhan 0.1t from one
lterat ion to lhe nexf. Typlcal ly, four or f ive
lteraLlons are requlred to neet tbls convergence
cr l ter la .

S,IUR/SASS l'lind Conparlsons

The rlnd speeds conlng frou the new SASS and
SI.{HR retr leval algorl thns are oonpared on a 150-
kn cel l-by-celI  basls over the 3-nonbb Seasaf
penlod. For the SMHR rlnd retr levalg, elght
dlf ferent Lhree-channel conblnatlons are consld-
ered. Orr obJectlve ls to debernlne tbe optlnun

' channels for a fhree-channel radloneter sysfen,
wlth an eye toward the nerl radloneter systen
SSM/I fo be launched 1n 1986. To obtaln fhe
elgbt dlf ferent candldate systens, ue requlre
tha! each channel has a bigh senslt,ivlfy to one
varlable (elther W, V, or L) and a relat lvely lov
senslt lvl fy to the other two varlables. The
flrst channeL ls the r lnd speed channel. Slnce
h-po1 1s nuch noro senslt lve to r lnd speed fban
v-pol, channel 1 1s alvayo h-pol. The seeond
channel ls the l lquld wafer channel and nust be
senslblve to L and lnsenslt lve fo l{ .  Thus v-pol
ls always selected for channel 2. Furthernore,
slnce the senslt lvl ty fo L lncreases r l fh fre-
quency, we always choose elther 18 and 37 GHz for
the llquld water channel. The thlrd channel 1s
the water vapor channel. Tbe obvlous selectlon
for thls cbannel 1s 21V, Hhlch ls on the water
vapor absorptlon l lne. Thls selecflon procedure
ylelds tbe fol lor lng elght three-channel radlo-
neter  systens.

1 . 6 .6Hl t9V /aLV .
2 .  6 . 6 H / 3 7 V / z L V ,
3 .  1 0 . 7 H l 1 8 V / z L Y .
4 .  1 0 . 7 H l 3 7 V / z L V .
5.  18HlL8V/z tv .
6 ,  LBH/37V /2LV .
7 .  3 7 H / r 8 V l 2 1 V .
8 .  3 7 H l 3 7 V / 2 1 V ,
The SSI.{/ I  w111 nob have the two louer frequen-

cy channels, 6.6H and 10.7H, but w11,1 have chan-
nels closely correspondlng fo tbe three hlgher
frequeneles. Furthern,ore, fhe SSM/I lncldence
angle  o f  53o 1s c lose to  SMMR's 490 lnc ldence
angle. Thus fhe slnd retr levals conlng fron con-
binatlons 5 bhrough 8 w111 be lndicative of bhe
SSH/I wlnd-senslng caPab1l1ty.

0n Seasat, the swaths for the SASS and St'tMR
over lap on fhe s tarboard 's lde o f  the sate l l ibe
subfrack. As shown ln Flgure 11, bbe overlap
area exLends 600 kn out frorn the subtraek and is
dlvlded lnto four 150-ku-square resoluf lon cel ls,
which comespond to  lhe reso lu f lon o f  the SMHR's
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]owest frequency cbannels al 6.6 GHz. Beglnnlng
wlth the subtrack ceJl,  these cel ls are nunbered
1 tbrough 4. The To neasuremenLs unlfornly cover
eacb ceIl ,  but the SASS oo neasur€nents do nof.
For cel l  1, re use only the nadlr SASS neasure-
roents that are restr lcted bo a 40-kn-w1de str lp
afor€ the subtrack. The nearnadlr SASS neasure-
nents af lncldence angles of 40 and 80 are not
used because tbey are relat lvely lnsenslt lve fo
rlnd speed. CeIl 2 ls also only partlally fllled
wlbh SASS observatlons. There 1s a gap in fbe
SASS srath for lncldence angles betreeu 10c and
ZQo, and as a result fhe left  half  of eeIl  2 does
not contaln any SASS observatlons. The outer
cel ls 3 and 4 are conpletely w1th1n the SASS
prfunary svath and are unlforrnly f1Iled wlth SASS
treasurenents. Tbe SASS wlnds are conputed on a

100-kn grld sysfern al lgned fo tbe sabell l fe sub-
track. In order to assoelate a SASS vlnd wlth
eacb SMMR 150-kn celI ,  Ye average togebher wlnds
fron al l  SASS cel ls havlng a center polnt vl lhln
a 200-kn radlus of the SMMR cel l  center. l {hen
averaglng SASS H1nds, a 1/Rt welghtlng 1s used,
wbere R ls the dlstance between the SASS and the
SHMR ce l l .

The SMMR antenna does a conlcal scan such that
fhe lncldence angle ls a constant 49o. Thus the
aa&e physlcs and nodel functlon applles to cel ls
1 lhrough 4. The only dlf ference ls that slgnl-
f lcant polarlzatlon coupllng occurs for fhe edge
cells 1 and 4. Thls polarlzablon coupllng nakes
the decoupled To values nolsler for the edge
ceL1s. In contr ist,  the SASS ant,ennag are f lxed
stlcks, and each ce1J. corresPonds to a dlf ferent
range of lncldence angles. The SASS neasurenents
ln oeII 1 are nadlr observatlons f,or rhlch oo
decreases r l th wlnd speed H apprbxlnately as
(1/ i { ) l .  For  ce l I  2  fhe average lnc ldence angle
ls about 24o, and so lncreases l lnearly wlfh wlnd
speed. For tbe two outer ceJls, the average
lacldence angles are 340 and 450, and oo ln-
creases as lbe square of wlnd speed. Thus the

SMMR COL 4

( ' l  s0  km)

SASS nodel funcblon ls qulte dlf ferent for tbe

four cel]s. In vlev of thls, the SMHR/SASS Hlnd

coroparlsons are sbratl f led accordlng fo cel l
nunber. We expect that the best conparlsons w111
occur for cel l  3, For fhls cel l ,  there 1s unl-
forn coverage of botb To and ac observatlons, bbe

sJgnal-fo-nolse rat lo f5r SASS ls tbe best, do 1s

nost senalt lve fo wlnd speed, and the polarlza-
t lon coupllng ln Lbe To's 1s a nlnlnun.

The fol lowlng obJectlve crl terla are used to
quall ty f l l ter tbe Tp's used ln tbe SHHR/SASS
ulnd conparlsons. Only nlsbtt lne observatlons
are used because sea-surfaco sun glltfer and

Faraday robatlon degrade tbe daytlne Tt data a!

6.6 and 10.7 GHz. Furtbernore, we requlre tbat

the To observatlons be at least 800 kn fron land
1n order to avold antenna sldelobe contanlnablon
aL  6 .6  and  10 .7  GHz .  As  a  f l na l  f l l t e r l ng  c r l -

terla, SMMR cel ls conbalnlng raln are exclud€d.
Raln 1s lndlcabed rhen the l lquld vater content L
exceeds 34 ng /cm'. Thls raln f l l fer excludes
aboub 2oh of the cel ls. The excfuslon of daytlne
dafa ls probably nob necessary for tbe radloneter
systens 5 through 8,  wblch do not  use tbe 6.5  o f
10.?-GHz channel.s'  Llkewlse, tbe restr lcl lon of

belng 800 kn away frorn Land couLd be substantlaL-
}y rela:<ed for the hlgher freguency systelns.
However, to malntaln the aatre data base rhen
conparlng the elght dlf ferent systens, we use the

sane f1).berlng crl ferla for aLl systens.
Table 4 gives lhe sfandard devlat lon of the

SMMR nlnus SASS wlnd dlf feronce for the varlous

candldate systens and for cel l 's 1 fbrough 4. The

mean SMMR nlnus SASS lt lnd dlf ference ls wltbln
+0.1 n/s for al l  cases, except for tbe tvo
poorly perfornlng sysberns mentloned belou. For
each of the four celLs, bhe nunber of SHUR/SASS
wlnd palrs that went lnto the stat lst lcs ls about

30,000.  S lx  rad loneter  systens prov lde v lnds
thab are 1n good agreenent wlth the SASS vlnds,
whlle two systens, tEH/LgYlLJY and 37Hl18\/zLV,
show ] l t t Ie and no sk111, respectlvely, in re-

SASS RIGHT

(5oo -
SI DE SWATH
i50 km)

SMMR

( 1 5 0

f 1g .  11 .  The  geone t rY of the SMHB and SASS overlapplng svatbs.

SMMR COL 3

( 1 5 0  k m )
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Systeu

6 .6lU t8V I zLY
6 .6H l37V lzLV

LO .1Hl t$Y I zLY
L0 .7H l37Y lzLY

ItHlLSY | zLU
LEHIsTYIzTY
37H/ t8V / 2LV
37H l37V lz tV

1 . 6
1 . 5
1 . 9
1 . 5
4 . t
2 . 5
5 . 5
2 . 0

t , 4
1 . 3
1 . 8
t . 4
3 . 0
2 . 2
5 . 6
1 . 7

1 . 4
1 . 3
1 . 8
1 " 4
3 . 0
2 . 2
5 . 6
1 . 7

1 . 5
1 . 4
2 . 0
1 . 5
3 . 4
2 . 3
5 . 7
1 . 8

trlevlng vlnd. As vlII be shogn, the Poor re-

sults for tbese tro systens are due to a near

slngularl ty ln A-nabrt ln (16) of tbe lnverslon

algorl lhn. Tbe besb bbree sysbens are

e .int $v / zrY , 6.6Ht 37V | zLY , and to .7 Hl 37 V I zLY '
for vh:Lcb the SHMR/SASS agreenent ls about 1'4

D/s for cel ls 2 fbrough 4, nhlch cover the SASS

prlnary off-nadlr swatb. The SMMR/SASS agreenent

ls sUgbtly degraded for tbe SASS nadlr cel l  1'

The perfornance of the otber three systens,

10.?H/18VlzLY,  LgHl37VlzLY,  and 37Hl37Vl21V 1s

sonevhat Pooror, sltb fhe rms varlatlon belng

about 2 r ' ls. Note thaf tbe perfortrance stabls-

t lcs obtalned for tbe 18H/37Vl2lV systen nay be

EJr uldeFostluatlon of lte actual, capabllltleo

because of t ,be problens experlenced by SMHR'S 18-

GHz cbannels.
Flgure 12 sbons tbe SMHR nlnus SASS wlnd speed

dlfference plotted versus tbe SI'{MR and SASS wlnd

apeed average. Txenby-four separate plots are

sbovn corespoudlng to the slx radloneter systens

ard tbe four cells across tbe swath. Tbe sol1d

ourye ls tbe near of the SMHR nlnus SASS dlffer-

eDce, and tbe dashed llnes are the +1 standard

devlatlou envelope for bbe rlnd dlfferences.

Fron 3 to 1? rn/s the curveE are qulte flat, and

very good agre€Eenb ls obtalned. For wlnds belolt
g m/s-, tbe SMHR wlnds are conslstently less than

the SASS vlnds, Tbe SMMR rlnds appear bo be nore

nolsy tban tbe SASS wluds at tbese lor wlnd
speeda. They have negatlve values (-f to -3 n/s)

toore often thaa tbe SASS nlnds, and fhese nega-

blye ilnds blas tbe SHMR rlnds lor conpared wlbh
tbe SA$S vlnds. For wlnds above 17 nls, the SMI{R
vlnds are systenatlcally hlgher bhan SASS. It ls
uncLear whlch aensor ls more corect at these
t rgb v iads.

I'lre perfornance of the elght radloneber sys-
tens 1s erplaJ.ned by an emor analysls of the

relr levaJ. a' lgorl tbrn glven by (16) through (19).

Tbese equaflons are used to rnap fhe errors ln fhe

Tp neasurenents lnto a wlnd sPeed eror '  Table 5
glves fbe predlcted wlnd speed emor assunlng a

0.5 K zero-nean Gausslan error ln tbe brlghtness
teuperafures. The emors for each channel are

assuned uncomelabed. Conslderlng lhe antenna
tenperature resolut lon for SMHR [NJot<u et a1.,
1980bl, tbe 0.5 K error ls a reasonable assutt lp-

t lon for tbe 150-kn celIs. To conpute bhese

€morg, nonlnaL values for T", I{, V, and L nust

be  ass lgned .  The  va lues  f o f  Ts ,  V ,  and  L  a re  290

t r ,  2 .1  B lcot ,  and 10 ng/cnr ,  reapeot lve ly .  Be-

L J V J

cause of bhe nonllnearlby ln fhe Tt versus wlnd
speed dependence, tno values for wlnd speed are
consldered: 7 and 15 n/s. These predlcted er-
rors show the sane trends that are observed 1n
the SMMR/SASS wlnd conparlsons. AIl  sysbems have
wlnd speed errors less than 2 m/s, except
L8H|L8V|21V and 37H/LIV/21V, for whlch tbe A-
matrlx 1n (16) 1s nearly slngu1ar. The response
of the b-pol To to wlnd speed 1s greater at 15
rals than aE 7 

-mls, 
and hence the predlcted r lnd

speed emor ls snaller for tbe blgher wlnd speed
case, except for the two poorly perfornlng sys-
tens and Lb,e 37H/37V/2LY systen. For tbese three
systens bbe deternlnant of the A-natr lx decreases
1n splte of tbe lncrease 1n the h-po1 To re-
sponse. FJgure 12 also shows thls tend6ncy of
bhe 3?H/37Y/2w aysfen bo g lve moro no lsy  re t r le-
vals at t ,be hlgber wlnds.

l i l th respect to tbe posslble SSM/I channel
conblna!1ons,  Table  5  lnd lcates bhat  L8H/37YlLtV
ls preferable to 37H/37V/21V, rhereas tbe
SUMR/SASS wlnd conparlsons lndlcate 37H/37V / zLY
1s bhe betler cholce for vlnd speeds belov 10

mla.  The 37Hl37YlzLY EysfeD per forns betber  wt tb

real dafa probably because lb rel les on a single

frequency to separate rlnd fron Ilquld water,

rhereas the 18H/37VlzLV utl l lzes two frequencles'

The 3?H and 37V cbannels have the same afnospher-

lc absorpl lon coeff lclents. In contrast, fhere

1s not a f lxed relat lonshlp between the 18- and

3l-Cllz absorptlon coeff lclents for l lquld water '
The cloud and ralndrop slze dlstr lbutlon, the

tenperature of the water droplets, and bhe horl-

zontal dlstr lbutlon of the I1qu1d water over tbe

SMMR cel l  al l  affecb lhe frequency dependence of

the averaged atnospberlc absorpllon for a SIIHR
cell . .  The T, nodel does not account for tbese

ef fects .
At the hJgher wlnd speeds, Flgure 12 sbows

fhat the t l l f . /37V121Y perforns sl lghfly better.

Also, the 18-Gtlz channels on SMHB experlenced

callbrat lon problens, and fhe brue capabll l ty of

bhe 1 l lH l37V/2w systen nay be bebter  bbau 1s

lndlcated here. Posslbly a cornblnatlon of 18H,

37H, g7V, and 21V nay prove best for retr levlng
ylnds fron SSH/I. In any event, tbe resulfs do

lndlcate that bhe SSM/I w111 bave tbe capabll l ty

to neasure the near-surface wlnd speed to an

accuracy of aboub 2 r- ls, or poaslbly betLer.
Hoyever, we polnt ou! lbab tbe analysls bereln ls

al l  done at a 150-kn resolut lon. The lnpact of

resolublon on wlnd accuracy 1s an lnportant ques-

blon bbat needs f\rrther studY.

Conparlson of SUHR and S${/I InsbrumenfaLlon

In 1986, the f lrst 1n a ner generatlon of

satel l l te rolcrorave radlometers v111 be l-auncbed
aboard bbe Defense l ' lefeorologlcal Sabell lbe
Prograrn (DMSP) Block 5D-2 spac€craft.  The sSM/I

ls a four-frequency, conlcal scannlng radloneter

that n111 neasure the brlghfness tenperature of

the earth's surface and tbe lntervenlng atno-

sphere.  Ibs  four  f requenc les are L93,  22.2,

37 ,0 ,  and  85 .5  GHz .  Each  f r equency  has  a  ho r l -

zonlal and ver0lcal polarlzatlon cbannel except

22.2 GHz, whlcb has only a v-pol channel. Tbe

lnstrunenf w1II be ln a sun-synchronous orblt  at

an alf l tude of 833 kn wlfh a 98.7c 1ncl1nat1on'

The earth lncldence angle r lL1 be 53.10, &Dd tbe

swatb r ldth w111 be 1390 kn. The parabollc re-

f lector hag a 0.6-n dlanetsr, whlch r.1l l  result

t lentz  e t  a I . :

TIBLE 4. Standard Devlablon
Conparlsons 1n Meters

Hlcrovave Measurenents of Ocean ttlnds--seasat and SSI'{/I

of ${MR-SASS lllnd
per Second
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TABIJ 5. Predlcted t{ ind Retr leva} Emors
ln Heters per Second Assunlng a 0.5 K Emor

1n Brlghtness Tenperature

Wlnd Speed

7  n l s 15 n/s

6 .6Hl  L8V lzLV
6  .6H /37Y lzLV

t0 .7H/ LBY / zLV
t0 .7H/  37Vl  zLV

!8Hl L&Y /ztv
LsHl 37V / zLV
37 Hl L$y / zLY
37Hl 37V I 2tV

1 . 4
1 . 3
1 . 5
1 . 0
2 , 5
L . 2
9 . 8
1 . 5

0 . 6
0 . 5
0 . 8
0 . 4
4 . 8
0 , 7
9 . 8
1 . 8

ln a cel l  resolut ion between 15 and 50 kn, depen-
dlng on frequency. A nore conpleLe descrlpt lon
of tbe SSU/I hardlrare ls glven by Ho1J.lnger and
t p  [ 1 9 8 3  ] .

SSH/I 1s an' inprovenent over l ts predecessors,
the Seasat and IIIMBUS 7 SHMR's. The J.nproved
bardyare deslgn sbould greatly nlf lgate lhe blas
problen tbat occurred for the SHMR's. SSM/I 1s a
botal poyer radloneter bavlrg a slngle feed-horn.
The entlre aeruor (1.e., radloneter and parabollc
ref lector) splns at a rafe of one revoluf lon
every 1.9 s. An external cold-space reffector
and yarn referenoe load, whlch are nountbd on the
opln arls and do not rotate, occult the splnntr lg
feed-born once each revolut lon. In thls ray, a
cold and HarE reference voltage 1s obtalned every
1.9 s bbrough a slngle foed-horn. In contrast,
tbe SHHR had a separate feed-horn fo vlew cold
space and utlllzed an lnternal bernlnatlon load
to obtaln a lrarn reference volfage. Ferrlte
sylfcbes yere used bo connect bbe Dlcke erl tch fo
ibe eartb-vlerlng feed-born, the cold-spaoe feed-
born, and bhe lnternal ltarn reference 1oad. Thus
radlatlon conlng fron these thnee sources tra-
vel,ed along separate ravegulde paths and through
varlous ferr l te swltches. Due to Chls amange-
trent, the volf-to-TO bransfer functlon ras qulte
senslt lve to tenperature dlf ferences along the
varlous transnlsslon patbs. Furthernore, fhls
cal lbrat lon scheme requlred a blgh degree of
rel1ab1'11ty for fhe ferr l te swltches; 1.8., thelr
tr ir .nsnlsslon propert les needed to sfay constant
over tbe l1fe of the sensor. The SMMR cal ibra-
t lon deslgn Bas ftrrfher conpllcafed by the fact
tbat dlffereat cold-spaoe borns and ferulte
sr,ltcbes were uged for dlffereat channels. The
end result appears to bave been poorly callbrated
TO's due to the fbernal gradlents r l thln the
radloneter and degradlng femlte svltches. The
Tg blases shorrn ln Table 3 attest to bhese cal l-
brat lon problerns.

In addltlon to fhe lnproved volt-to-TO call-
bratlou, the SSH/I antenna scannlng nechahlsn
ualnlalns a constant allgnnent between the anten-
na polarlzatlon vectors and the earth,s h-pol and
v-pol vectorg. Tbls ls a dlrect coruequence of
lbe feed-born and parabollc reflector splnnlng as
a unlt. fn cornparlson, the SHHRTs parabollc
ref lecfor ras necbanlcal ly scanned yb1le tbe
feed-horn renalned flxed. Thls resulted ln the
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h-pol and v-po1 earfh polarlzatlon vectors rota-
t lng relablve to fhe f lxed polarlzatlon vectors
of fhe feed-horn. Tbls rotat ion of polarlzatlon
vectorg greatly conpllcated t,he data processlng
and was probably the cause for fhe cross-swatb
b iases .

The s tnp le  des lgn of  SSM/I  w l l l  be a  welcone
lnprovenent. The cross-swath, bemporal,  and
day/nlght blases tbab SMI'18 expenlenced ehould be
greatly reduced, leavlng only an absolute bias to
deal wlth. The one naJor drawback to SSM/I ts
Lhat 1t is nlsslr4g the SMMR,s two lower frequen-
cles of 6.6 and 10.7 GHz. Tbls wltL nake vlewlng
ihe earth's surface nore d1ff1cult when heavy
clouds and raln are present. Also, the absence
of the lower frequencles wl1l prohlblb the SSM/I
fron neasurlng the sea-surface tenperature.

$.rnnary and Conclustons

A nen IIRCS nodel and wlnd relr leval algor1lbn
are derlved for the Seasat SASS. Tbe derlvablon
of fhe NRCS nodel ls based on fhe assunpt, lon of a
Ray1eJgh dlstr lbutlon of wlnd speeds, and no 1n
eltu anenoBeter rneaaurenenfs are used. Furfher*
nore, the derlvatlon ls deslgned to preclude, as
nuch as posslble, systenabic polarlzatlon and
lncldence angle €mora 1n the retr leved r lnd
speeds. l{e verl fy the derlvatlon by conparlng
wlnd speeds conpubed frorn dlf ferent oo polarlza-
f lons and lncldence angles. These conparlsons
shon a very close agreenenf, although sna1l re-
slduaJ. systenatlc errors are st l l l  apparenf. Tbe
h-pol versus v-pol wlnd conparlsons shov a syste-
natlc eror havlng an anpli fude of about +0.5 ru/s
over the 0- to 2O-n/s range. The anpll tude of
thls systenatlc emor grors vith lncldence angle.
The adJacent cel l  conparlsons (1.e., dlf ferent
lncldence angles) shon a snaLL r0.2 n/s sys0ena-
tlc eruor. These systenatlc emors ln wlnds fron
fhe porf slde of lhe safellite subtrack are near*
ly ldenflca1 to those shown by the slarboard
wlnds. The cauee of these enrors 1g not known.
For nost appl lcat lons they w1Ll be of l l t t1e
conseguence.

The nadlr NRCS for rlnds above 15 n/s appears
to fal l  off  faster wlth lncreaslng wlnd speed
than 1s predlcted by a constant power 1aw rela-
t lonshlp. To accounf for fhls, a f lnely lncre-
nented table for relat lng bhe nadlr NRCS to r lnd
speed 1s conputed.

The dlstr lbutlon of SASS rlnds for the 3-nonth
Seasat perlod ls slnl lar fo a Raylelgh probabll-
lfy denslty ftrnctlon. Thus bbe lnltlal assunp-
t lon of a Raylelgh dlstr lbutlon of vlnd speeds 1s
self-conslsfent. The rns dlscrepancy between
1523 SASS and buoy vlnd speeds 1s 1.6 u/s, r l th a
-0.1-n/s bias. Tbls good agreenenf supporfs tbe
sLaflst lcal assunpblons 1n the derlvablon and our
assertlon that accurate nodels and algorlfhrns can
be developed wlthoub uslng ln slfu observatlons.

The derlvatlon of fhe ner SMMR To nodel and
geophyslcal refrleval algorllhrn 1nv6lves deter-
nlnlng bhe blases 1n bbe To observatlons, fbe
wlnd-lnduced enlsslvlty coEff lclents, and lhe 3?-
Gllz atnospherlc absorptlon coeff lclents. Excopf
for the 18-CHz channels, the nagnltude of To
blases ranges frorn 1 to 7 K, dependlng on tHe
channel. The blases for the daytlne porblon of
an orblt  are sl lghtly dlf ferent, (0. i  to 1 K) fron
those for the nlghtt ine orblt  segnent. In addl-
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t1on, there ls about a J0.5 K varlablon ln the
blases when they are stral l f led accordlng !o four
24-day t lne perlods. Snall  cross-sHath blases on
the order of J0.5 K also occur. Tbe blases for
18-GHz cbannels are larger. A sudden 5 K drop 1n
tbe roean level of the 18-CHz v-pol and h-pol
cbannels occured at the end of August 1928.

Tbe wlnd-lnduced enlsslvlty coeff lclents 1n
fbe SHIIR To nodel are derlved fron col locafed
SASS vlnd Speede. Tbe slope of the wlnd-lnduced
enlsslvlty versus r lnd spoed lncreages wlth wlnd
speed, ludlcatlng a nonl lnear relat lonshlp. At
37 GHz, tbe tbeoretlcal absorpl lon coeff lclents
for rater vapor and llquld water are reduced by a
factor  o f  0 .88 and 0,73,  respecblve ly ,  1n order
lo obtaln conslstency between the l lquld water
contents lnfemed fron fhe 18V and 21V channels
and tbose lnferred fron the 3?V and 21V channels.
I t  1s not clear rhy fhe theoretlcal coeff lclents
gave lnconslsLenf l lquld Haters. Sone posslblo
e:gplanatlona are ra1n cel,l,s that are small con-
pared wlfb the resolut lon ceIl  slze, M1e scatfer-
1ng, or an lncorroct speclf lcat lon of the Lenper-
afure prof l le for bhe l lquld Hater.

Tbe vlnds conlng fron fhe nlcrowaye radloneter
SMHR and fbe nlcroyave scal leroneter SASS are
conpared and found to be blghly oonelated.
Three of fhe SMHR channeL conblnablons consldered
(5 .6H /18V lzLV ,  6 .6H l37Y lzLV ,  10 .7H l  37V  I  ?LV)  p ro -
duce r lnds tbat ghow a 1.4-n/s agreenent r l th the
off-nadlr SASS rlndg. Fon bhe nadlr SASS wlnde,
tbe agreenenb slJght1y degrades to 1.5 n/s. A
second sef of cbannel conblnatlons
(10.7Hl18VlzLV,  t8Kl37Yl2Ly,  37Hl37Y/z tV)  p€r-
forus nearly as welI,  showlng about a 2-m/s
SHHR/SASS dlscrepancy. The f1nal two SMHR chan-
nel conblnatlons fhat are consldered
(18H/LgVlzLV,  gTHtLgVlz lV)  denonst ra fe  l l f t le ,  l f
ary, sklU ln refr levlng vlnd speed.

The SMHR wlnds appear to be trore nolsy fhan
lbe SASS wlnds for  w lnds be lov 3  n /s .  For  wlnds '
above 15 n/s, tbe SIIHR wlnds are systenatlcal ly
hfuber than tbe SASS rlnds by about 1 to 2 n/s.
The good agreement that 1s obtalned for wlnds
from 3 Lo 7 u/s lndlcates that fbe SHMR brlghf-
ness fenperatures are senslt lve to ylnd speed vla
Have tl1t1ng uhen there 1s l1btle or no whltecap-
p1ng .

Tbe resulfs for the 18H/37V/21V and
37H/37V121V SM!{R v€rsus SASS cornparlsons lndlcate
tbat upconlng sabell l te nlcronave radlonefer
SSM/I, to be launched 1n 1986, w1l-I  have the
capabll l ty to neasure bhe near-surface wlnd speed
ylLb abouE a 2-m/s accuracy.'  

Tbere are a nurnber of questlons bhat st l I I
need to be addressed concernlng fhe capabll l t les
of SMHR, SASS, SSH/I, and fhe nlcrowave sensora
io be f losn on fhe Navy's Renobe 0cean Senslng
Sysfen (N-RGSS). The lnvestJgablon reported
bereln only conslders SASS vlnds at a 100-kn
resolut lon and SMMR wlnds, water vapora, and
I1qu1d yater contents at a 150-kro resolut lon.
Hany appllcatlons'such as storn research requlre
a f lner resolut lon such as 25 or 50 kn. The
uicrosave slgnature of raln bands, whlch are
typ1cally 5 to 10 kn 1n s1ze, n1II be rnore donl-
nant at tbe flner resoluflons and wlll lnterfere
ylth the r lnd rebrlevals, Furthernore, tbe sca!-
Lerometer and radioneter nolse w111 be greater
because the tenporal and spatlal tlne averages
1111 be snal ler. To address these resolut lon
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questlons, we plan to refr leve wlnd speeds, yater
vapors, and l lquld raten contents fron the 50-kn
resolut lon SMMR Tp's and SASS 6o's.

One very lnporL"an! problen fhab 1s not addres-
sed ln thls lnvestlgaflon 1s the retnlevaJ. of
wlnd dlrectLon frou ecatteroneter Beasurenenbs.
l{e conslder the wlnd dlrect lon retr leva-l  problen
an open lssue thaf needs conslderably l lore lnves-
t lgat,1on,

In concluslon, .  He encourage other lnvesl lga-
tors fo use tbe new second-generaflon SMMR aad
SASS geophyslcal daba products, rrhlcb are a sub-
stanblal lnprovernent over the f lrst-generatlon
products released 1n 1981. These dafa are aval l-
ab le  ln  a  convenlent ,  conpact  fornaf .
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