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GPS Baseline Solutions with Tropospheric Correction by Using the JMA
Numerical Weather Model for Monitoring Volcanoes

Akimichi Takacr***, Keiichi Fukur® and Yoshinori SHoyr***

Japan Meteorological Agency (JMA) has installed and is operating GPS networks around major active
volcanoes since 2000 in order to monitor volcanic ground deformation. At present, 22 volcanoes are under
continuous observation using about 100 GPS stations. At most observation points single-frequency receivers are
adopted in consideration of power saving and mobility in rugged environments.

GPS baseline solutions include errors due to tropospheric delays which are inhomogeneous in the actual
atmosphere. Generally, computation of baseline solutions is done by using a simple atmospheric model assuming
horizontal homogeneity. But if the adopted model is not consistent with the actual atmosphere, tropospheric
delays cannot be accurately estimated, resulting in poor position estimates. Especially with regard to the volcano
observation, the errors in the vertical component of baselines become large according to the large troposphere
errors. In the case of baseline solutions between receivers with large vertical difference, the time variation of the
vertical length is superposed by seasonal noise caused by spatial and temporal variations of refractive index of the
atmosphere. For accurate monitoring of volcanic activities, more precise positioning in the vertical component
is desirable, which should be realized by incorporating more accurate atmospheric model into the analysis
procedure.

For this purpose, an improved analysis process was developed, based on the JMA’s operational meso-scale
numerical weather analysis (MANAL). The MANAL is applied to daily meso-scale numerical weather predic-
tion as initial field. Generally in the differential analysis process of positioning, zenith tropospheric delay (ZTD)
is estimated by least-squares method together with the positioning. In this case, initial value of ZTD is given from
a simple atmosphere model. In our approach, ZTD between both receiver sites is calculated from MANAL, and
then the conventional analysis process is done fixing ZTD between sites. In calculation, analysis software package
Bernese Ver. 5.0 was used, while a part of the program was personally modified.

This correction strategy using MANAL was applied to the baseline solutions at Asamayama volcano, where
ground deformation has been observed associated with the eruption activity from 2008 to 2009. Consequently we
could approximately eliminate the vertical seasonal noise at a baseline whose vertical difference reaches to 1.5 km.
This approach is quite convenient and effective for GPS observation at local and steep areas such as volcanoes.
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Fig. 1.
Asamayama volcano. Solid circles and squares
are GPS stations installed by MRI and JMA,
respectively. A temporary station M4 near the
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Distribution of the GPS receiver sites around

summit was newly installed for this study.
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Table 1. Description of GPS stations around Asamayama volcano.
. Latitude Longitude Altitude
Site (deg min sec) (deg min sec) (m) Note
2 - frequency - GPS permanent station at Karuizawa Weather
KWS 36 20 319 138 32 496 1006 Station installed by JMA.
1 - frequency - GPS permanent station at Takamine Highland
TAK 36 24 155 138 28 6.9 1977 installed by JMA.
1 - frequency - GPS permanent station at Oni-oshidashi Park
ONI 36 26 319 138 32 121 1340 installed by JMA.
C 36 23 3.4 138 32 295 1576 1 - frequency - GPS permanent station installed by MRI.
E 36 25 5.8 138 32 114 1706 1 - frequency - GPS permanent station installed by MRI.
G 36 24 135 138 30 17.7 2174 1 - frequency - GPS permanent station installed by MRI.
1 - frequency - GPS temporary station on the summit area
M4 36 24 6.8 138 31 26.0 2433 installed by MRL
M, BOKEIRL ~UTIE B BN, F— 5 OB E s T
DEBFFHL TV, / 950221
BRI OKESE LT, SRTOGPSBIME 565 u 05 4
D 1HTH D KWS EFHRMIEEAT, 5 1006m) %%
At EHROMEEZ 1427 m, BHHE R 7092m TH 5.
Table 1122 0 2 54 GO EBILEZ O GPS Bl X ] = N
FOWMETS. KWS [ 2 MBS TH 2, LT Mt.Asamayama .
DOEMHTICB VTR L EET -y s 2HVI. 36.4 a3, 3, UL
W, 17— % &3 L1 4 (1575.42 MHz) Ok M
BTh, SRIEKT -5 LFLIHO T & AEKT SOy
BTLid 3, ' : L
12 BESRF— <\ . KWS 950269
FPHBIC, BEFROVWCHECHITS. S5 %3] L km Wl N B
] = ke — 3% pn 0. 5 10 .96061 - e
e, B4 OSRTHIDO 12 M T Sk 2 L8 o o £ & VALY
LTS, COkdOHIETHREFVICE, HEkEE ' i IR
138.4 138.5 138.6

AV &4 5 28E 7V (GSM) &, GSM O THis
REeMimBERE & L CHARE L Z X0 flin  FHHd 5 2
VEIETHRE TV (MSM) b 0, BHEEHSN T3S
T, BUETHICHER SN2 HER, EBRICHH
ENBERE TS L EEEDT, KETFRET VE
I 33,

BIETHAEIT D eI 3G EPHE TH 5. W1
SMERBEORKDIRIER TE B 120 FEIEICIEZA - b D
TR SV, ZORKDIREEEIHEICKD 21
¥EERERTE VO, RIBFFICMA S E 2 8K L
T, THAGMEE 12 2 a2 VR 4 5. folt O RER AT
TR, kot l, EE v v FTe T 245, i
P T, Wz, SEEELSICXAEIRIF - 7T,
JRF Y 77— =45 —PH L GPS H[E/KEF— %
UINE] « fth, 2009) ZHHETHE 7V & WV TR
Gt oFtE LB —HEERICHD 1A%, HIETHRET
T U 12T iE 2k 5 & WS ik (7 — 2 [ A
Moshtusd FlZIE, [EKTFFEE, 1997).

Fig. 2. Horizontal distribution of MANAL'’s grid points
around Asamayama volcano. Open diamonds show
10km-grid MANAL. Solid squares show double-
frequency GPS stations which were used for the

ionospheric correction. A square box over Mt.

Asamayama indicates the area of GPS observation
in Fig. 1.
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Receiver1

Receiver2

*; Satellite

Receiver2

This part of atmosphere

Receiver1 influences onlv ZTD1.

Fig. 3. Schematic figures showing zenith tropospheric delays (ZTD) of two GPS-receiver sites.

(a) In the case of small vertical difference between two sites, atmosphere equally influences

both ZTDs.

(b) In the case of large vertical difference between two sites, the part of

atmospheric between Receiver]l and Receiver2 influences only ZTD of the lower sites (ZTD;).
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Fig. 4. Schematic figure showing how to estimate ZTD.
ZTD,, (difference between ZTD,' and ZTD,") is
calculated from MANAL. ZTD and position at
receiver sites are estimated fixing ZTD;.,.
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Fig. 6. Time series of baseline length (a-c) and height (d-f) of M4 refer to KWS.
are calculated with the conventional analysis.

method using MANAL.
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(c) and (f) are calculated using measured weather data.
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case of using MANAL, vertical seasonal noise could be approximately eliminated (e).
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