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M =

A3 Fl TR 8 52 (Central Weather Bureau; CWB) &L BRIt R L0 » R RE 87 #£3H
18 H=E 25 HATEAI 2 ERE (1 74 (Gobal Positioning System; GPS) + SRERIEZE - SE4H/k GaES =T
(Water Vapor Radiometer; WVR)FI#HEZRRF RS EFIZR! - Ll WVR G GPS 881 » £53+a]
k& - FEERAILIEEE—E WVR BB T » GPS {43t ATk & £ EHBRADY: 1. e
#KHS Bernese 4.0 FE#E GPS &k} REEESILATEERER R ARIEENREITR; 2. £ WVR
HHEET SALISE BNREIT &’ 3. LA bl GPS F1 WVR IREIE & » 53+ GPS iR EIE#{E & 4.
DITHETEER S5 GPS IRELR » HKAAHESHRERLR - I A IR K& - ERB~
GPS SHEHMIEHILRET & - IRk BT SEGERER)S RIS 22.7(3.30) » 3.72(0.55)cm » &
FERTRIRERZZ BB BIE 24.9(2.99) - 4.04(0.50)cm - HIFA R HE R E BLAIRIES « ZSREMTEEBAR TR »
GPS BRI HANEL IR B & - TRE/KESFIS 2.16 - 0.32cm -

e - WK E - IREITE - GPS K&

— ~ i =]

2IRE LA (Global Positioning System;
GPS)R— M ER RITEME—TLAENS
zZh o EMAMRE S EE L > F—EEE
B L EE L-band &{i4E3K 1227.6 ~ 1575.42 MHz
AT — R TN AT R R 2R —
¥ - HIE_H GPS 2ok » 8P e (T —RERs
AWK B AL @ ERIERSE - SRS iEM
BEET ZE P RRE BB (BRI
FERREOEREERETEE®) M B
R 2 2IARMIFER - EREL N T E T

HRESEBCAR  MARES &2 IETSH
KOEERFC—  FTFEH BRI RET
BRI LUMEET IRk B (Bevis et al. 1992, 1994;
Rocken et al. 1993; Duan et al. 1996) - GPS 5%
LERINERELE  EXPESERNVE
B BECAIFEFY L-band i EHISERE
HIFTIE » ST EA R RIS -

BN GPSThEt KRS BT H R > &
RMTH NN ER R TR T EEEGE N
(Kuo et al. 1997, 1998) » RIM{ER T 4 E RN B4
FEE  HEARBRMEER THEHFE=5 K
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ZEtE > HEBSARERAREN > BaiEEE
REAA—FLIRT  E AR/ E#HE GPSEIL
SR/NEEGEHE > BT EGPSRE
(GPS/Meteorology; GPS /MET)# & - 4R » AE
ATUERS - GPS/METHURIEH A RS BB
TFEREE - HAIGPSHRET KRS EH
fir > HLARIREE £ E 2 F (Rocken et al.
1997) - (BER BRI EH RS = - 19+
STEEER RGPS ERAIEMAR RIS
B0 M ERTBEKTERETEAREEARE
Jo RENBREMAERN - ZBLBMITE -

Wit - REREEBFEATERS2%E Bkl
FESEIEHE - AT REREEZS: » K REBE FHER
Bt R A B (B AELR R - (B HIRRER
HE KT EEGPSHE BREIEAEEL R0
R BRAHFEN A SR R ST 5 T (Water
Vapor Radiometer; WVR) » H 5 5 Ze R E R
e IRMFE S SECE BN /T 1% - #CI#FE F (Liou
and Solheim 1998 ; Solheim et al. 1998) °

KM R IR GPS/MET 52 #H
IKSREEET » 2 BRES 16 P i 3 1 5 S b I
BRI RS B0 - ST 25 R = S
KR EEAMT - ERTEFEEH Wu and Lin (1995,
1996)5AFAIEREE ManGo » BRIRTE IR HIE 3
SERYEEAR GPS SEENR B ENIE SHEX
[EX GRS GELT - BN LR R EET
AJf& 7k &(Liou and Lin 1998 ) - R ERIERZ
BEER RHIERBENAFEE=ZF$# £
REREZFDEILRRUETEH=% 51t
H%4H WVR BHIEE: - 0 H ERER RIS
#H4 Bernese 4. 0 GEF RF 874 3 B 18 HE 25
HiE » fE 5L - TEER R R EER GPS Eil
B DG RIRBR I E R4 > 0
EEFR RS EAER - (ETEILERy R

FiE BB

K& > WANFEEREEZZEL WVR BHI{ELL# (Liou
and Teng 1999 ) - A ILFITEERE R S 55
ERREBE 08 14 A8 RERSEH
GPS B S ER > (R HERREL RS/
8 PRIEE MR REHIZA - BN
BRHIE #9314 (Rocken et al. 1995) -

ENRIREEE B — R —RESHAK
B — KNSR SN L EXRE GPS 8
BIEMS - EFREMEE L - REEEI0FH
AR GPS BHIERD SR LR R R TE
FREGEFRLME o RFHA - WL > A &,
T —2 (o B HERE S - B RN ER
BARIF E AR A B E R e
GPS BB ET ATk EHIEAT -

—GPSHERTREAKERE

GPS 5% L-band HRaA5; » Ba& @R
18 _EHT ST R B AR » BB IE SR
& - Bl AT AE 18 & BS 1% JE 4T (excess path
delay)(Hecth 1987)

AL= ['n(z, f)ds -G W

Hh A # B HRIBHBMERNELS
n(r,f)BAEnIEE . reaEng f
BHEE G 5 A Bl B SRR - BRERK
SEIEA TR B 5 S A RIS RB(Y)
FIBEE TN =10°(n — 1) BIRIEEE - 88Kk
RIS - R SRR | ISR
TS R BRI 2. WHIREIE S TRk
& - {ETEA Liou and Teng 1999 ) 5%kt » 244~
Bl eSS BT S PSS B 2.1 - AT
PR -

FMIA GPS AI{dhEtRIKIEREI RIEELE
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& (Zenith Wet Delay; ZWD) » S5 2 HiA] [k &
(Precipitable Water; PW)[BE{% & (Bevis et al.
1994, 1995)

PW =I1X ZWD @)
Hep TT=10°/{pR,[(k; /T,) + ky 1} » pES7k
HZHE > kg/m’ » R, B/KISHIEL R RS &8 - Jke-
K k, 522.142.2 » K/mb » k; £5(3.73940.012) X
10°» K*/mb » T, B A RHINTHETEIBEE - KUAR,
REZZEAZE - IR - BEER/MNEE 0.1 mb (]
1999 )) :
I(Pv IT)dz
n= (e the 3
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Hep Py B/KROE > mb o TEEE » K- —ig
TS 985 0.15 » HLB NS - (BEK
BEIARIE » TFEE 20%H9%8 B4 (Bevis et al.
1994) « IRIBERE 84 4 7 F% 86 4 6 BRITEH
BESERGEZSRNIE PW B2 ZWD JBmiE 1 »
% IR EIAERAOEE S B AT - 48
BRRBLES 99.9% - H AT HBMLAEEMHL T
2-4em EEFH 6-8cm - HEABLESEHIMR
FHIBMLIS M - BHATT - PW 8 ZWD L » HI
B 2 FERHE S R R - RER
by » ISR SRR R A AERE RS R AER R
£ 92.6% + SHIIHTHIHER 0.161 » {EHEEE
0.00223 » AR EEEAE 0.153 ] 0.167 24 -
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REEUEH T,=1.09T,-38.4 (Liou and Teng 1999)
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BRE B & 135

RGBS 228> BILL T, #4880
ﬂ?ﬁ 0.00088/0.162=0.55%F 5 E - EEE’;\fI)jZII
PRI — B R » B AL RS s
T4(E 0.00245 11 255 » 401 4 Frm SRS
by T -TATA 42 SR R PR 2 B AR B 1% -
AR (R -

O O10

< 005

,'ﬂll’llll

(]

G 000

* g

Uifferentiol PW/ZWE:

—0. 005

T T T TTTE

—Q 10

1 1
200 400

1 L
500 800

1
1000

Data Number (84/7/1—-86,/6,/30)

B4 EES84ET AT 8646 AR > A5May [1-1 -

= - WVR X GPS {55 R
B KB KE

AHFFEH - GPS fhEt Al K E X ELSHAE
PY: 1. FEFARIEZEEE Bernese 4.0 ¥ GPS &
kb RKIBE I RIEER R R IEA RAE L R &,
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ABSTRACT

This paper presents observations of Precipitable Water (PW) from Global Positioning System (GPS).
GPS, radiosonde, Water Vapor Radiometer (WVR), and hourly surface meteorological observations
collected at Central Weather Bureau’s (CWB) Taipei and Hualien weather stations from March 18 to 25,
1998, were utilized. The only WVR was installed at the Taipei site. Four major procedures are
proceeded to derive PW from GPS data. First, Bernese GPS software version 4.0 was used to estimate
relative wet delay over the Taipei and Hualien sites. Second, absolute wet delay was determined from
WVR at the Taipei site. Third, offset in wet delay was computed by subtracting GPS- from WVR-
observed wet delay at the Taipei site. Fourth, wet delay derived from GPS data at the Hualien site was
compensated by the offset to determine absolute wet delay, and PW given surface meteorology. It is
found that the averages (standard deviations) of GPS-derived wet delay and PW are 22.7(3.30) and
3.72(0.55) cm, respectively. The corresponding observations from radiosondes are 24.9(2.99) and
4.04(0.50) cm, respectively. Since the two kinds of instruments are distinctive in terms of their measuring
characteristics in time- and spatial-resolutions, GPS observations underestimate wet delay and PW by 2.16
and 0.32 cm, respectively.

Key words: Precipitable water (PW), Wet delay, GPS/Meteorology(GPS/MET)



