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1e:r<ar>?.  Retrieval coeFFicientH For eacI HeaHon Jere 

KeterLineK :> <HinM tIe calc<lateK NO:anK anK -O:anK 

o:Herva:leH pl<H tIe H<rFace preHH<re( teLperat<re( anK Jater 

vapor KenHit>. 

,o <nKerHtanK tIe eFFect oF tIe oFFOQenitI cIannelH( tIe 

contri:<tion F<nctionH RSST Jere KeterLineK :> pert<r:inM tIe 

:riMItneHH teLperat<re at eacI FreU<enc> anK anMle in 

H<cceHHion :> S N( tIen calc<latinM tIe reH<ltinM cIanMe in tIe 

retrieveK teLperat<re or Jater vapor KenHit> proFile.  ,o Lore 

clearl> ill<Htrate tIe KiFFerenceH :etJeen tIe QenitIOonl> anK 

L<ltiOanMle retrievalH( tIe contri:<tion F<nctionH For tIe L<ltiO

anMle retrievalH Jere H<LLeK over all anMleH For eacI 

FreU<enc>.  ,Ie contri:<tion F<nctionH For teLperat<re( 

preHenteK in 1iM. V( clearl> HIoJ tIat tIe L<ltiOanMle retrieval 

contri:<tionH For tIe Five <pper -O:anK cIannelH WXY.ZX( 

X[.\[( X].]]( X^.V\( XZ.Z_ %4Q? are at loJer levelH.  ,IiH iH 

eHpeciall> tr<e at XY.ZX %4Q( JIicI co<lK KeMraKe retrieval 

perForLance in tIe LiKKle tropoHpIere.  ,Ie contri:<tion oF 

tIe XV.VZO%4Q cIannel to tIe QenitIOonl> retrieval iH 

neMliMi:le( JIereaH a HLall contri:<tion iH eviKent For tIe 

L<ltiOanMle retrieval` tIe XS.VXO%4Q cIannel contri:<tion iH 

ver> nearl> tIe HaLe For :otI retrievalH.  ,Ie contri:<tionH oF 

tIe NO:anK cIannelH in tIe <pper tropoHpIere are Mreater For 

tIe L<ltiOanMle retrieval. ,Ie contri:<tion F<nctionH For Jater 

vapor KenHit>( preHenteK in 1iM. Y( HIoJ little KiFFerence 

:etJeen QenitIOonl> anK L<ltiOanMle retrievalH For tIe -O:anK 

cIannelH( JIicI iH not H<rpriHinM.  ,Ie contri:<tionH oF tIe 

VV.VYXO( VY.ZYXO( anK V].VYXO%4Q cIannelH are U<alitativel> 

HiLilar For :otI retrievalH( altIo<MI Mreater For tIe L<ltiOanMle 

retrieval. ,Ie loJerO anK LiKKleOtropoHpIeric contri:<tionH at 

VY._YX anK Y_._ %4Q are L<cI Mreater For tIe L<ltiOanMle 

retrieval. 

,Ie HU<are root oF tIe H<L oF HU<areH oF tIe contri:<tion 

F<nctionH MiveH tIe error aLpliFication Factor RSST. ,Ie error 

aLpliFication FactorH inKicate IoJ an error oF S N rootOLeanO

HU<are WR2/? in tIe LeaH<reK :riMItneHH teLperat<reH Jo<lK 

aFFect tIe R2/ oF tIe retrieveK U<antitieH.  ,IeHe are 

preHenteK in 1iM. [.  1or teLperat<re( tIe L<ltiOanMle retrieval 

La> :e eapecteK to >ielK a reK<ceK error :eloJ V bL :<t an 

increaHeK error a:ove tIiH level.  BeloJ S.X bL( tIe R2/ error 

in tIe L<ltiOanMle vapor retrieval La> :e Mreater tIan tIe 

QenitIOonl> retrieval. 

 

B. Retrieval Application 

/everal LeaH<reLent iHH<eH L<Ht :e aKKreHHeK :eFore 

appl>inM tIe L<ltiOanMle retrievalH.  1irHt( Hb> conKitionH L<Ht 

:e IoriQontall> <niForL to enH<re all anMleH are acU<irinM 

PWV

TIR

 
 

1iM<re S. ,iLeOIeiMIt conto<rH oF teLperat<re Wtop? anK Jater vapor KenHit> W:ottoL? For SVOSX 2arcI V__[ at tIe AR2 '/A Hite at BarroJ( AN.  ,Ie :lacb 
line in tIe top panel inKicateH tIe teLperat<re reporteK :> tIe inFrareK tIerLoLeter.  ,Ie JIite line in tIe :ottoL panel inKicateH tIe precipita:le Jater vapor. 
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1iM<re V.  5ontri:<tion F<nctionH For tIe QenitIOonl> W:lacb? anK L<ltiO
anMle WreK? teLperat<re proFile retrievalH.  All MrapIH Iave tIe HaLe Hcale. 
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1iM<re Y.  5ontri:<tion F<nctionH For tIe QenitIOonl> W:lacb? anK L<ltiOanMle 

WreK? Jater vapor KenHit> proFile retrievalH.  All MrapIH Iave tIe HaLe Hcale. 
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e>uivaleDt FeasureFeDts.  #I eDJIrKe tLis KIDMitiID5 JIr eaKL 

Jre>ueDKN5 tLe s>uare rIIt IJ tLe suF IJ tLe s>uares IJ tLe 

OriPLtDess teFQerature MiJJereDKes OetReeD Qairs IJ sNFFetriK 

IJJSTeDitL aDPles LaM tI Oe less tLaD U V.   #Lis eJJeKtivelN 

liFiteM FeasureFeDts tI Klear sWN KIDMitiIDs.  XIY QlIts IJ 

tLese R,% MiJJereDKes are QreseDteM iD tLe uQQer QaDel IJ 

ZiP. [.  #Le treDM iD tLese results suPPesteM a sliPLt tilt iD tLe 

raMiIFeter.  #Lis Ras KIDJirFeM ON KIFQutiDP tLe R,% 

OriPLtDess teFQerature MiJJereDKes IJ FIMel KalKulatiIDs at tLe 

DIFiDal aDPles \ :.[] as sLIRD iD tLe OIttIF QaDel iD ZiP. [.  

#Le KalKulatiIDs sLIR tLe aKtual tilt is KIDsiMeraOlN less tLaD 

:.[].  #I aKKIuDt JIr tLe tilt5 tLe OriPLtDess teFQeratures IJ tLe 

sNFFetriKal aDPle Qairs Rere averaPeM OeJIre aQQlNiDP tLe 

FultiSaDPle retrievals. 

* KIrreKtiID ^9_ Ras aQQlieM tI tLe IJJSTeDitL VSOaDM 

OriPLtDess teFQerature tI aKKIuDt JIr tLe JiDite OeaF RiMtL IJ 

tLe raMiIFeter aDteDDa5 RLiKL iDtrIMuKes a QIsitive Oias iD tLe 

FeasureM OriPLtDess teFQeratures tLat iDKreases as tLe 

elevatiID aDPle MeKreases.  #Le 2SOaDM FeasureFeDts re>uire 

DI KIrreKtiID OeKause tLe OeaF RiMtL at tLe 2SOaDM 

Jre>ueDKies `a9]b is FuKL less tLaD JIr tLe VSOaDM KLaDDels 

`aU.[S;]b.  

 

C. Retrieval Results 

#Le retrievals Rere aQQlieM tI OriPLtDess teFQeratures 

FeasureM RitL tLe ,1R& aDM KIFQareM RitL c"; 

raMiIsIDMes lauDKLeM iD KlIse QrIYiFitN tI tLe raMiIFeter 

OetReeD *Qril 9::U aDM 6aDuarN 9::;.  )D aMMitiID tI LaviDP 

tI sKreeD tLe Kases ID tLe Oasis IJ tLe R,% MiJJereDKe IJ tLe 

IJJSTeDitL aDPle FeasureFeDts MesKriOeM earlier5 tLe surJaKe 

teFQeratures FeasureM ON tLe raMiIFeter aDM tLe raMiIsIDMe 

LaM tI aPree RitLiD 8 V5 aDM tLe c:S!F iDJrareM sWN 

teFQerature LaM tI Oe less tLaD 99[ V. 

#Le eDseFOle FeaD `Oiasb aDM staDMarM MeviatiID IJ tLe 

MiJJereDKes `retrieval FiDus raMiIsIDMeb are QreseDteM iD 

ZiP. ;.  %iPDiJiKaDt Oiases OetReeD tLe retrievals aDM 

raMiIsIDMes are eviMeDt.  ZIr teFQerature5 tLe FultiSaDPle 

retrieval eYLiOits a Preater Oias tLaD tLe TeDitLSIDlN retrieval5 
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ZiPure U.  'rrIr aFQliJiKatiID JaKtIrs JIr TeDitLSIDlN `OlaKWb aDM FultiS
aDPle `reMb retrievals IJ teFQerature `leJtb aDM Rater vaQIr MeDsitN `riPLtb.   
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ZiPure [.  XIY QlIts IJ tLe s>uare rIIt IJ tLe suF IJ tLe s>uares `%R%%b IJ 

tLe OriPLtDess teFQerature MiJJereDKes IJ tLe IJJSTeDitL aDPle Qairs5 

^`98.;] d c[;.U]b9 e `c".[] d c[".[]b9 e `c;.;] d c;8.U]b9_cf9 JrIF 
FeasureFeDts `tIQb5 aDM JrIF FIMel KalKulatiID JIr a :.[] tilt `OIttIFb. 
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ZiPure ;. ,eaD `Oiasb aDM staDMarM MeviatiID IJ tLe retrievalSraMiIsIDMe 

MiJJereDKes iD tLe teFQerature aDM Rater vaQIr QrIJiles JIr tLe TeDitLSIDlN 

retrievals `sIliM OlaKW liDeb aDM tLe FultiSaDPle retrievals `reM liDeb.  #Le 

staDMarM MeviatiID IJ tLe eDseFOle IJ raMiIsIDMe sIuDMiDPs arIuDM tLe 
FeaD IJ tLe eDseFOle is QrIviMeM JIr reJereDKe `MasLeM OlaKW liDeb. 
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whereas for water vapor density, the zenith-only retrieval has 

the larger bias.  As the contribution functions illustrate, biases 

between the brightness temperatures measured by the 

radiometer and the model-calculated brightness temperatures 

used to derive the retrievals will result in biases in the 

retrieved temperature and water vapor density.  Biases 

between the measured and model-calculated brightness 

temperatures for these frequencies and angles are presented in 

Table 1.  The biases in the five K-band channels increase with 

increasing atmospheric path (i.e., with decreasing elevation 

angle), which suggests a calibration problem may be the 

cause.  In contrast, the biases in the 51.25-, 52.28-, and 53.85-

GHz channels decrease with increasing path length, which 

suggests a spectroscopic problem may be the cause [12].  

Although the bias at 52.28 GHz is the largest V-band bias, its 

effect on the temperature retrievals is small (negligible for the 

zenith-only retrieval). As the contribution functions show, the 

bias at 53.85 GHz is the most serious.  Fig. 7 shows the 

dramatic reduction in the temperature retrieval bias, and some 

improvement in the water vapor density bias, resulting from 

subtracting the biases at 51.25, 52.28, and 53.85 GHz.  

Additionally subtracting the K-band biases, as shown in Fig. 

8, marginally improves the multi-angle temperature retrieval 

but does not improve the zenith-only temperature retrieval.  

The bias in the zenith-only water vapor retrieval actually 

increases above 2 km.  This occurs because the brightness 

temperature errors probably arise from a calibration problem 

and therefore represent a scaling error rather than an offset 

error that can be subtracted. 

Fig. 9 presents a comparison of zenith-only and multi-angle 

retrievals compared with a radiosonde for 25 April 2005.  The 

measured biases at 51.25, 52.28, and 53.85 GHz were 

subtracted before applying the retrievals.  In this case, the 

multi-angle retrievals demonstrate improved accuracy over the 

zenith-only retrievals. 
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Figure 8.  Same as for Fig. 7, except the biases at all five K-band channels 

listed in Table 1 have additionally been subtracted before applying the 
retrievals. 

TABLE I 

MEASURED–MODELED BRIGHTNESS TEMPERATURE  BIAS (K) 

Frequency 

(GHz) 
90° 23.6° 19.5° 16.6° 

22.235 0.60 2.01 2.55 2.21 

23.035 0.66 2.11 2.65 2.44 

23.835 0.79 2.29 2.85 2.69 

26.235 0.65 1.36 1.85 1.88 

30.0 0.49 1.80 2.28 2.27 

51.25 -1.61 0.59 0.67 -0.26 

52.28 -3.08 -0.96 -0.84 -1.24 

53.85 -1.26 -0.20 -0.04 0.01 

54.94 0.22 0.39 0.45 0.46 

56.66 -0.52 -0.44 -0.36 -0.33 

57.29 -0.22 -0.21 -0.14 -0.12 

58.80 -0.83 -0.78 -0.71 -0.71 
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Figure 7.  Same as for Fig. 6, except the biases at 51.25, 52.28, and 53.85 
GHz listed in Table 1 have been subtracted before applying the retrievals. 
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III. COMBINED MWRP AND 183-GHZ RETRIEVALS 

Iterative physical retrievals based on the MonoRTM model 

[13] were developed to derive the water vapor density profiles 

from K-band measurements of the MWRP and brightness 

temperatures measured at 183.31 ±1, ±3, ±7, and ±14 GHz 

with the G-band water vapor radiometer (GVR) [14].  

Temperature profiles were derived by using the V-band 

MWRP channels alone.  RMS brightness temperature errors of 

2 K were used to account for the observed measured-modeled 

brightness temperature biases.  The results of two cases are 

presented in Fig. 10.  In the first case, 12 December 2005, the 

additional GVR measurements have no effect.  Both physical 

retrievals produce nearly identical results.  The statistical 

retrieval results may be fortuitous because the brightness 

temperature biases in Table 1 have not been subtracted here. 

In the second case, 25 January 2006, incorporating the GVR 

measurements into the retrieval clearly improves the result.  

The reason for the difference in performance between the two 

cases is that in the first case, the precipitable water vapor 

(PWV) was more than 3 mm, whereas in the second case, the 

PWV was less than 2 mm.  Above 2 mm PWV, the 183±1 

GHz channel begins to saturate and contributes little to the 

profile retrieval. 

IV. CONCLUSION 

Statistical retrievals of temperature and water vapor density 

profiles have been developed for zenith-only and for multi-

angle brightness temperature measurements in the 22- to 30-

GHz and 50- to 60-GHz ranges.  These have been applied to 

microwave radiometer measurements from Barrow, Alaska, 

for 2004-2006.  Biases in the measured-modeled brightness 

temperatures at 51.25, 52.28, and 53.85 GHz, which may be 

due to spectroscopic issues with the oxygen absorption model, 

produce biases in both zenith-only and multi-angle 

temperature retrievals, as predicted by the contribution 

functions.  A small (much less than 0.5°) tilt in the radiometer 

can significantly bias the brightness temperatures at low 

elevation angles, but averaging the brightness temperatures 

from symmetric angles on opposite sides of the zenith 

alleviates the problem. 

For horizontally homogenous, clear sky conditions such that 

measurements at all angles represent equivalent conditions, 

the multi-angle retrievals offer better performance in the 

lowest 1-2 km, though at the cost of increased complexity.  

Using additional angles may further improve performance. 

Utilizing the GVR measurements at 183.31±1, ±3, ±7, and 

±14 GHz in addition to the five K-band channels of the 

MWRP can significantly improve the water vapor density 

profile retrievals for very low PWV conditions such that the 

±1 and ±3 GHz channels retain sensitivity. 
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Figure 10.  Profiles of water vapor density for 12 December 2005 (left) and 

25 January 2006 (right) derived from the MWRP by using a statistical 

retrieval (red), a physical retrieval (green), with MWRP and GVR combined 
by using a physical retrieval (blue), and a radiosonde (black). 
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