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Fig. 1. Location map and geological map of Ofunato City, Iwate Prefecture.
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Table 1. List of questionnaire survey for elementary schools in Ofunato City.

Number of collection . valid ratio
school name PTA collected ratio (%) valid (%)
Sakari 188 153 81.4 133 70.7
Ofunato 309 195 63.1 153 49.5
Massaki 265 236 89.1 170 64.2
Akasaki 119 94 79.0 78 65.5
Takonoura 75 51 68.0 40 53.3
Tkawa 220 177 80.5 121 55.0
Takkon 192 159 82.8 131 68.2
Hikoroichi 82 56 68.3 44 53.7
Ofunato-kita 283 158 55.8 135 47.7
Ryouri 142 119 83.8 88 62.0
Okirai 70 37 52.9 24 343
Sakihama 48 30 62.5 22 45.8
Horei 26 16 61.5 12 46.2
Yosihama 66 54 81.8 41 62.1
total 2085 1535 73.6 1192 57.2
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Fig. 2. Frequency distribution of seismic intensities calculated from one

questionnaire sheet.
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Fig. 4. Frequency distribution of seismic intensities averaged with a

250-m mesh.

Table 2. List of questionnaire survey for junior high schools in Ofunato City.

Number of collection . valid ratio
school name PTA collected ratio (%) valid (%)
Daiichi 385 260 67.5 181 47.0
Ofunato 312 202 64.7 152 48.7
Massaki 147 137 93.2 106 72.1
Akasaki 154 104 67.5 76 49.4
Hikoroichi 55 58 105.5 34 61.8
Ryouri 103 51 49.5 41 39.8
Okirai 106 71 67.0 48 453
Yoshihama 40 36 90.0 22 55.0
total 1302 919 70.6 660 50.7
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Fig. 5. Distribution of 250-m mesh seismic intensities in a case of more than three questionnaire for

one mesh.
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in a case of more than three questionnaire for one mesh.
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Table 3. List of microtremor array observation points and its geologies in Ofunato City.
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Fig. 9. Microtremor array observation system. An array
consistes of one seismometer at a cemter and three
ones on a circle with a radius of 6 m. The sensors

are connected with the data logger.

FTONE S W (AVS) &7 o — FNEEOMGRE
TS5 72, REFFECTIEER -8 (2002) (2FE30C,
B D HEE O R OMLFERE > 5O S Pl 2 a4
LBEOHMAERARD, TEDLETA v 2 BEOH
BRRA D L ST, o 10 m U EREE DR MR T
DL OICENSET A E L, N 14 #is oE T L
A B A FEhE U7z, Fig. 8 I[ZHREN T Lo BLAIHLA 27”7,
TR E OFIHIE Fig. 1 OHUEK & [F— T3 5, Table 3
12, BURIHLS OFEEREE & 2 OGO ME 2 /x4, ik
OoRE, URERDEED & AR AR O F CHIUE 2 72
B IET CIIE & 3266 L7z, Fig. 9 ([CHEN 7 LA s %
T LERT, =& LT, L AR RE A R 1
iR (LE-3D/1S) A L7z, HUERKFOFEIL &P
SEHE & ORREZRET 2 HMNT, MEFN30mET
D SWIHEZSDHT-DIZ, MOYEEZ 6m iz, =D
WOE ST 10 m IS E LZ, #ihEt4 54, Hom

code site name Latitude Longitude Latitude Longitude Geolo
(old) (deg) (old) (deg) | (new)(deg) | (new)(deg) &y
S St.Andreas Park 39.05381 141.72642 39.05671 141.72287 | Alluvial gravel
) Ry"ns‘zlheégfma‘y 39.04619 141.79883 39.04910 141.79528 mudstone
S3 Igawa Park 39.09206 141.71125 39.09496 141.70770 Alluvial gravel
S4 Takkon Parking 39.10958 141.72033 39.11248 141.71678 | Diluvial gravel
S5 Okirai elementary | 39 374 141.81536 39.11668 141.81180 schalstein
school
S6 Higashi Park 39.08556 141.71475 39.08846 14171120 | Alluvial gravel
S7 Hikoriichi ground 39.10217 141.68956 39.10506 141.68602 Granitic rocks
S8 Sakurazato Park 39.08497 141.71225 39.08787 14170870 | Alluvial gravel
S9 Midoricho Park 39.08131 141.71631 39.08421 141.71276 Alluvial gravel
S10 Daicho Park 39.06381 141.72228 39.06671 141.71873 | Alluvial gravel
st Onikoshi-Fureat | 3909786 141.69572 39.10076 14169218 | Granitic rocks
S12 Ry"“slc‘]‘:ggl‘ high | 39 04311 141.80175 39.04602 141.79820 schalstein
13  |Ohubato Technicall 59 49,5 14171775 39.11215 14171420 | Diluvial gravel
high school
S14 Msssakljunlor 39.00122 141.71408 39.00413 141.71054 sandstone
igh school
Datalogger LMZ 1B, PR 6m O E EIZ 3 AEMBCREL, 7 —
LS8000SH & v A — ([0 T8 LS-8000SH) |24 — 7 /L Tt

L, o7V 7 5 ms, #2055 E FEifEho 2
ZEHILU7-, AKPFENIFEERL TRV, 20X H v A
TLEANASZLICLY, GPS THZIEIMI 5 LB e
<, GPS OEZAFRIUC X HBRP DO R EAZHT 5 Z &
WA TH D, 2, WESLHFTE LT 10 m U GREED
D DIUTIHEEFRETH D, KESCEROKIED =<
—E ARG AT E LR TE B,

LA U — % o7 B o i dric i ze A AR B
(SPAC) EZFIH Lz, AUFZETIL, &JE - A% (2002)
DFEIZHSNT, LA U —EDNAHEEE D & H L
S WOHE (AVS) # S HICHE T 5, HE4Omo L
E ONARHEE AR 30 m £ TOVWV-H S I (AVS30)
W2, HE30m ONAREE NS 20m £ TOVH S B
B (AVS20) , B X OVEE 15 m ONFHEE 2L 10 m
FTOFE S EIEE (AVSI0) (YT 5 LS5 (B
- #E, 2002), I 15m, 30 m B K TN40 m DL
W EE A FUF 4L AVS10, AVS20 35 L TVAVS30 & L7,
Z ZCAVSIO [THIZEE T 10m £ CTO V) SIEE A L
TW5, ZEMHECMHBETIE, WREERO/NSNT
A ZRAT 254, SN R IEHERFHERO 10 5%
FEEOWEE £ THAABEZREATRETH D &S TVD
Bz, &R, 2012 ; =EIED, 1997), AEIFEE L
HEEFEE Tl 60 225 100 m FLEE DI £ TOM A
I END, 35010052550 1 EEHEYOREDE
WICHET D72 51F, 30 m PEEE £ TOWH) S Pk EHE
FEZIE 0 Th2Z ERWFTE S (il 21X, Ballad,
1964) ,

HESHEMEZ 5120304 —nR"—F v 7 &8z
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1024 B0 Z & /MK HEIL, FFTIZL Y 7o 22~
7 bvEREHRL, HbEME oK RICRHE T 5 IR
ST DS S n-EFEae—Lrri— (LA
FBIRE) BLOME ELOKRE S LTHRLNDIEREC
ST 2H 0%, FRHICENEND 0 ROy /L
WA L, MAREE ARk (B 20X, Ak, 1957), F 7z,
PLARIE BE O FENT PR 72 R&ilH & LT, Ak RRAUIZE
Mo A VTV 7034 Ul Wi EF R 2 %,
b 12mll ke Lz, RIERRIEINSIC L0 %
MRAONFERE L TS50 10 5 & 72 - 7=, Fig. 10
W S ETREMREN T Lo SlskE R, 2 OB
REEE O BENRKE VR THLZ ERNbND, T—
A0 H—OREENMENTZ D, R LR K& WA
TRETE GRS 2D K9 2R MERTHRIE L TV D, 72k,
fafn X EEERAN U CREMT L 7=, Fig. 11 (261 & L CHRTA
BECHE SN MB DT — 2T ML b EHBE SR
SPAC £ # A 7~ 9, 10 Hz LA LD N Ll L T
ZENbND, MEHBTOUEDT=D, HFTIC I > Tk
I K D IEEF RSB S 250 b UL ST,
FORBE TEDIETRET D70, &K O rms
R, /X O rms RIFS K & WIS 1T I 6
ALAnwZ &L,

SEATH & LT, Fig 12 12— & L CTHEEAT o BAT /A
(S6) \ZH1F BN AREE & 7T, TS B2y 40 m,
30m, 15m ORI YT 5, Bl SN0
[ QHE TS 1 g % G 16 1 g WA R BT Y-l Ol 4
AAERL L, MRS & HE R OZHE S 30 m FH) S
B (AVS30), 20 m F¥) S B (AVS20), BE WY
10m 5 S P (AVS10) & B Cairlio 7o,
D IEINFEAR - 7= T2 7R LT\ 5, Fig. 13 12 KANE
T 14 180 5T O AR Sy i R A o, BP0 3

L, ENSIEIC40m, 30 m B L 15 m O R A
IR, KARVE O T HLIC 1 KuniJiban O B & B 5l
TEIK R A O WLFEIALET 2 b O LFE LRV,
[ A7 E D K-NET 0 IWT008 O B X H HITIES 1
m CNAE S0 LA EZ /R EBERLTNAZ LD, H
FEHMIER O AT HU TR O FIZ R ORSEEDS 5 < A
DEMEINDIHIRTH D, WREEWEIZHYS T2
Ty RUTZAARE (S1) A EVRAE (S9) 72 TiEB
K% 6 Hz 225 15 Hz O JEB T TRLAHEEE A 200 nvs F2
FEETIIUT LS, —F, {EREESAICHY T 5H
BT (87) 7e & CIEAG D kbR o B ER 23 4 &
Z 15Hz 75 25Hz & <, DA b 38 K2 800m/s A
5 300m/s & RKEWZ & A5, Table 435 X OVFig. 1412,
BRI > B3t A B> 723 S W E AR S T L1
Y, BT R ARE (S1), SEAREEEY; (S4),
FEVRTAR (S9) DX DTG TEYE) S WEHEN H
E VAL VHRIE 22 < &b 30 mFREE IR U HLJE
N ZENFREND, T2, R/ (S2), ¥
JIAR (S3), BiE s/ NVERE (S5), HEM 7 7 v v R (S7),
VR BEAR (S8), BHIAR (S10), RESNHVIAE
(S11), fEHRFFEE (S12), RFH 5K (S14) DL HIT
10 m PR (AVS10) & 30m F¥) S I (AVS30)
T2 (ERRE B D HLS T, VIS THUE S L LT
WD ZEMTREND, W EEmLRS TS, KE
WS T DA 2 5 A IS 721 T, H DRI T
WIEZHRET D ENAEE B X b, KFTOFET
%, Choetal (2018) 2LV, PAENT LA {REIC LV HEE
SENTANABEIE D H15 D KM S 5 B SN T
WD FERINICIE, WHEZBRETOMLERH DL EBEZH
5,

0 200 400

600 800 1000
Time (s)

Fig. 10. An example of velocity waveform of vertical microtremor array records observed at

Higashi-cho park (S6). P1, P2 and P3 indicate points on a circle and P4 indicates a

center point.
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Fig. 11. Examples of observed power spectra of vertical microtremor records and

calculated SPAC coefficients at Higashi-cho park (S6).

4 TUT—FREE NS EDRRK

T U — NREN OERTRE L HEN T LA R DHE
EINT SWHEEA T HRICHERET L2 L0 H 5,
RAWE T C UL 7 AT O PR 70 & (L oo 18 i 25
A ET, HE - Bl RIS LT Dm0,
250 m A v a TWH S N EE & BREVELIR A 0 iz 1
MEREME (2 2 CiE, P S HE, AVS) AT L ik
VO FRTIFARWARER D D, TORBERGTTT 57
W, WEMEREN O S DR E RO OMEREL, ToH
T DEESNET Vv r— NEEEZT XYL
A REFEE L Lz, 2L, PENNSTEL L
BIEE PR L, PEDKE T XTI RN TS
fbans Z &M TREIND, 7o — MNEEZ VYT
D7D R LB RIT 100 m, 150 m, 250 m, 300 m

400 mBELS00m & L7z, FlE LT, Fig 151CHD}
££100m, 250m, 500m & L2 EHBELZNEhrRT,
BEETIZ, (16D Tabel. A-1 12, ERFHEE 4 FHE
THBED, BREZ L DT o — MDA, e IME,
BROBEORKME, KAMEZRT, 820 150 m LUK
TIXT v — MEEBIEAE L2 WBLILE ST e 5,
£2100m TIX 2 AAT, £ 150m TIX 1 BFTELET 5,

ZOEDITLTH LB &V S JOEE & o
e il L, SE¥IEIE & AVSI10, AVS20, AVS30 &
DFHBIFRHA Table S 1T T, BFE TIZ250m A v =
L OMBRE S R L TWD, 250m A v = B L
XS P EE & O FHBILREIE, AVS20 T-0.65, AVS30
T-0.68 Th oz, PEROEHEE &G T 5 &8 PR
DEPMRND, & HEREOHEBENED bND, SR
i & L C, IR 28 20 m (AVS20) F 721330 m (AVS30)
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DY EITHBRED S <, T2 250 m BRE E 1000
TIFFEENRE 2D EHBEREN &GS 25 Z LD bhe
%o BB 100 m EHFRE & AVSI0 & OFHBIFRELA3-0.61
LHEREVMEEZ R LTV D, R B IR O 72 . 800
s cus 0
W —% (BIZBERErHL VT 14) ZERINL T = A =40
W, £oT, 7 — M1 KORIENE L EHEBEO ‘5 600
8
© * A=30m
. . y > " P
Table 5. List of correlation coefficients between average S-wave Q 400 AVS30 <
0
velocities and seismic intensities averaged within a circle with _(CU
a radius. Correlation coefficients between 250-m mesh seismic o RN
. .. .. 200 / RVIZLU o
intensities and average S-wave velocities are also shown at the AVS10
bottom row. %1
radius for averaging Correlation Coefficient 0
seismic intensity (m) AVS10 AVS20 AVS30 0 5 1 0 1 5 20
100 -0.61 -0.74 -0.7 Freq uen cy(Hz)
150 -0.08 -0.71 -0.71
250 ~0.26 ~0.81 ~0.82 Fig. 12. Relationship between dispersion curve of observed phase
300 -0.11 -0.71 -0.75 velocities and iso-wavelength lines.We estimated average
400 -0.2 -0.75 -0.78 S-wave velocities from observed phase velocities (Nagao and
500 -0.11 -0.76 -0.8 Konno, 2002).
250 m mesh -0.12 -0.65 -0.68
Table 4. List of estimated average S-wave velocities in microremor array observation
points. An AVSI10 indicates an average S-wave velocitiy between a surface and
10 m depth, an AVS20 indicates one between a surface and 20 m depth, and an
AVS30 indicates one between a surface and 30 m depth. A N.D. indicates “not
detected”. An unit of a velocity is m/s.
code site name AVS10 AVS20 AVS30
S1 St.Andreas Park N.D. 166 185
S2 Ryori elementary school 220 307 378
S3 Igawa Park 265 288 461
S4 Takkon Parking 259 288 286
S5 Okirai elementary school 197 295 366
S6 Higashi Park 248 304 364
S7 Hikoriichi ground 305 519 635
S8 Sakurazato Park 239 373 452
S9 Midoricho Park 348 433 523
S10 Daicho Park 348 433 523
S11 Onikoshi-Fureai Park 477 686 780
S12 Ryori junior high school 355 454 550
S13  [Ohubato Technical high school N.D. 287 309
S14 Massaki junior high school 232 312 374
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Fig. 13. Dispersion curves of observed phase velocities at all observation points. A plus indicates a phase velocity. Solid lines indicate iso-wavelength

relations.
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Fig. 17. Distribution of average S-wave velocities between a surface and 30 m depth and distribution of seismic

intensities averaged with a circle with a radius of 250 m.
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Fig. A-1. Correlation coefficients between 250-m mesh seismic intensities for the 2003 Off-

Miyagi earthquake and those for 1994 Far-off Sanriku earthquake in Morioka City as

a function of a number of questionaire.
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Table A-1. List of the maximum number of questionnaires, the minimum number of questionnaires,

the maximum value of radius average seismic intensities, and the minimum value

of radius average seismic intensities when calculating the radius average seismic

intensities. Nmax indicates the maximum number of questionnaires, and Nmin indicates

the minimum number of questionnaires. SImax indicates the 5 maximum value of the

radius average seismic intensities, and SImin indicates the minimum value of the radius

average seismic intensities.

radius(m) Nmax Nmin SImax SImin
100 16 0 5.9 4.2
150 21 0 5.7 4.2
200 25 1 5.7 43
250 37 1 5.7 4.5
300 51 3 5.5 4.5
400 85 5 5.4 4.4
500 95 5 5.4 4.4
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Fig. A-2. Relation between 250-m mesh seismic intensities for the 2003 Off-Miyagi earthquake

and seismic intensities averaged with a circle with a radius of 250 m (a). Relationship

between average S-wave velocities (AVS30) and seismic intensities (b).
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Relationship between detailed seismic intensity distribution and averaged S

wave velocities by a conventional microtremor array survey
- Based on questionnaire survey of seismic intensity in Ofunato City,
Iwate Prefecture, for the 2003 off-Miyagi earthquake (Mj7.1) -

Hidekazu Yamamoto™ and Tsuyoshi Saito”

ABSTRACT

To clarify the effect of surface geology on seismic motion in Ofunato City, Iwate Prefecture, a survey on detailed
seismic intensity distribution was done using questionnaires for the off-Miyagi earthquake ( Mj 7.1 ) occurred at
May 26, 2003. The questionnaire revised by Ohta et al.(1998) was used for 5 calculating seismic intensities. 3,387
questionnaires were distributed for parents of students of 14 elementary schools and 8 junior high schools in Ofunato
City. The seismic intensities estimated from questionnaires were averaged for 250m square meshes to clarify the
spatial variation of seismic intensities. To avoid differences among individuals for questionnaire survey, the effective
meshes where the number of the questionnaire was more than three were used for analysis. The number of the 10
effective mesh was 212. The seismic intensities were ranging from 6.4 to 4.1, and the average was 5.1 in Ofunato
City. It was revealed that the seismic intensity at the central area of Ofunato City was large, and the one around the
area was small.

In order to clarify the difference of seismic intensities for each area in Ofunato City, we carried out conventional
microtremor array observations at 14 sites. The array consists of four vertical 15 seismometers with an interval of 6
m. Phase velocities of Rayleigh waves were estimated from array records of vertical microtremors by spatial auto-
correlation (SPAC) method. Average S-wave velocities (AVS) between a surface and 30 m depth were estimated
from phase velocities of Rayleigh waves with a wavelength of 40 m by using empirical relations proposed by Nagao
and Konno (2000). We compared to the estimated AVS distribution with the seismic intensity distribution. The
correlation coefficient 20 between the seismic intensity averaged with a 250m mesh and AVS30 was -0.68. Because
the geological structure changes abruptly in a small area in Ofunato City, we calculated the seismic intensities
averaged from the observation point to a radius of 100 m to 500 m, and examined the correlation between the
seismic intensities and the average S wave velocities (AVS10 to AVS30). It was revealed that the AVS was small at
the area where the seismic intensity was large. As a result, it 25 was found that the correlation coefficient between
the seismic intensity averaged with a radius of 250m and AVS30 was -0.82. It was also clarified that the correlation
coefficient of AVS20 was -0.81 as well as the coefficient of AVS30.

Keywords: Questionnaire survey, seismic intensity, microtremor array survey, average S-wave velocity, seismic

intensity averaged within a circle with a radius
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