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Abstract

Seismological observations suggest that magmatism in subduction zones occurs as a result of flux
melting in the mantle wedge and upward migrations of melt to the continental crust through a mantle
upwelling flow. However, the fundamental volcanic processes determining how much melt is distributed
in the lower crust and how melt ascends to the surface remain unknown. Seismological structures beneath
active volcanoes in Tohoku, together with spatial distributions of low-frequency earthquakes and S-wave
reflectors, are reviewed. Beneath each volcano or volcanic cluster, the lower crust shows marked low-
velocity, high Vp/Vs, and high-attenuation anomalies, which are interpreted as the existence of partial
melt with ~1 vol%. In contrast to the lower crust, the upper crust beneath volcanoes generally shows low-
velocity and low-Vp/Vs anomalies. The low Vp/Vs in the upper crust can be attributed to the presence of
fluids expelled by the solidification of magmas in the lower crust. Low-frequency earthquakes and S-wave
reflectors are mostly distributed, respectively, at the edge of and above the low-velocity and high-
attenuation zones in the middle to the lower crust. Seismological observations in Tohoku can provide the
most reliable constraint on melt migration path and volcanic processes in the crust.
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Fig. 1. A schematic cartoon of across arc vertical cross
section showing transportation paths of fluids and melts
beneath NE Japan (after Nakajima et al., 2013).
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1, Zhao et al., 1992; Nakajima et al., 2001a, b, 2013; Miller
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D3 He A S 72 2000 AEACLLRE LA & 72 & Hul i
HEFE CTOMAEZMHT 5. S, P~ T oR
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Yamamoto, 1994). F 72, PIKIIAHBETH 55605
, SR/ KENI L ZOHMTH L. Kl
WD E AR OB IFEDOFEAEITIE AN b /T A
VOB K ) R U7 AEORBII»ES E/RLTV S
Lz Twh (21X, Hasegawa and Yamamoto,
1994). 7%k, MKEWEME BT OMBEIREE (RS ~15
km) X0 HHEVEER (RS 25-30km) THHTHRWZ
SNFz70, [EREMREEE ] SIHENE 2 &A%\,
LA L%250, T T REEIC BT S RE MR
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MEEBHE] & LTI 2 L1275,
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BHE D EL Lh o7z 1990 48 F T, FEITKILHIE
THREINTW (K 2a). —H, BiERHAHAMF7ERT
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Fig. 2. Map showing distributions of deep, low-frequency earthquakes that occurred in (a) 1997-2002 and (b) 2003-2014.
Red dots and black triangles denote low-frequency earthquakes and active volcanoes, respectively. Blue dots are
tectonic low-frequency earthquakes that occurred along the upper surface of the subducting Philippine Sea slab

(Obara, 2002), which are not addressed in the text.
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BEUBEEZHLILL, KREITH I 7Iiisn<T
Wi WHLE % I % matched filter 3% v, v 1
FIZRBEE N TV B HFED 8-20 15 H ORE Mz %
L7, Asoetal (2013) TIX, o ORE ML
TANE T L — b EEEERTRET ST =y s
IR E, BT O XKIEOREEBEIC OV T,
A7 MVOIE, HWIREWIC X AFBEOEE, bED
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W (s DAL OMRERMEICOWT, KL E L



T iE—

A Osorezan
.

L

A
Oe
Y
C—+p—C
A* \Naruko
a P |
- QE? v
o0
B ./
Bandai O (Ad
A
ot
. 0
&OO
A D K
‘Q e A
® ¥ .l
B A
o, A8
= Asama

Fig. 3. Map of deep, low-frequency earthquakes (red dots),
plotted onto locations of Quaternary calderas (areas en-
closed by thin black lines) (Yoshida, 2001). Black triangles
denote active volcanoes. Names of volcanoes described in
the text are labeled. Profiles, A-A’, B-B’, and C-C’, are
locations of vertical cross sections shown in Figures 6, 7,
and 8, respectively.

TIA T B IKJE W HE % Volcanic low-frequency earth-
quake CKILEDOACTEMIE), KA 7% & OIEKILHLI
THIAZLIYIZFEE 3 2 AR5 9% #5% % Semi-volcanic low-
frequency earthquake (HEKINTPEDEREBIHFE) & 558
L7.

R MR X 2 OBIEDNE <, P ISR 2729,
WERRDFEERX /1 = XA LT B84 v, ERT
b PO LTI &R SWDIRBY KA, PP SPD
IR 2 &2 & BRI A 7 = X LROPSED L DHD
HWEIZOWTHRENTE . (724 21, Ohmiand Obara,
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v F7, S OBIE TSN SXSEDR Y v o
(2 & 2 GO =i O E (72& 213, Doi and
Nishigami, 2007; Aoki et al, 2016) =, k% &Lk
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Fig. 4. Frequency of depth distributions of low-frequency earthquakes. Focal depths of low-frequency
earthquakes are taken from the JMA unified catalogue (1997-2014). Tectonic low-frequency earthquakes
on the upper surface of the Philippine Sea slab are not included in this figure.
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BE»ENLD BIREOKE WSS EFBH SN 2
ERHY, TNESEFTMTOL Y E—F 23> b
TAMDPBDODTRENWZIEZHBIRMBLTVD
Matsumoto and Hasegawa (1996) 1%, HItHMILTT
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km WU ETHELZ L, Ei‘ X 100m L FTHBHZ &
e EWHS TR o Tz , BB DR B
20®E#%&67%@%E%L Z DA O S M
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BIZEE S 6-11km & I5km fFL THICEZ W L2 S
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i, Hasemiand Horiuchi (2010) 3 KFHE7TL— MA
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AR ILIRPUE S E T A S AR S LT b (2
& 21X, Mitsuhata et al, 2001; Mishina, 2009). 25 ®
WER % 83 4 &, Hasemiand Horiuchi (2010) THH
SN IR O H5s  BCRT S K T 72 S A7z v gk
@T%LT%Z)T”“@E# V25U, U BRI (1999)

IEHREOBINFE A THRA L-E RIS N5 B
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TWwa, Y Moy VOREHOEKRIZE S bh s
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REMEDSH 5.
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FLOTAS.

Fig. 5. Summary of S-wave reflectors (Hori et al., 2004).
Locations of reflection points (small squares) and reflection
planes (rectangles) in the depth ranges of (a) 0-5km, (b)
5-10km, (¢) 10-15km, and (d) 15-20 km. Thick-line side of
the rectangle shows a shallower portion of the reflection
plane. Size of the rectangle is arbitrary. Solid triangles and
short lines show locations of active volcanoes and active
faults, respectively. (e) Examples of seismograms showing
SxS phases for SH components. Small dots show SxS
phases. (f) Depth distribution of reflection points (gray
bars) and earthquakes (open circles).
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Fig. 6. Along-arc vertical cross sections of (a) P-wave velocity perturbation, (b) S-wave velocity perturbation, (c) Vp/Vs
(Nakajima et al., 2001b), and (d) P-wave attenuation (Nakajima et @/., 2013) along a line A-A”in Figure 3. Red triangles at the top
of each figure show active volcanoes. Names of volcanoes described in the text are labeled. Gray dots and red circles denote
earthquakes and low-frequency earthquakes, respectively. A black line in each panel represents the continental Moho.

3.1 Riy7Or MBS HBEENOEIL
ISR T L9, BULHE F IR
L—bDORARARIZLYVELY Y PV Ty YO L
AICE Y, K7 oy PTFOEREE T AL b
ENTVWBEEZZLNTW S, S0 RFVEMITA S
&, B o A S IGE T T EE I LT R
ENTWEZ EHRE SN (Nakajima and Hasegawa,
2004), < ¥ MV Iy USRI THITIT K
T AV MEERPBER EN TS EEZbNE. L
PLAEAS, KNG KILDT7 T > M- Tl Tk
%L, HOLEBWED o TKILREE LTHAIL TS, £
DFEHE LTIE, ¥ MV y VORI EIRGR TR DS
HEEBTHALTVWDEV) Ry V74 Y H—FEF)
(Tamura et al, 2002) < bV Ty I TEEINS
A M EDEWIZE S E TNV (Hasegawa et al., 2005;
Nakajima et al, 2013) 72 EAREIN TV 5.

FALH G O KL T T v MR ) MEEN R, R

OFYEWIIN 2 X 6 (2”7 . ERME T T T O
ZALH I S 2 A5, ARHE (S P THRICHESE) - &
Vp/Vs B IFIZHEHB ST B, Z OMEME - &
Vp/Vsigid~ > vy YN0 EARICE ) BRI
ETFCHEIENT AN SRS T 5 (11 1)
(Nakajima et al, 2001a). X6 @ S JEHEEHi % A D L,
EAREFTIEKIL7 T > M- TREER I 0§
DARH I, KIIHIE T2 B W TIAE S 15km 2
THERTE %, S 15km RBE F THA T 5 KH
ERINDIIEA L W &2 5, KA O FRIL AV b
ThHEMRENTVS., AV FE2ELET ORIRIY
FHcE B5FMUETH L EMMETH L, AV b OFRESH
1S WO T I BT S (Takei, 2002). 2 F D
FER~ T B A S N B BIGERI O S Pk B o
2L, EARTE T2 5 T~ X )V b oftiaE o
EWE L TWAUREEL D 5.

6 (d) \RENTVAHEENTRE (Q 1) 13
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WANRY PVOEHEMOMEEZ L YFHi S NG, WEE
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THY, TERME I RINHIR THICREIKRE B
TWwa, REOKE S, B EH, R wkof
7 SRS 5. W E O NIRIRE ORI E T — 4 1
IRV D, ENTHIMEDE L, WARSHAET
HEBENPRKREL B EEZONSD (B 21X, Frankle,
1991). 2 F 0, WEOKE 2B, HENIZAL M x
ELHAPGIET A2PRILTHALI L EZREL TV,

X6 7251, bR AR, - R EE I o JH B
TRAELTWS EHICAZD (W OMIE & FZIRAE O
BIR2 5, IR O —EIE B IR IR O NEECTHA L
T2 EIICHZ D, ZRICICAD L ZOHBTS
CEELTWD). HEE - BEBIE ALV MNCELH
A CTH D EBMENTVD I EH D, IKHE - B
FIRO BT AV N ORI B KA S
HTHAH). ZOBEBEIIEE AV Al e o7 E
R, WAROBENC X 0 S A7 4RE) MK Dk = o
K TH5HETH Aso and Ide (2014) D#F 2 % ZHFd
LIERTH 5.

MR & R O RS T ThIuE, Bz
IR R EILT O T EfE TARON5S X9 il
THHIMEHEEITIE % > TR VEEIE, WRRICBIT S
MPEOENE KL TWDL Z eI NL. LaLln
A5, IEMEEOHEE I RE OB 7 — & D%
ThY, HEMEMRNT & RS LTI ERT— 7K
EHOICHERTERVEVIMELILD L. Z020,
IREEME I OHEE NG E B & OVZ2 [ 40 Al L A s & LEx
EBBGENE . Tz, BUERE T3S O BN E %
ERALT 2 DI T 5 RBNERT — & o Tw .
Ltk WSS AR - T OSHES Z & T, S &
FEORMEBLOEHIZOWT L) ERWEHEANTES
LHItEE NS,

3.2 AFU

AT L TRARE R ERIEHANER TH Y, R
INTAEDF AWM oPE & 8-10km 3 TIET S 7N —
7, MTADOFE J5# 10km T O S 30km I THAET
57 NV—7, BLOINTHOILEMK 10km O3 S 30-
Bkm ETHRET LIV —TDIDICRNENS
(Nakamichi et al., 2003). [LTE® HH 0 F K 3 b2
OWEENZ, 1998 44D E TIHIFIT—EDES EEHK S
km) THAEL TW/zAs, 1998 4F 4 HEMN O Z DOFE Sl
PHIZ 5-12km IR A%, 1999 4E 412137 ¥ 6-11km
DHPMNTE BT B L) 1T o7, KRB DOBE

] dVp(%)

1.75
1.69

1.63

Y P
v

50
Distance (km)

Fig. 7. Vertical cross sections of (top) P-wave, (middle) S-
wave velocity perturbations, and (bottom) Vp/Vs ratio
along a line B-B’ in Figure 3 (Nakajima et al., 2001a). A red
triangle at the top of each figure shows Iwate volcano.
Black dots and red circles show shallow earthquakes and
low-frequency earthquakes, respectively. Red lines denote
distinct S-wave reflectors, and black lines represent
seismic velocity discontinuities separating the upper curst,
lower crust, and mantle.

SHZEAL L 72 1998-1999 4E1, AT I TOHFEITEYANG
IR, I OBEIIHED LRSS HREE D
Bl s 2 MmcHe s 5. —, %S 30km FRETHR
LTV BRI X, 1998 4E 4 H WA 5 Z OiE8))s
FRICIG I8 % o 7205, FRIRIRANAAY D 70 & DFFEIY 70 22
MZILIEA SN2 - 72 (Nakamichi et al., 2003).

TR P M D IS AL I & MR SRS % LR35 &
BRECESD D 5. SGFINOITHE FICIEERE F
SRS 10km FEE F THGBEICD % 25 5 Hh 5 P AR 2R
VTS (M7) (72 213, Nakajima et al,, 2001a; Xia
et al., 2007). Z OEBEIR O HEIG H A OWFIZ~15km T
HY, TOFMOImOTES#) 30km & 7 E#9 10 km 3L
TR ESEEL TwD,. T2, 1998-1999 41276
FAL L 72 LK T O #5213 & O EE oA 0 A5 A
T5 (M708K). ZOKEERFIRTIE Vp/Vs 254
SWCEELZY, PEH~THMRETIZ18 2B 5%
RYA, HE 15km DR TIX 1.65-1.70 F2EIC 2 5. 2
D Vp/Vs DR SEALD 5, i~ #Bhigix 2 L b
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Fig. 8. Vertical cross-sections of (a) P-wave, (b) S-wave velocity perturbations and (c) Vp/Vs structure along a line C-C’
in Figure 3. A red triangle at the top of each figure shows Naruko volcano. Other symbols are the same as in Figure 7.
(d) Schematic illustration of the crust and uppermost mantle for a cross section crossing Naruko volcano, based on

seismological observations (Nakajima and Hasegawa, 2003).

B % oo AR, RS 15km DIRIZKICE T
WThsHEMIMEN TS (Nakajima et al, 2001a). b
TS5 T 4 DORESHEEIL 1I0km ETH L2 E0 D
FINFOHES 15km LLZICIE, 7% < T 10km 22
5B KRB L/ YBEVIGELEVEEZEZ SN
B, B, HE 10 km fHEOE B R O S TR BIAL
B Vp/Vs RS K &> THBY, EFEMEL L
R P DA Y MR & B AREERE - w5 Vp/ Vs fHIR D
MCHEAL TV L) BORE S 2 (7).
ATINTIE 1998 I EIG B AN T AL L 72729, 2000
10 HICAFMBHRADFER S N, W T 2km FREF
TOFM 2 P P EREHEE ST b (Tanaka et
al, 2002). ZofER, WHEENO 2 V77 T Ok 0
km VT2 P kDS 5.4km/s % ¥ 2 5 & I8
AL, TOEEERE PR THHRE 2km T TH
BERNIARIRICOAT T 5 S EDBH LRI R o7, 2D XD
RINTEE 72134 V7 7 1 T O EMEEIE T b 1R 28
WaRETHLRBENTEY, ZLokilfkici@mL Ti
SNLHEHMTH L. HTINTIIMEE 3 HERZEATTO

KINEBAEHRTH D, HHERIEOFH L5 &S
L7z 7 <2SEAE L7238 CTh 5 LIRS T 2.
3.3 EEL - IBFAIL

B INIAER 1626 m OB KILTH Y, =@ A
T IO EINTWS (72& 21, Yoshida, 2001).
HAEDOKINEBIILRNER 2 TH 5. BT K3
470m ORILTH Y, BELER 7km OB % i3 % 1
DANT T L EZOPRILOE L F— 2062 5. Bh
N — A OBECIIESIREI0TE R TH B, T2, Fhnlk
WF LML, WESHEE R BE VT I HPFIEL,
ZOWNITIRIERIGE WO CTEFRETH L. ZOHIKT
LGB B IGIETH Y, 1996 4E 8 H I IXEEE I O R v
#10km T M5.9, M5.7 OMEZ GELLHEOMBE (i
B - {1, 1998), 2008 4E 6 HIZIZEEN DAL HH 10km T
ST HEANRELE (M7.2) 23FAL, I TIIRHIEL
Wi 2354 L7z, F72, 1A 5 HISH 50 km B
7o E PRI AR M dk T U, 1900 4E 1S M 7.0, 1962 4E1C M
65 DMELFEL T D GIEF - fB,1993). 2o k%
WFS R MR B DR 2 0IR T 5 72012, ERiEALIT b
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WX N F IR D R RSB TN T & 27
O, MELZMBEBIHECL 2 REL T -7 PERINT
BY, BAARFEO KIS O o CEEH 7 1B AN A
EREE SN TV LB O—DTH 5.

Nakajima and Hasegawa (2003) (&, 1996 4o W H
E ORI T 7 — % & 1998-1999 4\ ATH 7= AL H
HERBROT— 5 2 0G0 L, HRIEALE IO RE
M7 e N R 2 L (M8). M8xAb L,
WA KINE T ISR B~ PLa S EEROES 5
km FEPE F CHBIZ /040 3 5 Mo BB P ASH B IS RE ©
&%, ZOWRAEIIR L~ v v E TEbE TR
Vp/Vs 28K &\ (>1.80) 2%, Lz Tihs v (<
1.70) WIS 5. I O TR 2 He kbR
EDME SN TEBY (2& 21X, Mishina, 2009; Asamori
et al,2010), ZKICIHNT OGRS X AUXET-KILoVEH
1ZiE, S 30km 25 Skm B F CHFEMICHAT S
AR OISR AL T 5. 2 OIS H = ik
GBS & 22 K KIn g 4. F72, BT - WBEE
TOHER~TEHHH I HEREOERE (72 21F,
Tsumura et al., 2000; Hasemi et al., 2015) HFEL, 3
& 10-15km TIIHBEOBEARBAR S I L HHS
NTw5 (Asanoetal,2004). ZH5DORREREIIIC
RS % &, BT KILF TP~ T RS 15
km PLEE) CIIMbkWE 25 ~1 vol% GRAfR L TH Y,
AR\ O U A & i S 72K S 1-5
vol% 53 Ai L Twb &E#F 2 5N Twb (Nakajima and
Hasegawa, 2003). %8, RISICA SN S X H12, Tibi
0% D AEC ] 9 M2 VX BRIk © B A ARGR Y - EIR I
MTHELTVD LV FEPHY, LI TEANV D
FEEIC & o TR BM SN D EEZ 5N TV 5.
M5 F- b TR & 7 AR Dk 2R & AR EE I o> B i B AR
b, WARDOBENC XD S 7o IRE MK E IR R o )i
HTHoHEN)ETFTNVELFEL TS,

ZEE LB O T HEE O D % {ATbhTw 5,
Okadaetal. (2014) 1%, 2008 44T - HHNEERE O 4
BB 7 — & B X AR SR g [kl 2k
EliE SN PFE BRSNS 07— 2 HwT, FEhl -
-1 00 D =R ST B2 Dk R BERE 3 % g L 72, BRFBE
2235 VIR B L L O kg O HE e S REEE,  SEATATSE
(Nakajima and Hasegawa, 2003) & 0 &2 EL T
B, EBILTIIEHEOEAY 20 km PL S K S KB
TR I R F AR~ 2 ROV S HIFIT A TR IS
DAL TWBLZExHLNIZL. F£72, Okada ef al
(2014) TIZ 2008 4F 7 F - w BN B B2 R IR D FE R
FAETFTUBREIN TV S,

ERIEAC T R T, W LR TR I 2R O B AR
WA &, BRSO FER A T A AR A L,
Z DA E I O HU T 1962 4FE OB IR AL T L 35 4
LTWb eV Pz H 25 (K-d). F7z, HIILILES
Hi I C A A A LR S B e AR IR BT b A T B
(Mitsuhata et al, 2001). = O - KHEPUSIZ, T
e SR SN D KO ERARKICHIST A EEZ S
NTWa. FEBIZ, EIEALE R0 T s 2 &G E)
AEIE 72 I Tl T 3R | AR B I S A L, T
Bl S 28EED KE WV (Miura et al, 2004). F 7z,
RIS CIRBEREDREnZ b TS
(Asano et al., 2004). Z OZEFM 2 S BEFRIE, THH
T DS RFIA & IR IR S A IKIC XD Hdk
PHALL, ZOHE EO FEHENOELEFSIEL TV
L#EZAHTETHWTE S (Hasegawa et al, 2005). Z
D&, RILPEFEAR G LB A P 52 & AR
B2 Tk <, RIS L TRA T 5 NEHEICD
FESHELTWA LS 5.

3.4 ¥

BRI A DA SRR IGE 24 0 E5KILTH D,
1888 4 7 H AT IR 3 % e & 3 KU 70 W K A58 4R
L7z #EEILTIE 2000 4R D KILPEBEN A8 3 5 7%
& KIEB OTEFALAR & S 7225, 2000 4F 10 H DA
Feld KIIVE R O D K D, —EOTEENIPOR L7z &
ITH5D.

BRI TIEAFEBMO—8E LT, 1997 4 10 H 112
292 BB 72 B IR B 23T b, 6 MTOY A F
<A MBI X B HMFERIEAEER S N7z, Yamawaki ef
al. (2004) ($Z 0 PR T— 5 OB LD, B
IMTFOERS 1km FEEF TO P A EMEEHEE L7
% 7z, Nishimura et al. (2002) Ti% 2000 4O G BR8]
WS A7z KPR ) R B JE I A3 20 F5 o0 AR i b
BROWFNTIC X D BRI EEIT -7, ZNH ORI
X% &, INTHE TGRS ERE A L, Zhds 7 —
R E ST 5 2 &, 1998-2000 4 O Hi =G
BRI T & IR AR VE 1A 18 3 5 i I8 o & Y
D 2 AN A LI, & BRI N IA A5 B 54 T
HBHZ &, 2000 SEOKILEMEY L E D 2 DO DOWEHE O
MICAET A L EVHLNII R 72 B, BRI
LB O IEM & MO+ F 5 A TOMHORIML T 7
LB ANTHEITFIEEICBWTD, IWTHE T I IHEHE
WAL ERRMShTEB ) (A - i,
1989), Yamawakietal. (2004) OFEFEEFHMYTH 5.
INTEIE T O RS, MEOKINEH TR ELEA
L7z~ 7 < 5WMb L7z E st s L, 2 ol cod4¢
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Fig.9. Shear velocity around Mt. Asama (Nagaoka et al., 2012). Upper panels represent a plan view of S-wave velocity at
depths of 0 and 5 km, respectively. Lower panels represent a vertical view of S-wave velocity along the A-B and C-D
baselines, respectively, shown in the upper panels. Red triangle denotes the location of Mt. Asama.

LRI 7Y OEALICE 2B AN F— LR BEBKRL
THETH S LRI N TS,

3.5 EEWL
ERINIRILH AR TR LER L KILO—D>TH Y,
WD R & 2 SR A KL, 1108 4E, 1128 4,
1783 SEIIF KR AR LT 5. HFIZ 1783 4ED KA
OWERTHAM BT RM UM LiEE & Xidh, &M
WAL EIZIE L IEA > TWwWb, E4ETY 1973 48,
1982 4%, 1983 4, 2004 4E, 2008 4F- & /NS 72 1 K H35E
ELTwD, 20955 2004 EEDFHCOWTIFL L D
WIgEs R s NTHBY, KO 6 EMENS, IHTHOK 4km
THDOEE 15km RIS 7By A4 Z7IRICEAL

2l FORITEAFICINTELFCBEIL, FokiE
EEREICHIR I TRE L 22 &2 L, GBI FEMA &
P2k Tw5b (72k 21E, Takeo et al., 2006).

Aoki etal. (2009) 1 2006 4 10 A 24T b7z N Lz
A (5 TS L 464 T OPEER BN G o7 —%
ZHWT, R T 5km 3 TONMZ P sz
BS»IC L7, 2ofik, WHOBHMOPRES 0-3km 12
FEEEREIEIEL, TRIEREIREIC X B SR
Pk (Aizawaetal,2008) Extied 52 & zHoICL
7o, ZOmEMEE - SRR 24 TEMICH VT T
AR L2EMLomIicfiiEs 2 BELco~ 7~ il
Boxk (7= MbL7zb o) LRSI Tw5
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(Aizawa et al., 2008). 2004 OB T, INTAFER O
BEILF CHEBEBNICS 7058 4 ZIRICE A L7223,
BEAL L 72RO E OBENRK E Wz, EEEN %
ZFRUERIIC EHT A2 ETEY, WEFEHZ R
RO EBERNERICBE LN S NE 0
B, %< OWEEEABN SN, < 7 IR
MO RO (UTHET) 1Z3H - THEIC EAL, W
RETETLALLEBREN TS (Aokietal, 2009).
Nagaoka etal. (2012) TiZ, HEETHEZ H VW TEM
o B E 2 fEe U, IHTHOWEHEIK) Skm D% X
5-10km (ZBAZE 72 S PAREEIRAAET 5 2 L 25 M
L7z (IM9). ZORHEEIE Eitsko~ <l E Y
ThHbHEEZLN, 2004 FFOBHAKTIZIOTI<EED
PO TN A ZIRICES lTkm BEFITEALAZ
LERBRSRIET HIERTH 5.

FEL T LR oBII DA b KRB X ko
I LT K oiffgEdi % ST, Savage ef al.
(2010) Ti& 2004 4E DMK O FI £ THIARJE L o 3 72 0k 5
HVEDPZEALS B Z & 2R L, FOZELIZT A 27D
BACKIFHTRETH L LIRMLA. T2, S 2—F
YIZEBKIMEDOWIEA A=Y v 7 DS THEY
(72 212, Tanakaetal,2009), KITTFOETIZ< T~
WMEVDD D L PWEFANT — & LI % )71 T
BEINTV S, EHINXEEHNGHETH Y, FE5L0
BIBRIRE I N TV s, HAYBIZBWT
WL Z L OFETHTHEDHEEIZ SN TV B KILO
—DTH5.

4. ¥ & &

AR TR T OKINTIZOWT, KEELE, S
P CHT I, MbERDE T - RS ICER L, Mk o
AR CTEL. 209 LEFEBEDIMNE, Bk
J1 R0 OHEE S RREDZE RIS — R TH B L IT VR 7
WS, ZTH AL o K o Hig 12 iE v o
DI B DT 5.

1) REEBEIZH AT EDEVEHATHEAELTED,

WEKILDA L WHIR T HIEEI A A SRS,

2) (LB OIA DY — 7 31X 30km Th 5 75,
EE10-40km AT THREL TV 5.

3) B IED L AIMEHSE - HIRFEFIRO I 54
T5.

4) S P SCHHENIARH IR O E IR o4 L, Kl T
S 9-11km, FEKINHIETIFHEE 15km T2
L 5HiT 5.

5) HGAMIL, EN-FIFEE T RO >TWw5 S

WHHRIE K T2 ENTBY, ZOHE XX 100m
BETH 5.

6) KILHIR TIZ T M\ S 72 B AR g - 75
WESAAEL, TRIEALID DAV I ESE
GHEBTH B EMRENS.

7) BRI R (>10km) v 7~ E DX
AL v GRIIERR ).

FUbH &, R TR O RS O IE2 R b K
HZAT bR TW A O —2TH Y, KETHY B
T % GO S C OMBERMRICL Y, Kii~o< 7
< DHGRERE R AR OIAEIER &, BINKRIEE oM
TR R 2 BN HEI A LTSN TE . Zhoo
KRS LD, RIUND~= 7 < 5 0 BRI 45 2 (e A,
TV Iy VIZBWTRY YA - A B O
BETIIREINTVS., LEALEDS, TElHigko
AN EMEDO B RNFRETFIC R IN TR &,
WA 2 AN RS L B n LRl T RE£L
O - FREPREIN TS, KNG K DOFHBIERE K
i &R ILME K O IR ERE BF§ 2 720121%, ~ 7~
LH KL K: EOFRMBEDOET LA EETH D),
ZD7DITIF &Y EMRED R SR ICZ, M
BRI B2 O W RHA I Dt EREE 55 O RE BT O
AR TH 5. SHOFGEOERITHFL 2w

E
AIRDOPEOEEE 52 TL2E o7z, MEEHIJEFTE:
LA B [ERMFEDEE S 2 KINGE) O iF PR L#E
BOWgE] G AORHEIS, mfER—RIEH L
ESc

F72, ARG OENMBIAI O3 HHELZI AL FETH
Ef L7
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