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Abstract. In June and July l\lllS, the European SjXKe Agency organized III tivc
European countries the Agriscall 'SS campaign. For 1:liscampaign two airh"rn.:
scaucromcrcrs were use..d, including the French dual-frequency (e and X banc)
dual-polarization (1/1/ and Ill) forward-looking radar ERASM E. For rhc French
'11':. the Orgcval hydrological basin, one of the aims of the experiment '''IS 10
develop a soil morsturc retrieval algorithm trum radar datn. 11 is shown. r,,,r.l
comparison wuh the ground-truth data, that the use "f a lIlullu.:onlig:tr.. .iou
ra.lar improves the capacity or imaging radar for soil moisture m;ti'i':n". I"
particular, an algorithm based 011 a vegetation absorption mdex an': " , .. i:
moisture one IS tested over wheat fields.

l. Introduction
A~ it has been recently shown (Loumagnc el ol. 19',11). substantial improvements

ill now modelling and forecasting can be obtained by integrating information about
point soil moisture measurements in a hydrological conceptual model. So, soil
moisture data appear to be useful for hydrologists and climatologists trying 10

understand and 10 model water transfer processes at the basin scale.
It is possible that active microwave remote sensing could lead 10 a better

knowledge of watersheds soil surface moisture (i,c .. average values and lime-splice
variations). in order to progress with now forecasting. Many studies have OCCll

conducted 10 perfect this remote sensing method. which has the advantage of being
insensitive 10 weather conditions and attempts have been made 10 explore the soil
superficial layer and the plant canopy (Bcrnard <'I al. 19li2. Dobson and Llaby 1%6.
Ulaby <'I al. (986).
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ln lhis framewl1rk. lhe Agnscall ·S;.; camp;lign W;IS organized and supported hy
lhc European Space Agenc)' (ESI\) 10 leSI lhe carabillly of usÎng lilis technique in
;ll1ricullural and waler rcsour.:cs fields. Ils aim \l'as, li l'si, III build a data base
e~J11aillinc. radar and c.rOLJlll\ measuremellls oblaim:d in naluml eûndilions and,
second. l~ lesl lhe earal,ililY of active mierowave relllole .~ensing in agricuilurai and
\\','Ih:r rcsourl'l.:~ nl0nilorin~.

The analysis rrescnled~hcrc is devoled :11 lhe evpcri<llenlal ,kterminalil.n (If Ihe
,'rlil11l1l11 mullicon/lguralion radar i1leasUremcnh [0 :nICr surface soil moiSI ure.

2. D,''>Criplion ilr Ihc c:\pcrimcnl
~.I, 11:.. Ayrùm/l '88 (ampII;i}/I

T\\o airborne radars \Lere opcr:tting during lhe Agriseall ':il; c:llllpaign. the
DlJTSCAT (Olllch) and ERASME (French) sealler,llllelers. Flve lesl silCS \\ere
chosen localed in li\'<: European eOlllllrîcs, (lhe liniled Kingdom. Nelherlands.
(jermany. Ilaly and Francc). This paper relaies 10 :he lirsl resllhs ohl:lilled with lhe
ERI\S:'-1 E radar ûn lhe French sile, Ea<:h expçriment .:,)]Jsisled of IWO llighls. Tile
firsl lliglH "'as pçrformed \\ i:h ail incidellee angle or 13 from lhe n;ldir ;I\ld lhc
second one \l'ith an incidence angle of JS' . Four experill1enlS were ca l'rieL! .1UI on J(,

and 30 June. I~ and 2R July. l'1SS. Silllulwncollsly. ground-Irulh operations \l'cre
conùlleled lû colleel soil 1110islllre. rllughness anù \egelalion d;Il;l.

~.~. Til" t'RAS.,,"! E rt/dt/r
The ERASME scalterOmeler is a ex band (5·35 GHI. and '),65 GHz) Fm,lucncy

\lodulaled Conlinllous Wa\'es radar d"signed as a research 1001 for Ihc de\'c1opmenl
of rad.. r remole scnsing for sea and land applicalions and as a calibr;llion tool fûr
ERS-l salcllile equirmenl. This scallerol11eler is;\ lo\\' power. smail radar whiçh can
easily bc carricd on a smalllixed-wing ain:raft or hl'li<:opler (Bernard ,'1 a(. 19S6).

During lbe Agrisealt ·ss eal11p:lign. ERASM E was n1l1unled on lhe B17 airerarl
"flhe lnslilul G~(lgr:lphiqll~N;llional and I)r<:ralcd :IS a forward-Iooking radar. The
r;IGar /(lOlprinl is aboui ~o m by ~O m givcn hy the ch;lr:u:terisli<:s of lhe :Intenna
p~llerns. lhe ahilude 01' Ihe airerafl. aOOUI 350 m during lhe tlighlS. and the rang<:
resolulion is ab<lul 1 m.

The aecur;lev has bcen eslinlOlled bellcr lhan 1dU al Ihe vicinily "f lhe antenn~1

aXis :wd oel wee;, 1 and :2 dB al lhe edges uf lhe ;l\lgic range ( ::: 1() ,u:ross lhe axisl,
'1 \\'0 rolari/alions were aV:lilanle. lUI polarizallllll f'lr lhe C [>:llld. 1111 and ~T

polariz.:llions for lhe X hand. The in<:idence angks or lh<: alllenlla ;I~is wcre ~J and
3S from lhe nadir.

Whell processing Ihe dala. lhe dassic:d rl,dar equation h:ls 10 he sol\'cd
aeeûnJing 10 lhe anlenna pallern. the hdicnpler thglll p:lr:lll1elerS (pitçh. roll.
altilude). and lhe incidence an!!/e. The ba<:kse;lttenng cross-se,lion fi" is Ihen deri\'ed
l'rom lhe radar equalion as a~ function of Ihe incidence angle. The baekseallering
cross-seclion is gi\'en al lhe S:lIne time. i.e.. for a s:une gHlllnd ccli 'Il four incidence
angles (IS", 20". 2S" and 30'. 35", 40 , 45") averaged over ~' around lhcse values.

The IWO main inleresls or sueh an airborne fûmarJ-looking seallerometer arc
lhe eapabilily 10 sludy lhe sr.. tial variahility of soil moislure and wgel'llion eanopy
(:urhorne) and 10 derive ;1 nackscallering cross-sc,'!ion l'or the saille larget al
dinèrelll incidence angles (for"'ard-!<)(lkmg),

~,,;, 1111' 1-''-,'11,'11 I('SI S;I<, 1I11c1 Ih" !/rolllld 1I/('(/.\'l(r<'/1/"/IIs: ill<' <,xl',''-ùl/('/lla( ()rU<'l'''!

!>Il.t;ill

The French lest sile is the Orgeval hydrological basin localed aboui 70 km cas: or
Paris. in lhe 'lgri<:ullura1 BRIE regiûn (figure 1), IL has been managcd hy CEl\IA.
(iREI: (Cenlre !'\alional du Machinisme Agricole. du G~ni<: Rural. des Eaux ~t I:CS
For':ts) f<lr 25 ycars as ail cxperimenlal and represenlali"c basin :',,1' hyJr":"l-=:\.'a;
lesc'lld: rurroses, The wallTshed surface is equal ln IlJ~ kl1lo, The relief is :'a:';,':'
lb!. E~ccpl l'or a small residual hill. lhe main part III' lhe hasJI1 IS ,'''\'l'l'cd 0""1' ", "

llllà lanle-Iand loe>' (ur 10 Il) m Ihick). eharaçlerized 0)' a low pçrmeanilily, Ti:,·
soi! is a very homogencous kached-oul brown soil and lhe :exlur,' of lhe llfljlCr ':1\,''
is a sill :oam. The ranick-si7e dislrihlllion of Ihe () 5 l'Ill suriacl' la",r 'lI' j 7 ;~!ll:'
dislnnuted ;lion!! lhc experillll'ntai radar a~is erossin<: the naslll IS givcll in l:li;:C ;
TiK "'asin is silualed enlirely in rural areas: sn pel' cent oflhe IIHal ar,':1 is covcrcd ':»)
cmps (wheal. corn. 11.,x, peas. çokseed, sugar·bcel ... ). Approxima,c!y l'iO Pl'" ,'Cil 1of
lhc b'lsin\ arable 1;lnd has already been drained,

Precipilali'lI1 and olllllo\( discharge dala arc collee/cd hy rainfall rce,>r,:int!
s(;lli"ns and \\'aILT·levcl rec,)I'ders, Addilionai da(;1 arc recorded al Ihc I~oj"y-k

Ch'ltcl hydr"iogiç:a1 hase: mell'or%g;'al d:lla and s<lil "';iler cOI1:ent Il) dcp:h
gamma neulron probes. III addilion, prclimill:lry experilllellls have be<:l1 ù1ndIK:ù:

"ilh lbl' li l'SI versioll of Ihe ('-nand ERI\SMl airborne radar dllrinc tlte 19S:'> :'1se,
IJCI'I'ld (hrry ('1 tI/. IIJl'iS). '

Dliring Ihe J\griscall 'Sl'i campaigll. lhe Highl line crùssing the walershcd h,,,1 ail
[-\\' Jlreclioll and was I7klll long. Il is represenlative of lhl' dil1\:rent il""" ",il
o,'\.'upali"Il. Se\'enleen fields corresponding 10 lhe IWO m:lin <:f'lPS. whe:tt (II liddsJ



alld ':"1lI (It lidds). hil"" h\"l'II M:k':lcd III dcn",' 11I'I<I.:Is lclalill~ radar lIIé:ISlIICllh:lI1s
hl grllllnd raramclcrs (Ii~uré 2), The ;,irbornc scallcromclcrs hild 10 l1y n,cr a
cllhi\'alcd arc;1 ",i111lllJ1 barc s'lils ;11 Ihis rcrioo of Ihe ycar.

(jrLlllnd IIIcasurCl11cnls \lcrc rcl:tlcd 10 soil and vcgcla:;'ln and had III salisf~

sl'\,cr:ll conl1icling con"lrainls:

(fi' thc doslan,,' hCI",ccn lhc l,'s\ liclds ddilX'ralcly dlSlrihu:ed ;hrough'lI:1 lllC
Ihglll hne:

<h) Ihc rapidily of ~rllUIiU lIlc:lsllrcl11cnls. ln order ln rclÎu.:c Ihc l!ar hCl"'CCIl
thcse rncasurcl11cnrs illlU r:lu:lr lIlé:lSUrClllcnls <rain hazard or. al Ihc ,'ppo
silc. drying up of thc ,;oil surfa,,');

«') Ihc rnsslhle dC\'ialion ,,1' Ihc airnafl witl! rc~ald h' lhc Ihenrellc,d I1I:!b: :':1e,
(.II Ihe nl'ccssily of ohl:,iliin,! a sil!nili<;illll rnean value ,,1' Ihc s.lil st;::':lce

l110islUre in Ihé par! ,,1' Ihe lields l'llllesronding l" IllI: lligill axis:
(e) Ihe sl11all 1111 IIIha or people availabk 1" carry "III Ihe mcasurcrncnls ill Ih,

fields.
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Experimental fields
Dwheat
• corn
Dforests

• recording rain gauge wilh its nu:nber
~ hydrcmeirïc station
q soil water quality measurements

-- - sub-basins boundaries

Boissy Le Chatel:
hydrologie station wilh eXj>Crimenlal plot
-Q' dimale s!a~on
h soil moistiJre and soif water level

, (recorlf~'g)la dra~'agc dischargc (recording)
q soil water quality mcasuremen:S
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S'lil 1ll0iS1Ure in the upper I:"er was JI1ea~un:d in every lest lidd br gravimetric :lI1d
":\lnll1:\ neutron I11clll<'d,. The Iirst 111ethod was used lo determine the soil water
~ontent or di~turhcd samples on lhe O-Sem phlne. along Ihree lines parallcl l,) Ihe
Ilichl axi;: a central line eurre'llOl1ding W lhe theorelieal tlighl axis. and two lines
di;,anlrrol11 (OOm (lignre JI. S"il samples were laken ahonl SOm apan: a eonstanl
~;lInrling ,tcp \\ ::s prefcrred l,l a lixe" Ilnmber of me;lsuremellis per licld. Fi.:ld
lengths ra ..ged rrolll 50 w 700111: h.:ncc Ihe lIu111b.:r or soi! samples ranged l'rom (, 10

Wc e1leeked with s,)il m,)ISlur.: mea~uremenls l11ade 1 111 apan that the range or
lhe rcsulling vanogram (20 m) was smaller Ihall the interdistanee or l11eaSUrel11enl in
lhis experimenl (50111 minimum). This inlcrdisl:lI1ce has heen ehosen in order 10 lind
a )!lwd l"omprnmisc f'lr Ihe ahm'e eonslrainls of Ihe expcrimcnl. knowing abo lh;1l
the soilllilli~lureW;IS n:ry hOillùgcneolls al lield ~alc: lhe stillldard d':'Îati'lns or the
mean ~;·a\il11etri.: waler Col1lenl in eaeh lield (or par! of lield) were "ery low
(0'OI5gg- ' to O'020gg- 1 apprOXim:llc!y).

;\·lorc,wer. soil bulk densit)' and moistllre measuremenlS were COllCCICd ever\
50 m :llong the theorelie:d tlight ;lxis by surrace gamma neulroll gaugcs. The prob.:s
hild hec:! pre\'iously .:alihra.cd with standard hlocks for Ihe denslt)' (gall1ma) and
wilh soi! III .,il" measurements l'or lhc walcr conlenl (neutron).

I:or caeh sile. Ihree :lpparent soil densily mcasurements \Vere Jonc: Ihe tirsi one
using gamma rays h:lckscallcring to sense the surracc layer. lhe second and the third

Figure ~ The soillllllisiurc lesl plots wilhin a field. X :=soil sampling. O=surracc g:lmma
neUlron prone.

uSll\g gamma lransmission l'or O-Scm and 0 10cm laycrs. The volumetric w:ller
conlcnl \Vas mcasured only h)' baekseallering.

Thesc dala were inlended cs.o;enlially 10 charaelerize al each mcasuremenl date.
the average dry hulk density of the part or eaeh tesl licld. and :0 ohtain volumetric
water conlenl rrom dry mass b<lsis waler content calculaled wilh soil samples.

ln onlcr ln e1lar:lcterÎze plant canop)', Ihe principal vcgel~llion par:ll11c:crs \Vere
measured in the lest fields (wheal and corn) during eaeh of Ihc four l1ighl WCcKS: t.e ..
piani heighl. plant biomass and waler cOillenl, Iear arca index. growth stage (Pr':",lt
el cd. 1992).

The aim or ;111 Ihcsc mcasuremenlS WilS 10 calibrale the rad~.r. using l'or e:ld:
measuremcnl d~IY and for each lesl field. the mean backscallcring crosS-SCl:ti\lll d:It:1
and Ill<: mean volumetrie soi\. W:lter eontenlS simull:lneously ~lequired.

3_ R('Sults and lIiscus.sion
3.1. Groul/ll Iruilf du lu

A large range or variation ror the dilTercl1l par:llnclers mcasur.:d ù, SIIU was
ohserl'ed during Ihc campaign.

3.1.1. l'ci/cle/lic)If paramclcrs

COI'II. The corn heighl has inereascd l'rom 20em 10 2 nI. Thc greêll leaf area inde:'. has
inereascd l'rom O'~ 104m2 m' 2. The corn water collienl has incrc:lsed from (J.) 10

3'Skgm 2.

117,,-01. The wheal heighl has slayed quile eonslanl around 90 cm. The green le:.:'
area index has deereascd l'rom 5 to Om 2 m- 2• The wheal walcr eonlenl bs
deercascd l'rom 3 10 1kg m" 2.

Table ~ gil'cS l'or eaeh l1ighl day the me:m and standard d.:viation l'or Ihe vegela:ion
height (ll) :lnd Ihe green Icararca index (LAI) l'or the corn and wheal rlelds. For lhe
same Illeasuremcnl date. one ean ohserve a large v:\riahility or Ihe LAI values for

Table 2 :-'1<:an and sland:lrd llcvialioll or Ihc vcgelaliun hcighl anJ grecnlcaf arca inJc~ l',"
lhe 1'"5\ fields.

Wheul (II lields) COfll (6 liclds)
--.._--.._--- ._---_._----_._---

Fliglll day /1 (m) LAI (m'm' ') H (m) LAI lm: 111 ')

1 0·91 j·5.' O·4~ i1'(,:;

mean <td 0·06 1·15 n·Ol; Il'2~

2 0·91 2-X4 0'S3 ~·~s

mean sHI tH)? 1·44 0·19 (l'52

.3 0·89 0·40 ,,39 ~ ",<;.,._.,
mcan sld 0·06 0·44 0·22 0:;2

-1 0·84 0·00 1·7S J.~~

l11ean ~ld 0'07 0'00 019 0&&
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"hl:a1. 1'111, \:,r;ailllil~ is dUI: h) 111-: nti,\in~ of lidJs "';Ih SI:III:S<':<:III 01' slill ~rl:l:lI

'" h\."a~.

.~.1.2. Soii 1\"(1/('1" ,',mlc.'lJl

Tabll: :; gi\'I:' for I:adl lli!,dll day Ihl: 1111::111 am! slandard Jl:vialion of Ihl: SUrl;ICI:
"III \\'al,'r ,',)Illl:l1t f,n thl: l'nrll ;Illd \\'hl'al ll:s! lidds, For the "he;ll lid,b. Ihl: Illeall
\',)iullll:tri,' "alel C"lllelll 1:~llih1t> a lelllp,)rai \ari;lI;oll of aO<lll1 O,2cl11.1,'111 .1. AI
the same d,III:. Ihl: "h::11 :idds ha\1: a sil11ilar heha\'iour: Ihe sl;lndard oe\'j;lIioll is
aboUIIHI2''111.1'·111 .'. III thl: ùHn lidd,. the dispersion "f tlll: dala is 1:lr<:l:r (up LO

l)-(l4.' l'Ill.' l'Ill ,,) duc hl lh,' l':lrliai p(;,nl C:II10I'Y, ln COlll'lusi"Il. Ihc ranè!-e or
\';II'i:, ti, III ,,1' ",i: l1l\)islU, e 0 urillg Ihe llleasurel11"111 perio,1 :lppca rs l\l Oc ljui le la rge
III 'lrd~i ln tr~ hl 1.:::Iih,;ll..: iih: r~lJar.

.;.:!. Nadar ,"o/ihrtJ/"fll1 jl~,(/ÙI.\I .,,,i! IIUJi.... lllJ't'

Tilc IlIlear ,'orrdalions h,'I\\'een "". fu111.'1 11111 "I IrcqUl:ncy (e and XI. pol:lli/a·
li,'n {Jill and IFI ano :ll1glc "r IllCiden,'e (l'n llll 15 lU ~5 1. and lhe lido llIean
surface awistllre h:I\" hcell Call'lllal~d.

T"" Irials or dala processing arc presenleo here. Thl: lirsl one. Iisled ill lahk ~.

pr':'':11IS the <:'llTeialioll il' ;111 Ille lidds aI'l: la\.en illlo :1(C,lUIII (corn and wheat). The
m;lIn IC:llUres ;Ire Illai Ihe cOHei:Jlioll IS very high:1I C hallo e\'ell l'or large inciden.:e
angle, (up III ~o ). The sharp decrl'as<: of Ihe cllel1iciel\l l'ùr ~5 e;1I1 Oc allnhuled 10:1
Iess cIli:eli\'e c'"Teclion or the r:to:or signal oue 10 a bad kno\\ledge or Ihe al1l.:nna's
1"OcS. AI .\' h:ll1d. II:c eorrdalinn is gellerally \'ery pllor ewn al Il)W an~lcs. Ta hie ~ is
in gencral ag~eemenl \l'ilh pre\ious reslills (sc~. lilr e.\:lIllple. Libby,·, 1/1, 1\):\6).

Secondi), rec:l1ling Ihal Ille surfacc SOli \Valer CO\licnls in Ihe corn lidos .:"hihil a
1:Irgc variahilil), Ihe line,lI cnrrci;lIion Ilas Ocen I,~:eo ,ner Ihe wheal lidds "ni\'.
Tahle 5 d.:pi<:ls ::1e r"sllib. :\t C naml. the corrci:olion cllcll'lI:iellls arc comparable in
magnilUde \\ilh 111<lSC ohl:llned l're\';"usly \\ilh Ih, li l'sI pallern Ill' Ihe scalleromeler
(.Jarry ,'/ III. !'):\S, SIl;tres ," 1/1, 1'):\:-1). '1 he) dc.:,-ease \\';Ih Ihe ant~k ,,1' ineidellce.
"hich 11l:1~ he ailrihll1<:d 1,1 Ihe clïee! llf the \.:gel:,lil'n :llIellu;llion. Thl: coel1icienl i,
Sll::1:i~ gre:ller al 211 Ih"II;1I 15 \\hi"h 111:1) dUI: 1,1 radar sil!nal elHre,'!i'1I1

\\'b,';ol en!"11 Wh,'''1 ~mtl l't,rn
FI:l!h: ",,:- (II ti"'ld~; . III ~i ...·jd,,) I!Î lid,hl

t ,'111
,
l'm '1 (l..'1l~ , 1..'111 "''-=01- ....111 ,

Il :'117 0:': 1)·21)7
u;l.:;m ....\J 1),0:' IHI: 'HI~7

:' II·IW o· l'II 0·157
Il1C.Ln :,ld 001" O·O~~ IHl.';

O'~119 O·2Sh t1'~OI

Il:,,";::1 "J Ij 02' O'II:'~ (HI:'7

-l 0, .~~7 (/")lS O·.1:'~

mc':~:l ~tJ li oiS O'''~:; IHI~')

AUri.\('IO( ',\'S: soil Illoisil".' lISSCSSIJU'1I1

Tahk 4, Corrcl:'ljoll coel1iciel1l~ for "II :lv:lil"hlc frcqueneics and pol:lri/.aliom for lhe h;SI
heleis.

IS ~O' 25' JO' JS' 40' ~)

('-1111 0·67 ()·7.l 073 (J·71 0·67 O·h(, n-:;.;
,\··1111 O·)~ (J-:ih 0·40 0·44
.\' - Il' O·.ill

dll1icullies (e\'':11 if the dil1i:r,'nce is lIül sialislicaily ,igililicalll. lh~ cnrrdali,lIl hei::g
cakllialed only for .11 p,)inlS).

AI X balld. Ihe corr,'lallllll ,'''dlicielllS ale always \·.:ry P'"):'. en'Il .1' li:,') .~r,·

brger ,11;In Ih,,,c lislCl! in wbk 4. This has 10 he allribuleO ;" lbe \'':'~ÇI.llj'l1l

:lllenualion, The lo\\er valul's flH X - I-l'arc compatihle \\1111 Ihal e.\plan;lIi,;11. ,:::,'1'

il is kno\\n Ihal wheal is Illore visihk for I·'l' polari,alion (L,' Toan c/ tll l ',lS.;).
Figures (~) and (5) sh"", Ihe correl:llion bClween (1" le band. :20 . 1111) am: :11,'
surface soilllloisllIre lill Ihe wheal lidd~ (~) and li)r Ihe wra liclos (5), Frol11 I"hic, ~
and 5 ;lI1d ligur.:s 4 and :; il is l'leal' Ihal. for Ihis partil:ular .:x peri 1lll:11I. il js
impOSSible 10 ohl:lin a Ille:lmngful e:J1ibralilln of Ihe r"dar over lbe ,·"m lidds.

On.: of Ille ~IJ\'anl:l!!es of Ihe \'RASI\.·, E SC:llIerllllleler IS thal il l'r,)\:d ..., Ill:;I,i"k

radar conliguraliolls over slri<:lly Ihe same large!. Theil. il allows lIlullieOllli!éur:llion
alglll'ilhllls 10 he lcsled in order 10 dcrivc su l'race soil moislure. Such a capah::::) i.."
Ocen used ily Prevoi ,.( al. (1\)\)2) 10 dcri\'e infonn:llion aboul Ihe whe:ll c:""'I'"
l'ré\'ol l"~ 1//. sbows Ihal if Ihe surf"Cl' soil 1ll0iSIUrc is provided by C h:l<1d i,)~\
indd.:ncc angle measurel11.:nlS. Ihen Ihe canop)' dry weighl ma)' bc oblaillcd using .\'
b:lnc\ J))easurcl11enls al Iwo ineid.:ncc :1ll!!les, a kH\' lUle (20") and :1 hi!!11 ",.( ,':,' 1.

Tile principlc orsueh an algOlilll111 is b:lSl'd onlhc dilTcrenlial allenu:llion of [i11.' ",ii
signal by Ihe C:1I10py, The saille :lpproaeh ma)' he used for Ille soil J))ois:lire. If ""':
calculales li lIlullipk Iinear r.:)-:ressioll belween

"-" (20 " Il Il. X) -- "-.. (40 '. Il: Xl

",hil.'h Illa)' hc rclalcd hl Ihe \'c!!clalion aUelluali,'n :md

r." (20', 1/11, Cl

a correlalion cocl1icielll oru·<) b le:lebed for Ihe \lhe:!1 fidd" Il is Ihell 011\;,)\1, 111:11
il' an I:slimalion 01' soil 1Il0istlHl: at lido Sl.'ale is Ilecc"ar\', Ih.: use of l11altil.'''nli~\;

ralion radars may answ.:!' 10 Ib~ ljul:slioll. The delllllnslr:,lÎoll l'rom ,P:ICC l' il: ";"1:
Oc Illlssihie Ihanb 10 Ihe 1,1>1111.'11 or 1111' SII{-C;X-St\R e.\perimCI11 in I\)'I.~ n~ Ih-:
L.S. Space Shullk

T:.lhl~ 5. Corrclalh..lu ù'X:IliI..'jl..'nb r\lr ail a\'ailahl~ fn."qucl1l.'il.'s and l~l:arll.lli\1l1~ r"t"lf '.lh~';11

lield, "nly.

IS ~(I :!5 JO JS 40 ':)

('~IIII (l'X(I IIX~ (I·x7 (I·S.' (1'65 U-(,h Ji ;;-\

.\ . Il Il (16.\ Il,/1:0, (}·71 0'6'1 0··;7 Il .\h

.\ . Il' l)·;X O'~6 (I ..:~ 0",';('
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Samc OlS lIgure 4 but l'or eorn lields. Il is c1eJr hcrc thal no corrciali'l1l C\:-!

belw~"cn lhe two variables.Fil;ure .1. Sc:llter.plOI ~howint! the line:1r relation bctween the radar (10 at (" band. JI ft
polarization Jnd 20' incidence angle and volumetrie ~oil ~urraec conlcnt in cnr\ cm"'\
for wheat lields. The nurnb.:rs arc l'or the dirrcrcnl flighl days II = lb June. 2=30 June.
3 = 12 July. 4 =28 July). The correlation coemcicnt is 0·85. The numhcrs al the poinl~

indicatc the day or the experirnenl.

3.3. ERS·! !o'!J('·s('(/l(' soi/lIloiSII"" Il,('(/slif('/IImls
Recently. in Ju\y 1991. the firs! [SA Earlh ohservation satellite was launched.

Among ilS payload ERS-( e:lrries a C hanJ SAR. The angle of incidence of this
instrument is of the order of 2."" .11e dillieulty of mcasuring soil Illoisture at field
scaJc Over a variety or eanopies. showll in titis paper (i.e.. it works for wheat hut not
for corn). indieales that it ",ill bc dillieult to use this instrument at its ltigllest
resolution (hctween 20 and 30 ml. In order 10 oven:ome this drawback it was
proposcd that wc should roi,o\\' the Illoisture state at regillllal seale rather than at
field scalc. by averaging the signal over an entire watersheo. Figure 6 illustrales Ihis
possibility. The mean G" lC Ill!. 20). exeluding the fnrested and urban :lreas
(whieh will be possihlc oeeallse of the high resolution of the ERS-I-SAR). is plolled
against the mean soil moisll:,'e calculated using ail test Ilclds (table 3).

As the mcan soil mmsture using ail test fickls shows increasing soil surface
moisture l'rom 30 June. 16 June, 12 luly and 2li July. the same evoluti\Jn clearl)" is
obtained by the averaged radar measurements over the whok watcrshed. even if
altenualed. Although the number of points is not very large. it is apparent that such
an approach will be possible with ERS-\. It is the aim of an ESA-Pilot l'rojeet III
demonSlra te il.

I;igure 5.
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4. Conclusion

Active mierowave remOle sensing is considered il very promising teehni4ue ll}
infer information rclated 10 renewabJc rcsources. Amnng lhis information. surface

Backscatler cocllicient (dB)

S~lIn\.·.J~ ligur.: ~ hut fOI lh~ 111':.11\ raJ:lI Jala (t.:.xdudlllg urhan :wu l"'1\;..,h:d ~lr"':,I~'

and Il1can SOli watt.:r c.:onl~nl.



Ayris{'all '8S: ,\'oillllol.\Olllrc' (/.\',\'(',\'o\'111c'lIl

",il moislun: is one "f lhe 1lI0s1 impllrl'lIlt. Il has ocen slwwn on ~\'\:ral ,x:c',lsions
thal a knowledl:!e of Ihis parameler al lidd SC;lle, or at hasill SClle. \\'"uld Împn1\'c
our l:,lpahihly in hydrologil:al moddling l:onsidel'lbly.

The p,lpcr whidl is prescnled here is dir<.'l:led l,) 11Il: clllIslruc'lioll Ill' S\,illlwislure
re:ril:\'al alg0rithms using Illultiple l:onfiguralion radars or lhe lypc \\'ll1ch wdl lx:
a\'ailahle at Ihe end "f lhe centur\' le.g., lhe EOS-SAR proposai).

l'rom tlle analysis of an airbornc expcrillll:lIl using a rOl\'ard.I,I,'klllg. callhra,,:d
lIon'lmaging scalterol11el.:r it has heen shown lha: thc n~ or a IllUllirn:quclll.:Y.
nllllti-il1l:idencc angle radar mOlY impro\e our capahdily 10 rell'lc\C lhc s"ill1lllistllrc

gn:atly. Thc hcsl algllrilhlll dedllced 1'1"'111 lhc dala makes usc Ill' a \'l'gew\I"1I
ahsorplilln indcx (lhe ralio belween Ihe X band Illcasuremcnl., ;Il ~o and :!O
IlIc',dcncc angles). ,md a sod nl\listurc one le hand. :!O ). Furthel1nml'- il ha' hecil
,1111\\ n Ih;1I lhc ,<Iii I11lllSlUrc indcx may lx: Il,cd al"lIc al lhc ha,in scale a' an
indicalOr Ill' thc surrace hydric slale.
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AnisolrOllY of Ihe sca spectrum Olt 3-30 cm wa\'clengths, inferrcd froOl
C-band radar sea echo model

(j CAUI)i\L and E. I.E PROCO'HOM

(',nlr>: d, Rcdll'r..h" cn l'hysiqu>: ,1.: l'En\'ir'IIHh:lllCI1l (('RPr). (':-.Ir:" (·'RS.
.Ix lU>: ,lu (i<'u\:r,d I.,'ckr<". 1'-'12 D 1 I.ssy-ks-Mouhnc,lU.\. l'''lucc

o\h~tr;u.·L A C·h~llh.l (5 0 )5 (j III) ~:mpjru.:~d Iw.\\kl of lhe lhlflU.di/..:d r~ld;1I

~1,,~,·~('titln 1'; uf the ~(';t ~lIrfal."": i~ \."omhincJ \\ i:h ~1Il dCl."trnma('.Ih:(j<..' :110"...·)
Il.:Lttlll}! the l\\o..JÎlIh:nsion;1I ~pcdral propcrlics of ;t r;mdoml)' rou~h su:l:li,'\,' h.1
t; . Thi~ i~ used hl ùl'x.:umcnl Ihe ;)I1IMlIrûpy (lI" the S4::1 surf.ll...·c (I\·,~I th"
,,;1\ ,'nlll11h.'r r"ng,' (J.:!:-" c: ~ raJ elll 1 (" ,I\'c1Cn!!1 Ils 3'" i. ,; 30 "111 l. Owr lh" 1
!\I\t.'dr;:l r~n~c. lite ;lIlÎS(Uf0(1Y llf the l\\'u-dilncnsÎunal sJX'-=lrlllll is Ihu~ I\ll:nd ln
L'''thihil .a slrnn!~ inl'r~asc with \\'i.1\'cl1umnC'1 h. as wC)l as il 1Ilt.1J..:r.'h: io('n:.t:.c w:lh
wind 'P"'Cc..! ·11~1IS4: fcal Uh.·~ OUC (\)I1\I,arl:\1 \\ Ilh th;,: hdl~l viuur of 1110dds 1,,1:

0

:b: ~~;:
!\lar;'H.\.~ \\h,,:h h;'l\i: l""'~n PU11\O~-J prc\Oiously. ni.l!\4:d "pnB qalh.' ...:ill\::oCIlI
aJ'l'lll~u:hl:!oo. Allhuugh !\t'lIll: Jin·l:I'l.:m.:C!\ cxisl .unon~ Ih~m. llhlSC \';lfitH~~ \k"l,·r.p~

lltln!\ tenù hl l:'ol1vt:r,g~ loWarÙS :1 piClUrC in\'uh·ing. ~l lritnsillUn fnllll 1l~;'lrI~

i!\utfopil' Spt:l.'H;t al It1\\' J.. t'l 11I~hly ~\Iliso\rop;ç ~pC":lrèl ..Il hi~h k ;lrtlUnd lllt:
!\1"k:l1ral fCghJll U·~ ~ /..~":! rad ("Ul 1

1. Introduction
Our dcscription or Ihe two-dimensional speelruIH or lhe small-scale W;l\'CS '~l "1'

in responsc III lhc win.l has improved progressivcl)' under lhe comhined inputs fl'l':ll
in .,illl obs.:r\'ations. r':l1111te s~nsing observ'IlÎlHlS, and physic'Il ",'ncqHs, l'hi, Ic.l l,'
a seri.:s of 1110dcls aU~lllpting 1O des.:ribe Ihe slwrl-scale SC,I ,p"clrlllll Wilh IK'I
a"<:LIracy. simplicily. and rd<:rence \0 lhe underlying physics (l'.g .. Piers,'n alhi SI.IC~

1'J7~_ Piaslln 1\)76. Chan and Fung 1<J77. Fung :1111\ Lce il)lQ. I)unlcn and VC'l'c'ky
I<JX5. I),Hll'bn and Piason I<JX7. Banner 1<J<JO).

Thc dilrel~ni:CS bClwccn lhe \'arious proposcd llhldds arc parlil'u\;Ir1y inlrigl);ng
\l'hen onc is con<:crned wlIh Ihc dircctional spreading hcha\'inur al ':111 l<~ 111

\\'a\'ekngth~. Th~ rc<:cnl fl'l'l11lIia:ion h)' Il.wner (I<J<JO) prcdiets a ,i1rccti<lnal
sprc;lding runelilHl \';Irying l'rom highly anisolrllpic n.:ar sp,:clra] peak. 10 nC~lrlY'

isotrnpic at high wa\'cnul11hcrs. Itlnner's model is con<:crneu primarily \\ ilh ::1C
region near the spectral peak and lhe equilibrium speclral subrallgc. and i, lh"rcflll'c
cxpcclcd 10 apply l'or wav~nul11bers mudl less Ihan lhe c;lpi!larY-fla\'il)' Ir'ln,i::'lD.
1!llwc\'cr. Banner ~xplores lh~ bchaviour or his model al high rrc\jlH:nci.:s. 1k tind,
lhal his mnddlcd dircclion:11 spr.:adil1g run"lion kads lO high rrC4l;Cn<:y ,;pcctral
Ievels COlhist~nt Wilh obs~r";llions. ur 10 frc4ucneics of 10 Hz or Illor.: (wa\'dc'I:gth
i. ~:2 cm). The stereopholOgral11lnClric obscrvalions of Banner ('/ al. (I,):;<J) Hl the
20cl11 ~ i.:; 1111 rangc nre consislenl with Ihis piClurc, sinee lhey show liuk ani,o
Iropy of lhe sea spectrul11 in lhis filllgl'.

On lhc \'1)IHrary Fung and Lee (l'.Jli:!) proposcd a direetional sprc;lding rUIICliü:l
showing a sharp lransitinn rr'lI11 nearly iSOlr,)pic al Il)\\' wavcnulllbcrs (i, > :;lkl11) {Il
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