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III this  imj)cr, we invcstip,  ate tile t~cllavior of tjlle scattcrcd Clcctrolll  a?;rlctic. w a v e s

frolI]  l,oll-(;  aussiali  occall surfaces at IIear  grazi]lg i]]ciclc]lcc. lh]ll tllc cxl~crirm]ltal

c)ceall scattcririg data, it has l)ccII olmrvcd that the t)ackscattcrirlg  cross section of a

IIorizolitally  ]Jolarizcd wave caII be a.s large as tllc vertical cou]ltcr])art, at IIcar grazitlg

illcidcllcc.  lrI additioIl,  tlicsc rctur]ls  arc Iligllly illter]llitterlt  ir[ ti]]]c. lJsillg ]Iu]lmical

scat, t,crillg si]r]ulatio]]s, it call I)c sllowll t}lat tllc IIorizorlta]  average Lacks catterill?,  cross

sccticm ca]lllot  bc larger  tllaIl tllc vertical cou]lter])art  for tile GaussiaIl  surfaces. Our

)Ilaill  ol)jective  of this sludy is to gail] a clear unclcrstandil!g  of IIcar-grazillg  scattcrirlg

IIlccllallis]lls  and statistics fro]n occa]l  surfaces which arc irltrirlsically  ]loI1-Gaussian.  lror

tllc occali surface ]Imde]illg,  wc gc]leratc  Gaussian  surfaces frc]lll tllc c)cearl surfi~ce ]~owcr

slwctrulll  wliicll is derived I]sillg  several cx]wri]rwlltal data. ‘I’l ImI, ]Io]llirlcar llydrcJdy -

]Iarllic characteristic is illtcoduccd  using a]} cflicic~lt  ~rlctllod. l~clr surface scatteriI]g,  we

usc  MOM (Mctllod  of Mo~[lcIkts)  to calculate the scattcrcd ficlcls fro~]l ocea]l patc]les.

‘1’IIc diflin-c]]ccs  bctwce~l Gaussian  a]ld no]l-(; aussiarj surface scattcriIlg  at ]Icar grazi]lg

iIlcidc]lcc arc ]Ircsentcd.  \Vc also discuss tllc ])olarillwtric  dejwIIdcIIcc  and statistics c)f

tllc scattered fields fro~ll ocean surfticcs.

Scattcri]lgfronl  aII ocean surfaceat  Il(!arg;] aziIlgiJlcicl(:llc(:  llast)ec)l  studicxl  both thfmrcti -

cally aIId cxpcri]nc]ltal]y  by II)aIIy rwsc’arc. hers [See, for exa]nplc,  lmvis  aucl olin, 1 980; Wcl-

ZCI, IWO; ‘Ilinla,  1991; l{i IIo and Ngo, ]993]. Accordin~:  to mperilllclital  crbsmvatio]is,  radar

I)acksc.attcr at grazing illcidellc.c  allgJcs  slIows alI illtercstilig  ~)olarizatiol[  dcIpcIIclcIIcc  which

lIas IIot lW(III cx}dailled  satisfactorily using;  theoretical II~odels. S1)ecificdly,  t}Ic backscatter

~~,ti~ ~1111 CCHIICS CJoscr  to unity  tha]l l)rcdic. td hy Inany t h i n - d i m . lli,e,h  rcdution  radarOvv

retur]ls  show high illtmlsiiy  sca spikes w]lich  am illtm Illittmlt iIl tillle, l’or these  sea spikes,

01111  cau h larger  thau  crv L~. ‘1’here have bcwn SC) II)(’  sup,gestio]ls that these  uuexpectcxl

olmlvatio]ls  lnay COIIIe  from shadowill F, or feature scattering [Wdml,  1990]. 11 Ow[!ver-,

currc]lt]y,  there is ILO c l e a r  ullclerstall(ling of the oriFjli  of tll~s~  p~leIlolI~~lla.  111 order  to

discover their cause, olIe lnust  II Ioclcd c)ccan  surfaces realistically. Many cauonic.a]  and and
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sclni-cln~irical  features, suc.11  as cylilldms,  wedges, s]larp crests, s]cmhes a.rlcl plu IIIes, IIavc

l)CCII  used for this purpcm [Wctml, 1990]. III t h i s  paper ,  wc perforln  a nulnerica.1 exper-

iIIIeIIt wllic]l  includes  Ilolllillear  wave interactions delivcd fmln the law of }Iydrodyllalnics

[(~rcalller  et al., 198!)]  and calculate tllc scattered field using MOM (hjcthod  of MoIIlelits)

t o  ulldcrstalld  scattel-i]lg  behavior  at grazing  illcidcllcc.

As discussed ill tlIc }Jrevious  I)aragral)ll,  botlI  hydrody~lalilic  IIlodclillg  of oceal] surfaces

aIId all accura te  IIcar gra7,i  Ilg scattcrilig; t]leory ale required  in order  tc) c~valuate  the scat-

tcrwl field from tlIc occa]l surfaces at Ilcar ~razillg i]lcidellcc, ]’or tllc surface Ioodelillg, WFC

p,cllcratc  Gaussiali  surfaces frc)lll  tlic occall  surfidcc ~Jow’er  s])ectruln dcrivml usiIlg severa l

Cxl)crilllclltal  data [Rodriguez et al., 199’2]. ‘IIIICII,  nonlinear  cfl(’cts  are introduced usi]lg a

II{~w al)l~roacll  dcvolo})w] hy (hwalricr ct al [1 989].  }’or su IFdcc scattcri  Ilg, we inlplmncnte

Moh4 to calculate tlIc hackscatterillg  froln occall  surface ~)atc.llcs. Sillcc 110 allalytic.al  scat-

tcri]lg tlimries I\avc bcclI  l)rovcII to k accurate for IIcar graziIl~  scattcri  ILg, we im~)lclnclltcd

MOM even tllougll full two di]ncllsiollal  occall  surfaces callllot be used. l;ven with MOM,

it is well  krlowll  that, if the ccnlventional  illcideIlt wave tarlc~rillg  [r] ’horscw,  1988] is used,  the

scattcrirlg ])atch lcIIgth Illust  be very large  (usually II Iuch larger than  100 A) for ILcar grazing

scattcrillg.  IIcrc,  A is  tllc wavelcllgt]l  o f  tile illcidcllt clectrolnag{lctic  wave, l’or illc,idellcc

al Iglcs  larger than 80 dcycyms,  tlic scattmillp;  patch Icllp,ttl  rcquirclnellt  prevents us froIn us-

ing tlIc ta~)crcxl  MOM (})opular]y  kllowll  as tllc ta~)ered illtcgral  cquatio]l lnct}lod). ]Icrc,  we

use })eric)dic  bounclary  c.ollditiolls allcl  t}Ic l)criodic (;rec  Ii’s function is accurately evaluated

using the method  suggested by Veysoglu et al. [ 1991  ] ill order to avoid the ullrcasonahly

large  l)atc}l  lm]gtlls.

‘1’lIc ~)url~osc of this l)a~)cr  is to cxalnillc  the eflm ts of lloIlliIlear  occa]l surfaccx  ill order

to detcr]lli]lc  the origi]l of the curious scatteri  Ilg [)l)ono]l)ella  at ]Icar grazing incidence.

‘J’hc statistics of IIear-grazing  sc.attcrillg arc illveslip,iited  and cc)~n])arcd  with the scattcwillg

statistics at li~c)dcst  incidcllc.e angles. l;specially,  ttle ~)olari]netric  dc.pendencc o f  Ilcar-

graxillg sc.at,tcrillg is co]ltrastcd  with that at IIlodcst  itl[i(le]lcc. llcnvcvcr,  we mnphasim  that

the cmall  surface modclill~;  in this paper dots not illcludc several  important features present



iII tlIc real oceaII.  Ilrst>  vw igIICHW breaking waves si]lce  they arc )Iot

to be iIIcludccl  i n  t he  hydrodyI\aInic  lnoclclillgo  Sec.oIIcl,  w e  IIavc

3

wdl eIIough ullclcrstoocl

IIcgledecl  Wi]lcl  forcing

wllic.}1 is of i]n])ortallcc  ill dcterltli]ling  tile Inoculation a]ld }) Ilasc  for very short waves.  ‘l’his

IIIay ]lot afrect significmltly our evaluatio]l of tllc scattering cross scc.tion since we consider

the S-hand (A =-15 cm) scattcrillg. ‘1’bird, wc assuIIlc  perfectly ccnlrluciing  oIle-cliIrlcIlsioIial

surfaces for coln~jutatiollal siml)licity. ‘] ’horsos [1990] has studied tllc scattering cross Scctioll

for Gaussian occarl-like surfaces at 80 degrees iIlcidcllcc. our approach diffc’rs from his in

that wc consider  IIolllillcar  occarl  cflccts,  polarizatio]l  cfrects and s]lldlcr  wavelengths and

i])cideIlc.e  an,glcs.

‘1’hc out]inc  for this paper is the follc)wi]lg.  III the next section, we prcscmt a method  to

p;c]lc~ratc  lloll-Gaussia]l  oc.ea]l surfaces. ‘1’lIc bistatic  scatteri]lg  cross sec.tio]ls  are ca,lc.ulatd

ill thcI third  sectio]i. ‘1’lIc fourth section plcsmlts  the statistics of the l~ackscattcwillg cross

section at IIcar grazing  illc,idmlcc, !l’hc final  scc.tion suln]narizcs  our conc]usiolls.

2. N O N  G A U S S I A N  O(:I<;AN SUILIIACR GENKILA’IION

III order to realistically Inodcl  ocean surfaces, OIIC ]nust illcluclc  the nonlinear  hydrody  -

IIalnic cfrcc.ts.  ‘J’his  nonlinear intcractio]l  of oc.call  waves produces the };lcc.troII~agllctic.  llias

efl’ect  WlICII the ocean is illu Irlillatcd  frolll tile nadir direction [See, for cxaIn~Jc, Rodrr’guez

et al., 1992]. IIowcver,  non- (~aussia]l  surface cflects for near grazing scattering arc not well

understood. lrl this section, we present au Cxisti?lg  technique tcl inclucle  the nolllinea.r  in-

teraction  using a linear  rcprcscntatio]l  of ocwan  surface waves dcvclo~)ecl  by ~reamm ct al

[]989]. ‘1’o our knowlcxlgc, this mcthocl  was first implmncvitccl  for ocean sc.attcring  by Rino

et al. [1991]. ]n the fol]c)wing l)alagraph,  we sulnlnarize  the lncthocl.

lb one-dimensional surfaces, this mcthocl  is particularly simple to implement. I+’or

dctai]cd  ]rlathmnaticzd and physical ex~danation for arbitrary two-c]  i]r]ensio]ld  spectra, the

rcticlcr  is referred  to tile original paper [0-cxt]ncr  et al., 1989]. ‘J’lIe recipe is as follows, l’irst,

gcllcratc  a Gaussian surface from the pro~joscd  occau Spcctruln  l’(k)  as

l“(k)  = k- z“~[sl c- ‘/k’ + s~(- klk’] k>k~ (1)
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k. : g/(J2 (2)

k~ = 27[/3  [m” 1] (3)

kz= 27r/o.02 [m’]] (4)

where k is tlIc wavcllulnber,  g aIId /J arc the accelerat ion of gravity aIIcl the wind SIJCCX1

IIIeasurcd  at 10 III, resl)ectivc]y. ‘1’}Ic  sl)cctral strmlgths  s] and S2 are choseII based 011 SOIIIe

cxpcrilncllta~ data and the details cau IM found in Rodrfguez  et al. [1 992]. ‘1’lIcII, after

rclnovill.g t,lIe mean height of the (Jaussiall surfzzcc, take  }Iilbcrt trausforIn  d(z) as

(5)

where 1’ ~ is the pri Iicipa; value inte,qal  and ]LC; is a (;aussian  surface height. Next,  pcrfcnm

a coordinate trallsforInatio]l  using

2? =“””  z - d(z). (6)

11’illally,  take  aII inverse IIillmrt  trallsforlll  slid add mean to gmlcrate  llo~l-Gaussian  o c e a n

(i’)

where hNC; is a noll-Gaussian  surface and d,(x’) is the coordinate trausformcd  Hilhert

transform.

If Gaussian and non-Gaussiall  surfaces arc coIl[parcd,  they show significant differences

cvcII  though  their spectra are silllilar, ‘J’lIc  lnost relevant  diff’cuwce  is that the small scale

surface rougll]icss is IIlodulatcd  by the lalge  waves owing to nonlinear wave interac.tio]ls.

We have cxalnincd  this using our surface height data to verify these  nonlinear  effects. Hot]]

(;aussia.11  aIIcl non-Gaussian surfaces were divided i]lto 4096 patcllc.s of 1 ]nctcr  length. )1’or

each patch, we calculated the lneau height, rlns slope, and average radius of curvature. ~’hc

avm-age  radius of curvature I’C is given by

1 ‘c = ----. --v~--------
<[ A(z) 1>

(8)
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Wllcrc

(9)

aIId ]~r and }LO.T  are the first and sc!coIId  derivativc?s  of the surface height. ‘J’hew? surface

rouglIIIcIss  ~Jaral[lctcrsw  c’rcbillllccl  acccjr{lillgt  otllcirl[ieall  IIcigllt. ‘J’llc results  for 10In/sec

wiIId slIcxxl  arc showII in l~ig.  1. As showII ill }~’ig. 1, the surfaco rougll]less  c)f ]lon-(~aussial}

surface illc.reases for larpyr  It)ca]l llcigllt. ‘J’his is cvidcvlt  froIn both rrns slope and raclius

of curvature.  ‘1’hisis  cxljectccl  results  fron] IlollliIleari)lteractioIl  of waves [I,oliguet-lliggills

and Stewart, 1961].

3. llAI)AIt  CILOSS  SECTION  CAIjCUIjATIONS

I II tltisscction,  wcca,lculatc  bistaticcrcxss  sectiollsfroln  simulated occall  surfaccsusi)lg

hfloM, II;VCVI  though MOM demands i]ltensivc numerical coIn~)utatioIl,  we uscit  si]lc.c  110

analytic  tcchl]iqucs  have l)rovcn accurate for IIcar grw~illg scattcri]lg.  III order  to evaluate

tllcscattc’riIlg  crc}ssscctic)Il  frcml  alargcoccall  surfacc,  wcdividethc  surface into many 80

wavclellgtll l)atclles and scattcri~lg from each patch is calculated usi]lg MOM. Notice that,

cacll  })atcll was tilted  hy thc]argc  waves. ‘i’his tilting changes the local incidence angle and

it also })rovidcs  the s]ladowillg due to large wave coInpollents. III c)ur siIllulation,  wc used

324 patches of 12.5 Inetw- and the incidenc.c wavcdcngth  was 15.625 cm. ‘1’lIc sca.ttcrcd  fields

from each patcl  were iIlcohcrently  averaged tc) obtain  the bistatic  cross scctioll.

‘J’hc scattcrcd  fielcl  was c.oInl)utcd  using M0h4 assu Tning ~Jcrioclic. boundary condition

in order  to rcducc  the edge current  effect. I)UC to this periodic condition, wc do IIot have

to tal)cr  the incidc]lt  field but wc ]nust evaluate the periodic Green’s function which is an

illfinitc  sumlnation.  llclIcc,  even though wc remove the large patch length rcc!uircment.  of

the tapered incident wave method at near grazing, the colnputa.tional  burden is on the

evaluation of the pcrioclic  Crccn’s  function. IIcre,  we convcrtcd  the Green’s function to an

ilitcgral using a ljap]acc  trallsforln  pair following the technique by Vcysoglu et al, [1991].

‘llIIC detailed ill~])lcIl~clltatioIls  of this lnetllod  arc prcmllted  clscwllcre [Rodriguez and Kiln,

1993a].



‘J’]IC hjstatic. cross sections of botlI Gaussial) and lloI1-(;aussiall  surfaces are shown in

l’ig. 2 for tlIrcc diffcreIlt  incidence angles. I,’or modest incidence angles (1’ig 2(a) and

( b ) ) ,  wcnoticcthat  thcvwis  allnosl-  nodiflkrcnc.csin  thcbistatic  cross sectiollsof  Gaus-

sian and non-(;  aussian  surfaces. }+’or grazi Ilg incidence angle (1’ig.2 (c)), the bistatic cross

scctioll of tlIc lloI1-Gaussian  surface is IIigllcr  tha.11 its Gaussiali  counterpart by 2 to 3 d}]

for 11-pc)larization. IIowcwcr,  for V-l)olarizatic)]l, the non-Gaussian features make aJJnost

110 diflcrcllccw  in the bistatic  cross section. ‘J’his  Il[ay suggest that if highly non-Gaussian

sliar])  features are illtroduccd,  the ]1-polarizatio]l bac.kscattcr  call  bc highly cmhanc.ed c.oln -

l)ared  wit}l t]lc V-])olarizatio]l  case. l’roln the l“ig.  2(c), tile d i f fe rence  between  11- a n d

V-polarization hacksc.attering  cross scctic)Ils  is 30 d]].

]Jor near grazi]lg scattering, it is in~])orta]lt  to consider slladowi]lg effcc.ts which ~nay be

a.frdd  by 12.5 Inctcr  patch size. III order  to examine the patch size dl’ec.t,  wc inc.rcasc  the

~mtch  lcIIgth to 25 Inetcrs  and calculate the bistatic cross scc.tioIi. ‘1’he  results arc shown in

l’ig. 3. ‘J’here is almost no cliffm-cmce  between the bistatic cross sections of two patch lengths

for either polarization. l’;ven though this results cannc)t prove that the further increase in

J)atcll  lc]]gth  will not aflm.t tile bistatic cross mction, it is very suggestive that 12.5 Inctcr

pate.11 is loIIg clIoug}I  for tlIe S-halicl  scatterilig  calculatioli.

4. S T A T I S T I C S  OF llACKsCA’IIIK}L}NG Ckoss SKC:TION

‘J’he bistatic cross section shown in the previous section can bc considered as the scat-

tering  response of a low resolution radar. l“or our nunlcrical  ca~culation, the raclar footprint

was 4 km. Since wc calculate the scattered field froln each 12.5 meter  patc}[, we can simulate

the hac.kscattcred  returns for a high resolution radar. ‘J’he results are shown iIl l’ig. 4. l’rom

l’ig. 4, it can tm noticed that stronger rcturlls  of CTIi~I are more s~)oradic t}lan  those  of CWV -

Si]nilar experimental observation was reported by l,ewis and Olin [1 980] for sca spikes using

9.2 (;]]z ~)lllses.  ~lowevcr,  t}lc strollger  rctllrlls  jll }’ig.  4 C I O  not al)pear  to h sea spikes since

tile vertical ba.ckscattcrs  arc much strollgcr  (approxi]natcly  30 d]]) than the horizontal ones.

IIa.scd on the observations by l,cwis and Olin, the largest backscatter was duc to whitecaps.

Since whitecaps and breaking waves are not included in our modeling, the absence of sca
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sl)jkcs jll our sjmulatjo~l  CaII be uIIdc:rstoocl.  lIWIC.C,  to verify tlie cxpmi  Ine]ltal obscrvatio]ls

by ],ewis allcl Oli Il, wc lIlust  model the breaking events jn our numerical simulation.

llroIrl tllc bac.kscattcrillg  c r o s s  sec.tiolls  fro]n 12.5 ]net~’r l)atc}lm (1’’ig.  4) ,  OIIe CaII IIO-

tice that 11- arid V- ~)olarizatjon  cross sections vary cliflcrently. ‘i’hat  is, V-})olarizatioIl

I)ackscattcr  call  bc relatively s~nall whcII }1-polariz,atic)ll  IIas a. strorig backscattering cross

sm-tion  slid vice versa. III order to quantify this ~)hel IoInclIoII, we calculated the correlation

cocflicicnt (T}] v ) of 11- al~d V-polariz,ation  backsc.attming  cross section dcfi I]ed as

allglcs arc slIowlI ill l“ig.  5. It’or the rladir looking radar returns, UIII{ and c7vv are perfcct]y

correlated. As the iIlcidcIlce  aI\gle illcrcases, tllcy become dccorrclatcd  whjch suggests that

the c.olltributing  scattcmms  of 11 - aIId V-polarized returns Inay bc very differeIlt. q’his has

l)cclI  cx~)crilIlcIltally  observed [Slettcn et al., 1  993]. ‘1’he d~correlation  due to the illcreasc

of the incidence  angle may be an intrinsjc  characteristic of rough surface scattering because

siII~ilar  bcha.vior  call  be observed for Gaussia  Il surfaces [Rodrfgucz and Kiln, 1993a]. one

CaII also evaluate  the c.orrelatjon cocflic. ient of the field quantities (};l/l]  and l’;~}~) in order

to exalllinc bot,h ampljtudc and phase correlations. l[ere,  1; is tllc backscattcrwd  electric

field aIld * dcllotcs  the coInplcx  conjugate. lJsing the sanle clata, jt call  be showII that both

backscattcmd  cross section and field show strong decorrelation  for higher incjdencc  angles.

We also exaInincd  the temporal variation of the Imckscattcrcd  field using the wavclct

tra.nsformatjon  aIld the results are presented clscwhmo [ Rodrigum  and Kim, 1993b]. II I

ordm  to study the tcmpora]  bc}lavior,  we calculated the I)ackscattmcd  fields from six patches

of 12.5 ]netcrs  for 10 sccoIlds  with 0.01 SCCOIIC1  sanlplillg  iatcrval.  lJsing these  6000 returns,

we exa]nillcd two illtcrcsti]lg  scattcrjng Inccllanis I~ls at near grazing illcidcllcc. ‘1’hey arc

tilt MIC1 hydrodynamic. Inodulatjons. l’or the 85 dekriw incidence angle,  wc divided the

I)ac.kscatteri]ig cross sectjoll  jnto  several large wave tilt angles. ‘1’he  results arc shown in

l’ig. 6. As oxpccted,  the backscattmillg  cross section il~creascs  WIICII the scattering patch is

tilted toward t}ic radar siIlce  tlic corresponding local incideacc  angle becomes smaller. It’or
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the II-polarization case, 80dll vwiatiollin  t}lebackscattcriI  lgcrosssectioI]  canbcohswwcd

while the V-polarization returns show 60 d]] variation. One should relncmtmr  that the tilt

aIIg~C is strollg]y rc]atcd  to tllc ])atCll s ize. ]Icre,  our scattering patch size is 12.5 ]ncters.

Another quantity t}~at  wc considered is the hydrodylla~nic.  Inoculation. As showII in l’ig. 1,

we ohscrvcd  the iIlcreasc of surface  rouglklless  for higher ]ncau surface height. IIcncej  one

call  expect  brighter returns from higher  surface height  for relatively large  incidcnlcc a.rlglcs.

Unfortullatc]y,  wc have to usc long scattering patches (12.5 meters)  for 85 dcgrcws incidmlcc

angle. ‘1’hc largest ocean wavelength is 64 ]netw-s  in our simulation. IIue to i,hc loIIg patch

lcvIgth, the surface height resolution diminishes. llclIcf2, we diviclcd  the t)acksc.attm-ing  cross

scc.tiolis  iIlto oIIly  three lncan height bills as showII ill l’ig. 7. (;lcmrly,  for II-polarization,

tlIc llydrodyIlalnic  lnodulation  is observed for Noli-Gaussiall  surfaces. ‘1’hc hydrocly  Ilalnic.

IIlo(tulatioll  for  V-po]arizatioll  is ]nuch s)nallcr tllall the 11-~) olarizaticm ca.sc (IIot SIIOWII).

hlorc  dra]natic c.ffccts of the hydrodynamic ]nodulatioll  011 tlIc backsca.ttered  field can be

SCCII frmn the i,cvnporal  variation of the field  [Itodri’gum  and Kiln, 1993h].

If OIIC considers the scatter-cd field froIrl all ocean surface as the sum of Inally  ~)hasors

froln ocean scattering objects, the pdf  (probability clcntity  function) of the field  bccoIncs

Gaussian owing to the central limit thcorc]n. ‘1’he  scattmwd field alnplituclc  follows t}le

Rayleigll distributio]l  arid the corrcspondi]lg  irltcwsity  obeys tllc cxponmtial dis t r ibut ion.

If tllc backscattcrcd  cross section is normalized by its lncan, the cdf (cumulative density

fulictio]l  ) of the normalimd  quantity tMcoIIIes

cl)~’ =- 1-- e-l’ (11)

Wllclc’

j., z . - ! . . .
<u>

[12]

WIICII  loqr(l  – L’1)11’) is plotted versus p, a ]inc with the S1O})C of -1 will be obtained if the

sca,ttcrcd field follows the Ga,ussial} statistics. Wc exa]ni  Ilcd tllc calf’s of the t)ackscattcriIlg

cross scctio]ls  for three illc.ideIlcc  allglcs.  ‘1’llrec  l)lots (cross: O, diaInond:  45, and squarc:85

d e g r e e s  iIlc.idellcc  all.gles)  arc showII ill l’ig. 8 (a) and (L) for both Gaussian and nolI-

Gaussim surfaces, respectively. As call t-w noticed from l’ig. 8, boi,h calf’s show similar
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I}e]laviors. }1’or O and 45 degrees inciclcncc  aIIgles, it is evident  that the scattered f i e l d

sai,isfies  t,lic Ga.ussiaIl  statistics. IIowcvm-,  the backscattcred  field for the 85 degree incidence

aIIglc is clearly lloll -Gaussian. ~’he cdf of IIIC IIcar grazing  scattcriIlg  displays two distinct

characteristics. OIIC is a large  liuInlmr  of low backscattcr cvmlts due to shadowing. ‘1’IIQ

ot}ler is the iIlc.rcasc of the brighter  rctu IIls which cause tllc loIIg tail of the 85 degrees

calf. It is illt.crestillg to notice that tlIc II-polarization cdf has the IoIlger tail than the

V-])olarization  cdf for 85 dcgrcm  illcidcncc angle, III additio~l,  tlIe non-Gaussian cdf (1’ig.

8(h))  also shows the loIlger tail than the Gaussian counterpart. ‘J’his  clcparturc  from the

(;aussiall  statistics has been ex]wrilnentally  observed by Inany researchers [See, for example,

~l~ctzcl,  1990; ‘1’rizIla, 1 991].

~ CONCI,USIC)NS

WC lIave  exalrlillcd  the near  grazing sca,ttmil)g  cross sections from IloIi-Gaussian  ocean

surfaces and t,llcir  statistics. We silnulated  tllc ncjll-lil  Icar hydrody  I)anlic.  interaction usi Ilg

a IIictllod  l)y ~rca.~ncr ct a,l. [1!389]. ‘J’llis  si~llulated Iloll-(;aussiall  ocean  su r face  exh ib i t s

tlICI illc.rcascd  surface rougli]lcss  for lligller  lnca]l surface IIcigllt,  as exJ)cctcxl.  ‘JThc  scattered

field was cva~uatcd  using MOM with ~)erioclic  bou Ildary co)lditions. ‘J’he perioclic  Green’s

function was cflicicvltly  calculated following a. technique developed by Vcysoglu et al. [1991].

Whc’11  wc coInpared  the near grazing bistatic  cross sections froIn GaussiaIl and IIOII-

Gaussiall  surfaces, oIIly n-polarization case showed a IIoticcable difference. ‘J’his  implies

that the II-polarization sea spikes may bc originated from t}le sharp Ilon-(; aussian  feat, urcs.

l’rom the silnulation  results, the 11-polarized hackscattercd  field  was found to he more spo-

radic than its V-polarized counterpart at near grazing incidence. As the incidcncc  aIlgle

increases, the 11- and V-polarized backscattm-cd  fields become  deem-related, We also con-

sidered the cdf of tllc backscattcring  cross section and found that the backscattered  field

at lnodcst  il]cidcIlce  angles satisfied tllc Gaussian statistics while a remarkable deviation

was observed froln tllc IIcar-grazillg  backsc.attcmxl  fields. ‘J’hc scattcriIlg  mcwha.nislns  of the

large  Lackscatter variation at near  grazi Ilg illcidcllce may bc due to shadowing and tilt and

llydrodyIlaTnic,  modulatic)ns.



(IUI simulation showed that the S-baIIcl  11-po]arizatiou  backscattcring  cross section at

85 drgrcws i~lcidcucc angle was lower than the V-polarization couIltcrpart  by 28 dll. ‘J’his

diflme.ncc is IIOt ill agrccInellt  wit}l the exl)crilncIlta.1  obscrvatiolis.  We could IIOt fiIld  t he

11-l)  olarizcd  sea s~)ikm whic]l  might bc larger  thatl  the V-~~olariz,ed  sca spikes. ‘1’hcsc  dis-

agremncvlts  may C. OIIIC from the atmIIcc  c)f breaking waves and sharp scattmiIlg  features

ill our silnulation. ‘1’he  perfectly conducting surface assumptioIl  may have profound ef-

fects ON the IIcar grazing sea spikes  [R.ino,  pcrsona,l com]nunication].  ‘J’hc inclusion of the

al~c)vc-ll~clltiolled  factors in our scattering  siII~ulatioll  is under  current consideration.

———..————
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Figure 1: ‘J’hc  relationship bctwccn  surface roughness ((a) RMS slope, (b) radius of

curvature) and the surface mean hcig]lt  due to the hyclrody]la]nic modulation, Notice the

illcrcasc  of surface roughness for higher mea,n height  for noll-Gaussian  surfaces.

11’igurc 2: 11- and V-polarization bistatic  cross sections for (a) O, (b) 45 and (c) 85

degrees incidence  angles. }Ioth non-Gaussian (solid line) and Gaussia]l (dasllwl li]le) surface

arc collsidcxcd.

}~’igurc 3: 11- and V- polarization bistatic  cross sections using 12.5 meters (solid lillc)

slid 25 IIlctcrs (dashed line) scattering patches.

Figure 4: l{adar  (ba.ckscattering)  cross sections from 324 no!l-Gaussian  surface patches.

Figure 5: II-V correlation cocfhc.iellts for thrwc incidence allglcs.

F’igure 6: ‘1’ilt  modu]atiolls  at 85 degrees incidclLcc  angle for (a) 11- and (b) V- polar-

iz, atiolls.

Figure 7: II-polarization hydrodynalnic  modulatio]l  at 85 degrees incidence angle.

Figure 8: 11- aud V- polarization cumulative dmlsity functions of thmc incidence angles

(cross: O, diamond: 45, and squarc:85  dcgrccs)  for (a) Gaussian and (b) non-Gaussian

surfaces.
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