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AP - BB ELDUKSMIE S (Water Vapor Radiometer; WVR) #
HIFTREKAIRATE (BIRRE » 1999) » EE—HFER WVR BHIfE5H TRk S GPS EiRE
B R & i HERRA GPS ALK » EMIEE GPS ENIIIREEES
HERAZIER LHEHNEHEEMTB R CHRE Flann K 58 (Rocken, et al.,
1993; Duan, et al., 1996; Liou and Lin, 1998) - EditFE384 K, B5 4% (Dixon, 1991) % -

2. BHREBEBEREE

GPS E#B%E L-band (1575.42MHz J; 1227.6MHz) #RZHER » 5 REBEASEAE K
REBEFBRES » ZIMEHHEZEMEL  H—SERHEEREEREZERE  H
“REBRERREE IR EMIEER L - EMEBRFEEENELTS  FEERK
MERITE SRR E R R Moo - FE(REEHE (Fermat) %Al FESEAEERE
(Optical Path Length; OPL) HHfu[Z5E (Hecht, 1987)

OPL = jf n(r, ) ds (1)

Hep o A~ BRRIREERIE (GPS #E) ~ 52 (GPS B B - n(r, /) BEMER
B r RIRER f RV ETE R - OPL fAMNEZE K E A %% B AR (G) Hig
& IR GPS S ZEIRREBHIEITE AL

AL=0PL-G

= [\ne.)ds-G @
jekiee

AL= [, [n(z.f)~11ds +[S-G] 3)

Hep o § RIEEBAEHERR L (A 2] B) RUSMTEERE - XO)VESE—TBIRE R
BB HIE » B HANE S Bl - WS FTEICELCE > EWA 15° B
lem &if (Bevis, et al., 1992) » LA » —fRFEMA 15° LITRS R Z - BEROHE

BRERRITHEE V) HEE, N=10°(n-1) - N AIREE - B RKSBHESK
(Smith and Weitraub, 1953)

N=77.6i+3.73x105-PL2 4)
T T

Hep - PRAAREE - mb - TREE K R P, RKSSTE » mb - 2 (4)BERER 5% 0.5%
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(Resch, 1984) - Thayer (1974) $2H—{EEBXERERIITHRBA

P, P, R,
N=k, T; +k, T7 +k, 777 %)
d v v

Hep o k, =77.604£0:014 K/mb » k, =64.79£0.08 mb™' » k; =(3.776£0.004) x10°K*/mb >
P BEEEARSE  mb o FZ) W Z] A RIS ERER I BHEETF - )R
BT 0.02% (Davis, et al., 1985) °

—iRT S » BSAEA Saastamoinen (1972) EEk » B ARELER AL 77 FHZ FIRIT
i (Wet Delay; WD) REfEIY » Hb » BREORRE

| v B b
AL3=WD=106[/¢2 ITd“k’ sz dz} (6)

Hr s ky;=17+10 K/mb - FAR - EREZIEEEE » AIRKE EFZITHRBIREET
% Hit > WHESRAREE - ATHEER BRI REKEZEAHK

S — A > AIREKEN EEZRRMEEES » FLL BEATLGER WVR EifEn]
Rk E - EE— SR HEE L-band SR ERIIRIEE - L4 - BFY WVR BRRKRE
SRR > BEARMA > HIEEHENERRE GPS SR E BT KEMEF - #8H
BEEENAE (Rocken, et al., 1993; Alber, et al., 1997; Haines and Bar-Sever, 1998) °

3. BEHSAREL
T WVR BISIA SRS 2 R ATRE BIRE » 199)

Ty =T e+ [k (N L) ™ ar ()
Hep T, SFHERFE Q79K () =] (") dr" £ r E| r' #5682 neper (Np) »
r BAIE (GEBE) > m - «, BRISE{REL (extinction coefficient) (KRKEZE - BEFS
BHIESD)  Np/m o DR T, BARIBEE » K - —MTTE » KSR R/ e 7 B
#5  ATRIERE > TLARUARE «, (absorption coefficient) HRAAZN(7) 2 IEAREL -

HR AR B X A RMBRIBRS » AROERAL - TS GPS &
BERS SR B TH WYR SERR RN SEEREE - IR TR R
BIEAES

WD = Cyypo + Cypi X Tb, + Cyp, X Th, (8)

Hep o GUARBREREERAREK - THRi{(k WD0 > WD1 X WD2 - Tb, REIHIZTE
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B Ko TR = 18502 SRR AMEREER WVR 2 23.8 K 31.4GHz #{FEEK - &
EXRIEAMA  #HX@)F 2 WD DIKTHRELE (Zenith Wet Delay; ZWD) EUfCE[IT] -
HEREMAET WD ZERATE  BETREEHEFE/ +AENREKREE
FHs 47 » UL NOAA Wave Propagation Laboratory 3§ FREVEES ER I EE T K REEHTE
23.8 & 31.4GHz W58 (Schroeder and Westwater, 1991) - 555, AR ERE L2 B EI Z 1B
R~ BEERIEE 0.1mb - DIAJEEK ~ BAARERE EBRKELDD - B—FrREIRR
BREt+EE£3/\+AFE=AMNRREEERNB/ AR 23.8 & 31.4GHz (a) 5
BR (b) Xi2 » DARIEEEY () ZWD - fEE T4/ » 23.8 K 31.4GHz ZBAITFGES
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gH— MBREEt+EEINT+AEZFHESILARERRELERHEBARLZ
23.8GHz J 31.4GHz (a) 52l & (b) 2 » DIRAEEH (c) ZWD

LRAIEREE - REREEERNARREEKER » Bt —RIFERREBRAHRE
FHRBE—2ZERFE/KEIELSE (Han and Westwater, 1995; Solheim, ef al. 1998; Snider
and Hazen, 1998) - HIARTAAE YR < REt B HEB A  BERFTRA/IVD (Westwater,
1978) - BT HAH—EHHRERRZBRESAEILTHE - ERMABENIISHERE
R 98% IR EE BIRR%K 0 1999) - Hit » FEARFKRLIER - ERAKXE®)E
EEE WD iz BERETTE Y » HER TS E -
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AHMEER AR - HAMUREREERRMES 238 & 31.4GHz ZEMAREG) > i
RS RO E B RGBT L BB HIRZ/IVR 1.78cm (7.48%) » fl1k— -
HURRHCEAEREER - MBS HIRZERE] 1.33cm (5.56%) - IR ER SRS
SRR B ARG RS FTLL > BRIESISM - ARAT B B DGRBS AT - LOLTESE
B WD B » RELUEEIRE@) T RIBET » 1T

WD = éwpo +éwm XT, +C‘WD2 X1, )

Kt G BOERREREZERRE - TEif% WD0> WD1 & WD2- <, SEHEE
R > K TR = 1502 505k 23.8 K 31.4GHz « SR BEE 2~ BUAS

Tb=T, xe ™ +[1-1(0) Ix T, (10)
Hef o t(o0) RREZMENTE AT TER) » T, RFEARNTEESEET

—J‘o’ K, dr

Jm x, T, e ds
Ly == — (1
.[0 K, e_j° % ds

RREBERt+EE2/\+AE = AR EIRELZTREE ZWD s S
BURRAESS » DI LA 23.8 R 31.4GHz FEiB BLFE A RIEERFTE ZWD (6 E K&
ZWD Z3FiRE - FEIA 10 R 1 HBIRELUAFITEEEIER » Th HEHR S
WD0 =-3.46>WDI1=0.66>WD2=-0.39:1 JEER{RE S WD0=-1.20> WD1 = 149.27 »
WD2 = -88.56 - JEEFRERIAL #R4EEEFE: (multiple linear regression fit) SKHY -

R REBRRATHIGZ ZWD FEEEEE » BARIOREEER 2 S iR

sy AH TIME Bz (Hth)| HHRE (1) | HAHEE (1)
ZWD (cm) 23.8 5.40 (22.7%) 1.78 (7.48%) 1.33 (5.56%)

4. WVR BRI RDHT

EREAREE/ TtE=ZA+/\ BB -+ HAMES L ESU5#ST » WR 2
AN B L B2 MR e A TG R RS AL A KT 5 i T R 4 BB 8% el
MRS EIERRER BRI EERE 15° & 165° B{g (& 15° i — R EH) -
ERP—ENERS > £HET 383 41 23.8 & 31.4GHz TSR LR - AR
£z WVR £ 3£ & Radiometrics 73 & Fi it » BRIFSRERES 23.8 ) 31.4GHz 52 Ff 23.8GHz
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(0.198) - ERFE—BEHBRIAM RIRFZER - B WVR SEIREEZHIHIZ 22 i Bars
FRITERAK - AKRFEBAE 23.8 & 31.4GHz HITISESTFIR 68.4K K 424K » KHAEE
#7 WVR BB BIER 10.6K K 10.0K o XEFFT LI RREEE AR » BREE
— S ERIT -

B =FT~f WVR ERFREE () KK (b) FEiLERR - FEROMA (RS
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FEFIRE - AFEAIA RREHSE () Btk (b) RESFAEH) Frilgs WD

At HE=8UR 0 REE=AZ+H (day number = 79 ~ 80) F|—+_HRS -
WVR iEEEEERIFC WD 84k - HR=A - +FHEXRH WD BMLiEERIF - B
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£= DXREHASEERQREXEEES WD 2 REEE (F5Lb)

A ) 15 30 45 60 75 90 105 | 120 | 135 | 150 | 165

WD REEE | 45 | 12 | 040 | 0.15 |-0.01] 0 |[-0.19] 0.03 | 048 | 1.6 | 8.3
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5. &

R HEEAFTEFME TR GPS FSMERERNIFE - FEMEENTTRKE
FERRHITEE > DIRAKRAE 23.8 K 31.4GHz WEARATEH Y - (RBREE 1+t
FENTAFE=ZAHNRRFZRRATHT > RELERERF RS HIRER
1.78cm (7.48%) « FLIOEREEITEER » RIAHE RIS TIRZREE] 1.33cm (5.56%) -

REN+EF=A+/\HEZ+AHMESILRLIEETT WVR HEIRERER -
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“+HER 6 ~ 8 am. FE/IRFRHS] - WD HHEXRIRGHK 21.6em BIFEHEMMARY
118.0cm » EFERTRAAAE 21.6cm BIFE] 40.8cm - M H R » BEHKTWEHHE
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ARG HRATH IR AR S 'O > RS SBERREREN - @ ER S THRE
A

AREHRWET WVR FHHll WD BIRREIRES » LT ATTLIE—S R WVR =4
[y WD @8 B - Mgk GPS fEH AR T ZFER » EHRHNEREN 500 A H -
ERMmAREREREE2RRCERER -

R FAEBPIE KRETEEREH G IFiT#E NSC87-NSPO(A)-PC-FA07-05 37HF T 5
AR o FRILEEE - (EEW/RHEE Radiometrics /A FHREL/KISMIEEHNE » PREER
REEASEAN > SRR EREERZBE TR RAEER - (F&ERERH
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Spatial Variation in Atmospheric Wet Delay Observed
by a Ground-Based Dual-Channel Radiometer

Yuei-An Liou’

Abstract

A ground-based water vapor radiometer (WVR) was utilized to investigate the
influence of water vapor on the propagation of Global Positioning System (GPS) signals
through the atmosphere. The influence is in general characterized as so-called “wet delay”
(WD). WD were inferred from brightness temperatures at 23.8 and 31.4GHz observed by
WVR installed at Taipei weather station from March 18 to 25, 1998, and the corresponding
opacity depths. During the field campaign, the WVR was initially installed due east, while
it was turned to north periodically. An elevation mirror is used to guide atmospheric
emission to the antenna. It is designed to rotate perpendicularly to the WVR itself so that
elevation angles can be automatically adjusted to scan the atmosphere every 15° at angles
between 15° and 165°. In order to derive retrieval coefficients, radiosonde data collected at
Taipei weather station in each March starting from 1988 to 1997 were used. WD from
WVR measurements varies from 14.8cm for clear sky to 40.8cm for rainy/cloudy conditions
at zenith. WD observations at angles from 15° to 165° indicate that stratified atmosphere
becomes an less appropriate assumption with viewing angles departing from zenith. The
deviation is increased to as much as 8.3cm at angle of 165°.

Keywords: Wet delay, brightness temperature, optical depth.
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