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Measurement of Volcanic Morphology by Using K-GPS

— A Trial at Omuroyama Scoria Cone in Izu, Japan —

Rina NogucHi", Akari YosHIDA™ ~, Tomotaka SARUYA™ ", Yasuhiro NisHIKAWA™ and Kei KURITA

Morphometrical studies on small volcanic edifices such as scoria cones have been extensively conducted.
Nevertheless, some morphometric parameters have been difficult to obtain. For instance, it is often difficult to measure a
slope angle of volcano edifice because DEM (Digital Elevation Model) with high spatial resolution are not always
available. We used the K-GPS (Kinematic Global Positioning System) for high resolution measurement of the slope
angle of Omuroyama, a typical young scoria cone in Eastern Izu, Japan, assuming no detailed DEM available in the
region. We show the existence of constant slope of 32° from the base to the top. The result of the K-GPS measurement is
consistent with the existing DEM of this region. We report the measuring system is simple and viable for summary

survey of slope angle where no DEMs are available.
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KR DR T K O FF VLY O BEBRIZ T 5
% OWEHE A5 2 T ND, FEHCZ IR
TED O RS E LRI B BB O N E D
BB, KNI E LCT1 DOERZR A IIRT.
FThROHLHER A HHIZL T E KIERDIERIZTE
BLEBESFOTUGBBEMEY LR THY, WHE
ED X )N EES B O 2 KA O 2 SRR
TH b, KIMERIRD? S O FFERIE, VE— M2
YT E DT — 5 LR WERAERHEIZB W TR D
TEETHY, HER L OFUMILIZ LTRSSk 51
LODVETHAH. PIZITKEOXKNZIE, NTARTA
ATV FIC— R ZREEBETTE & EUL
TV LD ) REWZER L s Twd (BlZIE

Keszthelyi et al., 2000). xtit Sz XX HERO K ILD
7 — & |ZB L TIZ4L 4 SRTM (Shuttle Radar Topography
Mission) 7¢ & 27 0 — /N)U A 7 — ) 'C ® DEM (Digital
Elevation Model) 23% i & v, KILAE DB ICES
W ROMRIERE 2ERERE TS (B 213
Grosse et al., 2009 ; Grosse et al., 2014 ; Karatson et al.,
2010). —7J5, LD /AEOKIEICE LTI m—3L
A —)V® DEM TIRFFED LY T, L) EHEEO
JER S LEEE 2 b 2O X9 KN HITEOWZEI2 1
LiDAR (Light Detection And Ranging) |2 £ % T I F- /K
FEOTEIREAT (Favalli er al., 2009) R KRt HERE 1 O B
T 3% AT (Jessop et al., 2012), DGPS (Differential-Global
Positioning System) % H\> 72 G D fEAT (Zimbelman e
al., 2008) 7= EDYHIN B 5 .
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Al REICBITAAT) THERV— ML AT— V5
OKWVEFIZHEH LTI Ed T 5. IERIgE T2l
FTANEHERD KW IR L T4 DEM I2EED W 729
W22 HAThTWwaE, KEDOL—FLAT—21]
LIFLIETA AT Y FOBIE DI 3D, Ll
e, INUTHLDT A AT Y FIZEEAFD DEM T
I CTE Y, BROEERMZELEIT 2. RKETE
Hamilton ef al. (2010a) | X V) DGPS % 720D T
A2 R - FERRUETIZBNTEBEN, i
HEAEE £0.06m @ DTM (Digital Terrain Model) 3 &
17z, Hamiltonetal. (2010a;b) TlENV— ML AT— ¥
DRI EREE L ZOMBEMIZOVTEEL {5 T
05, FOUMKESHC O W T STy, B
DM K ETEIRD LR 4T - 7235 12 5 45, Kk
EERORKEDPLTREZRNRIZL TV AHEDE L, Bk
BIERCRADOERIZAL 2 EOM % Higk L 721K E
RIS 2 W RAT OWFFEENI LA 7 .

KWL, KEOA S HGE R & 407z K A JE B
DREL B2 ETREENS. 2O (LEESRD 11,
R L T2 WEORRM (thib) I2LoTkFE D LEH
Z BN T2 (Wood, 1980) 25, FEBRIZMEFEHA 251K %
LCT—ETH 2D, il B2 & T2 63
O TH 7\, Kereszturi et al. (2012) TIZA a3 7 E#7
ek TOEFHE % dm LTV DA%, BIEEIS U2
VBROENDLNE ) DOV TIEIELRL TR\, R0
HERELZ X o CTH: U 2 R O %58 FE L E O R B o HE
BAZX W HEAIRE CHEATYD. WIKED X WERIRD
AT, R F L ORE TR BRI Y G, 30°
BEOMEFA 2 FHFOMHSLEITER SN, it [&
Bl LLcmenTwsd, INFETOETI) KT
WERIE 51331, W22 7% A (Robinson and Friedman,
2002), 2) HIKEATE (Arciaga et al,, 2009), 3) $iF[E o
#7577 (Samadani and Kudrolli, 2001) 12 X 0 & B A5k
EL D, L) RBNLRBEFMONTND. ED7:
O, ILRMERH A O 2L SRER O TR - Rtk o 2L
ELIEEKA Y A VOEBEFAHL LN TEDL L
WifEshs, Lo L, KiFEERAOTIEITEI T E A
EnZ s FRROBEEIIER I N TRV, L
RER D3E IS X B K ERHHME R O R8s B 1L,
HAETE 2 0 FR A 5 PR 3 7 A R AR C ORI 52 <0 M KA
FANOKFHIIGH T2 ENTEL. FIZIETKET
&, IR S NS S OOKTFIIK 1m, $HE F %
10cm OFEEED DTM MESNLTB Y, KiF Lo F
1EE E T D 2 LD TRETH 5.

AAGCTIEFEM 72 DEM O3 S 41T w70 il & FH5E
L C K-GPS & H\W 7=l G il s ik Kk o g b E, 4

RO EEENICE TH S L xHiET 5. K-
GPS & X Kinematic-Global Positioning System DB&T,
Lo o0EBEAETiEL T2k Cchs (Bl
I¥ Hofmann-Wellenhof etal, 2001 ; {£H, 2003). i i
EHEBHENETNOZER QF) ZERRERET 2.
CCTIRFERBRELTORBNE, BAEO DEM &
DOILEARERZRT. KZEINZ ) Fr OSSR TH 5
V=t L AT— 2 EHEPOMHEROIIEEZR LTV S
&, ) GPSHIRLDIGT & 7 B &9 BeffitE D w2 &, &
512 3) E BRI & A AR X E IRk DEM 254 % 72
DIEAE RO #4TH) S ENTED L) B 5
L7z IR OE B L MR, #
TR % ko 7z

2. REFBEXELHE

SRIlE O E L7z RE NG BRI A E S
HAAN)TEHETHL., Aa)TEXIILDET D KR
TR BRI LEEE L TR SN b 0NIEE AL
Thh, KRENG REFLHEBEXLE] o 12oKILIT
5. RENOELKERIL 1000m, FEEE 220m, K[
13 250m, KITEIZ 70m & SRTWD (SFE, 1986).
TH R E R =58 =m0 LTI —
TR35239208701) ASFE SN TBY, FOEEIL 580.01
m (HEFHR, MR 2011) & ERTwb, K=
134 4000 EFTOMENIZ X > TRBE E N2 55, Kl
JKIE % & 36 FL S N2 BERF O C SEAIEIZ L D ko 6
NTW5 (3710£95yr.B.P. : 4% - FIH, 1998). K=l
T 7 IIE A -l (1996) 12X 5T 5 DICXKGENT
BY, ZUIE LTS5 BEOBIGERI S RE SN TN S,
ZIUT & B L RFBILO UKD RIS 2R L T b0l
B (HEE  Bmm~5cm) £ 2297 (EE£: ¥ mm~
3em) THY, Z0OEAIIEY 7V IKFEGBEIZL B K
WV M HHEEL TS, KEILOREIKEE A 51T HE O
W WA 2T B E O (380X 10%ke s FHIL - /L,
1992) DS LCTWw5b. 2B, {EARTORINTEARNIC
I SN TV DAY, S INTEFHNI A % £ CAs & FE kit
L7

3. BRAIRVERET —2BHICOVT

B 2013 4 6 H 3-4 HIZFE Ao KE LT
Ff L7z BRI ERFHENETORE T 2
JAVAD ft GNSS (Global Navigation Satellite System)
Sigma-G2T (ZfEHE) & GrANT-G3T (7 > 7 F) % 24l
AwczhzndbiEs, MEshme Lz, ARl T
BEEROZEEMRET 52 L12L D GPS ZEBOKE)
REMh O % HHLAY IR B A v T 4 v 2 R
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Fig. 1. A style of K-GPS measurement in this study. An
antenna is mounted on a helmet.

M L7z, FEE SOV %2 5 5 484 Ll T
MWZEL AT ANHBREWEHEIL, A"V Xy b 27~
TFEROAITENELILB L D% 5o TllE
FER L (Fig. 1) . 70w ZREENE s, Wfmix
15°LL B & L, FEEE R IE WGS 84 % v 7z, DLEEHT D @
WY ERAE S L L CH S, #ITICIE, GPS
ZEFIFEER L 727 — ¥ R AR T RISy 3 212
ik L CHEARIT 2479 & v ) SBALER a2 BRE L 72,
W7 — & QWAL JAVAD 4o Trivu™” % v
AL 727 — % @ RINEX 7 7 1 VA~OZEH LR
i JPS2LIN, FALEREAT 121X RTKLIB v.2.4.27 % ffi
L7z, 77— Il KA D EE R IR Cff 2 T =
1To THERTMERET H 2 LN TE L. MR ENTClX
IGS (International GNSS Service) (2 & ) f2flt ST 2
BL5— % (rapid product : igr17432.sp3) % CDDIS"™ 205
TS LRz, SRR LR ToFA~T 1 v 7l
ALAEREE AR 18 1em+ 1ppm, 1Al 1.5cm+ 1.5
ppm TH 5 (MAKFHHE EofE) . HALEFATIC X 2l
NFRIAIAEEED D V), FNEIERED R 2 (Fix f# © 20
mm F£F, Float fi# © 0 10ecm~%t m F2PE, BT % -
10m R 5 FEH, 2003) 2%, #fFA~T 14 v 27 RO

1) http : //www.javad.com/jgnss/products/software/trivu.html

) Ap Open Source Program Package for GNSS Positioning,
http : //www.rtklib.com/

3) Crustal Dynamics Data Information System, http://igscb.
jplnasa.gov/components/dcnav/cddis_products wwww.html
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Fig. 2. Standard deviation of the measured vertical

positions during 3.5-min rest time. This gives an
actual accuracy of the measurement.

B ABERFOBIFICL DEEIES SR 2% (P
2T 5~10cm; EH, 2003). FHElF oEERE (3.5 5 1H)
BT LEEOHUEMED Y A N7 T A% Fig. 2 IZRT.
COT = IFHMEOFEMNLREAEIHIET A EE2 6N
5. Bk 3.5 SIS B B NG R (Fix i) OREde(F 2
(&, FEAL I 0.11m, BPE 1] 0.05 m, FiFE 0.02m Tdh -
72, Fig. 3 \ZILHE T o> AL N OV B A ORI RS
RLU7z. Zd, WERIIEICHES S EUERZ 5N T
B, K-GPS il 2 FEhis 2 DI EIE 2oz,

4. PEERASEFERVETEER

K-GPS 2 & W SNl T — % (EEE, R,
FerfhmE) &I EpRIC B 2 EE A 2RI L 72,
7= 7 IR (SR Th Y, BEREILTL D
—ETHRVIZOEEHOKTFHEIZIZIESDEDD 5
(0.82£0.20m). FHFHAETHES N7 — 2 ITIFITHMT
H D10, EFEIGEE L7 2 B OACEEEE (slope
calculation distance, VA& SCD &%) & Z DM O
OWERE SRS, PESICTTy L2 F90E, W
BRI EZ 2SR~ MED S L O TER K
O, FTO®B, ZOXRT—FIEKEH IS THREE THE
LS EEALCE ) R AL 72 7 7 A VB L 72
(Fig. 4). SCD |2 & o THBMEIZ &) B D 5 4
5 72O KEIHIECTOFEMER (R 500 m k5 5
AW L7z 5 MICBU 2@ 0FY) &I L 72 (Fig
5. INxial, 2m 25 36m DETlE SCD OfEIC
RAF &I MEBHE 31.9°~323°CTlEIF—ETHH T &
A3 H 5. Fig 6 IR LHMIIEOEMZELEFRL T
W3 7T 7 ThY, AR, BEEANLE OB R
LCWwa. MPo32507F 7% 3% SCD (10.06=+
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Fig. 3.
circles represent fixed and float points). This figure
is made from a data of Kiban-Chizu-Jouhou (Z:##
HiX15%) of Geospatial Information Authority of
Japan, by QGIS (Quantum Geographic Information
System). The elevation of this map doesn't include
the geoidal height.

Measured points in this study (open and solid

0.82m, 21.31£1.13m, 29.49+1.01m) THIH L 72454 %
RLTW5S, SCD DL RIUE X VAR A — LT
DOEFZEALD L S D, SCD B B blIZoNT
Ty P ENTWLHEEASREE o TV 5 A%, TIUTFEEH
RTH FAFITE T SCD SR W EEEARD b vz
ThAH. KENOFHBEFHZIZIZ—ETH Y, KW
B0 fEd DV RBAEBZ 5 L FHEA IR &4 1) &
FTILETHETHABEOFHERE(ELTWS. Ly
L35/l < R, ERHIEEall—ETiE% <R
FZBR L ThOTMICEILL T 5. Fig. 6 D SCD=20m
DT T RS E, FEFEEIZTHENTED 2ok
&R, BEE S40m AT A 5 TH EAhTF TS 460
m fhE & 2EE CERHa~ED S, 72, SCD=10m T
13 565m UL EDOTH FFIZ BV CTHA2SBHE 1I2#E R 2012
oTWwWh,
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Omuroyama

Elevation [m]
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Fig. 4. Schematic diagram for estimating slope angle
from K-GPS data. The slope angle was calculated by
arc tangent of vertical and horizontal distances
between selected 2 points.
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The slope calculation distance vs. average slope
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Fig. 6. Variation of slope angle with the elevation for 3 slope calculation distances : 10 m, 20m and 30 m as a nominal value.
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Fig. 7. Upper - An area to pick DEM points (+) for
estimating the topographic profile (lower). The base
map is Kiban-Chizu-Jouhou (F#&Hh [ 15#R) of
Geospatial Information Authority of Japan. Lower -
The topographic profile of Omuroyama from both
K-GPS and DEM data (+ : K-GPS point, O : DEM
point).
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