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A comparison of precipitable water vapor obtained
from GPS and radiosonde

Masaaki NISHIMURA', Isao NAITO?, Tetsuya IWABUCHF, and Mikio SATOMURA*

Abstract In order to account for the validity of precipitable water vapor (PWV) obtained
from Global Positioning System (GPS), we compared PWV obtained from GPS (GPS_PWV)
and that obtained from radiosonde (SONDE _PWV).

We used radiosonde data from 14 stations in Japan, and also GPS data of GEONET sta-
tions established by Geographical Survey Institute (GSI) near radiosonde stations during
January 1999 and December 2000 in the present investigation.

The antenna phase center of GEONET varies by elevation angle of microwave path from
GPS satellites, and we applied an antenna specific phase characteristic model to the GPS_
PWV. When we estimated GPS PWV without the antenna specific phase characteristic
model, average difference between GPS_PWV and SONDE_PWV (GPS_ PWV—SONDE_PWV:
PWV difference) was —3.7mm. This average PWV difference varied by each antenna/monu-
ment type. On the other hand, when we estimated GPS_PWV with the antenna specific phase
characteristic model, it decreased to 1.8mm. This PWV difference did not vary by antenna/
monument type.

We also compared two kinds of PWV at 0Q0UTC and those at 12UTC. At 12UTC, GPS_
PWV was usually lower than SONDE_PWV when PWV increased. When it is rainy or very
humid, GPS_PWV tended to be much lower than SONDE_PWYV. This tendency was caused
by the fact that the sensor of the hygrometer of radiosonde was wet.

Finally, we investigated a relationship between PWV- difference and distance between GPS
station and the position of radiosonde, but could not find a clear correlation between them.

Key Words: Global Positioning System (GPS), radiosonde, Precipitable Water Vapor (PW

V), GPS Earth Observation Network System (GEONET)
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—7, BETIZI996FE6A ~12ADMIZHB W T, 10
BOS o3/ vFRALE ZF DRSS DGEONETDGPS
F—% % FVWTSONDE_PWV&GPS_ PWVE DHEH
BatThbn:. 20&%, SONDE_PWVic AN, GPS_
PWVODOHA2.Tmmit EREICNI S HEEI N, £
7=, BRM{R2132.6mmiZ /% - 7-(Ohtani et al., 2000).
COBERZ, TAVIOBRIZHN, HENE,

F SOFVUFHRRIZIFEINIEEHIZELY, GP
SHH B X A KREARBES oAV VFABREIT 5 ARR
AR - TLZEV, SONDE_PWV EGPS_PWVE D
MIZARBEORENECTLE S TREE BRI L.
LA LT — BBV BELZ LR EX P> (HE
Fizd, 2000). iz, 75 F s VF—L«¥S5—%
£ TDORRNZEB7 VFHUBEFLOEZONT Y
HEIh, ZOBREBEAHEMAEKEEHIIOVWTOET N
3 b l-(Hatanaka et al., 2001).

LEDZ E%BEX T, KHETEHEEROUED S
CHYUVFRBEEFDEFOGPSBRAEEFERL,
19991 A ~2000 12 DF— ¥ 2 HWT, DTDOAIZ
# B L TSONDE_PWVEGPS PWVE DB ZTT - 7=,
® GPS7rFFtMPbLEE (PCV) OBEARM

AR EEOLE

7T AP ERECGPSEE AR MAIZ
SVEHBEREIL, ZOXMIT VFF c VF—4 -
ES—F A STEIZBRBZENGH TS, &
A, BERIZBWT, $FETRT7 /FIHUMEBPOLEY
(PCVIREERIN TV o1 FDi=s, GAMIT -
Berneseftr/ 7 b7 = 72 & AR ¥ DOGPS#ELT TIXIG
S01EMIZNAB T VT F DHDPCVOBEHEA S MAKE
HEERBLUI-ETNVERVANTWARETTHS. F
7=, GIPSYMHY 7 v = 7T, JPLAMER LT
VFHHEPOLOA Ty MEOZRBED AN SN T
W=, AW TIL, BHRRICJPLAMER LT V5
FEHEHPLOT 7y VMEDLEERL-BE L,
Hatanaka et al. (2001) #3B8% L7=GEONET®D 7 /5
F e UF—AL 554 S%EBERLIPCVOEBEA
AK€ 5 )V (Phase Center Variation EF)b :
PCVEF M) % BB LT-BELOEREHB L, PCVD
BEARNMAKEENGPS PWVIZ YD &> hEE%
BIELTW k2@, BIZPCVEFNEERT D
ZET, GPSPWVIZED &S IZEET A EFANT-.
@ MAEEORZ L S5 (end effect DME)

o4 VFERANZ0UTCE 12UTCo2E THhIL T W
3. 2ZT, GPS PWVX.SONDE PWVZ OHE HK
H00UTCE12UTCH1 B2EIfT > TW 5, LA L, —#&
IZGPSTROOUTCTHRA 2T O D&YX B
THY, 00UTCIXGPST —% iRz dh->TLFES.
GPSRELGHEELERIY, T—7YOWBIZdE, KX
DT —F Wiz, NS 7T 2AOREREIESL
Y, ERERRD/INT A =7 ORI HHEE
B> TULESZEND, HENELAEINT
WA (K, 1998). Z OEEASONDE_PWV & GPS_P
WVEDEIZEDE D IZHEBL T AN EFARS.

@ BABILLIESCHSVTREY VY —DORKE

BHEIZL &N

LBTICEBoFS VTREOBE, 50V
FHBOBE L /Y —IIBKENORETIFr v S
NONT Wiz, FDko, BKECEENKE®ED
BIZREEL VI K@ERYNTLEN, BECE
VEBEYHERERELTLESTTEERDS. Z0k

5 Iz, SONDE_PWV&GPS PWVEDZEIZED KD
B ERIE TR/
@ X UTHRTRENDHE
FOFVTFBRRIZHEND Z LKLY, GPSAH
BAXBRRREE 704+ U FRRAT 5 RTRED
Rz > TULEV, SONDE_PWV&GPS_PWV & eIz
REBZESECTLES TTHEELHD. KBIZZ D
&5 RERHBLE L B Dr & F ML THRET L7z,

it - XAm

1. FRHTH SRR

VX VTT—F O AIXLE4EFF(BE -
AW - FkE - =R - LG - EEF - RS - B - #e .
*F-EH - ERE  BE - GERTHS. BEN%
Fig.1iz, HEBEE%Table 1 I1ZR7.
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Fig. 1 Observation stations of radiosonde.

Table 1 Coordinates of the observation stations of
radiosonde.

Name of Latitude Longitude |Elevation
station deg. min. | deg. min. m
Nemuro 43 20 145 35 39
Sapporo 43 3 141 20 19
Akita 39 43 140 6 7
Misawa 40 42 141 23 37
Sendai 38 16 140 54 43
Tteno 36 3 140 8 31
Wajima 37 23 136 54 14
Hamamatsu 4 45 137 42 45
Shionomisaki 33 27 135 46 69
Yonago 35 26 133 21 8
Fukuoka 33 35 130 23 15
Kagoshima 31 33 130 33 31
Naha 26 12 127 41 27
Ishigakijima 24 20 124 10 7




Table 2
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Coordinates of GPS stations.

Locations of | GPS station | Latitude Longitude | Ellipsoidal | Elevation

GPS stations number deg. min. | deg. min. | height (m) (m)

Nemuro C. 940006 43 17 145 31 51 21

Nem ur Nemuro C. 950119 43 22 145 48 49 16

emuro Nemuro C. 960512 43 14 145 16 74 43

Nemuro C. 960519 43 12 145 31 83 54

Otaru C. 940013 43 11 141 2 113 80

S Atsuta V. 950117 43 24 141 26 76 44

apporo Ebetsu C, 960520 43 5 141 33 55 24

Eniwa C. 960522 42 53 | 141 35 67 36

Akit Honjo C, 940031 39 24 140 3 68 30

Ha Kawabe T. 950188 39 39 140 14 75 36

Rokkasho V. 950152 40 58 | 141 22 60 25

Towada C. 950153 40 37 141 12 117 80

Misawa Hachinohe C. 950156 40 31 141 31 46 8

Noheji T. 960537 40 52 141 8 70 33

Misawa C. 960539 40 40 | 141 23 87 50

Rifu T, 940037 38 19 | 140 57 74 32

Sendai Taiwa T. 950177 38 25 140 51 83 41

endai Watari T. 950179 38 2 140 51 80 38

Yamoto T. 960549 38 25 141 13 49 8

Tsukuba C. 92110 36 6 140 5 70 30

Yasato T. 93002 36 16 140 11 94 53

Kasumigaura T. 93006 36 6 140 21 69 30

Tateno Tone T. 93014 35 52 140 9 47 10

Shimodate C. 960582 36 18 | 139 59 76 35

Ishige T. 960583 36 7 139 56 68 28

Ami T. 960584 36 2 140 12 7 32

Wajima C. 940053 37 23 136 54 51 14

Wasi Suzu C. 950253 37 27 137 16 50 13

ajma Togi T. 960575 37 9 | 136 43 49 12

Notojima T. 960576 37 7 | 136 60 74 37

H ; Inasa T. 93050 34 50 | 137 41 81 41

amamaisu | p,makiata C. 93097 34 47 137 48 65 25

Kushimoto T. 940070 33 29 135 46 52 13

Shionomisaki Udono V. 950316 33 44 136 1 62 23

Susami T. 950377 33 30 135 36 70 31

Matsue C. 940074 35 26 133 4 70 35

v Mizokuchi T. 950379 35 21 133 27 126 90

onago Yonago C. 960654 35 26 | 133 21 47 12

Mihonoseki T. 960656 35 34 133 8 44 9

Koga C. 940087 33 44 130 29 49 16

Fukuoka Maebaru C. 950450 33 32 130 15 78 45

0 Tsukushino C. 950451 33 30 130 31 88 55

Nakabaru T. 960771 33 21 130 27 62 29

Makurazaki C. 940098 31 16 130 18 43 11

K hi Kushikino C. 950488 31 43 130 17 62 29

agoshima Ibusuki C. 950490 31 14 130 39 47 15

Kagoshima C. 960721 31 33 130 38 80 48

Tamagusuku V. 940100 26 8 127 46 128 101

Nah Ishikawa C. 960741 26 27 127 50 145 115

ana Tokashiki V. 960744 26 10 127 21 150 121

Chinen V. 960745 26 10 127 50 97 70

Ishigaki C. 960749 24 32 124 18 43 19

Ishigakijima | Ishigaki C. 960750 24 20 124 10 47 23

Tketomi T. 960751 24 3 123 48 63 41
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Table 3 Difference of the position between GPS and radiosonde stations.

Horizontal distance between radiosonde
- station and GPS station Height difference
Gl; % ;’ggll_on (radiosonde—GPS)
NS EW Distance (m)
(N:+, km) (E:+, km) (km)
940006 -5 -7 9 18
950119 4 24 24 23
Nemuro 960512 -11 —35 37 —4
960519 —-15 -7 17 —15
940013 15 -33 36 —61
950117 38 11 40 —25
Sapporo 960520 4 24 24 -5
960522 —18 27 33 —-17
. 940031 —35 -5 36 —23
Akita 950188 -7 15 17 —29
950152 29 -2 30 12
950153 -9 —20 22 —43
: 950156 —20 15 25 29
Misawa 960537 -10 15 33 4
960539 —4 0 4 —-13
940037 5 5 8 1
) 950177 16 -5 18 2
Sendai 950179 —26 -5 26 5
960549 16 35 39 35
92110 5 -5 8 1
93002 24 5 25 —22
9%806 5 24 25 1
93014 —-20 2 20 21
Tateno 960582 97 —~16 32 —4
960583 7 —22 23 3
960584 -2 7 8 -1
940053 0 0 0 0
. 950253 7 40 41 1
Wajima 960575 —26 —20 33 2
960576 -29 11 32 —23
93050 9 -2 9 4
Hamamatsu 93097 4 11 12 20
940070 4 0 4 56
; isakil 950316 31 27 41 16
Shionomisaki  gohary 5 —18 19 38
940074 0 - =31 31 —27
950379 -9 11 14 —82
Yonago 960654 0 0 0 —4
960656 15 —24 28 -1
940087 16 i1 20 -1
950450 -5 —15 16 —30
Fukuoka 950451 -9 15 17 —40
960771 -2 7 27 —14
940098 —-31 —27 41 20
. 950488 18 —29 34 2
Kagoshima 950490 —35 11 36 16
960721 0 9 9 -17
940100 -7 9 12 —170
960741 27 16 32 —84
Naha 960744 —4 —37 37 —90
960745 —4 16 17 -39
960749 22 15 26 12
akid 960750 0 0 0 8
Ishigakijima | ooh0 —31 —40 51 ~10
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Table 4 Kinds of Receiver, antenna and monument of GPS stations.

Giirit&tion Receiver type Antenna type Monument type
940006 TOPCON GP-R1DY TOPT700779A GS13
Nem 950119 TRIMBLE 4000SSI TRM23903.00 GS14
fvemuro 960512 TOPCON GP-R1DY TOPT700779A GS14
960519 TRIMBLE 4000SSI TRM23903.00 GS14
940013 TOPCON GP-RIDY "TOPT700779A GS13
s 950117 TRIMBLE 4000SSI TRM23903.00 GS14
apporo 960520 TRIMBLE 4000SSI TRM23903.00 GSl14
960522 TRIMBLE 4000SSI TRM23903.00 GS14
Akit 940031 TOPCON GP-RI1DY TOPT700779A GS13
ia 950188 TRIMBLE 4000SSI TRM23903.00 GS14
950152 TRIMBLE 4000SSI TRM23903.00 GS14
950153 TRIMBLE 4000SSI TRM23903.00 GS14
Misawa 950156 TRIMBLE 4000SS! TRM23903.00 GS14
960537 TRIMBLE 4000SSI TRM23903.00 GS14
960539 TRIMBLE 4000SSI TRM23903.00 GS14
940037 TOPCON GP-RIDY TOPT00779A GS13
Sendai 950177 TRIMBLE 4000SSI TRM23903.00 GS14
950179 TRIMBLE 4000SSI TRM23903.00 GS14
960549 LEICA SR9600 LEIAT303 GS14
92110 TRIMBLE 4000SSI TRM23903.00 GS12
93002 TRIMBLE 4000SSE TRM23903.00 GS11
93006 TRIMBLE 4000SSE TRM23903.00 GS11
Tateno 93014 TRIMBLE 4000SSE TRM23903.00 GS11
960582 TRIMBLE 4000SSI TRM23903.00 GS14
960583 TRIMBLE 4000SSI TRM23903.00 GS14
960584 LEICA SR9600 LEIAT303 GS14
940053 TOPCON GP-RIDY TOPT700779A GS13
Waii 950253 TRIMBLE 4000SSI TRM23903.00 GS14
ajpma 960575 TOPCON GP-R1DY TOPT700779A GS14
960576 TOPCON GP-RIDY TOP700779A GS14
Hamamat 93050 TRIMBLE 4000SSE TRM23903.00 GS11
a atsu 93097 TRIMBLE 4000SSE TRM23903.00 GS11
940070 TOPCON GP-RIDY TOPT00779A GS13
Shionomisaki| 950316 TRIMBLE 4000SSI TRM23903.00 GS14
950377 TRIMBLE 4000SSI TRM23903.00 GS14
940074 TOPCON GP-RIDY TOPT00779A GS13
v 950379 TRIMBLE 4000SSI TRM23903.00 GS14
onago 960654 TRIMBLE 4000SSI TRM23903.00 GS14
960656 TOPCON GP-RIDY TOPT700779A GS14
940087 TOPCON GP-RIDY TOPT00779A GS13
Fukuok 950450 TRIMBLE 4000SSI TRM23903.00 GS14
ukuoka 950451 TRIMBLE 4000SSI TRM23903.00 GS14
960771 TOPCON GP-RIDY TOP700779A GS14
940098 TOPCON GP-R1DY TOPT00779A GS13
K b 950488 TRIMBLE 4000SSI TRM23903.00 GS14
agosiuma 950490 TRIMBLE 4000SS] TRM23903.00 GS14
960721 TRIMBLE 4000SSI TRM23903.00 GS14
940100 TOPCON GP-RIDY TOPT00779A GS13
Naha 960741 TRIMBLE 4000SSI TRM23903.00 GS14
Na 960744 TOPCON GP-RIDY TOP700779A GS14
960745 TRIMBLE 4000SSI TRM23903.00 GS14
960749 TOPCON GP-R1DY TOPT00779A GS14
Ishigakijima 960750 TRIMBLE 4000SSI TRM23903.00 GS14
960751 TOPCON GP-RIDY TOPT00779A GS14
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Table 5 Coordinates of weather stations.

Name of station Wether station Latitude i Longitude : Elevation
number deg. min. deg. min. m
Nemuro 420 43 20 145 35 39
Sapporo 412 43 3 141 20 26
Akita 582 39 43 140 6 21
Hachinohe 581 40 32 141 32 28
Sendai 590 38 16 140 54 43
Tateno 646 36 3 140 8 31
Wajima 600 37 23 136 54 14
Hamamatsu 654 34 42 137 43 33
Shionomisaki 778 33 27 135 46 75
Yonago 744 35 26 133 21 8
Fukuoka 807 33 35 130 23 15
Kagoshima 827 31 33 130 33 31
Naha 936 26 12 127 41 53
Ishigakijima 918 24 20 124 10 7

T, BE .MM e - EE -ME -8 e = e.*RH/100 S RXIETTPETPIPPPIPPHN ¢/

kT -2E - EBREE - IB - GlEEIZASTOE
BTHY, =R - BRIBS#ETAERE L T 5,

GPSBRAIAIX, oV VFEASE» S, KEEM
2360km LAPY, BEEEAY100m LA O GEONET £ % & A
72, GPSRAKEEEDO—K ®Table 212759, Table
2 DERIY, BXELEWOIIGPSEIT THE SN EE
% wgs2tky EBRME ¥ 7 0 2/ 5 L (Tobita 1994) 12 &
VERICER L, BEWSIZIGEOIDBIZ X 5 A&
BEoY x4 K= v S (Kuroishi 20000 &V 441 FE
EROBDTCERLI-, Fi-, SOF T VFHRAAEGPS
BRI A E O REFRE%ETable 3i27R79. ®iz, GPS#H
BRENTZTNOLY—N—, TUFF, EFEZaAV}Y
A4 FDO—K%Table 4iZ7RT. Toa iV My A3,
TV TR GETALF—0E, ES—DMEOME
HiIZEV4BHEIZ T o= d D Th 5 (Hatanaka et
al., 2001),

7, BE  -BKTF—IERDBI-DIIEFIOE
BT INTWAH IR T— Y %FERAL-. #H
L7-EZOES{E% Table 5IZ;R1.

2. FEHTHAM

SEATHAMYZ, 19994 1A ~2000%E12A THh 5. 7=7°L,
19995 ~10A ZAIENT TS24V VY TFTRROEE
/Y —=RERFINTWS, BRAICX TR AL
L 3RBHEORARDLBENH 5.

L 2 PP

1. SV VFT—5 DRI
Tz, MZEEBIBE LYY —» O
Ehs TAMK%T)] OCDROM% A /-,
1-1. SONDE PWVOEH K&
T, MARTbhTWAH (BRHE) Z&0RE
o, FOEOEMNKEIELZ (DR, HRD.
In(e/6.11) = L(1/273—1/T)/R, «-++-++++++- (1
e, : BAFIKZSHE (hPa)
T: [E(K)
L : #2(2.50 x10°J/kg)
R, : XEZZORSM&ERB (461Jkg™'K™)
RO-BOKBIESHABE,» S, BATGT 20
KEKEZQ)R X URDI.

e: KESHE(hPa)
RH : 1B EE (%)

ZIT, VXV UFORBEBEATOXRKELREDME
ZCPSEAUS THEICE X 2oy, @#IED
B, KEKERIIEELE HICHENERMIIBL T2 E
BE U, KEKRIIERKXRD XS ICEMBEH Tl
TEAHRET 97> A NELOEEBE LNV, EE
ORFERDE, BEBAKD D WVITEHERTELT
EHBENSERIND. BHHEREERERTE
LU= KEKEDZ1T0.004hPaThHY, LR TE 3,
I CIIENBARE AW -

ROI-KEBEKEEBE, [EZFHELT, SAFEZ
CORAHERD-. BAKEBKEZOEE &1k
?ﬁ@%gllﬁ‘?"ébtfbé. R LEREQ)RIZTR

W = gog/(P—g) -rereemimmeneiniines (3)
e = mJ/ma = 0.622
W: B&H(g/kg)
m: KEIDDF&(18.0152kg/kmol)
ma: ERER D F&(28.9644kg/kmol)
P: fE(hPa)

RE-LBALZRETHESTHZ LIZLD,
SONDE_PWV# R 7=,

(Wet Wi |
SONDE_PWV = Z —-—+—) (P—Pu1) x10° T
28

P : KZB LR TORE(hPa)

P.: 5% UFBREMEATOEE (hPa)

P.: 5B AHEi TCHOKE(hPa)

Py : HBAHOTS LOBRATTORE
(hPa)

W:: H58PE I CORAK(g/ke)

Wi : HH5BBEIOTCLOBRHETCORS
(g kg)

g : ENMEE(9.8m/s?)
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12. o+ Vv FOBBEEM ORI E

SUFSVFORME c BRET—-F RV VTD
BET - 0ORDOENTVEOT, AM - RE, DS
SV VT OBRBDRTLDDID.

VXS VTFORM - BRET — 5 OBAIRRE - S
RTEE LGSO VTOEAREERRDIZ. iz,
FOXS VTR EEITIEELAEEITELS 2D,
FHRTREETHDEHE L.

Xhiz, BE - RET—Y %AW, FVFV VT
OFdLHE « EESEOFEEEZRD. RE > HE
25, RARIVBAEE OB E - KA ROKFE
BEIEEREE RO,

1

Dnsi= —2{ Vicos( 6 +4180)+ Vi+1095( 6 i+:1+180) } timcivy (5)
1

Dews———?{ Visin( 8 +180)+ Visssin( 8 i+1+180)}tw(:+1)

Dns:: IE & Z0 LoBRE+H-1EOME S ¥
F 3 UFEREIE A B E L - K FEEME(m)

Dew:: 8AmiE 720 LoBEE +H1EDMEZ D
F U FAEBE B E LK FE#(m)

V. BRE O RZE(m/s)

Virr : BEIEI DT < _ LOBRIE TOBRE(m/s)

6. : MAE D R E (deg)

6 i : BMEIEIDT < LOBHIETORM(deg)

IDEIIZRZE > BRATBOKFEHERHE
POBE200mETRELEDLYE, EHICGPSBRARLE
SO VTFBAKEOMBEMGEEZE L. BEIER
S KERD%ZER L, GPSHAIRD HEE2000m T
DIIF S VTOMBE TOKFEREZRD. Z0D
F—=F XX VTFRRTRHENIHEEZRANDI:
DIZFERT 5.

2. GPST—% DfE#T

GPSF—# 1%, GIPSY-OASIS II (GPS Inferred Posi-
tioning System - Orbit Analysis and Simulation
Software II : LABGIPSY & 523 ) THRETF L= RIEEE
BF— Y BLUVEBHGEELTKFEART — 7 %R L1
2-1. GIPSYY 7 b7 = 72 & A RHT

RFZ2BY DN A—=F DREETIT- 2. %
NS A — % OEE%*Table 6I2RT. XKEEER
F—%, BELGEELEKEAEO#EERRIIME S 5
SrlIHE L. CEREEREZRXEFMOELEET
HOREBERICERTLHEY (v V7R &
Niel D= v ¥~ JBA% (Niell 1996) % F\ 7=, Niell
Owy VBB TCIBASORE, S KXEOD
FHEHETER LT D, £, BEEGRELEKTES
E#EIZH-Y, MacMillan DR FHE~ » £ 7BAH
(MacMillan 1995) %M L 7-.

1999438 ~5 B D F— 7 IZBAL Tid, JPLAMER L
=7 AR LDt 7y MEDLERY AN
BAELPCVEFNVEBR LI-BEDOTEHIZ DOV TR
Li=as, FOMOEIRIIPCVET NV EERLIZBED
Jﬁﬁ*ﬁ%ﬁ? 7.

2-2. GPS_ PWVOEHFE

KEZLZERT — Y IXLLTOX S B % L TGPS_P
WVIZE# L7z,

Sy UFEANL, 00:00UTC 0B A&, BHOD
23:30I2 IR L, 12UTCoO#B4E, 11:30UTCIZ IR L T

W3, Z0d, TheE KT A5GPST —#1311:30U0
TC~12:00UTCOXEZER T — ¥ & 23:30UTC~24:0
OUTCOXTEBEERT —¥ AW,

KEEEED 5GPS_ PWVIZE# T 512 XIGPS&E A
HATORELRIBOENLETHD. 2T, 7%
JUFF -7 N NEL, GPSBASRDOEXTO
EERD.

KEEERIFKEETLR - BFRELERE IZSTH
N5 BAKEELER%* GPSBASTORE »HKRR
(Saastamoinen 1971) IZ X VR 7=,

ZHD = 0.0022765P/(1—0.00266c0s2 & —0.28hgs): -+ (6)
¢ : GPSEHI S DOME (deg)
he 1 GPSEBI A DOEAEE (m)
ZHD : B¢ KEEE R (m)

BAKEBEENRIONS BV IIEEETRZTIC
3. BEEERIZNEVEHIEI ORESIEREZH
T35 & TCCGPS_PWVILERTE D, FZTI7V4Y
VFEF— 2 BkA(Bavis et al.,, 1992) BT mME -

FHRmERDI.
Te = [ [(e/T)d2]/[ | (e/T")dz] -++evvevoe- 7
_e_t__ + ein1
T: Tin
Z 2
Tm pe——
e 4 &
T? T
- 2

Tw: MEFHEIER(K)
e HHBRHEITHOKESLE(hPa)
€it+1 : %5&@“@1@? <*J:E’C’0)7J<§§LE(hPa)
T HH5EREITCORERK)
RE S HMEBFHLKBRIKIZTRTO)RICK Y E#RE
B I1(Askne & Nordius 1987)12725. Z OFBEBI]
EEERICHEITS - & TGPS_PWVERDI-,

I = 105/Rv(k’2+k3/Tm) Crrseesetsesnenss (8)
k: = k—ki(m./ma)
GPS_PWV = I1 ZWD

ki EBBIZRD SN-WEEH(77.6K/hPa)

ke . ERIIZRD SN T-WEEH(71.98K/hPa)

ks EBRBIIZRD SN T-RER(3.754 X 10°KY/hPa)

ZWD : {ERELER(m)

GPSEASDS LB KEELERXRD/NIL DD
13, BREEARLE VL R(I50m) TERNEB L&
2R THD. FOREIZMIOhPaTHY, EDLX
OB KEBERIT ORI VH22mTHB, /-, &
HAREL B0, BHAKEIRIENLAUAIM)NE
SECEON-EETHD, %@iEEli)ﬁ'JlOf‘)OhPa'@
BKEBERII2.4miZ 2 5,

XEEERIBKEELZR: EREEREORNTH
A%, KEBEEI 22mE DV /hXLikbZ iz
DT, 22miaKEAEEROR/NOMEE Uiz,

F7-, PWVORAMBIZHOMmTH S, ZOROE
EEERI @RIV THEIDT, XKEEER
ORAXEOMEIIBKEELROREKE2.2m s BEE
EEOKRXMESmOMTHH2.9mE Lis.

KEBERN22m~2.ImORBEIZ S TRE SRV X
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Table 6 Parameters in the GPS data process.

March—May 1999

Jan. 1999—Dec. 2000

Interval of zenith tropospheric delay
(ZTD) estimation

5min 5min

Interval of atmospheric delay
gradient estimation

5min 5min

Restriction value of ZTD

5.0d-8km sqrt (sec)

1.7d-7Tkm sqrt (sec)

Restriction value of tropospheric
delay gradient

5.0d-Skm_“sqrt (sec)

5.0d-9km sqrt (sec)

and clock

Restriction of coordinates (first) 0.1km 0.1km
Restriction of coordinates (final) 1.0d-5km 1.0d-5km
Information of GPS satellite’s orbit JPL JPL

Mapping function
(Hydrostatic component)

Niell (1996)

Niell (1996)

Mapping function
(Wet component)

Niell (1996)

Niell (1996)

Gradient model

MacMillan (1995)

MacMillan (1995)

PCV model

JPL
(offset of phase center)

Hatanaka (2001)

Load model of ocean tides
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Fig. 2 Relation of SONDE_PWV and GPS_PWV
(March — May 1999).

(a) Without PCV model. Mean of difference is —3.7mm
and S.D. is 2.9mm.

(b) With PCV model. Mean of difference is 1.8m and
S.D. is 2.0mm.
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Fig. 3 Coefficients of linear function ( GPS.PWV
=slope X SONDE.PWV + y-intercept) by antenna /
monument types (March — May 1999).

(a) Without PCV model.

(b) With PCV model.
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Fig. 4 Relation between SONDE_PWV and GPS PWV
at 00UTC and 12UTC (1999~2000).
(a) 00UTC. Mean of difference is 0.5mm and S.D. 1is
2.1mm. Relation is GPS_PWV=0.99 x SONDE_PWV +
0.79
(b) 12UTC. Mean of difference is —0.9mm and S.D. is
2.5mm. Relation is GPS_ PWV=0.93XSONDE_PWV +
0.91
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Fig. 5 Relation between SONDE PWV and PWV dif-
ference at 00UTC and 12UTC (1999-2000).
(a) 00UTC.
(b) 12UTC
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Fig. 6 Mean of PWV difference in each ﬁlonth at
00UTC and 12UTC (1999~2000).
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Fig. 8 Relation between SONDE_PWV and PWV dif
ference at wet case and dry case (1999~2000).
(a) Wet case.
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Fig. 10 Relation between GPS-SONDE distance and
PWV difference (absolute value) at when absolute
value of horizontal gradients is under 3mm. Vertical
line is the distance that radiosonde is out of the
space GPS observes.

(a) All date.
(b) Average PWV difference of GPS-SONDE dis-
tance.
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BERBRBVWIIRFEFSTCHY, RRDODEISIZEINS
(Shoji et al., 2000).
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Fig. 11 Relation between GPS-SONDE distance and

PWV difference (absolute value) at when absolute
value of horizontal gradients is more than 3mm.
Vertical line is the distance that radiosonde is out of
the space GPS observes.

(a) All date.

(b) Average PWV difference of GPS-SONDE dis-

tance.
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(a) 0582-0583 (site distance is 21km). Correlation coefficient is 0.03.
(b) 0583-0584 (site distance is 31km). Correlation coefficient is 0.15.
(c) 0582-0584 (site distance is 38km). Correlation coefficient is 0.17.
(d) 3014-0582 (site distance is 51km). Correlation coefficient is 0.24.
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