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Al\ S’J’]{AC’J’

Surf  am Lompcrnture  is  all iln]~ort:l]lt,  t)nrfllnotcr  o f  t}Ic I)l]ysicnl  ]mocc:sscs  tlIat

[:ovcnl  the fluxes of ellc!r~my :IIIC1  wtltcr at the l)iosi)l)m c:-atlllosl)l)crc  i[]tcrrm!. ‘1’he  mmr~y

and  W a t e r  fluxes have  ]najor illftucllccs  011 tll(: ltal  Lb’s wcatl~cr aIICl Cliltlatc. hfoclcls

rnllg:ill~  froln local  to ~lolml  scales nrc recluilcrl  Lo  ulldcrstalld  and  ])rcclict cflccts  of tllc

cllcr~y aIId water fluxes. .Satcll itc-(lcriir(!(l lal~d s[llf:lc~  Lc:]n])crnturc  ]llcasure~ncl)ts  can

be used to clcvelo])  and calibrate  t h e s e  lIIod(!ls, [IIId  to loollit,or  loll~-tcrln  cnvironmcmtal

cllall~c!s. IIlfrarcd  al]d IIlicrow’avc!  Lech]liqucs  )Iavc l)ccII  n]l])lic(l  s u c c e s s f u l l y  to the

lncnsurclncllt  o f  surface  t,c]li])cra{urc  over i)Ic occal Is. ‘1’lIe ]ncosurc]nent  of  surface

Lcln})mnturc  o v e r  I:IIICI  usill~ silnilar  t,ec}llliquc’s  II:is teceivd  Icss attalt.iotl.  ‘1’his is due

]):lrt]y  t,ot]]c colIl])lexit,y  oft]lc! c]cctlolll:][:l)  [,ticil )t,[!~{lc[ioIls \\?it]l  t}lc ]arId  surfaccalld  t.ot.]lc

varitll.)ility  in l:IIIcI  sudh~  tyj Ics. Micro\v:~\’(!  ~l]{!:lsllroIll(!  llts:llcfc:isi))lc  UINICI Ilcarlyal]

w’cntllcw c.ol}clitiolls  (excc!})t. for ])recipii,atiol]). ‘1’}lis  is al] advantacc  ill L))c t rop ic s  and

dc!sorL rc~iolls wllcm clouds, dust,  and acroso]s frcqucllt]y  ohscwrc the sulfacc  at ill frarcd

Wnvclcnl[!t]ls.  ‘J’his  adva]lta~c  is offset, for solllc  a~]])lic:ltiolls,  lry t,lle rel:itively  low s~]at,ial

resolution  of ]nicrowavc radiolllctcls, ‘1’IIC  ])ur})osc  of this ]mlmr  is to rcvic!w the stntusof

?I)icrowsvc  sensillc  of lal]cl  surface  tc~lnpcl-aturc  for hate al~d vc~ctiitioll-covcrc{l  soils, nl}d

t o  irlclicate curIe]It. lilnitaLiol)s ill nl,])lic[itic,~ls  t o  ~loh:ll  cli]natc  :t]ld  Cllviro]llnclltal

lnollitorill~,



1.0 IN’1’I{OI)lJC’1’ION”

‘J’lIc  la]ld su~face tcm]mraturc  I)lays aII iIIII)oYlalIt r o l e  ill the l’;arlh’s surface

CIICILR.Y  lIalfIIIcc  aIId ]Iyc]rolo[:ic  cycle. llIIeI~y  is ])rovidcd  to  Lhc lkrt,ll in tlic forln  o f

illcidc!llt  solar  radiatio]l,  a Ilorlioll  of wllicl]  is Icfl(dcd aTicl alworlmcl  hy the at,]nosl)llcrc,

wl]ilc t}Ie relnaillclcl  reaches  the surfhce. At tlIo surfaw tlICIe is a halaIIcc!  IWLWCCHI t,l)e IICt

radiatiol)  flux (solar alId lol I[:wavc)  cl]t.crilifi  ilIc surface, tlIc scnlsil)lc  aIIcl latcIIt l~eat

fluxes froln LIIC surface  t,o t}ie  at]t)os])}lcr(:,  arl(l Llic  llwit flux into (Ilc surface. 7’})csc fluxes

arc i]lflucncc(l  by surface chomckristics  such as soil Lypc!,  soil moisture, and  ve~ctat.ioll

Covc!r, and hy at,lnosllhcric  valial)lcs  suc?l a s  a i r  Lc]n]wraturc, humidity, wir]d s~wecl,

cloud iIIess,  a])d ])rcci]~itat,ioll.

lJ}~derstanc]in~ the dynamics of  the surface an(] at,lnosp?)eric  variahlcs,  their

fccdhack  effects,  ali(l 1)~1~1-lall-i~](lilcecl  cha])~m, is critical for ]nodt:litlg  a]ld pre(lictill~

cli Jnati aIld cnviroI]Jnellt,al  cl IaII~:c. l’:ally  siInulatioIls  with clilnat.e  IIlodcls Showe[l  tlIat.

reductions  iII s o i l  lnoisture  al)c] vc~ctatioll  cover coLIlcl  alter tlIC rc~iollal  balaIIc.es of

elIC1’~y  aIId wat,er f l u x e s ,  ]eadi~l~ to ~lolml  I)attcr]ls  of decrcasccl  ~]rcci})itatiolt  otlcl

ir)crcasd  surface  Lempmature  over  l:]Ti(l (Walker  and l{owlltlcw [1];  Shukla  aIId hlilitz.

[21). ltcccIIt  siInulatioJ]s usin[:  Inore sopllislicakl  JIlodcls  haw showII silnilar  r e su l t s ,  e.~.

l)ickinso~l  and llcllrlorso?l-Sellers [31. Cllahille et n]. [41 have USC(1 data fro~n the lli~h-

rcso]utio]l  IIlfra-ltcd  ,Soulldcr  (11 IJUS) o)] tllc hTOAA })olar-or})itill~  s a t e l l i t e s  to ]moducc

III OIItlIly  IIICaII  G lobs ]  Inaps of surfaco  skill Lem]wraturc  (clcfi IIccl as the top i~lfrard

rarliatinc  Jaycr of tl]c su r face)  illustratirlc  tlIc diurJ1al  aIId scasoJIal ~lobal  tom~)erature

Ch:l Jl~C!S. such dJIta ]na.y he used  routi Jlely to va]ida Le c]imatt  IrIoclcls. iStudics  by ~arlsoJl

et al. [[d aJl(]  }’ric.c [(31  usilt~ c]ata  flolll  t]le }I(!at capacity hflal)l)ill~  hfissio~l  (ll~MM),  nJIc]

hy }{kJ:lSSC!tl  aJld Val\ dQJl  lk!~~ [7], ‘] ’aCOJICt  d, :11. [ 8 ] ,  aJICl Oth C!rS, USiJl~ data frOIll the

AdvnJIcc:(l  \7CIy lli~h lksolutioJl lia(liolnekr  (A\7111{1i)  OJI tl)o NOAA s a t e l l i t e s ,  }Iave

SIIOWJI that iJ]fr:il’c(i-  rlc J’i\’ecl  surface! lcIn~Icraturcs  Inay lw used  with ollt:-(liIlleJ)siollal

lK)uJIclary  layc:r Jnodcls  to d e r i v e  surface  fluxes c)f Scllsil)lc  aJI(l  latcJIt hwt, Silnilally,

}$7dW] [iJld WOO(]WIJ’(] [~] ]I:IVO US(K] (]at:l  fI’OJll  ~hC! \7iSi~)]C-  ]J)fr:ll’CC1  S~)i J1-&:iJl  ]hC]iOJl)(!tC!l-

(\71SS]{)  011 th(!  NOAA ~(!OStatiOJ)~r.Y  S:lk]]it(!S  LO illf(!r  SUJ’f:lC(!  SOi] lllOiStUl(!,  ‘J’]lC!S(!  StUdiC!S

}l:IVC! (] C! Jll C) JIStl’:It(d t}l C! US~fUIIl(!SS  Of S:itC]lit  C(]CJi\’C(] SUJ’f:IC(!  tC!Jllj)Cl”:lt.[lJ’C  lllCtlSllJ’ClllcJ1tS

fo] [;lol  Ial lnol)itoriJl~  :Illd flux studios.

Satc]]it(!s l)r(~vid(!  (]Ic!  OIl]y via])]c  III(!aJIS fol 1]’)casurill~  l:IIId sur f ace  teln~ml”atul (!s

~lohal]y.  CoJlveJltioJ]al  (ill situ) lilc:ls~lrclll(!]lt,s  of Ilcar-surface air  tcl]l}lcra!urc,  sucl I [is



collectcc]  by LIIC worlrlwiclc ~lctwork  of surffice  It-Ictcorolofiical  slatiolls,

Ll)csc  ]nlrj)OScS  since Ll)c spatial saln])lill~  [III(I coveraf:c arc iliadcquati

t.lIc world. l“urthcmfnom,  the near-surfncc ail tmnlmraturcs  tyl]icrilly

(i.e. by ]noJc Lhfill  a fcw de{:rccs ) froln tlIc [[ IouIId alId caIIopy surface teln]~c~raturos  t.l)at

]Iaralnct,cr;zc  tlIc surface cl Ic]~yl J: Il:lllccIIlotlcls. ,Satcllitc  IIlcasure]ncl]t.s  arc ).mt.tcr suitd

Lo ]Jrovidi]l~  data f o r  these  lnodels si]lcc tlIcy Il]casurc  t.lIc tcIIIIwraLurc  o f  tlIc ~roulld

surface,  aIId ~Jrovidc area-avcrn~d ratllcr tl~all  ])oillt  valuc!s. ‘J’l~e  Inail] lilnitatiolls  ill

usill~ s:]tcllite  data are t}lc llccd  to corl CCL fbr v:(ri[ib]e  surface c]llissivit.v  Ht]d at,lnos}d]c!ric

att. clluatiol],  aTId t,hc difficulty ill qual]ti~}~ill[:  t,llc tc]npcrtiiure  Ineasurc]nellt  accuracy duc

Lo t~lc lack ofcolnlmral~lc ill situ cl:lia.

For  t,hc ahovc r e a s o n s ,  iI]cMasiIl[:  at,tc]]tioll  is b(!in~ ]Iaid to tlIc: prol]lcm  o f

rctricvill~  accurate satclliti! ~ncasurclnc~lts  of lal]d surface t.cnn  Jxwaturc  (1 ,SrJ’).  Aslmcts  of

t,ltc illfrarcd al]d lnicrowtlvc Lcchl]iqucs IIavc IWcll studid  by scvcrn]  illvcstigators,  e.~.

]’rice [10], Wall a]ld IIoz.icr [ 11], IIcckcr aTld l,i [ ]2], a]]d McF:irlaTIcl  d al. [13]. Most stuclics

t]avc addressed infrared techniques, primari]y  due t,o the }]i~}lcr spatial resolutions

:ivailal~le froln iIlfrnrcd  sensors (- I kln versus  -- 10 i-o 100 kln for lnicrowavc  scllsors),

olld also to the historical av[]ilal)ility  of data  from saLelli  Lc i]) frorcc] scl)sors such as the

ll~MM, A\~J1l{l{,  1 1 1 1 { S ,  :(]Ic1 \~l SSlt. hticrclwavc  ltlcasure]l]el]ts,  l)owcvcr, arc! fcasil)lc

LIIIC]C!I’  IIcar]y all wcwthcr conditions (exe.c])t for ]~rcci])ii,ation). ‘J’}~is  is an advallta~e  ill L}ie

tro])ics and deserts whc!rc! c]oLlds, dust,,  and  ac!roso]s frc!c]ucnt]y ObSCUrC!  the S u r f a c e !  at

irlframd  wavclcll{:l}ls. ‘J’llis adva?lta~c is ofl’set, for  so]nc apl)lic:ltio])s,  lry t,]]c rc]ativcly

low $~):lt,i:ll  lcsolut,iol~  o f  Inicrowavc radiolnct,crs. 1  ,ol)~-tcrlo  IIlicl owavc data sots  arc

avail  nl)lc froln LIIC ,Sca~lnin~  hfultichall~ic 1  h!icrowavc  l{aciiolnct,er  (SMMR) 011 t,?){!

Ni~nbus-7 s a t e l l i t e  tiI)d t,l)c S]~ccial  SCIISO] hlicrow’avc  llna~cr  (SSM/1)  oil t}, c 1)h4S}’

sat,cllitms.  ‘J’}]e avail al)lility  of tllcsc data sets, and t,llc potcntia]  of collt,illucd  data fro]n the

SSh4/1  series al]d fut,uro scllsors  SLIC]I [is t]IC h4ul Lifrcquc!Jt  Cy ]Ina~i]l[:  h4icrow’avc

]{:idiolneter  (h41Ml{)  o]) Lllc l’;artli  observill~:  SysteIn (IK)S), l]as rr!]lewed i~]tcrcst  ill the

~lot,cl)tial o f  l]licrowave l~le:islllcltlc!llts  o f  1 ,S’1’ f o r  clilnatc  mollitorin~  and ]nodcl

dcvclo])ltlcl]t atld validation<

l]] (,I)is l)a~)cr t}]c st:ILL]s  of satellite lnicrownvc ]ncasurclncllt,s  a!td rotricval

tccllllique.s  for 1 S’1’ :lrc 1 evicwcd.  IT) tllc first  ])al t of tl~c lm~wr t,}lc SUI face cu]cn f:y balnllcc  is

d i scussed  Iwiefly  as a Incal]s for tlllrlclst:tll(lill~  tllc role of surfacw tclnpc] aturc i]] t.lle

fluxes  of cl]er~y a~]d water at tllc l:IIICI surf:icc. ‘J’tlis is followed l)y a discus  sio]l  of tl)c

tllcoret.ica]  lmsis for lnicrow’tlvc  lnc:isurcll)cllt.  of 1 S’1’. 11( su},sequcllt  Sect.iol]s solne Icsults
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of satellite microwave olmcrvatiolls  aro dischsscd,  and sim]~lc model simulations and

rc~ressioll Lcchniclucs nrc used t o  cxanlillo t,hc potential  fo r  IIiultichalll]c]  lnicrowave

surface ti:II)j)cml,urc  cstil[-latiorl.

2.() llA~K(iRC)lJNll

Surface f l u x e s  (ill pa] Licu]ar- cv[t~)c)t.J  (il]s]Jil:lLio  Il) h a v e  laa~or  il)flucllces  on

weather  alId clilmtc. ‘J’llus,  it is essential Lo ulidcrsla]ld  Lllcllhysical lJ1’occss[:stllat.Covc!rIl

Lllcsefluxcs,  al]d,irl  ]~articlll:lr,  torcl)r[!sellt  l)l)c])](lccss(  !sofcv[i])or:itiol]  and traus})iratiorl

real is t ical ly in t,hc Clil]late  laodc]s. Eval)orativc  cooliTl~  is a lnajor  clctcrllliriallt  of the

land surface! tcmpcraturo, and clcpmlds  JIOL OIIIY OJI tlIe Imcil)itatioll  inlmt  to the surface,

atld ]low t]lis is appor  Lioncd illf,O (! V:l])Or[lti  Oil, SOil stora~c, and ru~lofl,  I)ut also 011 how the!

])(!L radi:ltiv[!  CJIC!J’E.Y  is  divid(!d bc!t,w’c!cll  ]:it.c!lt a n d  Sc!llsib](!  heat flux(!s. ‘1’hc 5urfncc

CJICJ’~Ky I)alallcc  ddcrlnillcs  th~ rclatioJlshi])s  ]ICtWCK!Jl  Lllcsc!  flux(!s.

Wl)CJCA’,L  is the l)ct. radiatiol]  il)to tllc surface,]]  ist,l)c Scllsiljlcllefltflllx  frola the surface to

the! atJIlosphcm,  141; is the Iatcllt  heat flux iTILo  the at.lnospllc!re,  and G is LIIC flux of heat into

thcs oil.  'J'}le]atcJlt ]lC!atfl~Jx,  ],]`;,  ist~le~JroC]tlct  oft]lc]:ltcJlt ]lc:ltof c~'a]lor:ltioll,  ),, fl1lc]t}lc

cval)orotioll rate, E. l“or collccj~tually  silnplc surfaces, strf]i~l~tfolw’firrl  Cxl)rcssiol]s  call  be

dcJ’ivcd  for tllc cllcr~.y  ]mlaJIcc  coJnJ)oJ}c!llts.  ‘J’]] c!s(!  arc!

(2)
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3.0 ‘1’II1!OI{II:’1’ICA1  , IIASIS

3.1 $hr-rhcw  ‘llflcctiw’ 2’cmpwaf14m

‘J’hc: lnicrowaw  radiatiorl  rcccivd  ).)y a spaccl)c)rllc!  radioT1]ctm  vicwill~  l: IIICI IIIny

l)c cx])rcsscxl approxilnat~]yas

(6)

WI)(!I”C!  Tt,,, is t,})e surface

downwcllill~  atlnos])heric

surface rcflcct,ivity,  a~]d 7’JI,, is t,hc bi~ht,llc!ss Leln}wraturc rcccived  [It tlIc! radiometer .  ‘1’}Ic

suhscri~>t  p rcfms Lo polari7,atioll  wl]ich lll:iy  }m ~J = }1 (horizolltnl)  or ~) = u (vert ical) .  ‘J’hc

dcpclldcnce  on illcidc:llcc  all~)c 0 is ullc][!rstood. If wc assu]nc t.lIat tJIc Suhsurfam diclcc~ric

])ro]wrLics  arc horiy,o])ta]ly  ]Ioino~c)lcous  ar)d vary  slowly wi(ll dc])tll  L]]c surface bri~}ltllcss

Lwnlmrnture ca~] Im w’ritt~~l  in al~proxi~natc  rodiativc  tra~]sfcr for ill

~~i) = c), ?; (7)

wl]crc  c), z (1 - r~,) is tile surfncc mnissivity, mId  7’, is the ‘effcctivc’  (or ‘ski;]’)  tc]n})crature

of L?)c surface ~ivcnl  hy

1

0
y; , [[:(’(2’)(’2’s”27’(2) a(z) (!XJI - (8)

. .

‘1’hc il]tc~rat,iolj  is ~Jm’forlnod fo r  racliatio  I] emallat,ill~ froln al] (]c])LIIs u]) 10 tlIC Surf:tcc.

‘J’hc :Ittcltuatioll  cocfficicllt ill Ll]c Inccliuln,  (r(Z),  dcl)cIIds olI tllc diclcctl-ic  corlst.alit,  alId,

f o r  IIadir vicwilic, cal I bc cwprc!ss(!d  siln])]y as (1(2) : 4nn “ ( 2 ) /1 ,  whe re  n  “ ( 2 )  is tlIc

illla{;illar.y  }Iart of Lhc!  rcfraclivc illdcx of tlIc lncdiulll, aIId A i s  (lIC  wr[Ivelc II@I. (l’”or [I

II]odiulll  W]]O$C dic]ccLric  CO~ISL:II)l  ~)rofi]o  vari(!s  rf]l)idly  over tllc dist.:illcc!  of  a wIave]cII~t]I

ill tlIc 7ncdiuln,  tJIc lnorc accurall  col IercIIt II Iodcl forrllulat,  iorl Inust, II(! usd ill i)lacc of Llic

radiative Lransfcr  cquatioll  (h’joku aIJrl KOIIC 116 l)).

‘J’I)c cfI’ccLive  Lclnperature  is a wcif;]ll.d  lne.n!l of tlic vcriica]  tcln})c?  [ltLIJC!  J)rofi]c ill
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tllc wei~lltil]~ fullcLioIl  i s  Clcfillccl  a s  tlic factol lnult,illlyill~ 7’(?) ill Llle il)t.c~rancl  o f

ltc]uat,iol,  (8). ‘J’llc wci~htin~  ful)ctions s} Iow’Ii, JI’N, II:IVO )mcII llorlnali~.cd  t o  a lnaxi~lluln

vnluc of unit,  y, for case of colnlmriso~l, sirlcc  t}lcir :IIJSO]ULC  I]l:l[:lliturlcs  i~]c]ude t,}Ic dfcct,s

of surface Cll]issivityi Wei@ltil]~ fullctio]is at Sliorlcl  w’avclcll~hs  (lli~l]cr frequencies)

sa]np]c the tcln]wrature  C1OSC Lo tllc Surfflcc, wllcrcas  at ]o~l~(!r  w’~ivclcll~t.l)s  t,hc wei~lltill~

ful]ct,iolls  show Lllat  t})cracliatioll  ori~illatcs  frolll  dcc~)cr  ill Lho lncdiuln,  and t}]c cffcct,ivc

Lelnpcraturc  is tl~crcforc  charnc[cristic  of L])(! w’ci~:}ltd  Illc!all  telnlmrature over a ~rmtcw

dc~)tl]. Noti! t,l]f]tfor  dry surf[icc collditiol{s  wit])  [I l~osit,ivc  lnoistu]c  {:radicllt  the wci~l)till~

fullctiol]s  ]nay ]~ot, peak at Ll]c surface. For a Illcdiuln of ulliforin  dielectric coIIsLl\lIt  (e.g.

ul)iform s o i l  lnoist,urc  ])rofilc)  t,)Ie wci~lltill~: functions  are cx~lo]lclltia]s,  alId arc!

cll:irncteriz[!d  by t h e  pcl]dxotiol]  cle~)tll, d  : W47Ln”, fit which the wci~lltin~  func t ions

dt!crcms[!  Lo I/e of their  value at the surfncc. l“i~ure 2 snows a ])10[ of tJIc ~)c]lctratiol)  de~)t,l)

v~rs(ls  wavcIc]]~L])  ill sall(]y soi], for various ?[l OiS(.UI’(!  COllklltS. At 1.5 G] lZ L?le pcuct,ratiorl

dc~~th varies  froln ap]woxilnat,cly J (J c]n to 1 111 for soil collditio]ls  ran{~ill~  frolll  saturatcc]  to

(11}~,  wllilc!  at 30 GIIY. i,he pe]lchatio~l  CICIJLII  varies  froln less t} I:iII  1 Inltl to a little  ovcw 1 c~n

for silni]ar  conditiojls.

~}~oudl]ury  d al. [ 17] have colnputcd  t}lc  diffcwllccs  bctw’ccl) t,l)e surfac(! tcmpcrat,  urc!

and t,llc cffectivc  teml)eratu~e  f o r  n rali~c  o f  llatural]y  occuri]l~  s o i l  Inoisturc  al~d

tclnpcraturc!  profiles. l“i~urc 3 snow’s Scattcrlllots  of cffectivc tclnlJcraturc  versus surface

ti!lllpcraturc  for these  IJrofilcs. AL 10 .7  GIIY, (A = 2.8 C]n), tllc dfective Lclnl)craturc :IKIMS

w i t h  the s u r f a c e  tcmpcrat,urc  to within a few’  dc~recs ccllti~rad[!  o v e r  the  diurnal

tcln]mraturc  c.yclc. IIowcver, at 1.4 (1117,,  (2 z 21 CIII), Lllc cffectivc Lclnlmratur(!  differs by as

]nucl) :is 15 to 20 ‘~ Ilcar mid-day froln the surf:lcc tcln J~craturc for these semi-arid Y,ol)c

J>rofilcs.  (;lloud}]u].y  et a l .  [ 1 7 1  suEResL  Lliat lIIC c~ectivc!  tolll~)c!raturc  call  lm rclatd

mn])iric.  ally to t,hc surface; t,cln]lc)raturc, 7’$, :IIId Ole Lclo])craturc  nt lar~c (infinite) d(!l)th,

7’ti,, l)y tllc cxprcssioll

When the surface is covcrml  I)y  \’e~:ct:itioll, Sillli]ar  Collsidclat,iolls  a~l~)]y,  C!x CL!Jlt

tliat  tllc w’ci~lltillfl  fullctiol]s  arid ])crlctrntioll  (Ic})tll  d(!}Icl I(l OII tile att(:l)u:itiotl  cocflficicllt  of
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terms of’ the

(11)

If the ntlnosJ]hcric variahlcs,  ?: alt d TO, all(l tllc surface elnissivit,y, c,,, are kl]owll  or call  km

cstilnatcd,  Lhcnl the surface tclnpcrature, ?l,, II]ny he obtaillcc] froJn  sil)~lc-cl]a]]ltcl

lncasurclncllt,s  of the olwrwd  l)ri~htllcssj  7’Ii,,. III })ractice, tl)c variability in 7a lnay bc!

s?na]l  (at l o w ’  frc:que]lcics) o r  lIlay I)c esti~l)ntcd  froln coincidelli  racliosolldc

II)c!asuwmc]lts. ]11 some cases t]lc varia]]ilit,y ill e,, JllaY also }.IC cstilnatid  from krlowlcclgc

of the surface type aIld moisture co)ltcnt. ‘1’o il}vcsti~atc  tile accuracies with whicl] ep, Td,

~’o, aIId ~’11,, II}USL  bC kl)owl]  to obtain a rcliah)e estilllatc  of 7’ ~, OJIC ]nay sLudy t}]e ]mrtia]

derivatives of l’;quation (1 1), i.e. tl]c scllsitivitics  of 1’, to t}le  o}jscrvcd or  est imated

qllalltities

W’,
-&’[)  =

- cx~) (?O)[:l’J;,,  -1: (1 - CXl) ( -w]  /c: (12)

al; .
C!xl) (Ta) {T~J,, - 2’0 [1+ (1 - c,,) C!x]) (-2*0)]) / (’,, (13)

a To

W’c -

a7’. -
- C!XJ) (7.)[1 - c?,,  m]) (-7.) - (1 - e,,) c!x~) (-27.)] /e,, (14)

W’c
/: C!x]) (Ia) c,, (1[1)

a~ ‘1{/,

‘1’]1~ fUI]ctiOll[\l  fo]’]l]s  of ~])~s~ dcl’i\’fi~i\Tes  }lrC! ]~lo~td  i]] ]ri~LIrC!  6 fOJ lC})rC!SC!llkti  W!

ranccs of values. l“i~urcs (i(a)  and G(b) SI1OW tl}at  to obtain an accuracy of 3 ‘~ ill 7’, the

clnissivity  Inust he know’]) Lo aII accuracy of ]wtwccn  0.006 aIIcl 0.01’2, de})enclill~  01} tllc!

Valuc!s of ?’c allcl cl,. ‘J’)lis corrcs])ollds  Lo aII accuracy of al)lwoxilnately l%, since OIIC IIIay

AT, ~11assu]f]c a])])roxilnatc values  o f  7’C : 300  K aIId c,, : ().8,  :~llC], fOT’ S111:1]] TO, -7, : - .
Cpc

Such  nccuracy  in a-j)riori kllowlec{~c  of cl Ilissivity  ap])cars  unrealistic ~ivcl)  the IIatural

varja~)i]ii,.j  of ]0 LO 25% or ~rcmtcr fOUlld  fO1’  C,, ill lllfllly  l’c~i Oils. 011 the other IIallcl,  surface

classification scllclncs  (c.~. ‘J’owl]shml(l  CL a]. [18] aIId Ncalc cl, ti], [19] )  Call bc US[!d t o

idclltifl>’  tllc:  gross surface Lyj)c. Wit,hill  cac],  s~lrface  tyl)c lIIC clnissivity  i s  i]lflucllcccl

10
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primarily by moisture, ‘J’l)c  usc o f  lnulti]]le cllallTIcls  lnay ]mrlnit  the lnoisturc,  nl]d

Lllcml)y  tlIc elllissivity,  to be e s t ima ted  sufl”icimltly  acculntcly  to rcbicve the s u r f a c e

Lcm]lmraturc. ‘J’his  proccdurc  Inay IW earlier]  out  usill~ ~ilulti~)lc  rc~rcssioll  o r  itcmtivc

rctricvnl  mct)lods as discussed ill tJl[! IICX( scctiol~.

At frcqucl]cics  lCSS tha]l 10 (;IIY. w’llcrc  the variability ill nt,ll~ospll[!ric  o])ncit,y is

small  (ATO < 0.01), ]“i~urcs  (i(c)  fi!ld (d) S]JOW L]Jat  t]~c effect of ullccrlail)tics  ill opacity 0]1 q;

w i l l  a l s o  l)c SIIIall.  At hi{;l~cr flcquc]]cics  this III:iy  IIOt lx! tlIc case .  I< ’or example,  ~,jt,]l

refcrcl)cc! t,o I“iSurc  4, a r[i(liosollcl(:-clclik?c(l  wa(jcr  val]or Inmsurclncnt  ul]c.crtaillt,y  of 0.1

~/CJIlz lcadsto  uncert,ailltics  of:i~]])loxiTll:itcly  0.003 nl)d ().02 ill oIJacitynt3’i  alId 85 (1117,,

rcs])cct, ivcly,  with corrcsl)orldinfi  crro]s  ill 7> 0 fO.3a1)d  2°~foral)  clnissivity  Of O.8. ‘1’he

]nwscl]c.cof  clouds will fullhcr  il~crcasc tj]c mrors. ‘1’hcsc!  errors dccrcasc  as the clnissivit,y

il)crcascs.  }“01’ ]ow opacities, ]“i~urc 6(c) s}Iows t]Iai l)IC  effect on 7’, of uIlccrLnilltics  ill 7’0 is

Slnnll, l“ir]ally,  l{’i~urc  (i(f) s h o w s  t,lIaL r(idiolncter  noise  w i l l  k amplific!d  ill LIIc

cstimat,io]]  of 9), Lypicftl]y  hy a factor of lwtwccll 1 and 2, witl)  lli~licr values occurrill~ ill

rcflio~ls of low crl)issivit+y  al]d hi~l) o~]acit<y.

4,0 MIJllJ’l~ll  ANNltI,  ]{ II;’J’]{]]I;VA],S

‘J’]Ic ~na~nituc]cs  of  the corrcctiol~s  Ilgccssary  LO account  for cffcc~s of varial)lc

surface cunissivit,.y  n])c] atlnosp]~cric o]]acity W)IC]I cslill~ati~l~ surface Lcmpcraturc  were!

cliscusscxl  in L}lc previous scctioll. ‘J’IICSC  correct.iol]s Inay Lc: attclnptec] usil)~  indc~m)dcmt

wat,cr  va])or (radio  so~ldc)  and  c]oud rl~c:(s~lrcll~cl]ts,  and a-~)riori  clnissivity  esLilnat,cs, o r

altcrnativc]y  Lhcy may bc ]nadc Iy usill~ lnulticllannc]  data such RS available froln the

Shfl Ml{ aIId SSM/1,  or a colnl)ili:lt,iol)  of I)oth aJll)roachcs Inay I)c uscd. ‘ J ’here  has ]men

lilnitml  research ill stuclyil]~  t,l]es(!  a})~)roacl)cs  however.

]1’cw studies of surface Lc]nporature  usill~: sa t e l l i t e  Inicrowave data IIave I)ccll

rc])ort.  cd ill the lit,crat.urc. (JIIC study is t])at of h4cJ~’arlalld  cl al. [ 13]  WIIO il~vcsti~~it.cd  tllc

rrns Crlor$ rcsultill~ froln lnulli~]lc  lillcar rc~:]cssiolls o f  SSM/1 df~ta a~aillst  air

Lcll)})craturcs  measured [it. surface ]nctcorolo[:ica]  statio]ls  ncross tllc lJ. S. (;rc!at l’laills.

‘1’hc.  air t.cln~)crat.urm V+CYC ol>taincd  from the NOAA opc!latiollal  clilli:it.cjlc)~:ic:ll  data]msc

al)d l-cprcscl]t  lncasurcmcnts  at scrccl) IIcifillt  ( 1 . 2  I I I) . IIy usill~ SSh4/1  dat:i froTn

11



where ai arc rc!~rcssioll  cocfficicl]ts, and iV i s  L}le nulnlmr  o f  channels  uscxl  in the

r~rcssions. ]“i[:Llr C! y ShOWS t}l(! I(!SU]tS  Of thCS(!  r(!~I’C!ssi@lls fOr t}lC!  SUrfaCC f,y~)C!  C]a SSifiCd  aS

‘Inoist soil’, c]is; )]wycd rIs tl)c  ]Jrcdictecl  teln Imraturc  froln Equation  (16) versus Lllc actual

values of scrccll air tmaperaturc. ‘1’hc cha]ll)cls sclect[!cl  in t)le rc~ressioll,  WV, 37V, 22V,

and 1911, l]avc the cocfflcicllts  tabulated ill tllc flfylrt!, Also S1]OWJI  is the rlns  c!rror of the

rc~rcssioll,  nnd similar statistics for tl~c other  land  surface types withil] the study region.

Nor lnoist  soil, the ma~nitudc  of tl]c! c.ocfllcicllts  il]dicates  that the surface tx!mImrriturc  is

Ili OSt lli~}lly  correlntccl w i t h  the 85V C}lallllcl, while  tile rclnaillinc chal IIlcls ])rovidc

illformntion  to correct, for cmissivity  nllcl Rtlnos])heric variability. ‘1’his is rcasonal)le

sillcc the 85 GI1z radiation ori~illatcs  C1OSC 10 tlio surfkm,  a]ld for verlical  polari7jatioIl  the

53° irlcidcl~ce  an~lc of SSM/1 is close  to tl~c IIr(!wster fil]~lc,  thcrchy  rcclucil)~  the variability

duc to surface  cmissivity  for t,his charlncl. ]“or dl’.Y sOi]sj  ]1OWC!VCJ’,  ~~v a])]) (’aTS b bC L}IC

Inost, si~llifica]lt  chal]l)cl,  il~dic.atil~~  ]Jcrhal)s t}lat w~llnt.  i s  l)c:in~ scrIscd i s  t,lle lower

at JIlos 1)1 Icwc rather tha II the surface.

l“Jo]n  these results a llulnl~cr  of observations call  he ]nadc. Pirst,  tllc rlns  errors  of

tllc rc[!r(!ssiorl  fits appear promisil]c  since tllcy arc! ill tl~c rtil~[:c  ?, -2.6 ‘~ over a dyllalnic

rall~e of 4 - 23 CC, fIlld  the corrclatio~l  cocfficicllts  ill solnc cases arc above ().8. Ilowcver,

tllc rlns  errors Inas k a variety of error sources as IIlel]tiol)cd  earlier. ‘J’lIc  l-c~rcssiol]

coc.fficicl}ts  }~avc l)CCII tul)d  to the Co]lditio]]s  of tlIe s~)ccif]c stu(].y rcflioII ancl  II CIICC tlIc

Cxluatiolls  cannot  IW applied relial)]y to otllcl  re[:iolls. ‘J’hc variahilit,  y of tile cocfllcicllts

froln OIIC surface type to aIIothc  I also indicates il)at surface classification) errors Jnay lead

to corrcsl]olldill~ surface Lcln])erature errors.

]2?
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4.’2 nfdd silllliI~fiOl18

‘J’})c problem may bC a]]a]ymc] froIl~ :i]IOt]ICY  pcrsIJcctivc  }Iy J~crforrnir]~ sin~ulatiolls

usill~ a silnple  radiative transfer model. III tl)is ]tlodcl, ve~ctation  is  rel)rescmtml as ail

absorbine  layer ahovc t,llc  soil, charactc!rizcd  1).y arl oJ~aci Ly Tc, wit} I soil reflectivity r~,,. ]f

tl)c soil  stl~ft]cc::  illclvezctatio~l  arctissulllcd tolw at the saI1leLclI~J)craturc,  Kcrrnlld  Njoku

[20] }lnve S})OwlI  t})at ICquatioll  (10) dcscrilms the l)ri~lltlless Lclnpcraturf!  viewill~ this tWO.

]nyer Incxliula  if r,, is replaced h-y r.,, CX]J (-27C ). i.e. IOquaLion  (1 O) is rc~)laccd  l)y

Y ;{[, : 7~[ 1 - m]) (-7.)][1 + 1.,, mp (-TO - 2TC)]  + Y: exp (-TO)[  1- r~,,  exp (-2TC)] (17)

‘t,. z A.Cy” \\r/  COS () (18)

where W is the vc~ctation  water  Co]ti,m)t,  c~~<,” is the ima~il]ar.y  part of t}Ic dielectric contant

of the vcy;etation  water,  A is the wave] cn~l]l,  O is tllc il]cic]cmce  al]~le, ar]d A is a coefficient.

Lhat dcpm]cls  on vc~ctatioll t,ypc. ‘J’llc  soil reflectivity dcl)cncls  011 surface rou{;h]]css  and on

soil dielectric coIIstm It w})ich cnn bc related to t}lc soil lnoisture,  mU, usillc  data given by

IIallikail]cn]  cd, al. [21] and  Njoku ancl KoII~ [ 16]. ‘J’l]e  atlaosl)?)cric  opacit,y  Call hc! r e l a t e d

direct]y  to t h e  at]nospheric  int.c~rat,cd  water val)or, pU (Wal,crs 122]).  ‘J’}lcsc  rclatiol]shil)s

arc discusscc]  more fully ill Kerr aIId Njoku [20].

l~;quation  (I 7) allows the s:itcllitc-ol)scr~~c(l  bri~htncss  t[!lnperaturc  to 1)(! co~nputed as

a functiol)  of a lilnitcc]  numlxr  of at]nosphcric  and surface ]mralaci,crs,  i.e. 1’)),, = f (pU, 7;,

m., W). A simu]atc!d  data sc!t CaJI the]]  lx! ~c!ncra(c!d  hy computinz  ~;,,, usillc  ]{;cluat.ioll  (1’7)

fo r  v:irious  Colnbinat,  iol]s of paralnctcr va]uc!s clIoscn to cover a suit,a~]c dytl:~lnic  ral]gc.

‘J’his  was do]]c for values covcrinc Lllc rall~cs: pU = 0.[) Lo 5.0 ~/cm~; 7) = 4 to 40 ‘m; m,,: 0.03

Lo 0.3 ~/cm~; a~](l W = O LO 0.2 k@~. ‘J’cI)  values were sclcwtcd  to cover t,l]c rall~cs  ill equal

incrcmellts  fo r  each paralncter, alId l)ri~lltllcss  temperatures were co]n])utecl  for all

l)ossil)lc  combinations of each ~Jaralnctcr value, for a total of 1 Oi colnbillatiol~s.  For each

coln)jillation,  tell bri~}lt.llcss  tc!l]i~)crtiturcs  were COJll  I)UtCd [It frequencies of 6.6, 10.7, 18, 21,

and 37 (;117,,  vcr Lical 811C1 l]orixolllal l)olal-izalio~ls, and 50° illcidcllcc  all~lc, to  silnulate

measurements of the A’imbus-? SMh!l{ satellite il]strument. ‘J’IIc  Sh!hfR frequenci[!s  arc

also  of interest sillcc they  correspond closely to llIC frcquc~lcies  t}]:it, will IW used fhr t,hc

13
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future  IKE Nlultifrcqucllcy  lma~ill~  Microwave  Racliomctcr  (M INJR) instrumc]lt  WA

[X]); frcqumlcics  hi~l]cr than 37 Gllz  were Ilot, Coln])utcd  since the assumption in l;quatiolls

( 1 7 )  md (18) of vqwtation as aII almrbiw  (Itoll-scatkrinf:)  layer is not valicl  at the hi~}lcr

frcqucl)cics.  (Strictly spcakinc  tl]c validity is in question at frcqucncics  ~rcatcr tllal,

a})out 10 GIlz, but, the error is not cxpcctd to bc Loo great  up to 37 G] Iz).

‘1’]lc silnu]atcd  dat,a SCL was used  L o  dcvc]op a rc~rcssion  a]~orithm  for  surface

Lclal)crat,ure  of a forln similar to ICquation  (1 (i), i.e.

where ?’I{ is a vector of t,hc tell  bri~ht,ncss twal)cmturcs. ‘J’I)C ]~i arc fLIIICtiOI)S Of tllC tCIl

lwi~htlless  tclnpcratures,  and allow f o r  rc~rcssiol]s OII funcLiolls o f  tlIc lwi~lltllcss

Lcln;mratmrcs  as well as on t,he bri~htllcss  tmapcraturcs  thcmsclvcs. ‘1’}lis  iIclI)s  miti~at,c

so!ne of the nonlincarit,ics  in the II1O(1C1  Equation  (1 7). ltxalnpl CS Of sucl)  fullctiolls arc l{’i =

1 1 1  (315  - Y’]~j) ~lld 1“, ~ (?’}]j  - 7’}{~)/(L’’/~j  + l’}{~),  C } 1 O S C I I  t,O tlCCOUIJt  fO1’ cx~lollcmtial

llol~lincmrit,ies,  iIt the first case, a]lc] to invcsti~ate  t?~c use offul)ctiolls  that arc indcjm~dmlt

of surface i,cnnpcrat.urc,  ill the second. l{e~rcssion tcclll]iqucs  for microwave racliomctr.y

have bcc:n  discussed c]scwhcrc  (Ilofcr  aIId Njoku [24]). C a u t i o n  Iaust be USCCI in

illtcrprctin~  rlns  errors o f  regrcssio~ls  oII Ilolllillcnr ful~ctio]ls  Sillcc  the errors will ill

fymcral  not, be normally distril~utcxl.

Al)plicatio~l  of t,hc re~rcssioll forIaula  of Nquatior]  (19) to the silaulatml  clata  set gave

the resul ts  slIown ill l“i~ure  8. A  st(!])wiso  rc~r[!ssioll  proccdurc!  w a s  USC(] in W}lic}l  f,}lc

sill[;]c  bri~htncss  tcmpcraturc  cha]lne], 7’l{i, (or function  of cha]]nc]s, ]~i) was first  sc]cckd

Lllat was  mos t  hi~hly corrclatccl  to the surf:ice LCInJ-)CratUrC. AcldiLiorlal  chanllcls  (or

fu~lctions) were tlICII sclcctcd for the rc~ressio]i i]l successive St,ej>s, SUCIJ t}Jat,  the rcsic]ual

error was lnini]niy.  cd at each SLC!I) for tlIa L sc]cction. ‘J’he stcpwisc  proccdurc  w a s

tcrmin~tcd  wlIcn the addit ion of  furt,hcr  chaIIIlels t,o t,llc rcgp.cssio~l did noL rcdllcc  the

rcsiclual  error si~llificantly from the previous step. ‘J’his  lcd to t?Ie fo]]owi]l~ ccluatio~]

‘J’hc  r]ns residual  error htwcen the ])rcdictcd  tclnporaturc,  7;*, froln llquation  (!20) aIIcl the

actual  hapmat,ure,  1), was 2.07 “C. ‘]’his  silaulatio]l  did IIOt hkc il]to account tile cfl-bets of

14



YfIdioInctcr noise in the bri~lltllcss  tcmJmraLurcs which would il]crcasc  Ll]e rms residual

error sli~htly. If only Lmichtl]css  Lwnpcratulcs,  al)d Ilot  nol)lincar  functions, were used in

tllc rc~rcssions,  tlIcn tlIc residual rms  [!rror i]lcrcascs  to 2.9 ‘C. ‘J’l)is Valu(! SCCIIIS  to IIc!

si~Ilifican  Lly lar~cr Llla[l  okrvcd in l“i~urc.  7. llowcvcr, the dylialnic ra]l~c of surface

tc]npcrature  used for t}Ic simulations was lnuch IaICcr, and  Iio [ILLc~mJL  was made t,o

classify the simulations into groupings of dry, wet, and low vc~c!tatcd  soils.

‘1’hc illt,cnt  of t,hc rc~rcssion sinlulatiolls  is to show Lllat  t,hc rc!sults  o}ltainec] usirl~

sntc]]itc  c]ata are collsistcllt  w i t h  modc!l silnulatio~l  rcsu]ts. l.i~nitatiolls  of t}lc llon-

scatteritlg  ve~ctation lnodcl preclude analysis of the! suital)ility of the 85  G] Iz challllcl  for

surface tc]npcrattlrc  ]ncasurc]ncllt,  but the Sclec.tie]] of tlIC llichcr frequency Chn]lnels in

the simulation rc~ressions  results directly from the fact that the }li@cr frcqucmcics  are

less scnsit.ivc  to surface mnissivity variability (i]) LIIC silnulations  the 37V chanrlc] s}lowccl

the l]ighcst correlation to surface Lcmpcrat,urc!). IILIC Lo t}]c! I]onli]]arity  of t,lIc prohlcm, it is

likely that, iterative or Ilcural I]etwork methods would he more al)j)rol)riatc  fol dcvclopinc  a

useful surface temperature retrieval al~orithln.

[). CON C1,USIONS

Surface t,c!lnpcrat, urc has a lnajor effect 011 laIld surface microwave cmissio]l  [Il]d

cnn bc csti~natcd  from satellite lncasurcnlc~lts  of lwi~ht!lcss  Lelnpcrature  if’ t,hc ]Iatural

va r i ab i l i ty  in  su r face  cmissivity  find at.mos])hcric  opacity  call bc! a c c o u n t e d  f o r .

Multichtillncl  mcasurcmcnt,s are onc n~etllod o f  est,ilnat,ill~  and  correctin~  f o r  t h e

cmissivity  and atmospheric [! ffccts. IJilnited  satc]litc data al)alyscs a~]d t h e o r e t i c a l

simulatiol]s  ]Iavc showl I that surface teIn])craturc  cstilnation  accuracies of 2 to 2.5 ‘~

should bc feasible usill~ a ~lonlillcar retrieval al~orithln. ‘1’]~c  accLIr8cy  Inay bc im]moved

if a priori inforlnat,ion  on t,l~e surface cmissiviLy  is avail a})lc. Addit,io]lal  research and

dat,a analysis arc required to invcsticatc  L}Icsc a])l)roachcs. It is difl”icult  [0 assc!ss tllc

accurac,y of satmlli  tc-clcrivt!d  tcmpcraturc  es t ima tes  si]lcc coln~)aral]lc  ill situ data arc!

{;cnc!ral]y  u]lavailal)lc  over spatial scales tyl~icnl  of tllc satellite foot,  ])rillts. If satellite

hllpC!LYLhlIX! IllCaSUT’C!lllC! ]lfX arc used in cllcr~!y ])alallcc lnodc]s care! s] IoLI]d })c takcl) i~~

dcfinil]~  t,hc cffcctivc  tclnpcraturc  consistellt,]y ill tll(!  ]nodels and rtldiativc trallsfcr

forlnulations. ,Sillcc several  .ycars of global  sat, cl]itc data arc lIow avail  al)]c from the

Shfl Ml{ and  SSM/1 il}st,runlczlts,  a collccrtc(l  effort,  S]IOU1(]  ]~c JIIa(]C {.o (]c\,c]oj) sLlrfacc
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Lc]nperaturc products from Lllesc data  to cmllparc with G~M Itlodc] out,put  nnd to examine

regions] seasonal al}d illterallnua]  l,cmlwrature  variability .
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IUGIJIW;  CA1yJ’lONS

l“i~ure 1. (a) Soil IIloist~lrc ]~rofilcs corles]~ollclil~  gL o(l) wet, and (2) Cl]yco~~ditiolls.

(b) Norlnalimd tc!lnpcmturc  wci~htinj! funcl.ions,  ](’N, for moisture lmofilc

(1). (c) Normlizcd  tempcmturc  weighti]lg funct,io]ls,  k’~, for moist,urc

profile (2). (Njoku and KOI)E [ 16]).

l“i~ure  ‘2. l’cnctration  d{!pth as a fullctiO1l of wavelen~L}l  for sandy soil wit})  ul)iform

lnoisture  content, between 1 and 30% by vo]umc.

l{’i~ure 3. Rcpresent,ative  soil profiles of (a) lnoist,ure,  allcl (b) t,mnpwature,  for

]’hocnix, Ariz,olla  soil. (hrvcs [ire labeled by nulnher  of days after

irrigation. (c) Scatter p]ots of cffcctiw  temipcraturc  versus  surface

tcmpcrat,ure  colnl)uted  for profiles showl~ in (a) and (b) at various

wavclengL}~s.  ((houdllury  et al. [ 1 71).

l“igurc!  4. Atmospheric opacity as a fu~lcLion  of frequency in i,hc! ran~e  1-100 GIIz, for a

cloud-free annual  tropical atlnos~jhere viewed at an incidcmco  an~le of 50°.

Chrvcm arc for integrated wat,cr co]ltcnt,s,  pu, of O, 1, 2, and 5 g/cn~2.

Vigurc 5. llrightncss  tcmpcraturc  Clcpc]]dm)cc  on: (a) surface t,cmpcraturc:,  7;; (b)

surface  clnissivity,  e,,; a?lcl (c) atlnosphcric  opacity, Zo; colnputed  fro~n

ICquat,ion (IO) with 7: = ’280 K,

Figure  6. (a) and  (b): Sclisitivity  of ostimatcd  surface kmpcraturc,  7),  (0 surface

~!lnissivity, cflj as a fullctiol~  of surface  telnperatur[!  ancl cmisivity,

rcspectivc]y,  (c) :il]d  (d): Sc!llsitivit,y  of estilnated  surface t,clnperature,  7),

to atmospheric o~)acity,  7., as a function of surface t.empmature  and

emissivity,  respectively. (c) allcl  (f): Sensitivity of cst,ilnatm]  surface!

tc:mpcraturc,  7), to atlnos})}lcric  telnperaturc,  7:,  and lwi~hlncss

tcmpcraturc,  1’1],), rcsp(!ctivc!ly,  as functions of cmissivity.

l{’igure  7. Regression fit of ‘predicted teln])crat,urc’  (linear comhinatioli of lwi~httlcss

tcm]mature  channels) to screen  air Lcmpcraturc,  for moist soils, coverin~

central tJ. S. study region  dcscril.x!d hy hfcl~’arlal~d ct al. [ 131. Statistics for



,. ,
.

other  surface t.ypc!s art! also sllowII. }lri~l)tness Le]n]x:ratmre  clata arc from

the I)MS}’ SSM/1 satellite  il]strurncml,.

l“i~urc 8. ~omparison  txitwecn  actual, 1’~, and est,ilnatmd,  Y’@%, surfnce tcmpcmture

usin~multip]c  rc~ression  011 a si~nulatcc]  brightness temperature data set,.

‘J’hc clashed line is t,hc pcrfccl  agreen]c]lt  line.  AT] rms residual error of

2.07 ‘C was obtained, }Iowevcr, (]UC  to the ]]ol]linearity oftho model, the

errors arc not normally distributed.
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Regression Cwfficicnls and Statistics for 4-(~hallncl Mode]:

Crcips/range 0.81 ?,.58 2?.40 1.239 -0.396 0.2’75 -().174
Moist soils 0.85 ] y) 41.69 1 ,?.45 -0.724 0.415 -0,063
]~J’~  soils 0.62 2.60 76.?.8 -().367 -0.318 1.408 0.025
All 0,79 2,37 58.0-/ 0!811 -().555 ().73() -0.170
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