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Abstract

Space geodetic positioning systems based on microwave signals, such as the Global Navigation Satellite System

(GNSS) and Very Long Baseline Interferometry (VLBI), need to carefully model or cancel the atmospheric

path delays in order that these propagation effects do not undermine positioning accuracy. Recently, the de-

velopment of atmospheric model based on data from numerical weather prediction models have progressed to

remove the delays. To apply such atmospheric model for the real correction around Asia monsoon region we

have to take account for the highly variable mesoscale disturbances. We have started the development of the

software package for estimating the path delays by ray tracing through the output fields of a numerical weather

prediction model by Japan Meteorological Agency (JMA). In this paper we describe the preliminary results

using the package.
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DOTEE I, [RETHYRHAFE L T/ 10km ZE[#5)
fREEDBUEFH T — % (RRIT 10km W HT—%) 2V
TRZBEREDFEY 7 b7 = 7 %MEL 72 [2], 2 DifEY
7+ 7 2 7 IEREF TOBWE OGN LI o CHiE TR

(13) : KR OMBECTHERA 7 — L TBO~BH, A7 —)LT 2km~
2000km OB CTEHT2BREF 5, HENLH L LTz, GEPLZOM
BOREN, BEN, EhRN, 8%, S22V N2 bR EDBL
LN, BEZELLLEI DRV,

T =% 6 KRR EE BRERT 2 HaEIC X h, £
RO - A TORRKBIER Z 3T 2882 8>, Th
ZFC, GNSS il VLBI I cHEAT 2>y ¥ 7
BOMRETHI 21T > 72, 51k, MY 7 b x7ick hite
L = RIES A OMEEEER ~ v 7 L KRKRZER 5345 D A %
MLIWITH S, BEkds, ToLERfHEHTCErT—%
W1HZOARTH 577D, BTG 215K T 5
IWEES o,

Z0%., BOEDORRTTIX, 2006 49 HRAETHE 11
AL DI 6 EOEME FIRE T VEMICHENG k)i
ote, FTH, AVETVIE TG 5 km & )T
EAREEDETNTHY, AV AT —VHRO KRS %
TZE 5,

S HICHRIE, [RRTVRET 2 BMETHE TV H 6 Bl
INBT—IPEBOKRYE, H2VIEHEIT VT k-
TA VI —Fv b ETREINZ L) IKh->TE L, FHEKR
24 [14] LHIERRAEMERI 15] Ic X 3 7Y =7 P23z
Thd, RETOBMETHT — 51k, (M) [RREG L v
& —% WU RS 2 A b oroxtfiz £ ) 2 Lick D AET
FrvI4vEEENTVDS, 2E L, iEEDT—2FIHIC
DL IEBRE TIRRFICHIBS 2 Wi, o 7uy 7 b
REPHBE LT —AA 72 0BHDT—% %2 AFTE S,
B Z12, HIBRFR AR ESER DY A b icix 2002 4E 5 H 15 H
POBIEICEL ETOAYETIL, HgE TN, 2ERETN
DEET AL LB ENBUHETHRT -5 035 5,

Kelx,. chod7T—%D56, —flELTAVETIL



gradient vector

L D — ey
S 10 15 20 25 30 35 40
Zenith Wet Delay

X5 1989 4E 6 H 29 H 0 I UTC ORRIT 10km BT T — & 5 5315 L 2 KIEH D
TR~ v 7, KTIEA NI A0 HAS B LIRREORLAIEL, 2
ZAZID o TKAEZDRAIVAA TV B, RIPORANIKERR A OEM AN Z T L,
B2 DG B TR b KER DS HANICRAIDI L, 2 O%EMARLE, 60 & k
DI - W DA G D S IHLEINEZ F CBIE T T — & & DEFR L 728l

i DAHOEAL & %2 T6IC L THEE L 7,

F=FIEEN M ERIRO SRR L ey T TH DB, A
VE TV, [EE Skm D% ROFEETT IS 361 6, fE
JANC 289 MY, HEIREEH A2 5 13 I TRE I % &
DIARBHEB TCORRBRE B TES, Li>T, 2D
F=F 2T, 7Y 7 RUD 5 O IGHIERBIE C R A H)
B4 Te 2V 27 = VBIR N TORZELEDHR 2 FEv 12D 0nT
XD MRS Z-DICBOTEN EEZ6NS, £/, 7
CTEVA—VHUBICHE L 7By BV BB EEET
ZHMICOEATRETH B, 22T, BLE, O TOME
V7 P77 R, BRAOBETERT— 5 IC#EA L KRR
JEIEHEE Y — VOBIFICET L, 20V — L THEEDIE
P 2 BB X DR T 5, Bl TR, a—7«
> 7'Z1Z Fortran % V> TV 358, FRRIAIC I LA MR W
{L%#5E L T MATLAB ~O8Bltiz %2 T3,

4. ¥ & ®

K[RTOBMERRZTMT — 5 2T~ A 7 oA
WAL R % HEE T 2 Y — VOBIFICEF L7, Zdud, GPS,
GLONASS. & %1% Galileo 72 £ GNSS iR [EfH A >
AT LI K B E OB PR ORBEYERE, H 20
Hi L OBEIEIC X 2 RERERONIEER L. RAICED
NTHIBR &) Seth T ok RN 2 e A ORIk 2
KREEIEDHE LW R Z EREMOEANTH 2, [RIT
TR, 6MEOBMKRATME T V2 EREHICHVLTHLS
2, 2D I bLZEMSIRAE Skm DAY EFINTF—F ZIZL D 3
BEOBHETHEF VT —FI2owTidA v ¥ —% v Mgl
THHICAFAHETH S, CNSDF—F2HWE I LT,
REIIC b 2RI b B B RRAE TN b -6 SN 7Y 7
TV A= VHME E S R T b A E o T < A ARG 7
BEIER R B FILEOMLICEIT 2 2 LR D EEZ TV S,



45N

40N

35N

30N
S ,//:7 5 ,‘/ o
- S kmg
25N % 0 /500 1000
_ 7 )
120E 125E 130E 135E 140E 145E 150E

X6 20044 10 H1HOWKUTC OXRRTAVETNT =658 L 72 L5505

i,

9. KBTI, BRHEENEEZ W TR - M
5 DEW DB > TREZBIERFHHT 2 70 7 J 4
D5ERE BIET, Z20%, ZOY—LEHWT, KELDZE
£ 8% E R L 72 RO EHRE OBERRE T 7V (HARRKE
Fik= v €y 7B OBFER. B2 BRREM T ToRA
12 & BERNEAATHE I BT TV E RV EEZ TV,

HE ARUTOEMSFESAK BIRRTERAE Y Y —TR)
X DRET 10km TR T — 2 OREETE G, F74, #HiEK
TARERMEZE [15]) OV A P2 S RBETFRET LT —F %
V=V EREEETHENL, IR LTEHOEE L,

2EXM

[1] Macmillan, D. S. and C. Ma, Evaluation of very long
baseline interferometry atmospheric modeling improve-
ments, J. Geophys. Res., 99, 637-651, 1994.

(2] Ichikawa, R., M. Kasahara, N. Mannoji, and I. Naito,
Estimations of atmospheric excess path delay based on
three-dimensional, numerical prediction model Data, J.
Geod. Soc. Japan, 41, 379-408, 1996.

[3] Thayer, G. D., An improved equation for the radio re-
fractive index of air, Radio Sci., 9, 803—807, 1974.

[4] Smith, E. K. and S. Weintraub, The constants in the
equation for atmospheric refractive index at radio fre-
quencies, Proc. IEEE, 41, 1035-1037, 1953.

[5] Davis, J. L., T. A. Herring, I. I. Shapiro, A. E. E. Rogers,
and G. Elgered, Geodesy by radio interferometry: Effects
of atmospheric modeling errors on estimates of baseline
length, Radio Sci., 20, 1593-1607, 1985,

(8]

[9]

(10]

(11]

(12]

(13]

(14]

(15]

Bevis, M., S. Businger, T. A. Herring, C. Rocken, R.
A. Anthes, and R. H. Ware, GPS Meteorology: Remote
sensing of atmospheric water vapor using the Global Posi-
tioning System, J. Geophys. Res., 97, 15787-15801, 1992.
Niell, A. E., Global mapping functions for the atmosphere
delay at radio wavelengths. J. Geophys. Res., 101, 3227-
3246, 1996

MacMillan, D.S. Atmospheric gradients from very long
baseline interferometry observations, Geophys. Res.
Lett., 22, 1041-1044, 1995.

Chen, G. and T. A. Herring, Effects of atmospheric az-
imuthal asymmetry on the analysis of space geodetic
data, J. Geophys. Res., 102, 20489-20502, 1997.

[EUT WEB ¥4 |,
http://www.kishou.go.jp/know/whitep/1-3-1.html X
Niell, A. E., A. J. Coster, F. S. Solheim, V. B. Mendes,
P. C. Toor, R. B. Langley, and C. A. Upham, Compar-
ison of measurements of atmospheric wet delay by ra-
dionsonde, water vapor radiometer, GPS, and VLBI, J.
Atmos. Oceanic Technol., 18, 830-850, 2001.

Boehm, J. and H. Schuh, Vienna Mapping Functions
in VLBI analyses, Geophys. Res. Lett., 31, L01603,
doi:10.1029/2003GL018984, 2004.

Boehm, J., B. Werl and H. Schuh, Troposphere mapping
functions for GPS and very long baseline interferometry
from European Centre for Medium-Range Weather Fore-
casts operational analysis data, J. Geophys. Res., 111,
B02406, doi:10.1029/2005JB003629, 2006.

GPV/JMA Archive($illK%¥),
hitp://gpvjma.ccs.hpee.gp/ gpvima/index.html
BRI A I (E 28,

http://davis.rish.kyoto-u.ac.jp/



