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Synopsis
The present study shows the result of detecting water vapor distribution by using GNSS
on the bay and the mountain area. Basically, ZTD (Zenith Total Delay) is widely applied
for meteorological purpose and it has been already applied even for operational meso-scale
meteorological model. However, the GNSS receivers only on open land has been used for
the meterological purpose. Therefore, in the present study, GPS receivers have been newly
launched around bay and mountain area to investigate the accuracy of ZTD. Especially on
OSAKA bay, nine new GPS receivers have been deployed. From the verification of the
accuracy of the data observed by these new GPS, most of these new GPS receivers acquired
accurate data generally, and it was found that the accuracy of the data was enough to be
used for research and practical use. Moreover, the present study proposes the way to detect
water vapor contrast in local scale. The purposed way of detection has been applied for on
the severe storm phenomenon happened on August 18 2012. It shows the convergence of

water vapor when convective cloud appeared over OSAKA city area.
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Fig. 1 GNSS receivers launched along the Fujikawa
river in Yamanashi Prefecture and GEONET receivers

around there.
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Fig. 2 GNSS receivers launched around Osaka Bay.
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Table 1 GNSS which has been deployed on Osaka Bay by the project,

Number Observation Point Name ID Type
1 Wave Observation Tower in Kobe Port 9004 | tower
2 Second Lighted Buoy off the Kobe Coast 9007 | buoy
3 Waste Landfill Site off the Osaka Coast 9009 fix
4 A Depression off the Hannan Coast 9005 fix
5 Lighted Buoy off the Sumoto Coast 9006 | buoy
6 An Observation Platform in Tomogashima Island | 9006 fix
7 Nushima Jr. High School 9001 fix
8 Ferry Boat KATSURAGI 9002 | ship
9 Ferry Boat TSURUGI 9003 | tower
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comparison of ZTD
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Fig. 3 Time series variation of ZTD of HAYAKAWA
and GEONET.
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comparing HAYAKAWA vs 3069
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Fig. 5 Time series variation of ZTD of HAYAKAWA
and GEONET 3069 at Nakatomi by comparing GPS only
and GPS+QZSS with elevation angle of QZSS at the bot-
tom.
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Table 2 Root Mean Square Error of ZTD

Observation Point (GNSS Type) | 6 < 45° | 45° <6 <60° | 60° <6 <80° | 80° <6
HAYAKAWA (GPS + QZSS) 0.014 0.009 0.009 0.009
3069 (GPS) 0.005 0.007 0.007 0.008
HAYAKAWA (GPS) 0.013 0.011 0.011 0.012
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bnd.

4.2 BRI
(1) IRIBERAI R D ZTD DEH

(a) BIRRASOBIE & DR H ik

9, ARG & OHEE FHEIZDOWTHR
N5, H2ETHRNR K DT, BUREIE IS B
MO FEEIZFDN D AANIBI S N2 KEGBIEED Z
ETHY, FMARKKIEILRE (STD) I, 4 O
BIZHWT, RIEERXEIESR (ZTD) %R A
U IR SOBIEE L R DOFREZDOME LT (1)
DEIITHRINSD.

STD =ZTD - (sinfg) ' + & (1)

T, Oy IHERGEDMA, & IXIEE DD
KREBLEE TNV FNAED ) A R >TEEKIN
B HBFEAEE R LTS,

(b) A8 D ZTD OHEEF L

WIZ, JelF & RTNet DT —a2 M58 H U728
KRR SOBME R (STD) & Shojietal. (2013) DA/ —
WNA N &S IR DHE HiEE RS, Z
ITAT—=IUNNA b, REHZFILBVWTHIE
PIRBEABHCEAD T 2 BOEA R L TWEED
THY, KELKIDAT—INA N EHWT, KEX
DJEHT LD EE A ng(2) &, KTFAFLD & E 53 A
00(2) EUTFDES ITKET DI EMNTES.

no (2) = np (0) e ¥ )
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% (2) =g (0)e Ho 3)

22Tz IZEHEA S DOEE [m], Hy IFKEXD A
T—=UNA K [m] THD. £-AWETIEAERLKD
AT —)VNA N % 2000m & U 7=

RIZ—RRTROVKRREREL, HOMKAIIHITD
REBIEEIZDOWTE RS, RKIEAANO R XS4
BETHMIU 72858 O RIEKRELSRE (ZTDy) 3T
ROFEFES THDDT,

ZTDey = [} no (2)dz = [;” o (0) - @ " dz

4
= Ho - o (0) @

LRTIENTES,

72, 0 ODMAHLHIZHFAETLIHE»SHEEIL
7R AT D KRSOGEIE % RKTE A RN U 7Bt =
(ZTDsg) WERIASHETIFL R B Z & DT ERVIKAE
K[ONKEARDHE L ZF 5720, X B)DLIITHR
FTIEMNTES.

ZTDey = [ {no (2) + o (2) - z - tan (90 — 6))} dz
= ZTDgy +1an (90 — O)) - [ (go (2) - 2) dz

(3)
Z Z°C Ruffini et al. (1999) &V,

foo (9o (2)-2)dz =Hy - VZTD 6)
0

L5, F, REEKSEBIE (ZTDy) &R HD
KEZGBIE % RIS MIZHR U 7B e R (ZTDgy) DA
EIFKELRDOACEARICKEKNT 5 & UT, RIHEE
BEOAEARIER @), (5), 6) £V, BT e
T%5.

ZTDgg — ZT D¢y

VZTD = 7
Hy - tan (/2 — B¢)) @

U EEY, ZTDgy & ZTDgy DFEM S, ZTD DZE[HE 4
BEAHEETED LDIZRS.

X (8) 5, FEEOBI ALY HEHED dlm] BN
SO RIERLIBIER (ZTDy) %KD Z & H3a]
HBETHD.

ZTDy = ZTDgy +d - VZTD

_ ZT Dstg—ZT Dy (8)
=ZTDgy+d - m

T/, EBROBHISREHEZEINRY MVHIKEEL
DAT —IUNA N % @EET DBONKFEEH#H BT S
FMTO ZTDd 132 (9) THRED & H1L, ERUETZ

KRIEAFIZHR U ZTDgy & ARFE DB R D KIHK
SOEIEENF UMHE 25,

ZTDy = ZT Doy + Ho - tan (90 — 6) - Friose—2Tod.
= ZT Dgyg

9)

PLEXY, KWIFETIE, TRy 7EBBIIHZONT
WRRRDHRGELE R 2 B U258, &SRO
EIKFERLQAT — I NA SR D 2 5 % WK 55
U5 2 R OB R 2 R e i/ H L,
CTHHTZZENTERLEZONDHE ZTDgy
U 217> T <.

BB ETITBWT, EEOBIH S, S &HEDOW
e AT —IUNA DO R E W L IR IS
7% ZTD 2KDD I e NTE /. £I T, EBED
GNSS Bl RO - R, BHREDHAMA, AR
FTOEMZMEAL T, (REBROEFEEZRDOD Z L
U7, RiFETClE, —Mick<HohTWDi
BEHAEATE R B2 Hubeny (B an~=) OAKX
EHVWS. ZOFENE, TH¥I—N3D) L),
IO Z 7oy hUZHKZERT 220DV 7
M7 THAINTVWEIHANTHS. tan=
DORUEHARE DM T dNIEE KL T E B %
HETED720, SEOMTTIE+HSEHATE L
MTE5.

2 KEKIV FS A NDEHAE

AR AR 5 0D R IR KGR AE > & FERE D BLR R D
KERKEBLEREZ L 725 DOH, FEHIETH % S
& U R R D —REBTCER I NS & U TRIEE IR
ETTO—REHE KD, ZOEFERLHEO HfER
THdL LT, TOEHRNY MNVEKRD, TDOKFE
HANDHEIKELK IV NI ARNERLTVDED
U, EFRBEINDERNT SVOMENS L X
% AR HIMRAE I & > T L 7.

FTERBOBMHSZFE ML LT, KAESOREES
BHIU, 3o EHOmED HFER%E KDL, HO R
A,

ax+by+1:-(ZTDgtg — ZTD¢y) =0 (10)

L4, ZIT x IFERR» SRR ETOHE S
I ORERE, y XIS E TORAL A IDEE
W, ZTDgg \FBRARM D RKIEKRSGRIL R, ZTDyy 1348
HRDORERSELE R Z KT, EH a, b IFEHDOB
HEOE» S RNZFRIETRD 2. X5IZ, ZOK
INCRIETRO SN ER a, b OFEMEZMRET 25
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-8, pfE (fEkRR) Z{HLZREREZ T 7.
HBWPHD a,b ZIRETDER, pflH (fafR) %H
RFIZREI L, TOROD p lEPEREKIETH D 0.05 £
WThhiX, BEEVHD L, TOMIIHEN»S L
WEDTHD & UTHITZ1TD,

R EFED FHIETRD 7210 O IELRAN T NIV % BT
NI NVIZEZ, xy FHITHE U ZNT IV KZE
KOAVEIARNERTEDLARS. KX (11) X3
AR MIVD xy FHEHOEERYZ NV THD.

1 a

W( ;) (a
CHIIKFELKEDKENHAN NI WHHAND
MZERLTBY, XLHIZZTORY MUVBKEIVGE
KIBRLD BTN KR EINT & E2RT.
UEDOFHEEZHAWNT, KRB ZORFIEIZHRE
T%éGMBﬁMﬁ#b%K%;&#T%é*%%
DIV T ANEHAT S.

4.3 fRITHER

Fig. 7 1%, 2012 4£ 8 H 18 H®D 12 K¥ 00 43 DIKFEE

VERIARNEXNYRMP L—&—DlET—X
ERLUEZEDOTHY, ZITHOVEOEMMNPKEEL
DIAVARTIARTHY, BL<EBYDIINTWSD
KEIDS, p il (fGhR) #30.05 AR & > - AE%
MBHBIKELKIY T ANERLTWS. /2 pfHE
A 0.05 AR OBPS N D 255D ADIGR % FH L
THRZ(TS.

ZOEMNSEDZND L DI ORETIX F 2K
MFEELTELHT, KELKOIAV I A SIS
BoThY, —HFEREDIIRONEN> /.

AT 14 B 00 925 14 | 30 23125 1 TO L
2175, ZOWEHII KRG TEHEZ M 2L VR
MAFHAELZKRHETHY, KIKTTOERARTIXZ
DORFFHZHELUZET I ABELL TS, 2R
LBROEMBD >/~ ADN, KEKDEEE KX
Mot EZHN5. Fig.8 15k, 14120 b
5 22 4°Clk, HEHY (0340 : GEONET) ODHhg{ic
wf,%#bbm:/b7xb#§3m1mé.i
72 ZOMEATIINI BWEBLIRELTHD I END,
REHY (0340 : GEONET) T, ZOMiEIZHIT DK
RAODAV I I ANERZITOZDOTIRRNEE
Z%. E7- 14 W26 57121, KB (0336 : GEONET)
DT PED S0 SALRD FH A [ h > T
72 % AR T Skm FRE D A — )V DIKZES A Bl
NHdILrnRrULTWS. KB (0336) Diifind

Rainrate ) 201 2081|8 12:00

T T
134730 135700 135730

<

[mm/hr]
0.1 1.0 20 40 80 12.0 20.0 30.0 40.0 60.0 80.0

Fig. 7 Rainfall intensity by XMP (shade) and water va-
por contrast (arrows) at 12:00 on 18 August 2012 (JST).

HMMOWIBIIKBLEN DR, KETOT AKX A
D KPR D EF I 13 B 50 2 PEALPE, 14 REzdb
B, 14 1 10 2 ZFEREEE, 14 FE 20 9 CmE & 28> T
WT, KRIKT 14 K 26 2 IO E T TAkAELKE
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RIZ 15 B 00 322 & 17 I 00 43125 TR AL
EUT, KB E v <A % X2 &9 (Fig. 9 ).
ZOHFIZ B W TIE AR (0036 : GEONET) DT
p EAVNI BAKFKLDIV AR TI A RBERI AT
5. 15 16 S OW A TIE, MIROBE) & 138 1
KEIAFENTWTHIBOMNIIKELLNZ < HD L
ZRUTWD. 16 K 03 57 ORFsTIEKEIAALM %
MW T THRIBIAEZEL THWD 22 RLTWS.
DEDREREY, ZOHETE, RERKELES
(KFEZ) DLERADBRH 5722 FIL, TOKELKINBED
FENSMAUVTEZZONEME Z LN TE DA HE
MERHD., £-ME, FTEORMIZELRELED
22T, MIBOMGMEREEZRTIENTELZDT
FRVNEFEZOND. — TR p EAVNX
WHEHNIAD R L, KELKDRFNZIY T A M
REEFITHD Z & PHET X /.

LEED

ARFZETIL, GNSS ZfEH & ity —L & VT,
ZAERTEH I NS RTERGEBLEEPTNIZE-T

KD HNDBKELKBIZDWTHT 21T > 7. T DR,
W B LE RIS, GNSS Bl THhh THARN
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Fig. 8 Same as Fig.7 but 14:00 to 14:30.

HRIZBWTH 7212252 REL, A D GNSS
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THE ) O7F— 2% MHL, RIEKKELE RO T
L EIT o, TOME, IHERITIX QZSS D
T—REMATEI LT, REKRSKEBIEEZ2REE X
SHETDIENTITVBI N>k, -
SHOBFEEUTIE, QZSS T — X2 fHAL ZEM
AT 2 47\, QZSS D RIHTG MU HAE S 5 Wil 4R 12
K BRNTDHBEEDHAEEZT > TN ZEMBETS
nrz.

EZHEAEIE & Shoji et al.(2013) D A — )L\
A &MU 72 RAEBEA R D ZTD HEE Ak % A U
T, 7)) Z5M] »PRELUZHBOAESIY NS
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Fig.9 Same as Fig.7 but from 15:00 to 17:00.
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