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Fig.1 Schematic figure of zenith delay and one way
residual of GPS.
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Fig.3 Rainfall intensity from June 30 to July 2 at
Kagotachiba.

Fig.4 Wether Map at 9:00 June 30, 1998.
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Table 1 Performance of the Radar at Shakadake,

Location 33° 11’ 22", 130° 53’ 28"

Height 1249m

Angle of elevation Two elevations (0.3° / 0.8° )

Revolutions lrpm

Radius for quantity value 120km

Resolution angle for quantity value 1.40625 °

Number of mesh for obtaining quantity value 20, 480 (80 x 256)

Width of beam 1.02°

Averaged distance 1.5km

Averaged scans 2 scans
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Fig.5 Time series variation of radar reflectivity (Zh)
at the GPS points in Unzen area (from June
30 0:00 to June 30 12:00).
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Fig.6 Time series variation of precipitable water va-
por observed by GPSs and radio sonde (from
June 29, 9:00 to July 2, 9:00).
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Table 2 GPS points in Unzen area (from June 29 9:00 to July 2 9:00),

Number of the point | Name of the point | Height {m) remarks
35 Minamikushi 60 Sonde, Met data (1day)
34 Sasanotsuji 228 ) -
33 Kagotachiba 436 Met data, observed until July 7 9:00
32 Unzen Jr.H.Sch. 638 -
3 Ikenohara 775 Met data
31 Myoken dake 1263 Met data, observed until July 7 9:00.
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Fig.7 Time series variation of precipitable water va-
por difference observed by GPSs (from June
29, 9:00 to July 2, 9:00).

KT, RO aMoZERKE{HMALTWS, Zh
i1, Fig.62 56 A30H6:00N W REDTHEARDIE
AEFIREMBTE TR L, to2dh R TiE
KLTwA2 5 TH5H. Fig88 L U'Fig.9r s, &
ORBFCRIBRELIIVEGEOBVIZE - %L
WEITAVIRATFLOBLEIPNABAKS
CHALTW SRR LT, WEAMEOHREIT 2
VIAFLADHRLPLENRTVS D IS KERS
HEVRALTVARWS ENFEL LN D,

5, AVyRT—-NOKFETEEE

XETR, BRTHBORLV I FF—S R ANE
LEZBEBETVOFEILL - F—EHPEY
HEYHHL, BREOEEICLHIGPST—2D#
BIMASBERICEELS A TVW2EHERZ
BEBLTWL,

51 EBBTFILOHN

KFRTHAVEERGE TV OSSIT, KD
FET7TN, AERGEHMR) THH L, MR T,

— 158 —



L, EFLVATRMEE CEHEL B ko,
SEOBRATE, HUMBPICIREEICHESL
EHBEOM A TEMNNICY Y FRRBAMASER
ENht. £FIT, AFRTCREFOVVFTF—-SDTS
D774V ERBRHEL £EO0FDLL 220V F
F— R RBALCHEEBI ko, —2H, EMl
BETCERDOH-/76H300 430 HHIUTHRRS
N7zdbD (Case A), & —2i16H 29H 20:30(ZF
BEHTHRRENZV 77— 4% (CaseB) ThH 5.
6H30H4:308 S U6 290 20:300 7 — ¥ TRMIZ
BIZHERERLTCBY, EMRFOoBEICH-T
BETIRMEZEL2HAICRRZYUTHS. FLT,
ARZHEHACI7TRLT—RICS 2. Bk
EE%km I TOFH T, Case ATIEbm/s, Case B
TH3m/sTHZ 7.
6F 30430 EAEIUTHRRIR ALV Y FTF—%
(Cose A) 2AWVT, ERBETFVTHELTI L,
BEHEOBIPVEY Y I -T2 ENFNTE
Fig.8 Horizontal distribution of radar reflectivity oo LEdoT, COBREIMHESERFOBECE
(Zh) in Unzen area on June 30 5:00. ELTVABRERTORTERL TR LOL
L7, —F4, 6 H20B 2030 HEM TR NIV
YF7F—% (Case B) * BT, tH &7 £ H
BoOBVwHEYIaLb— bt B ENTEL L
hoT, COBRENAERFEEOLDOERAL
Twahok L7,

52 BREEFIISBOAIKXRENER

BREOBIPVRHIHE SN ZCase ADET NV
HEEROTEABEORART %R L 4 Fig.10% A
3k, %35 T1800s(305 ) 2 & W KK & 0 B F
FIZEHLTCVWE, 2L T, EHoLOZHRIICE
HA2EENThAPLRATARNOBBEOERN M =
KRB EDbo T HTFI b2, s, ZOEBHOHA
iz H800sT, FHAMOBENIOBHHT LS
HELAHERE I 6m/sTHo7:. £FLT, TOT
feABOBRFIEH T 2HEHAICOWT, EFLT
BAOShZBRANTRAELPKERBEEB X
USEROSENEORMENEAD I LILLS>T
EBEPBIhol.

Fig.9 Horizontal distribution of radar reflectivity , < e .
(Zh) in Unzen area on June 30 6:00. ABEARELOHMELEFLHATEST Y C

b, KEKRAERS TRAR & R B 800s Tk

BlLTwh, Zhit, POY-oREPBHEICEBET
FUVNMBHERACWLERERIZLDBBOREN L2ERAFBPOLELCIZEDREICL-T, KADOHN
WHZZECtha. 2T, THOEFILEIZ, SEHHSCTN, BHRETH T ARENRE
KFEA 4 — ) 600m X 600m, ¥ S FM200mo 7 ) v PRELLDTHS. TRAEROHEEE» A
FHEMT, e AMHIZ40, y FIAIC38, zHMIZ450D 5 TABENEE, P A—oRLEMEEEAELT
Yo F¥, T4 b KPHM24km X22.8km, HEHF BT HACHMHEEH6m/sTERET 545, Z0H&
WOkm DEHEER LD, 20080 B ICYRRYHS BEREZEOBHEEL-—-BLZL. koT, ZORRE

— 159 —



a¥l R
fuunny R Ly W A im | 3
- ¥ — e ». .'.
3 f o CIR W --®-- SASANOTSUN
3 &
!“ _ & Y + 'KAGOTACHIBA
AT
i 1 W A - - UNZEN Jr. H.Sch.
£ K
} M ~~4#— IKENOHARA
- . ~ -¢—- MYOKEN DAKE
- ;
0 2000 00 -

Fig.10 Time series variation of precipitable water
vapor that is calculated by numerical cloud
model with sonde data of June 30 4:30 at Mi-
namikushi (Case A).
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Fig.11 Time series variation of precipitable water
vapor that is calculated by numerical cloud
model with sonde data of June 29 20:30 at
Nomosaki (Case B).
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PRN15 observed at Myokendake.

2k, LM EIITE2H OEREG L, 7THET
EBAPEN0RFHEVTVAI ERREILD
LbThad. WEOAMZERLTRDLNL, Bh
DHOBHBRFTEARBEREO LB O FHED LB
EEZOEZIMBEL IO HVERTRT. £
DOEC, 6ANEFHTORBIFOARREEE > S
BROEB LU LOEBITBL TV AR %
AT 5 L 6H30H6:30~8:00 & 9:30~11:30iC 2>\
T, B FOAAEERZW/ET L LI HLTH
LT EWREINA.

Kz, RRBEOE T 5B %6 A 30H 6:40,
7:25, 7:45, 10:05, 10:15, 11:05® b — ¥ — L& H T
ZhDZ i B %54 % Fig.19, Fig.201Z7R
T. B OMKRIFRh T RERIHOGCPSH
fimzEL, M KEAA - FA»LRDLEHL
FNOGPSHEL ALV -—RERFOMER
RLTH 5.

##\ T, Fig.14-Fig.15¢ Fig.16-Fig. 1722 ¥

NEYBLBRGECBT2RBTMARELR 2T
L, #0OE82T. 22T, BRFOAKEER R,
FNEFN6:00~9:00 0 KTHKAEER, 9:00~12:00
DEBEREABER L OETHY, T OHEE LB
TAHIERTEZVLOD, SEIMLZRITHI, —
HOBPICBHA2ARKEEROHMICOWVWTIEE
BETH L.

FTHUBCORBHOAAELEROREEEIC
DV ITFigldicBWTEET 5. T:00~7:2012 A 6
5 B H480s~600s D\ DR E) ik, Fig.18T
V- ¥ —EHRFZhFBEVEEZ E>TWE I L, »
S, EFNTL—EORAPOEHOERENALRL
AT Ehb, BRUDBRFEICLAEHZLLITY
prELILNS, $h, T20~TS50TR LR D EMY
1860s D BB D iESh X, Fig.18 & Fig.19, Fig.20%
LEFENTHRMICH VAR T 5 EENT
Tw3, 2%, BEHOBROBFTRIENLI B TE
BRBEELLIZAREBEERNEBILTCVEOTH
5. Chid, BREOEMIFTAKEERICER 54
#wThHd. oFh, BRUEOEFTHERMME®E
WMARLZLICL D REREFHEZ 29, RAERE
BRASENDHEOBECEDRT LS. BARIARR
HARKEFHIBBL AL 25 DICKAETE
BEIRIT 5.

RIZFig15L Fig. 1dDEBE2 B4 5. BREFO
BEHFRAAKRBER %2 RT Fig.15Ti}, 6:40128B W
THARABEEMICEVOEH L, @IHoRE
FHAAKBER %R T Fig. 140 6:40 TI K FE L&
BAREBALTWE, ZDBWVIE, Fig.1996:40
OEIREONIZEMBEFOMEICH 5 LEBKH
WMEBEELONIBEM AT APLOHEEIC L
2bneELL. Thbh, TOBRNIAFLPDL
MOEIHTEHARRROERICL ) KAEE
BERKELBMLTEY, VAFaPbEVUEK
HbHIWRETHE, TORBIrREIL P20 TH
L, iR ASE Y BE B, FEERAEICE
DNERSNIABEBESLOSHFRE SR, KEXR
BRERFHAIZ LI ARBER B ICH AT
5. t0MOKEFTOKRAKEEROEH ERE I §7iE
LAFigldNEBETOER LA L TH 5.

B #B I, PiglerFigl7o £ 8 ¢ B - %
). Fig.19, Fig.20k Fig.18% 5, 9:40~10:10D K
SEEROREREIE, PR — L CHVFEMAE
BRROBRAO-DICERLALEZLLSD, E7/2,
10:40~11:20 3 N MERTHIEB L B OEEI K
AEEROMME LTHENL TS, Fig.16TH AR
DEBTHHETES. Z2C, BEHTREZ LIZL
REEROEBFHEIBIOPDREOFMISER

— 161 —



\Srovcie)
2 ¥

3o

!‘!!! 630 1999.630 19IN630. 1998630 1998630 1096GI0 1998630 1996630 1998630 vs:juo
Poa e v et T2 T30

ol \__/ N ~

D06

.08

&

¢

Time (hoar)

Fig.14 Time series variation of one way residuals
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Fig.16 Time series variation of one way residuals of
PRN15 observed at Kagotachiba (June 30,
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Fig.19 Radar reflectivity (Zh) and locations of GPS microwave on the radar echo.
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Fig.20 Radar reflectivity (Zh) and locations of GPS microwave on the radar echo (continued).
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Experimental Study on the Effect of Water Vapor
in Boundary Layer on the Atmospheric Delay of GPS.
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Synopsis

GPS data, which measures atmospheric delay, informed us of the information of water vapor since
atmospheric delay includes the information of water vapor. In this study we investigate meso-scale water
vapor disturbance in the rainy season at Nagasaki Prefecture. GPS data that analyzed by using GPS
software (GAMIT), Multi-parameter Radar, and Cloud Resolution Model are used for the analysis. The
results of analysis indicate the following results; 1) water vapor disturbance is captured in detail by GPS,
2) and GPS data is influenced seriously by each type of rainfall, and 3) GPS is also possible to observe
the cumulus scale disturbance of water vapor.

Keywords : GPS, atmospheric delay, precipitable water vapor, multi-parameter radar, cloud resolution model
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