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Atmospheric Correction in EDM by Using the JMA Numerical Weather Model:
Application to Measurement at Asamayama Volcano

Akimichi Takacr***, Keiichi Fukur¥, Toshiki SHIMBORI* and Sei Inmma™***

Electro-optical distance measurement (EDM) and Global positioning System (GPS) observation are applied
to monitor precise time variation of the ground deformation at active volcanoes. But observations using
electromagnetic waves such as these are accompanied by errors associated with inhomogeneity of refractive index
along the propagation path in atmosphere. In particular, the inhomogeneity in troposphere degrades the
accuracy of positioning. An improved atmospheric correction method in EDM was developed, based on the
Japan Meteorological Agency (JMA) operational mesoscale analysis (MANAL) for numerical weather predic-
tion. In this method, the precise velocity and ray path of propagated lights are estimated from the adequate
vertical profile of refractive index by MANAL. Consequently distance along the bowing ray path measured by
EDM is corrected to be precise slope distance. Applying this procedure to EDM data at Asamayama volcano, the
seasonal fluctuation caused by inhomogeneity of refractive index in atmosphere was removed entirely.

At Asamayama volcano, very small eruptions occurred in August 2008 since the latest 2004 eruption, and
then a small eruption occurred in February 2009. Based on the EDM observation by Meteorological Research
Institute and Karuizawa Weather Station, we detected that the slope distance had been shortened since August
2008. Slope distances from the observation site to reflectors were corrected by using MANAL in this correction
method. Though slope distances have increased in length at a rate of 1-7 mm per year since the 2004 eruptions,
ground deformation turned over to inflation in August 2008 and slope distances shortened to 5-28 mm per five
months by January 2009.

In order to account for those observation data, we assumed a pressure source beneath the summit crater,
whose depth and volume increase were estimated to be at a height of 2380 m above sea level (200m under the
summit) and 15,300 m®, respectively.

By developing this atmospheric correction method in EDM with the use of the JMA’s numerical weather
model, it became possible to precisely detect ground displacements and thus to reliably estimate their sources.
Therefore, this method is very effective to monitor activity of volcanoes.

Key words: Atmospheric Correction, EDM, JMA numerical weather model, Asamayama volcano, MANAL
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SRREDIIL 5 & FIVOHIESKR T — 7 ZH 0 TRKD
TR 2GR L, St o IEIC#EE L 25 a 0tk
i MEEETV, BRIk 5, L@ KRGS
SWVWTHET S, £/, VTV IA LHHIEEITO 7201
WFEE 15 B THEA W HEIC D W T b T OIBEE iR
FEL 7<.

X L COFFEAERINCB T ARIEET — 7 c@EE
5T &ET, FHEHEEOEERTID S/N i L Es N,
TEEDERERIIC LTES s e L, TRENIC iR B C &
Rt s EmTE
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SRT T, HAZDKRTHER D 2D ICHIE T HRE
FIEERL L TWA, Db OMIET#HE FIVICE, H
BReRAE T & I 2 2kEF 0P, 2REFLOTF
SR MmEERE & L CHARRBE Z X 0 < FiRkd
LAY ETNEDTMET VNG, BEEEH I TO
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History of two ANALSs’ horizontal resolution used to this atmospheric correction.

Horizontal resolution

: Mar.1, 2006 Nov.21, 2007 Apr.7, 2009
of analysis H ' :
20km-ANAL RANAL . every 6h, GANAL . every 6h,
20km grid, 40 layers 20km grid, 60 layers
Skm-ANAL MANAL  every 6h, MANAL  every 3h, MANAL  every 3h,

10km grid, 40 layers

10km grid, 40 layers 5km grid, 50 layers
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Fig. 1. Distribution of horizontal grid points of every

ANALs around Asamayama volcano. Squares,
circles and diamonds denote 20km-RANAL, 10
km-MANAL and 5km-MANAL, respectively.
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SFEES LS > TV A, REMLMAHELE LT2007 411 A
20 H & TI37KF 60km #0425k € 7V (GANAL), 20
km & 7@ il € 7V (RANAL), J% 0¥ 10 km &1 D #
Y &7V (MANAL) @ 3 D3 3EfE L TWnichd, 2007 4F 11
H 21 B (X RANAL 231 &, GANAL 25k&FH]
f@20km & 750, T4 F TD RANAL & [6]55 D K5
fRgEIc i o7z, £ 72, 200944 H 7 Hb 513, MANAL
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Fig. 2. Distribution of reflector sites (M1-M5) and

observation site (a), and topographical profile (b).
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DERILEZIC B T B IKEAE T 5% Fig. 1187
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FNC B NIE L 7 i 4 O /e,

3. FRABET—%

2002 4 7 A ERILTEK T8 5% 500 m 5 D
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Table 2. Specifications of electro-optical distance meters.

Instrument Wave length Standard condition .. Measurement period Specific of

( pressure, temperature and humidity ) measurement
. 1013.25 hPa Manual

Geo(;i(;g:)eter 0.885um 20 °C May, 2003 - July, 2009 Non-telemeter
60% Fair-weather

Leica Geosystems 1013.25 hPa Automatic

TPS1200 0.670um 12°C Mar., 2005 - Feb., 2007 Telemeter

60% Every hour

Table 3. Location of reflector sites and observation site for EDM at Asamayama volcano.
Site Latitude (deg.) Longitude (deg.)  Altitude (m) Note

KWS 36.34220 138.54711
M1 36.40121 138.51802
M2 36.40151 138.52200
M3 36.40348 138.52698
M4 36.40190 138.52388
M5 36.40511 138.51961

1010 (Manual)
1006 (Automatic)

Manual and automatic measurement
at Karuizawa Weather Station.

2455 Reflector site.
2443 Reflector site.
2443 Reflector site.
2433 Reflector site with GPS receiver.
2546 Reflector site.

<~ — 7 %, M4 TIF 2006 4F 5 H LIE BRI O
GPS EftE A2k L TV 5,
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1E, EEEHIO S O IIEEEEY O 72 M2 %
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NrrF—%+1y b &, ThENBOELMET -4, &
CHBHE T — 4 LM &1Td 5.

PR OB % Table 2 1/8d. %72, Fig. 2 IZEHI
MALE &, @by O RE S F coENmh % /RT.
Table 3 ICEHAS DALE Z 7R
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SEDIEHOREL FRKDIrRIC L » TEILT 5. Lo
TR & SRS OB AIE S AL TH - Th, &
MRS L O RKURRIC IR, ZEMIINTED S 5855

Wid, EITER, 20 BEHEEA EE B SRVD
T, WIET AN EERIT L, SRR EERENE
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WIEAfTHO T EThH 5.
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The horizontal component is
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Fig. 3. Velocity and ray path effect on slope distance

caused by inhomogeneity of refractive index along
the propagation path in atmosphere. Ray path is
bended propagating through the inhomogeneous
atmosphere (a). Seasonal changes’ ratios of veloc-
ity and path effect calculated by actual JMA'’s
GPV are *15ppm and %0.5 ppm, respectively (b).
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KWS-M1 Slope distance [m]
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7190.9 h_ﬂAHAL co-'r_ection (7.4)
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Conventional correction
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wEit No correction (45.6)
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2005 2006 ' 2007

Fig. 4. Slope distance from KWS to M1 measured with
auto EDM system from March, 2005 to February,
2007. Distance corrected with MANAL has smaller
seasonal noise than that by the conventional correc-
tion. Parenthetic figures show standard deviation
(mm).
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Fig. 5. Slope distance corrected with 20km-ANAL and 5km-ANAL from KWS to
M2 measured with manual EDM from 2003 to 2009. Triangles and arrows
show the eruptions at Asamayama.
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Fig. 6. Standard deviation of corrected distance.

Open squares show S.D. of distance corrected by
ANAL. Open diamonds and solid diamonds show
that by FCST of 00UTC and 12UTC initial time,
respectively.
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Fig. 7. Temporal change of slope distance corrected with 5km-ANAL and distribution of

reflectors on and around the summit.
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Fig. 8. Distribution of changes of slope distances corrected by 5km-ANAL and estimated pressure source

beneath the summit crater.

Arrows show changes of slope distance projected toward to KWS. White

arrows show changes measured by EDM and black arrows show changes calculated from the estimated

pressure source.

a: Quiet period, Sep., 2005-Apr., 2008.

b: Active period, Sep., 2008-Jan., 2009.

Both pressure sources (open and solid circles) are at same depth right beneath the crater.
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