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Abstract

Recent developments in seismic networks and processing methods allow researchers to delineate
temporal changes of seismic velocities associated with static and dynamic stress perturbations. In
particular, the emergence of seismic interferometry, with which a seismic wavefield can be reconstructed
from random signals such as ocean hum, anthropogenic activity, or seismic coda, enables subtle changes of
seismic velocities down to much less than 0.1 % to be delineated. A compilation of recent studies suggests
that observed seismic velocity changes do not correlate with static or dynamic stress changes nor shallow
subsurface structures, although volcanic areas are found to be more susceptible to stress perturbations.
However, the physics behind the observed velocity changes is not understood. Therefore, the current
challenge is to understand the mechanism behind changes in seismic velocities due to stress perturbations
with the aid of insights gained from theoretical and experimental considerations which, for example, take
third-order elasticity and crack generation during stress perturbation into account. To do so in a
sophisticated way requires seismic velocity changes to be imaged with a higher spatial resolution. This
will be achieved by making more use of body waves and constructing a three-dimensional sensitivity
kernel of seismic velocity changes.
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2001; Nishimura et al., 2005). ZOFiElE, #hFho
ANTHIFEBENC DWW CRRIRALE - BI AL E - FERErsn

HCB SN2 BB TRMll> 72 b DIZh b L
5, Bl SN HERIEOMEMEL & 52 &I2X DK
DTN ERZE L Z B35 2 £ A5T& 4. Nishimura
et al. (2005) (& 1998 4E7* 5 2003 4122 THETFIE B
TATHREAEZ D R ATV, 1998 4ED M 6.1 D HbFE
W& D RVEIEN O FEWHEEA 1% WA L, 2002
EFETICHEWAD 1/3PNE L2 2R L7:. 20
TR R EE RN 27200 b EEN 2
HTHDH, R AEL DR REE AT N TGRS
HEOMBICEE SN S 720, —HIIERFRS RIS Z
LWwZ &, EHECHREENLE EL L) RATHELZRE
HEIEDZLIEF—RWICHEETH L Z &, 25 KNGS
RIS T 2 HEICH VB IIIHEN TRV, K
M RRE O FE % fFPL3 272012, IEffEICT > bu—

*e-mail: yaoki@eriu-tokyo.acjp (T113-0032 HEIHBCHIIX R4 1-1-1)



==
H

SN FENE & R P LS N S 2R S 8, R I M
ORMZELZBWNT 2R- AT TS (2L 21E
Ikuta et al., 2002; Yamaoka et al., 2014) 5%, ZERIAIIZ5 7%
G RE THR I A 2L I 3 5 72 DI S B FE =
HEBEPZLLTRZLY, ®iichs2enrs, ZoF
FEHUTLIBENLRLOTIE R,

HAAHE 2 W TR I AL 2 R 5 5 3k A D,
INFTILEEL {ATbNTE /2. Patané etal. (2006) 1
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Weaver and Lobkis (2001) % Snieder et al. (2002) %39%
BEZA T —VOMBHISHT % £ T, HEOMEHIIIEH
END T EE oz, MWEETHEIC X ) RN E
{5 B FH W OFHIZR O TH I L7z D& Campillo and
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Schonfelder and Wegler, 2006; Brenguier et al., 2008a, b;
Nagaoka et al., 2010; Takano et al., 2014). 71, HiEHK
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NCTw5 (Hadziioannou et al., 2009; Froment et al., 2010;
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Fig. 1. Spatial distribution of coseismic horizontal dilatational
strain due to the 2011 Tohoku-oki earthquake derived from
continuous GNSS measurements.
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Fig. 2.

(left) Spatial distribution of peak ground acceleration. The epicenter is indicated by cross and three large slips are

represented by green, red, and purple stars. (right) Record section of the vertical component ground acceleration recorded at
linearly aligned 42 stations from north to south as shown by triangles in the left panel. Dashed curves in green, red, and purple
denote theoretical travel times associated with large slips indicated by stars in the left panel. After Furumura et al. (2011).



==
H

7o, TOZEIE, B - B RIS BTN B
LORESHTOBEIC L > TREL L2 ERT 5.
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R L Z RO 2 2 EATE 5. BULHG R R
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Kb bR B ML LD S 3 K E B % KD 72
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Fig. 3. A schematic view of two spherical grains of radius R
in contact with an area of radius a.
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Fig. 4. (a) Relative P-wave velocity of a dry rock with a

porosity of 0 (black), 0.1 (blue), 0.2 (red), and 0.3 (cyan) as a
function of crack density. The density, rigidity, and
Poisson’s ratio of a rock without pores or cracks are set at
2500 kg/m®, 20 GPa, and 0.25, respectively. Rocks with less
porosity reduce more velocities by cracks, but the velocity
reduction does not change significantly with different
porosities. (b) Same as (a), but for the S-wave velocity. As
with the P-wave velocity, the S-wave velocity of rocks with
less porosity are more reduced by cracks, but the velocity
reduction does not change significantly with different
porosities. Relative reduction of S-wave velocities is not as
large as P-wave velocities. (c) Same as (a) and (b), but for
Poisson’s ratio. Because P-wave velocities are more sensi-
tive to crack density, Poisson’s ratio decreases as crack
density increases.
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Fig. 5. Relative P-wave velocities (top panels), S-wave velocities (middle panels), and Poisson’s ratio of fluid-saturated

rocks with crack aspect ratios of & of 10* (blue), 10~

2 (red), 10! (cyan), and 1 (green), respectively, as a function of

crack density. Porosities of rocks are (a) 0.1 and (b) 0.3. Density, rigidity, and Poisson’s ratio of a rock without pores or
cracks are set at 2500 kg/m® 20 GPa, and 0.25, respectively, which are identical to those depicted in Fig. 4. Those of dry
rocks are also plotted in black for reference. The reduction of relative P-wave velocity is larger with a larger aspect
ratio, but is smaller than the dry rock. Similarly, the reduction of relative S-wave velocity of fluid-saturated rocks is
smaller than that of dry rocks. However, the relative reduction of the S-wave velocity is larger with a smaller crack
aspect ratio. Consequently, Poisson’s ratio increases as crack density increases if the crack aspect ratio is small such as
¢=10"" but decreases as crack density increases if the crack aspect ratio is larger.
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ML, ZRREOEVICE > TREREIT RV, 2[R
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BE, S PHEE ORI RIS v S, BN
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WRBEEEIMET LT 205 Ths. T2, BHEE
MO0 OYE, ZEPHATARZ SN TV RWEEAIZIE,
OGN L Y RT Y VIEHWEALT HDICH LT, 2
FRAOSTAR T 72 SN TV AELAITIERT v VK& L

ZAL L 2\, SHUSRAROFIEDO B T X 5 22/ o1
HIEHOAEDENIL LD THSL. PHEED S
&ﬁﬁ%%ﬂ DSBS B L2 B8, %2
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WA ((=107Y 12k, BEFEEO LR EEBIC
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5. SHROEE

VRO OFTIE, BIXUOHEETHELZIILD L
LB O RIC LD, WEICED 2 HE
WHEZLIHZ CBMSNTE TS, Bl SNz
REWCHEEZALIE, Y - BN 2SI 0 &R B A
BV EPWL ONDOIZETHIE SN T\wb (Brenguier
et al., 2014; Hobiger et al., 2016). %7z, Wb K
MWHLERIZ & b 7 ) MRk A A LI KINHI TR E W
A, TOHHIHM S TRy, COMEREEZL
X, EEBOMFEREEL LB LTV D L) bIFT
W, KIS E R T oo M FE Y R 28 3 o0 s &
DN ENL VDS, 7ok ZIFECWHEREIZ X b kil
Mg & )RR L 3 30 b 5% O o AR BRI B W T
i, WEEEEETIZEIUEIEREL Y. LA, K
» HNTEE T I, Carcolé and Sato (2010) 12 & @
OIS R O BELIRES R E v & 2 A THER
TAKEVWEVITETHLEEMHE L TD X ITH
5. IS X 2 MR PR B A L O B, AT
BEOWEIREIC L o TRS NS XMBOTHEMEL 2 A
LD THELTHWEONE L. LaL, 4%
Tk L7z &)1, BB E b Z2WBlll S 5 g
POHEZALD X H = A 40, WREMIZIRR T 5 2 L5 T
EHb00, FURSNIEEED EN2HED? S Ll
DWTITERIIHF T E BEEICE S T,

PHE - FEERD S IIFY - BRI E b 7 ) iR K
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VSN B HEME) 2 F V725 3 3k 25 &
NBAs, FWikZE ATV 5 B 1382 0 221 557
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