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Abstract

For detecting long term vertical crustal deformation in a volcanic region from a
precise GPS measurement, observations at triangulation points are very useful be-
cause each surveying final result preserves the observed values at the time of the
past surveying. With this purpose, differential GPS observations at about 25 triangu-
lation points were carried out in 1993-4 in and around Sakurajima Volcano.

These results on secular change in the ellipsoidal height difference were ob-
tained as follows, by correcting the present GPS observation data to the past triangu-
lation point data, which were resurveyed in about 1970.

(1) Subsidence area which amounts to about 29c¢m around the mountaintop includ-
ing a crater (Minami dake) was detected,

(2) Uniform tilting pattern of subsidence and upheaval in the northern and southern
sides of Sakurajima was detected,respectively. The secular change in subsidence
toward the center of the Aira Caldera is suggested from this tendency.

(3) Anomalous upheaval (about 0.5 cm/yr) is seen in the south-eastern part of
Sakurajima (in and around Sakurajima-guchi).
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(4) Theirregular change in the contour map of the secular vertical movement shows
the different motion between the eastern side of Kagoshima City and the west-
ern side of Sakurajima, which suggests a normal fault motion at the western
boundary of the Kagoshima Graben.

Further investigation through a precise GPS measurement extending over a
wide area is necessary to comfirm these points. Moreover, it is very important to dis-
tinguish the neighboring uniform geoidal height differences from the secular verti-
cal crustal deformation which tilts toward the center of the Aira Caldera from the
southern part of Sakurajima. On this point, theoretical consideration is developed in
this report, deriving a new conversion formula to detect varying geoidal height
anomaly by differential GPS between new and old geoidal heights as the first ap-
proximation.

Key words: GPS-Leveling-Gravity, Sakurajima Volcano, changing height anomaly
formula ¢ ¢

1. BUBIC

WER O ETFEEOKREIL, REMICIE, 21T T~ 8 EMBOEENOERN LR L 1 HkiE
M=% ERT 5 E T IR i@ﬁ&bhfwé S 72 SENE BELS 7 [|] H AS198T4EE o Ll
POMEE ) BAERLMF CTEBIN TV 525, BELZORBOUEIZIIUFORERLH D,
IMEEMINTS (EL#bEERE, 1972, 1982, 1988). —F, JUNMADKFELEEIZDW T
1 E=AEEOH Y K LHEEHRVT, —REELAUERA 7 — VT, AEHO=AIIELED
T, 1891~93, 1981~82, 1989~1991m 3 MEEMI N T4, TN b OFERIZHEF (1993, 3A)
WL DS, BEBKILOEEIDSTINEE O 2% ) DIEEIZh 7z ) ML E L TR N 2
E, RUBENINE TOLBRM» SBIRMABIT L2 Lavrahzz, BiL, #HER KILEE)
KJ%E%%E%awmf%®ﬂ3%®fﬁb%hoﬂﬁu%@%ﬁifwéwﬁb#é

7, EENOEEIZOWTIE, BAEEIE ) RERKILUEBED VT T B L0 MBS
DWTHEEBRFR KRR E R B A LELRAT (1988) (C Xk W#REHRE SN, ZOKBRITHRE,
BIZHE T HREXNLOETREBIH (FEFE3E (1988)) 12XV, ETEE L L CREITIHE
BN H~T1974 - TH58E~19884E10 - 11 TI3ecmib F L7z &EAVLEE (1989) 12X WG &
TWwa, ESEREXNLOERRABIE (F3EIOA ~FH44E3 H) OERETIE, 1988411
A~ 1914128 oM@ E T EBNEFHHRATHIS MmO R T 2%t S 7z (FL8E, 1995). 2 &)
FEATEEARTRRNEA B o TV AP RESETFLELTE TV 2008BEINS. A
BANVTIANDORTYOWREIPERL TWALI LEZRLTWAS

KB BT 2 5% D E T EBORMNELE T 5720121, LRl TR S NKEE

(B L CEREEE IR A TR T 5 2SS IL#ig COBEOEHN L ABRBOZEMS 2 BT
5&(?5@@#%@1%% RIEAR LoBIEREIZASEIESRELROA AR Z
BELTWAEDTED LIZE R o ML EE 2 REDICHENREVWERbNA.

2 LE”S, 19T0FEICHEIAER I N MNEESOKE & ZDEATH25H D GPS #
Be=mEtETERLL. ZOHERIZOVWTHRET .
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2. =ARLETO GPS gRAIKER

fERBIERSEE LT, GPS %1%, GP-R1Ver. 6 M (P 22— Fxfit), GP-RIDY (Y a2—
Fxtits) (Ashtech #) %, f##7121% DynaBook (HZ#!), Contura (COMPAQ #) % DOS
/V B2 VA b — )&/ Ashtech 8o 7 b MP (Multi-Site Mission Planning System)
KO GPPS (Geodetic Post Processing System) # N ZFNfFEH L7-.

LB EOREZRT. Iho60an)H, H1 ~HIbF CIIEREAUNME KB THEE
BRICLoTHE=ZAA,0RLBRICIVEESIN -MEEHROLEECTH L. HLE
(TAGM), 37t (SAKA) iZ2% 5, #ME (TAKE), Al (HAKM) i23%4, FEK (KADI),
Kbk (KAPR), —A&# (MATU), B0 (SA02), —f% (FUTA) i24%5, 1-2469, 1—
2500IZKEHTH A, M2 IBElAOMA % RY. BECIRVWERBTERT (BHK) oX
BoBsW=An% 2, 3 KADI OR-LHETH LHEBERFHEZERE LS (KUVL & KUV2)
+50
45’

130°30

M1 %8 -FEA0 SR EN. L KO ER, TB ; GPS 8|45, GONG : #EH7E I AN,
FUKJ : fh I A%, MZB: B0 0ASERT.

Fig. 1. Location map of observation points. Upper; a general view, Bottom; GPS observation points,
GONG, FUK]J, MZB shows Gongengao I A, Fukutill A, Zyusantukahara I A, respectively.
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Fig. 2. Observed triangulation networks in and around Sakurajima

DFEOEERREL, 2 2 EETIC L THKRE KAPR OBEELXRE L. COBEKIIEED
EENER D72 OHOFE (SA02) & HIZBRIATRIZEIE SN TV AEBEITH S, RiZ KAPR
BRI BEBNOBR S =AEEHA LD S 1ZIZ10km PN T25~3. 56 M DBl E % £t L 7-.
BUAIEART I E4219934F 8 B2 519944 1 A THETH o 72052 Dk 3 SOl & FEfts L 72.

% 1 #(2 GPS MAHAIAz (differential GPS) 12X 5 WGS—84EE R TH XYZ 3 RICIHE K
EOBEELZRT. E2RICBHSAHOUE L Z0OBHEEY/RT. KAPR—-2500DBREVEE
R EVDIF2B000 EDZERE DS VB DB = L OEEHTF (2H SR OHDID /4 X
WREDP-EEbNRE., LAHL, 0kmuiEOBAETIIMAL —F—HIER ADFE THE S
N7z, EBIRIE2EDLE (LE) EH T NELTZ (TEK) OFNFNROEEREZRT.
KAPR—250013 4 0 IZ D BEENSKE VO TERE L7z, L L2 AL OBEOBIIKE R ILE 3
RIRT. #4KIIE WGS84% 45 Bessel RICHEELBEINfER RS, 4 XFEHFOT
BIZETHIBERICL 2=ASBETH L. Bessel ANDLEHL/ ST A — & IZHEFTHIHFR & WGS84
RO TR

X Tokyo—X WGS84= 146.43m
Y Tokyo—Y WGS84=—507.89m (1)
Z Tokyo—Z WGS84=—681.46m

EETHIERE (1994) [CX B IINEHOER /ST A=Y E2SEIZL T, KEETDELDRATH
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(BAL ; m)

Table 1. Differential GPS observation (WGS-84 system) in and around Sakurajima (unit; m)

=)

%
SAKA
KUV2
TAGM
KADI
KUV1
TAKE
KAPR

MATU

SAO2
FUTA

HAKM

H12
H4

H6

HT7

HY

H1

H3

H2
H11
H10
H15
H5

H8
H14
1-2469
1-2500
MZB

X

-3534433.2773
-3535667.0645
-3533690.9068
-3535574.5736
-3535667.3205
-3534430.9270
-3539577.3189
-3540547.9881
-3541257.6907
-3541672.2641
-3539016.3941
-3541147.7940
-3545398.3595
-3545960.5293
-3541819.2864
-3545986.1110
-3542142.2127
-3543248.4486
-3542836.1223
-3542687.1642
-3543345.2956
-3539829.3192
-3546629.7146
-3547911.8535
-3539393.8717
-3535553.5798
-3547338.3966
-3539891.1233

Y

4131192.9750
4133235.90217
4135715.6956
4133129.6265
4133240.1617
4133474.6666
4129307.4631
4129048.2451
4127247.1208
4124001.5529
4128797.4214
4128917.2464
4121769.9092
4123614.4289
4123280.4386
4125750.8632
4122970.9085
4124599.3206
4124141.4657
4127884.0653
4128454.6161
4126437.2975
4121956.7104
4124353.4900
4127764.9091
4131185.1401
4124346.3710
4113714.5106

V/

3324083.2132
3320003.9176
3319218.3063
3320239.2023
3319998.3273
3321194.8113
3320738.0205
3319986.7536
3322149.2452
3325053.4516
3322037.0805
3319548.7321
3323949.2906
3321169.9111
3319472.2774
3318419.7484
3325231.5052
3323375.2323
3324107.3163
3319519.8948
3317872.5687
3324038.1657
3322316.2973
3317973.1718
3322810.7089
3322616.9080
3318613.6261
3340012.6755
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Eo2R BHUAEOIRE:ZOBBIEE (BAZ ; cm)
Table 2. Slope distance between observation points and the observation error (unit; cm)
2N p=A | B & (cm) Rms (cm) o X (cm) oY (cm) 6Z (cm)

SAKA-KUV?2 4726144 0.72 0.55 0.54 0.40
SAKA-TAGM 668381.9 1.14 0.62 0.64 0.57
KUV2-KADI 274241 0.57 0.39 0.37 0.44
KUV2-KUV1 703.2 0.41 0.27 0.26 0.32
KUV1-KADI 28078.3 0.80 0.49 0.44 0.40
KUV1-TAKE 173644.3 0.98 0.64 0.55 0.51
KUV2-KAPR 559121.1 0.68 0.45 0.57 0.34
KUV2-MATU 643118.8 0.80 0.44 0.50 0.37
KUV2-SAQO2 846894.5 0.97 0.51 0.58 0.43
KAPR-FUTA 715293.1 0.19 0.89 1.02 0.80
KAPR-HAKM 150410.6 1.49 0.79 0.93 0.65
SAO2-H12 309258.5 1.30 0.77 0.82 0.70
SA02-KUV1 847321.4 1.11 0.76 0.69 0.77
KAPR-H4 1005044.7 1.07 0.50 0.57 0.50
KAPR-H6 856402.6 0.90 0.44 0.46 0.40
KAPR-HT 1028869.1 1.18 0.70 0.72 0.56
KAPR-HY 768741.9 0.99 0.56 0.58 0.50
KAPR-H1 838808.0 1.58 0.82 1.01 0.85
KAPR-H3 652676.7 1.14 0.56 0.65 0.69
KAPR-H2 697563.6 1.48 0.97 0.95 0.86
KAPR-HI11 363057.1 1.37 0.64 0.68 0.66
KAPR-H10 480997.0 0.88 0.51 0.53 0.55
KAPR-H15 438090.3 1.01 0.58 0.61 0.63
KAPR-H5 1031764.5 0.76 0.35 0.37 0.34
KAPR-HS 1008219.7 1.15 0.59 0.98 0.58
KAPR-H14 259020.5 0.89 0.40 0.44 0.35
KAPR-KUV?2 559121.0 1.17 0.52 0.56 0.45
KAPR-KUV1 559476.9 0.60 0.60 0.48 0.70
KAPR-SAO2 301001.7 0.89 0.63 0.56 0.79
KAPR-2469 4821448 1.57 0.94 1.26 0.82
KAPR-2500 945283.9 4.71 3.22 3.04 2.05

cm

0.91 o o g
.71 ° o [ )
,‘g 5 ] o° =8 e o c°
33 ° ° 5 o ® °
1 1 1 L 1 | ! 1 1 1 | 1

—-——° 0 o 8

0 ; i 1 i | 1 1 1 1 | A

0 1 2 3 4 5 6 7 8 9 10 11km
SLOPE DISTANCE

3 &E BB ToOEEEE. LR BEAMOEGES L ZoEENEE TR Bl AEoEREE
(ZWi5r) & #DIEHesaE,

Fig. 3. Obsevation errors of baselines in and around Sakurajima. Upper; standard deviation of obseved
slope distance. bottom; a standard error of obseved baseline (Z component).
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#3E HEEED (AX, AY, AZ) EEER

Table 3. Baseline difference (AX, AY, AZ) between observation points

B A MDA AX (m) AY (m) AZ (m)
1993710/ 4 SAKA-KUV?2 -1233.787 2042.928 -4079.296
-TAGM 742.370 4522.721 -4864.907

1993/ 8 /31 KUV2-KADI 92.491 106.276 235.285
-KUV1 0.256 4.259 -5.590

1993/ 8 /30 KUV1-KADI 92.731 -110.518 240.886
-TAKE 1236.394 234.505 1196.484

1993/ 9 /21 KUV2-KAPR 3910.255 -3928.440 734.103
1993/ 9 /28 KUV2-MATU -4880.924 -4187.658 -17.164
-SAO2 -5590.626 -5988.782 2145.328

1993/10/23 KAPR-FUTA -2094.945 -5305.910 4315.431
-HAKM 560.925 -510.042 1299.060

1993/11/17 SAO2-HI12 109.892 1670.147 -2600.503
-KUV1 5590.382 5993.039 -2150.926

1993/11/26 KAPR-H4 -5821.041 -7531.554 3211.270
-H6 -6383.211 -5693.034 431.891

1993/11/27 KAPR-HT -8241.968 -6027.025 -1265.743
-H9 -6408.792 -3556.600 -2318.272

1993/12/ 4 KAPR-H1 -3164.894 -6336.555 4493.485
-H3 -3671.130 -4708.143 2637.212

1993/12/ 5 KAPR-H2 -3258.804 -5165.998 3369.296
1994/10/ 1 -H11 -3109.846 -1423.398 -1218.126
1993/12/ 8 KAPR-HI10 -3767.977 -852.8417 -2865.452
KAPR-H15 -252.001 -2870.165 3300.145

1993/12/12 KAPR-2469 4023.739 1877.677 1878.888
-2500 -7760.946 -4960.943 -2124.366

1993/12/13 KAPR-H5 -7052.396 -7350.753 1638.2177
-H8 -8334.535 -4953.937 -2164.849

1994/ 1 /721 KAPR-H14 183.447 -1542.554 2072.688
-KUV2 3910.259 3928.435 -734.097

199471 /21 KAPR-KUV1 3910.006 3932.701 -739.694

-SAO2 -1680.376 -2060.326 1411.239
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Bl A
SAKA

KUV2
TAGM
KADI
KUV1
TAKE
KAPR
MATU
SAO?2
FUTA
HAKM
H12
H4

H6

H7

H9

H1

H3

H2
H11
H10
H15
Hb5

H8
H14
1-2469
1-2500
MZB

(ff) EB34 MmO GPS 12 X 28U8ME, H 3MEEEERRE (BEOH), TRIZEIHBR.

Latitude
31.60974583
31.609745833
31.5672802
31.55840698
31.558408611
31.56975358
31.5697521718
31.56722116
31.57936919
31.579369722
31.57500123
31.575001111
31.56717363
31.567173611
31.58806447
31.588064444
31.6207372
31.62073750
31.58853663
31.56243318
31.60877405
31.57908068
31.56150633
31.55021776
31.62250453
31.60084755
31.60938258
31.56118106
31.54445298
31.60987565
31.592225117
31.5458597
31.59702321
31.59506699
31.5525730

31.77800449
31778002778

4R WGS—84KH 5 Bessel R IZEHL L /- ERHIE
Table 4. Observed values converted WGS-84 system into Bessel ellipsoid system

Longitude
130.5508555
130.550855833
130.5467397
130.5139418
130.513941389
130.5467271
130.546726667
130.5467126
130.5352077
130.535207778
130.6049500
130.604948889
130.61449093
130.614489722
130.63252126
130.6325200
130.65811602
130.658115833
130.6039605
130.6201857
130.7032318
130.6950484
130.7121881
130.6805802
130.6737503
130.6666121
130.6664605
130.6395795
139.6409255
130.6266546
130.7117848
130.7055554
130.6140621
130.5598795
130.7010253

130.7146161
130.714620556

Hh 8- DRERE - FRE - FBET - RBFRE

Height (m)

156.971
157.11
25.731

126.256

126.07
28.873
28.72
25.702

119.315
119.35
34.868
34.82
12.174
12.17
313.584
373.69
28.170
28.38
74.323
74.264
30.864
30.799
76.519
76.704
123.856
123.659
02.074
51.728
18.737
78.681
49.540
49.761
409.363
409.359
268.398
268.480
201.760
201.972
73.949
73.838
47.638
47.8217
56.896
06.866
12.192
11.885
21.215
21.289
3.908
3.841
23.999
23.669
263.900
265.06

upper; GPS observation values, Bottom; geodetic final results
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BEINTG A=y 2 ZAEBIEOH D 4 LFERFOE S Z2MH o CTHIEFE*EML TreoEr g
ERIZHRD /2.

X Sakurajima—X WGS84= 141.061m
Y Sakurajima—Y WGS84=—498.280m (2)
Z Sakurajima—Z WGS84=—676.063m

INODfE%FIZ WGS84R A5 Bessel ANEME L 7-DWE AR TH 5. = A FKFREEEIX
AFE=AEOKFEEEETCI Y TH (81771000) BEFE TEHLEL I LMWK L
L, EEERH TmOIF2 23T L v KUV2TO GPS O#IEAREE AR A1 4 mARFE /N
Ed ol ol BasiZ GPS JAPAN ollEfE% KUV2IZEHE T 5 &S % 13450
em& G DEEFREL LR —HLTL DI LG hotz. EAKRD GPS HHREL-ESEIC
Z6.990mOBWEN L TH A, INTLEZAIOBEOERMNELFE THEIIRDONZ LR
5. BIBEBEEEZR)HAIIIEWR/ST A — 5 OREIZE LRI L 2XBOBVEEED
BWEART - AW THERMWICETROZNEERWICEELDLRD L Z EDPLET
5.

3. KEEXDRAMIDI A1 REDEE)
GPS (2 X DB S /- HIEEE Ny L VAEHIAEIC R L, o0 1 FEg N°, f8H
&% 0, BEx HC L9 5L, BARBIEARIIRT LR TTFZONS,
h®=H°+N° (3)
HEIZTHBEONRY LVER FTRT) BRATEZLNL LT 5.
h®=H?+N°® (4)
GPS THIE SN AHDIZ h® THY, BHERIIEETHL,5 H* THLH. £2T, Vi,

\ earth's

surface
™~

~
\ telluroid
[-H

geoid

______________ —— — ——ellipsoid

4 HWERTFEREHTOVEA FEBHE»SOMERE

Fig. 4. The geoid at a depth H below the earth’s surface and the relationship of groundlevel anomalies
to the ellipsoid (Heiskanen and Moritz (1967)). H, N, ¢ and H* show the orthometoric height
,the geoidal undulation, the height anomaly and the normal height, respectively. The mutual re-
lation is given by h=H+N=H*+ ¢.
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H'=H'+ 6 H (5)
EYhHE,
h®=H®+ 6 H+N° (6)

BRI XN2WEET C—H THs05, (6) 5

h®—H®= § H+N°¢ (7)
(5) & (1) X o ETEE 2RI oH IZANTEZON5.
s H=H°—H®= (h®—H®) —N°¢ (8)

5HDHEIIBITE AL FEOM/INES N =N+ s N=N°+ AN, + 6N, £BE, (8) &0,

SH= (h°—H?) — (N®+AN;,) —6N (9)
W, B2, EHASOM/NEZR =h"+oh &L, (4) 2EET5E
SH=—6N+6h (10)

b, shidEEREEYC, FHE% H L L, H=H**+ o H*, ¢(°=¢(%+6 ¢, &7,
h=H+N=H*+ ¢ XV BuNEZZZ2 5 &,

h®=h®+ 0 h=H®+ 0 H+ N2+ ¢ N =H**+ g H*+ ¢34+ 6 ¢ (11)

Eh. WE, T —ENREEYAg L T5HL, H*—H= A gs-H® (Heiskanen and Moritz
(1967)) ##EL, EPWIZoH*—oH=s (H*—H) =0 (Ags-H?) L2500 BEEE
o ¢t

8§ {=6N— (8H*—6H) =N°—N°*—¢ (AgsHP) (12)
=0h—6H-¢6 (AgsH) (12—1)
=oh— (h°—H®) + (N®+AN,,) +6N—¢6 (Ags-HP) (12— 2)

ERETE S, (12— 1) R [GPS—Kk#E-FEN| VAT 2BHOEERLZRT. HEREHO
IANVF— [ATHEORT Y T VI ANVF IR THPE, L ZIT S EB = AV F— L]
HOZANEF-DORMTH S| o—fiZ, 7—FrENEREICIIEINORBIIZLERE LT
EMIEE T/ 3BEUTTH ) /NEVOTERLTLEY., TOXIVTIHIETIZEIC
LBMEIINEVDT, AHOFE IHEIFERERL LIKETSHE, 6§ (=0N=0h—0HE 5.
Sh MBI D 509K GPS DN ELEIZEILL > TH5AObNE2ETHS. dH IIK
BUETEZONS, WEANEKREZEZEZL L, (12—2) ORBEIHEIZT L — N EERLBIG
DHEEONWERD EOHEHAAELEE, £2. SHEIIKENRICLI o TRI-MIF A Fhoik
HOENLEELEEOETEEMEDTEHD L D ICBEEOTALA 2 TLESIEHNTLETH
5. BABIEZZOBOBREOEA, LENECLZEEELEHOHE R 2E5, AL DIHEIZ
B #E 2 WHIEOEE & | Tl Heiskanen and Moritz (1967) X ¥

A ¢ in m=H*—H=-— Agsin gals-H in km (13)

TH5Z6NM% (Fil). COBEIZLAMEERE I TIIERTELIIENSIVWI LZHETIRY.
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KTz B L CEHHTICE o 2fHALL. A LIZRRo720 CHIBFOERENLE
WIAH7:0TH5. AN BHFIHAEOHEHAKEOEIZL LTV A 1 FEORKW 2 EL FE—FRW
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ERA. (13) ROACZBOF=A5M4E CTEE314m, Ags=10mgal (Yokoyama and
Ohkawa, 1986) & 4% L4 mmiBEDORE I DD, AN>SALTH) I I TIFEHINT
W5, 1993~ 4 FITER S 7z GPS AT HIAZEEIRE R % Bessel FEMMAERICEHRL, (15) Ko
AN, =0 & LTBRERRE L OREIZL ) cHERD -0 E5XTH 5.

5 GPSHIEIZL2EERERL=ZANEFEOMAEERBERE L OB & 2 BHAAEE Lo,

Fig. 5. The change in the ellipsoidal height in and around Sakurajima detected from the
comparison of the orthometric height obtained by GPS observations with that ob-
tained by the existing final results of triangulation point and so on.
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JEAEAE ¢ =31.5007025, A =130.4690789& ¢ 5 & (14) KA LKA EBLNS,

ANy, =2236 (¢ :i—¢o) —1.265 (A i— 2, ) (16)

ZDHIZ L) GPS Bessel FEMAM & BEAFOBIBBERIETHEHE L2 L2k E. a2 5 —DFEL
NIEEZRTILICRE, ZOLHIILTROONZDODPECHTHAS.

FOMOREIZIA A FEOIIZIMD > TFA > T AHBOH THREDILAILE, FEHEKET
BRSO E O THI0ecmU EDERESR SN S Z &, Ll TORVIERD GPS il T,
WBEANTIOREEOBBRIMERSNLZ L, BKODD 5 EEEDEHITH30cmE ik E

6 FFEHRTIA FERREFFESN-EBREORN. ZOROENSIEWEESH I REINS.

Fig. 6. Detection of height anomalies in and around Sakurajima. In this figure, the major part of the
systematic geoidal undulation difference is corrected. A normal fault motion is suggested
from the difference of pattern in this figure.
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TeEZ R FETOEMPE LTRDEIENHE LS. BIL, —flE LTHEETITAK - it
(1995) BEZEOELIZENZLTE 2N, L L TESEIL-ENE{LEH—13¢gal/cm& L
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Fig. 7. Relationship among the vertical displacement of BM.
S.29,5.108 and S.7 referred to BM. S.17 (upper), the accu-
mulated number of explosion since 1955 (middle) and
the difference of monthly mean sea levels between
Hakamagoshi (H) and Kagoshima (K) (bottom) (Eto,
1995).
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