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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 SHIMBORT* and Sei Iima®**

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 1-7mm 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 (200 m 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.
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1. FUL®HIC

SRR, 2 SR O RIERE A RIE 3 5 7o D ik
I BB TFETHh 5. WEFEE L TR ERLE
GPS BIlID & 51T, 3IRITCHIREL N2 MV ERIET 3
ERTEHOLVHOD, —EDOEHETFTHNIE GPSE
HE D ABEOES VAR OB AIEE R C L b b 5.
Lo bR ICIEESOMENL, S5 UDIET
) RASZHE L TCBFEIHBREHOE=5 1) v 7 A]
RETH 3. KILEHICBVTIE, EHINERICKE-TH
Wi S L EZHRLISHOMETEE T LN 5, GPS
BSE R L e BT OS5 B BAEMBEBINTFETH 3
(BIZ 1L, 77k - fth, 2003).

HHHIEE DI L, Z5F8 L 72 575 2 5D Rk o S+t
i &2 ORAZED S, RHEAEEZE mm HALOREE T
HIES 2 CHH, 1994). & T AR 5 KE0
BTN —FETI VS, EHosE H 5 VIR ISR
B ET—ELBonw, EirRIEEoSE, Kt &
FEICIRIFS 5. T DI RID TG AL L CTIEfER
RlEAEEA BT 2003, SRR Lo xTogE
IREEAZREST 2 ENEE L, HEICIRETH
5. ZD7IH, —HITIIERWAO—ETT, b2 W03k
MEREEO ZEihoRSE 7 — 4 2HIE L, 2RO
L LTRGWEICHWA Z EnZWw IR, Thzi
R T LRSS,

LA, KIS B 1 B BT IR BN & SO S
DEEENKE N &, &2 VREFNLKLTIRZS
MR OB SRR L 52 2 L2V, Z 0
&, 1~2 &R TRIE L 25K T — 21T & 3 R&HIE
T3, EHESHEROEHICEIAT DTS .

INET, SERREEBR O RKHEIC > W TE < DA
iz T/, FIAIEZEM (1970) % Fujii and Miyamoto
(1987) (3, HIZREATIT DK DERNE 10 % I HEE o
B0 ORERE L. £, R« (LA (1981) 13RK
BEFLE o Kl O SRIE S OB S H D A 0 RiffR O fIE
D bIEENEE 5 LS L, FEllTF— 5 S EITEO
METo 7 s A VEHSHIZT S0, REBY V7R

REE OB SEBEO KRB Sz (HE -
fl, 1970; K%, 1986).

JEHRRIEE O IEME IS RIIE 21T 9 1213, HIRMTE DO KK D
BTG & L 0 [EREICIERE T 2 L0 b 553, BB
I TRBEA»S O, FKEBRCH 2P ITES
&, SR BRI o 3 T BB EE 0 5 W IR B Eh £
=) v IFRREEOSHLELSEMTEERTLE S &
218 5.

—HT, RLZAETHT 3 -0 0IESE €7 VIdEE
DS E & SIT KD ERREICTS O THRIGEE A E L
TW3, 5K« fih (2005) 13 2004 R L KGRI
DOIGRRIEE T — #1256 LT, 20km DK F-REIFRE DL
ERRT — 5 2R H L2 A, BHaHEEL
fo. LirL, £ XD bEORREOBIERR 7 — 7 1ot
LTORIERIT-> TV, 2T TNGTIE, KRFD
DREED R 2 £ FIVOHERRE T — 4 2 HOTREKD
JEITRZFHE L, SBERAFEORiEIC#EE L 72580t
e MEEETTV, BRICB D 3, L@ KKEIEC
SWTHET S, £/, VTS A LAHIEERTOY DT
WFE L 15 5 FHEA ORIV T b 2 OFEE AR
AEL 72,

SO COFFEERERINCE T 2R — 5 1T
5 &ET, FEREORERYD S/N HAE LS Esh
TEENER RN LTEES AN L, TREIIC 3RS 5 T &
AT BT ENTEL.

2. HESEF—Y

KBTI TR, HADKRE THEED O 72D BT HE
FAERLTWA, CORHOHIETHE T VICIE, H
BRAeEETFHRARE T 2LKEF LD, 2FEFVOT
HFER A MEEERE E L CHARIZ X 0 fih < FHid
B AV ETFTNVEDOTFMEFT NS, HEERIL T
5. 2009 4F 8 HEITE, &€ 7 I)VDIKFHA DTSR
12, ke 20km, *V EFINVIE Skm TH 5., —
H, BEAEOET AR —ETEEL, HFE I
CETLEREBREFVAIOMEEELTVS, ik

Table 1. History of two ANALSs’ horizontal resolution used to this atmospheric correction.

Horizontal res.olutlon Mar.1 2006
of analysis ]

Nov.21. 2007 Apr.7. 2009
[ H

RANAL  every 6h,

GANAL  every Gh,

20km-ANAL
m 20km grid, 40 layers 20km grid, 60 layers
£ 7 MANAL every 3h, £ 7 3h,
5km-ANAL MAN‘\L‘ every 6h, . every 3 MAN AL. -every 3h
10km grid, 40 layers 10km grid, 40 layers 5km grid, 50 layers
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Fig. 1.
ANALs around Asamayama volcano. Squares,
circles and diamonds denote 20km-RANAL, 10
km-MANAL and 5km-MANAL, respectively.

Distribution of horizontal grid points of every

T FOVHITE IS L Tg S @i 2 ER L TLW 5 0T,
Fl—EF VAT OERICE > TEFNVHASERER 5,
RIREF VP2V EFNVEROTHIETFRETS 129
Iid, WIS SETH 5. P RBEDO KRG D
IREEA T X AR IRBIEICIEA 2D TR IFNIEE S,
CORKORER, BEHAICEE S Nidg TR TREL
THEMEIT K BAEREZ KBIRIT & W, REBFICNA
P2 R L <, WIHAGRH L AT E T — 7 2 1ERk
T 5. Lith, KEWEIT% ANAL, 157 — 4% % GPV &
Eec

INRTIE, DREED RS 2 HUETIE F Vs d 3
ANAL IZ X 5 GPV ZJGERIFE O KA @A L, i
IEAERA NS 2, EHI 2HEF— 413200345 H
M5 2009FETHETTHEH, TOMBIHFICHERRK
EFNVDHRBERTONTED, & ANAL O GPV DZER]
DREED ES > Tnwa, KRERWEFEE L T20074E 11 A
20 H % T3/KF 60 km & FD 4Bk E 7L (GANAL), 20
km ¥+ DFEIE € 7 )V (RANAL), & 10 km }&+D #
Y E TV (MANAL) @ 3 D053F L TWichs, 2007 4F 11
H 21 ALK I RANAL 2BEIE S 1, GANAL 3T
fE20km & 750, =4 % TO RANAL & [[6ZE D K5

fEREICIE 5 7. F 72, 2000 4 A7 H» 513, MANAL
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Fig. 2. Distribution of reflector sites (M1-M5) and
observation site (a), and topographical profile (b).

DIKEAEREDS 10km 72 S 5km & 150, FIFBEDH
T F VI OIERTIEE TV E 18 - fo ORI « B,
2009). T DX D ITHBREEDRH EFIEDLIE LD B0, /N
i CIOEBRIEE O RSRIE IS U 7 BRI E & L
T, 20km 51O ANAL (20km-ANAL &529) & Skm
T D ANAL (5km-ANAL 9. 7272 L 2009 43 A %
Tl 10km %) @ 2 IO ZERHfFEEEE &> GPV %
%>, =DZHM% Table 1 1SR”d. £72, &% ANAL
DERILEIC 31T B IK A& T RS % Fig. 11789,
HIFICH W2 GPV DfENTIEZIZ, 2006 4 3 HLIFED
5km-ANAL (3 00UTC (REMAIR) 258 3HETH
D, ZNLIEID 5km-ANAL & 20km-ANAL (3 00UTC %
G 6RMETH 5. £/, RIMENETIIS ANAL
D GPV %, HIFEREZ) & Zemlrsie Fiooe U CRefd] « 22
FNCHRIENE L 7o fE % b e,

3. RRABET—%

2002 - 7 H I &R LTEK 150> 5% 500 m F /7 D
RIELLFEE O 3 # (M1, M2, M3) 12 3 £ T-ORE &%
2 L7z (Fig. 2). €O, #7212 2005 4E 8 12 M2 &
M3 ORI M4 %, 2005 4F 9 Hic KGEEHIIc M5 % 2%

Bl REAIIETGPSIEY R LENHO~N Y F
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Specifications of electro-optical distance meters.

Standard condition

Specific of

Instrument Wave length ( pressure, temperature and humidity ) Measurement period measurement
Geodimeter 1013.25 hPa Manual
eOG(;OOe ¢ 0.885um 20°C May, 2003 - July, 2009 Non-telemeter
60% Fair-weather
Leica G " 1013.25 hPa Automatic
elc;Pg(l)?(f)z oms 0.670pm 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
1010 (Manual) Manual and automatic measurement
KWS 36.34220 138.54711 1006 (Automatic) at Karuizawa Weather Station.
M1 36.40121 138.51802 2455 Reflector site.
M2 36.40151 138.52200 2443 Reflector site.
M3 36.40348 138.52698 2443 Reflector site.
M4 36.40190 138.562388 2433 Reflector site with GPS receiver.
Mb 36.40511 138.51961 2546 Reflector site.

< — 7 &, M4 T3 2006 4F 5 H LGB HIERET O
GPS E#GEI A kG L TV 5.

PURUE L, ILTED 5% 8 km B Fd B o 8RR A A
(KWS) & U7c. JAMeEmRlESE \RIFR S o B 1 72 [E]E L
THE, IFRRICAIRGEEZRE L CFEIck 2 0RL
B EAT - 72, IS E T ORERER 7~7.5km, S
1 1.5km Tdb 5. 2003 45 HH SMIE B L, 2009 4
7THETIT 436 MDOAEZEIT- 2. T OHEIE T Geodi-
meter 6000 T4 & F\ 72, & 72, 2005 4F 3 H A 5 2007 4 2
HETo24FMiE, BHIEEROLERNER (Leica Geo-
systems #t, TPS1200) < HEEIM & FEfti L 7z AIEY ~
7Y v 1 REETH D, FHESFTIE KWS OEEE
= G0 UEERIFE DS D N 42m) TH 5.
1, HEHEROSEWA S ZEEEEY D 729 M2 %
BHIcETOIRWL, DIk, IS oNEHIERIC K DS
nteF—s+ty b, TNUENEORLABEF -4, K&
CHEHIEF — & M3 &iTd 3.

MIEERE D HAESE % Table 2 1S/Rd. % 72, Fig. 2 1Bl
MBLE &, M O S F T oHIERR A R
Table 3 ICELAI S OALE 2R T

4. MIEA &

TEDIEHoHE I RKDIEITRIC K > TET 5. Lo
Tahs & R ORI S A ERAETH > Th, =
RS E o RSURARIC RN, RSB D b 5855

I, BT, oF 0 B3EBEES—EL TR 50D
T, WET I EELRIF L, FERICREEENZE
ftLtz&HicRA 5.

I 51T, =T 2 RKDEI RS —FR TRV &tk
T L TR EI S 5. K - TIRIREEEE 2 [ RE ok
Wick LT, Rl IEEITRD 0T Sicids sigu,

N5, (EWEE ORI & EWREROMIEP A TEL T
B - 1GEITE U 2 HiEREERED 13 S 2 & 26l I
BIIRR/ A XEMSI LTS, COKR/ A X%
BRT 5103, EMSRKOBEIFESmEmM0, @Y
HIEZITH> 2 ETH B,

41 JEITEDOHTE

BZEHOHEE % C, KRADIESTHE n Orhz L 0R
FEay & LcEE, 2o oK,

(1)

LRINBZDT, KADETEn Sy KFE 5.
B Lo TTRADIEITES LN, 1EHESHRE
DHEETE, [EMESMEEZAETE 5. BEDOEITER
F1.0Thby, FERK (EEO0km, XiR15C, XUt
1013.25 hPa) 2B F 2 AIFHED BT 134 1.0003 T H
3.

—fRIT b B HIE T ORI 0 1F, AR E KRS
Mk BEHITLD,
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(n—l)loﬁzml(z)%+mz(a)% )
LERBENSE., 27T, plRAE (hPa), e [F/KFEKE
(hPa), T R5XUE (K) TH Y, m & m, 3IEE A (um) i<
KGET 21%8CTH 5. BITRORKEKRGEE R TR
%\ (A2 12, Ciddor, 1996; Hill et al., 1980) 4%, /]Naf
TABARE O REEIE T & TV % Barrell  and
Sears (1939) O DT CHH, 1994) OXB & —EBE
SHLZ 7,

e/po
T/T,

(1—1)10°=n, L2 4,

T/To @

ZHu\i,
Ed 5. 4

T T, To=273.15 (K), po=1013.25 (hPa)
WIRFET 5% e BEL D n, 13

na= (n,—1)10°
=287.6155+4.886601 2+0.068001 * “4)

n,= — (47.424—0.51681 2) 5)

LFRINB. n IRKAOERERITRTH 5.
ANAL @ GPV I3, X, Xk, MOBESNFZ 505,
Z I TKES U e 13, TR T4 (°C) 7> 5 Tetens (1930) D,

7.5Td
e=6.11X10 237.3+Td

(6)

ZRHVWTRO TV A,
AMETFETIE, ANAL @ GPV » S {ZHEEEE Eo K
FE, &R, %O (6) TR 7KIZRSUTE & PIFHEE L
AT E ) ~G) REHVWTHEL, zhicgEDSE
B %D T E AR L 7.

42 (EHEEDRIE

—fiT, SEEREEER I IHHE T 2 R DR E
ﬂTMé@,E%ﬁ%@méﬂbﬁ%®%@ﬁﬁﬂﬁﬁ
gl L WRIEREEICHYS 9 %, JIBRAERETS O REtaik
REDSGREPFHES LTV 5 (Table 2).
EEEDOHIETIZ, ANAL © GPV 75 (3)~(5) 2%
WTEH L 7R Lo RO IR OFIE &,
PR ICEE S N EHERBER 3)~ () RITRA L TEH
LT RDEE, (ZFEREOZEA I D BICFE U7 B
fEPERE ORI IEME & 75 0, FHAIL 72RO e A 0 D
fli» & T a2 Lgl\WIcBRRESF E R D (EPRRE & 72 5.
4-3 (GIRRIRDMIE

FEHTR DO RIE 1L RLRD DI & - THIE DR
BRI 2729, (RIS T 2R b bETH 5.
% O CIaidEik O IS O R DIREEZ LI K2 8
EBGEL, RS (KWS) B o ANAL O € FVH O
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a Ray path
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'E' The horizontal componant is
. hasized by 2000 ti e
- 3000 M1 r(;r::l:o::r 20 ngutc, znr;;]s
: i O
.E 2000 )
@ 1000{Mt.Asamayama
= KWS
u Ll L] L] 1 !
8000 6000 4000 2000 0
Distance[m]

b Atmospheric effect

70

60 =
1 50 - W f 5
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Q. 30- L
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0 —
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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).

EXEICEBERATEL, R IV X LB
PR TR E 2 HEE L 72 (Fig. 3a). BUHIZ1T - 7oiRH
AT, Zes & M R DS 724 1.5km DAL,
7V 11 JBEAET 5. Fig. 3a 13, KWS»5 M1 %
TOIEWRRIE OJEHT O #%:T-% 2005 ££ 10 A 20 H 06UTC
DEBED MANAL O GPV »oifiELcbDTH 5. 1
2L, AKEHENT 2000 fEiCi@iE LT\ 5.

1535, Fale & SR o AR (3R A U CEE & L
TEMIL 7o RO 2 FHiIc L » TR M4
BIEDOLRREMTHE L FER, BRI X
H U BB O M IZIRRTHH 3ppm TH - 72, T OE
EThhid, RICHFEREBNIC X > TRESEA 1m ZH L
72 & LCHEELEMICT £ 53371 0.003 mm LI TH 0
HWHTX 2B TH B EEMEILDI.

44 (EHERE & EIRIEN\ DBIEDHR

P boFEERv, fiEREEEE ST 2 EodE o ff
IE & ERBERORIEOREE GPV 2V TR L T,
FlEEEED S Do Z b & L THEE L 72 (Fig. 3b). KHKD
FEEALD b 12 O TIehEE 0 Z b o8, EREIC
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KELEBREIITNS W Ebhr s, EEHOEITE
DR 3) sk b/hs <y, Thix 1) X&ky
WD v SR E L 85 2 EA2RT. D% DI
DIE T 2 BRI S 720, fliE% LIS fuSis R
RBEENCHREE AR CHIEL TWA T E2EKT 5. ik
DR OBEHAHOIRIEIZ = 15ppm FRETH 5. 1 E,
T DB AR IR T S N EHEIREED R R 1 5 1 %
IV 72l (G 285 ppm) 70 5 DETRENTH D, fklE=
BRICi3ERE BV, —F, o E o R oF
FZE) ORI 3 £0.5ppm FRETH 0, (=fasfE O L2
X BIRED 1/10 LR Th 5. % A o Fite
iz bEEE /NS O,

5 MIERR

51 BEFEDEN

P oOREFEZAE S — 2 @A L, AFEIcL?
ISR OERASFHE AT S, R — 3, Bl
D EW» TPS1200 (< & 2 HEJHIFE 7 — v 2w/, Xt
LR 2005 4F 3 H» 5 2007 4 2 H £ TOH 2 FRIC
TRV, 1HEEOSY v 7 v 7 OHERRETH
3. ORI, EEILT RS SRR E) 3 1 - 7.
C O, ZMSE R OMHINLE F AL TH - o &
I 5 &, fFENE2IITON TV S ETniE, #HEE
ORI 0 ISV RTTH B, Lrl, [ROE
b3 HEZS) EREHPEEETH Y, SRR L
THUBKEMENB SN TORWES, HEHCES H
ZALPRKBELICHES AW, 4 X, & 5V I3FHIDE
WIC K BHE/M 4 A0EET B, £IT, HIENEY)
IO TV ENEIDOREE LT, oot
WSS D RIFEBERERI O BEERAEZ WS 2 &I d 5.
BEERZEN NS VWIEE, JEMIESEYICITATVWS
LAEET 5.

Fig. 41T, 23MiH KWS 2 & SO M1 o I E BRI
MANAL (5km-ANAL) % Fl\W CAFEOR M % L
1B O RY AR T, D 729, KIEDEGE &
MERTFETH 2EMEOERTR T — 7 DA EHH L
MIEER ORT. KhofEIHN O, SiEFEC
X o TEM AN AEEEED < ORI OS2 i
ffz= (mm) Th 5. ERFEICIZRGMIETIISAE
A ZOEFEFHNIERFEL TBY, T OAMIIRMHIEDE
BLYFEOTNNAS S, DT EBRERFENGRD
FEIZLISH L CRARIEL TWA T EA2RT. —4,
AFEICLEER /A ROERHEE FmD T/ha v, 1
HERZE 7.4 mm (EEPOKRE#CKKT 5 7 1 R
lBEEZTEL, FEMO /4 ZIRIFIZ 0 ITEV. 1
FHEBEOMtG R IE, ATFEORIEIC X » THERFEL I

104

695 2013

BRI « R — « B - thle B

KWS-M1 Slope distance [m]

7191.0

7190.9 h_ﬂANAL (] 'r_ection (7.4)
it bowling

7190.8 |

7190.7 §

Conventional correction

7190.6 - ..:-; (17.7)

7190.5 "

T No correctron (45.6)

7190.3 .

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).

~H)10ecm K& EBEESN.

M1 DA DRSS & ofEERES, <5 o [E R
Tdh -1,

52 ANAL QRIS BREEDIE(

RiT, AFikz, RERIDIEE RV AS, 2 [Al O KRS
% &1 2003~2009 SO EIH O DK LHIEET — 7 1
WAL, EESREEDRS 5 ANAL @ GPV IZ & 2 HHIE
EROBEVWALE S 5. Fig. 51, KWS 25 M2 DD
B LUHEIEE 7 — 7 12%f 4 % 20 km-ANAL & 5 km-ANAL
X BHIERERZRT. KO c», REOEEE
WERFHETH RN DENTR T — 7 DA ZEFHH L 12
AR bRT.

PERTFEE H, 20km-ANAL, 5km-ANAL (T & 34%
ROFBER /A XHER A Xb/NES 0T EDbi»
3. EEILTIE 2004 £ 9 A~12 HIcAIEERH - 7-.
C O, WERTFET S EEEEME (KOnERT 5 C
EEBERTE) LTWB I ENbrsM, /ERFETIR
/A RIIREVOEFOERNFHEIINETCH 5. L
D LUARMIEFETRN 2cm OEHENH - 72 T & BRI
Cbhbh b, F7, 2008 4F 8 HOMIE KD SIEE - F-iEH)
FEDEE D (F 2009 42 HIT/NEKZ & 725 L 7cds,
DOWIRIC bREEE OGN H > 7. Lo LIERTFETIE
AR ENRINT 5 ET O AAJETH B, F 1,
20 km-ANAL % (i - 72 i 1F. T (355 O[] 2358 A Bl h
305, TENFHGEIRECTH, ERkFEIETLZ
NEEWELTOVREWT EAbh S, —/, 5km-ANAL
Al o e HHIE T, 1em DI EOWHRSERATARN S,

153, O, 20km-ANAL I 34l € 7L DL H
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Fig. 5.

show the eruptions at Asamayama.

MdH - 7. 2007 5E 10 H £ Tl RANAL KA
FlfE 20km DAL E 7V O KEIEITIE) ZFHL L
7273, 2007 4E 11 Hic 2 hunsBElk & 11, GANAL (&8k€
TV DEEAITE) O REkEAY 60km 7> 5 20km & 73
D, 2N FEFTORANAL ICEXHib 7. TDXkIITK
SEEICHVARESREF VICEENEL S EITK
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2006 2007 2008 2009

Slope distance corrected with 20km-ANAL and 5km-ANAL from KWS to
M2 measured with manual EDM from 2003 to 2009.

Triangles and arrows
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Fig. 6.
Open squares show S.D. of distance corrected by
ANAL. Open diamonds and solid diamonds show
that by FCST of 0OUTC and 12UTC initial time,
respectively.

Standard deviation of corrected distance.
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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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