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Abstract

Wi]Ids  over the occzu)  ]IlodL]latc  the ai~-sca fluxes of heat, ]noistum,  gases a]ld partic-

u]atcs,  rcgulati]]g  t h e  crucial  cou])li]lg bctwcc]l  atmosphcm  and  occa]l that cstablisllcs  and

mai]]tai]ls global  a~ld regional cli]natc. Global  mapping of  occall  wind  is crucial for ]na]]y

occa]lographic  a]ld atlnos~)hcric  s tud ie s . NuIncmus  spacch]lc scattcromctcm  have bcc]l

a]]d will bc laullcllcd to pcrfonn global  “wind field ll-l(as\l]’clrl(~]lts. l~csidcs the scatkromc-

tc] tccllno]ogy,  the Jet l’ro])ulsion  l,aboratorj  (J}’] ,)  is  invcstigat  i]l~ a ]Icw tccllllology  for

willd  ]ncasum]ncnts  usi]]g polari]nctric  miuo]vavc  radio mctms. ‘J’llis  pal)cr  will proviclc  al]

overview of tllc ])olari]llctric  wincl  radiometer JmcarclI  activities at J] ’],. l{ccc]lt  results from

aircraft  llllllti-f]c(lLlcl]cy  polari]nct~ic  radiolncter  fligjlts  will k p[csc]ltcd  along with their

i]]]plic.atio]ls.  l“utfurc  rcsearc]l  pla]l wil l  be clcscrihcd.

1 Introduction

‘J’llc ]Ica] su]facc  occa,l]  wind,  gc]lcrating  the IIlo]l]cv]tlll]l  flux af[’(cti]]g  oc.ca]l  circulatioll  Zllld

mixi])g,  is t,l)c kcy driving  force in air-sea interaction proccsscs. (;lobal  n]appillp; of  ]~car

surface  oc,ca]l wi]lds  is crucial for ]nally  occanogra])l]ic  allcl  a,t]]lospl]cl.ic studies. ‘J’llc  Scasat-

A  S a t e l l i t e  Scatt,cro]nctcr  ol)crati]lg  fro]n  JUIIC to octobc]  ] 9’j8 was the fimt sl]accbornc

scattcro]]]ctcr (Ic]]lo]lstrati]]g  that accurate wir]d vclo( ity lncasu]c[]]c]lts  could  I)c nladc fl’olll

s])acc. A single:-swath scattcro]nctcr  operating at C-band is ljr(scntly  flyillF;  on tl]c  l;uropcall

S~Jacc Agc]lcy  ’s ltc]llotc Sc]lsillg Satellite ]Jlissio]l. Nulncrous  s])accl)orIIc  willd  scattcro]nctc]
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lnissions  am Iwing  plan]]ed  ill the future. ‘J’o be launclicxl as lmlt  of the Japanese A dvaJIcd

}’;artll  01.mnmtiol)  Systc]n (A1)FX)S-1)  mission  in 1996, NSCArl’ will lx: tllc  first  dua l - swa th ,

Kwballd  sczlttc]o]llc:tcrtlo  fly sillcc Scasat. U’ollow on to the NSC/\’ll  is the ScaWinds  scat-

tmolnctc]to  bclaul]chcd  on tllcsccond  AI)];(JS  xnission  i]] 1999.

lksidcs  active wi]]d scattcromdcrs,  Jl)l,  is dcvclolJiIIg  a polarin)ct].ic radiometer technol-

ogy for occall  wind  velocity (speed al]cl direction) ll-l(aSUrCl  IIC]]tS. l’rcvious  al)plications  of

~}assivc  micmwavc  ladiol)lctcm  WCIC limit,cd t,<) w i n d  sl)ccd IIl(tislll’(lll(:llts.  IIowcvcr, K!ccllt

(:xlJc:lill-]cllt  zllo}>scll~:lti  oils  [1, 2, 3, 4] il]dicatcd  that,  oc(an  llli(lo}\a\’(tllcllll:il  radiation could

vary  ovm  azilllutlllal  allglcs  mla~ivc  to tllc  Ivind d i r ec t ion  by a fcw Kelvi]).

‘J’hc aircraft  radiolnct,cr  cxlwrimcnts conduc ted  l)JT the liussi:li] scientists at the Spare

l{cscalclllllstitlltc  llleas~lrccltllc:sca  surfaccbright]lcss  tcllll~clat,~ll(sat  llezlll ~orlll:~li  llci(lcrlcc

al~glcs [1, 3]. ‘J’llcy  found  a fcw Kelvin wind direction sig]lal ill tllc  })rip;htlless  tcll]pcraturcs.

LJnfortullatcly,  tllosclllcaslllc]llcl~  ts(licl  not covcrihe  raJlgcof  illci[l(llcca  l~glc:t  laclitiollally

used by spaccborllc  lnic~owavc  radiometers (illcidcnc.t!  angles of 4S0 to 60°) for large swath

covcragc. III col~trast,  t h e  S~)ccial  S e n s o r  h4icIowa]c/llllap;cl  (SSN1 /1) }Ias  Incasumd  t}lc

brigl)t]]css  t,cln~)craturm  at all illcidcncc allglc  of  53(’ . Wc]ltz’s  SSM/1  Inodcl  ful]ction  [ 2 ]

i]~dicatecl  tltat 7jL a n d  7; at both 19 a n d  3 7  (;IIz collld val~~ lvitll  tile  w i n d  diwctioll  l)y a

fcw Kc]vill.

111 additio]l  tori’v and  ‘J’1) measured Ijyconvc]ltioll:i 1 radiometcls,  tllc  third  arid the fourth

SLOI{CS I)aralnctcus  (11 a n d  V )  arc mquircd  to  fully  {harac.tcri~,c l)olarimd  clcc,(,lolllagllctic

radiation  [5 ] .  ‘1 ’0  cx~)lom Ll]c l)ot,clltial of ])olarilnctric  yadiolnctlJ~  fol spaccl~orl]c  rclnotc

scllsillg  al~])licatiolls, a K-band lll~llti-}~olarizatic)]~  radiometer (\4~l Nl)l{Al)) was built and

deployed 0]1 the NASA I) C-8 aircraft with circle  flip,l~ts over sc~clal  ocean buoys to study

sca surfac.c radio  clnissiolls  by }’IIcI] et, al. [4] in NovtIIll>c]  1993. ‘1’11(’se  IIlcasul’clllcl)ts  \vel’c

tlhc fil’st Cxllclilllcl]tal  cviclcl)cc indicating  that tile  filst th]ce Stok(Is  l)atalllct,crs  of sca  sulfacc

clllissiolls  arc scllsitivc to occaJt wirld dircctiolt in t]l( il)cidcl)cc  aJlp,](  ]saJJgc  of 30° to 50°.

1 lowcvm, tllcsc cxl)crinlclltal  data arc not yet adc(]uatc  (0 dcx+if,T1 a spaccbrnc  scllsol’ fol
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ocean wind 311C2\SllrC11-]CIIt)S. ‘1’0 ohtail]  a bcttm lll)(lcrstall(liI1p,  o f  tllc  frcqumlcy  dcpcnclcmcc,

a Ka-band (37 G]lx)  polarilnctric  radimnctcr  was built and  i]ltc~,rated  with tllc  K-hand (19

GIlz) radiolnctcr  used in tllc  1993 WI NI)l{AI)  cxpcrilllcni,  s. ‘J’l]c dllal- frequency systmn  was

flow]) ill J u l y  ar)cl  August  1994 a]ld h4arch-May  199T) o v e r  occa]i buoys to obtain a more

cxtmlsivc  IIlcasurcmcl]t.  ‘1’hc results arc nq)ortcd  ill Lllis paper.

2 Aircraft Wind Radiometer l“light,  Experiments

l’;igl)t  succcssfu]  aircxaft flights wcm  perfonllcd  by .11’1, over Lllc National IIata ]Iuoy  Center

(NI)IIC) I]]oorcd  b u o y s  dcp]oyccl ill tllc  l;ast l’acific  ill suTm]]cr  ]!)!)4  and  spring  ]995.  ‘1’IIc

wind  speeds mkcou]ltcrcd  during  tllc  cxperinlclltls  range from 2 1]1/s  to 11 m/s. ‘]’hc radiometer

alltmlna,  lIor IIs were  fixccl  mount ccl on the 1)(; -8 wilidow’s at all angle of  80 dcgrccs  fro~n

IIaclir. ‘1’o Illmsurc the data at 45°, 55°, ancl 65° inci(lcl)cc  allg;lcs.  tllc  l) C-8 was banked at

35°, 25°, al]d 15°, rcs])cctivcly.  At each bank angle,  1 JC8

tlllc  racliolnctcrs  to acqu i re  clata  fro]ll all winluth a])l’;lcs

clircction.  Aircraft altitude for the circle  flighfs  at 25 and

27K feet, and was al)out 31 K feet for the 15 degree bank.

that tllc loc.atiol) of antc]llla  footpril)t  would be CIOSC  to the

pcrfo]nlcd  circle flights, allowing

with  ]e:.lx~(t  to the surface wincl

35 degree bank angles was about

‘I]]]c flight a]tit,uclc was chose]]  so

celltcr of the circles. ‘J’his  mlsurcd

that tl]c  clata  were col]cctcd  over ncar]y  the sa]ne  are:l, }Icllcc  redllcillp;  the ul)ccrtaillty  duc

to })otclltial  sl)atial surface variations.

IIcrc arc tllc key results of the flight  cxlJcrilrlcllts. ( 1 )  Cleal Willc] l)irccticjll  Signals:

‘1’llc sca  sllrfacc })rig}ltlless  t,cln])craturcs  vary lvitll tll{ willcl  direction  I)y a fcw Kclvi]ls  ill all

l)ola]izat,iolls.” IT1 IJarticular,  the symlnctry  of the U is (ollll>lc]I]cllt:IIy  to tl]osc of ‘1’v  and ‘J’11,

indicating a significant l)otclltial  for unalllbiglious  willcl  clircxt,ic)ll  II]casurclncllts.  (’2) IIroad

l“rcqllcllcy  I) C]) CIICIC’IICC: ‘1’lIc wind  clircctioll  s ignals  al<: coll)l)aral)lc  at, 19 a]ld 37 G}Iz. ‘1’his

w e a k  frcqucl)cy  dcj)cJldcl]cc  illl~)lics  that 19 and  37 (; IIz racliolnct  crs wou]d l)rovidc  s imi l a r

accuracies for tllc wind direction lncasurclnmt  ulldcr clear sky condition. It should, llOwCvcr,

bc cxpcctcd  that 19 Gllz channc]  would bc ICSS scllsitivc  to at,lllosl)llcric.  cfrccts  than 37 Gllz



cllarllicl,  wllilc  37 Gllz s})accborne  radiometer Iypicallj  would give a I}cttcr  spatial I’csolutioll

tllall  19 CIlz radiolnct,crs  for tl]c salllc  alltlcl]na size. (3) StroIIg  IIlci(lmlcc  A]lglc l)c~jc])dc]lcc:

‘1’llc clata,  collcctcd  in tllc  inciclcncc  allglc  rallg;c of 30 i,o 65 d e g r e e s , S11OWCCI I,llat  the the

directional sigl~als  i]) ‘I’ll  l]avc a weak il)cidcllcc  aliglc  dcpcndc]lcc, \t’llilc  ‘J’v and LJ may have

sigllificallt  cllal)gcs  over illcidcllcc  ang]cs.  (4) Ol)scrval)lc  Signals at, l,ow Winds: prclilnillary

clata  illdicatc  that  t,hcrc  arc O.s t,o 1  l<clvi  I] siglla]s ill (J at 2-3 111/s  Willcls at (jb dcgrcc

illcidcllcc  aIIglc.

3  S u m m a r y

111 collclllsioll,  our a i r c r a f t  radiolncl,cl.  flight  cxpcriln(nts  have ~JI (~vidcd  tl)c cxpcrilncnta]

cvidcllcc that all S t o k e s  para]nctcrs of  tllcrma] radiiltioll  frolll f~f~a s~lr a~cs arc s e n s i t i v e

to willcl  direction in tllc range of incidence mlglm  from 30 to 65 degrees. ‘I1llc successful

cxlmil)lcllts  l]avc illdicatml the strong  potent ial  of  ~)assivc IIliclowavc  radiolncters  to be a

low-cost operational illstrulljcnt  for global  occall  wind mcasurclllcllts.

11’ollowing  is our future  WI Nl)li Al) research plan:

1. Collduc.t  o]lc set of flights  cacll year in 1996 and 1 !J97 to COI1(C1 data over a II]orc variety

of atlllosl)llcric  and occal)ic  conclitions,  i]) pa,rticlllar ]O}V and ]Ii:,]l wiI)d coIlditions.

2 .  ])cvcIo])  tllc ~)rcli]llillary  WI NI)I{AI)  gco])hysic;il m o d e l  f~lllct,ioll.  WJNI)I{A1)  d a t a

will l)c assill]ila,tcd  i]lto a, ])rclimillary  gco])hysic:: 1 model function  rclatillg  sca surface

briglltllcss  tc]llpcraturcs  to occall  wind velocity. ‘1’hc s(:llsiti}ity  of gco])llysica]  lnodcl

function oll il]cidcmc,e  ang]c,  frcqucllcy,  l)o]arizal  i o n , alJnosl)llmic  water vapor/liquid

water, air and sea surface tc~npcraturcs,  and  sw(lls  will be ill Lcstigatcd.

W C  arc Cllrr(:]ltly  co]lductillg  s~)accbornc  wincl ladiolrlc~cr  dcsigll to dctcrl)lillc  cost and cOli-

figllratioll  along with tllc  l)latforlll  of  opl)ortunity.
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