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Abstract: In this paper, the local area (32.0°N-46.0°N, 136.0°E-148.0°E) of Japan was
chosen to be the studied region to verify the predictability of the pattern informatics (PI) meth-
od under different models with different parameters, using the receiver-operating characteristic
(ROC) curve test and R score test. Pattern informatics (PI) method was applied to retrospec-
tive study on the forecasting of large earthquakes in this region, especially the 2011 Tohoku-
Oki My9. 0 earthquake. Different forecasting hotspot maps with different parameters were
obtained. The grid size were 0.5°X0.5° and 1.0°X 1.0°, and forecasting window length was 5
to 10 years respectively. The results showed that, PI method could forecast the Tohoku-Oki
My9. 0 earthquake under most of the models, and the hotspots appeared in My9. 0 earthquake’s
epicentral grid or its Moore neighborhood grids. The ROC test and R score test analysis
revealed that the forecasting effect was better for the models with larger grid size and longer

window length compared to other models.

Key words: PI method; earthquake hotspot; Tohoku-Oki My,9. 0 earthquake; parameter model;
retrospective test; R score test; ROC test

51

][/

2011 4E 3 11 H 5646 43 (UTC B [H]) , H ARRILERMEE IR (PG K F-35) B4 T My9.0 HiE
(38.10°N, 142.86°E), HEH AL TG T LA 2 130 km &b i H A< 538 B35 (321E, 5 A4 %2,
2015) . MG YR HERE B B IR BR B 2 R (158 45, 20125 FAF4F, 2012) B R 2 H (%
i, 2015) WBAMKAERFZESE TR RZ MRS Z W EN, MATH L LA [ 8 Jr %
HEATRFSE, LA -4 52 A 7E AT IR PE S . B, R SR AR5 (2011) 1] GRACE B & H &
FI AR B H AR AL My9.0 M2 Fi i 5 AT JRAR B, [FI8S R FH USGS & i i W7 |2 B 45 &
] b 3 3 R T PR G [F] R AR AL, XSS R AT L T 5 A, GRACE A W & Y
KW E N EA RIS FEEE AR 5, TEEMEE I RTIRAE B 7 2 5K # Ay
(2012) B B B34 05 % B AR AL My 9. 0 b 52 15 A K D 4 Bt b A7 o0 b7, 45 SR B, 16 R
RAEFCEAE, HAHE I —07 LT R A 5 A se 2 s g iy, XAARMA AL ®
SR A R R EUMARZE(2013) 1) A EBRE BF ST T My9. 0 HiZ R i 55 2 1
ARAL, BT 2 B AE LUK H AR 4 K M R O ) TORA A R 2 e s 4, DAL 2 A ok
E, RAWRSHESLE MR ENSERAC, (5B EEZWamE b, 1w EdH#E—
AT AR Z SN B IR Z5 R v LU, HAS My9.0 KHLFR AT, 764 [F] i 25 RO N 4%
2 b BR W) B S BRT BEAEAE — 8 B AT IR 5

& 14 15 B, (pattern informatics, 4 5 & P1) 7 54 b —Fl B K40 10 5 1% b E F0000 B 55 5
(a4, 2013), 3+ LA R H T A [F) Mok 09 22 Ik 5% . 1, Kawamura % (2013) i
FH PL B B AR AL My,9. 0 = A B 55 45 2 A9 25 R W, A 2000 4F 40 &8 &7, “Bat” (O
X K AR A = 1 AR ) AEAE TR B IR —— 8 W 1] M9, 0 b 78 19 58 rh &2k, (B L 8 EHGOF
RFFEE N BUTE My9. 0 3 57 1) 5 vh B L B8 IR 40030 ™ I Ak (8 . L 5 — Do 446 3] 1R 1) 8 A T 4%
T ICTEFR “4B T 7 (Moore, 1962; Wolfram, 2002) ), 43#7 il G 8 B IK Ry, 2 SC I WF 5% X 3835
(35.0°N—43.0°N, 139.0°E—144.0°E) A X} 4528, WFFE 5 A1 (1980 4% 1 H 1 H LIk ) %8k 75 k)
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5 R R, RS ROBE (0.25°X00.25°) 8708 1 Zhang %5 (2013) A FH PT J7 346 &0 % v [ 94 3 19
2008 45 T FH Mq7. 3 1 52 R30I Mg8. 0 M7= HE AT 1) Hby 7% A5 8 190 1] 90 P o 00 fF 5 3 B, % 15
KU R, BB 11 P00 A RUJE AR 178 T 00 B 1) 2 R 6% AR JBOAH X 45 1) T R0 5 /N 7 55
(2014) ZE £ X} 2013 4= 72 11 H5% (BF 52 X 38k R 21, 0°N—35.0°N, 97.0°E—109. 0°E) #JE 17 #fF 5% i} %
B, X T M=7.0 (9 H AR R (000 % B BE N R AE R T4 T B ny 1 ), MIA% RUE
2.0°X 2. 0°F 1) T 5 SR LA T 1..0° X 1. OCHR (10 T R0 5 . b b3 BT, 2 55000 0 BUAS AN 2> B 3%
SR PT 7 15 0 TR0 80 2R, LK v 5 5 35 ERORE XoF 2858 R ) I A R R 5 K 1) T 00 1 4 1T g 4
YA R Xof B 4 90000 255 2R

H AR ZR b My9. 0 53X FE 75 0L I R K 5%, A5 RE B AU 00, DU ] 5 O A 32 ok /0 N IR A i B
W 7= (2K . ST i N B 5T R AR G T b R T B TR B4 A O AS 3% (Kawamura et
al, 2013) , A% SCHLAE 5 UoF 48 000 48 4 A0 I A R 33X T 1 2 8 S 4506 PT A TR T A 114 5%
R H ARG T M58 H SR Bk, XEIFFE X 2000 4F LR 4 B br i iE SE 178 [/ S i R
B4 H ) T I A 5T, IR LA RAE PR P8, 1989; A MEFR 45, 2000) Az ik & T 1E4E
{IE (receiver operating characteristic, 45 4 ROC) J ¥ % i f % ( Swets, 1973; Molchan, 1997) 5%
PEU AL B My9. 0 M5 1) 22 41 000 2 7 40 A 38 Ak LR TN A BE . DA AR A5 X My9. 0 Hb 7% T
I A5CSR SEARAE S RO Y, Sl A T 1 R O A R G

1 PIAZERESN

BTt EE A5 B(PD Jr i, H 1 /5 85 B A 22 B 58 N 51 T T tE 50 AN TR
iR TG Bl K RIAS [ 4 1 BR B8 R A0 AR T 5T . 3 88 R I B i M Ah (Holliday et al, 2005,
2006, 2007), iS4 45 H AR 5 &b X (Nanjo et al, 2006a, b; Kawamura et al, 2013) . 7B FI & K
FJ(Radan et al, 2013) , EJJEE & L3 (Mohanty e al, 2016) ; H [E KBl (255, &%, 2010;
Jiang, Wu, 2010; #MNAR R4, 2012; Zhang et al, 2013; HEZ#%5:, 2015; Zhang et al, 2016) fil &5
7% (Chen et al, 2005) %5 [X 15, .

PI Jy ik Sl B 1 E AR Ry, SR F 9% X R AT M AS Ak, (8 FH R B MO/ T 58
RGO UL LR H Sk, X TE AL S P B MR T S0 A A LI R B, g 2 A
SR TR SRR I B A B P RT RE R AR H AR AR (M=Mp) A E . R R M, B R A
TR&RY, HKEFEED/NT “BREH My WA ZE %007 (Holliday et al, 2005, 2006) .
O A TR E SO 3ARTRIEB, v S E R R BRIy B g SR BRI UR e
Z s 1 ol A8 Ak 0 I TE] A R AR B 2R 1, b, DA AR 1o B2 1] 4 — (e — o)) B2 B
(,<t)); BWHSHEWNBE Ry, 1], BEEB R, 6], BB RG, 6], 553 % 0 B2
K—26, H— MG T 6=ty =t3—t,. X REASPIAK (1) Hbu 52 450 B B (8] 5 30 i 47 s 25 05 — b Jf:
THEA A X T 5 (8 00 O 25 A8 B, B 5 TS IS 19 K 72 MR 238 il 25 T A I A% 7 Ak % 1Y °F
T AL R by 36T 157 0 A% 19 ME < 08 55 AP, FI 23 2 IgCAP /AP, ) X B A0 25 E AT )7 —fL AL 2R, 3R
i b 52 A R . R 1g(AP/AP ) T FRAF R B 22 #4519 22 20 (Holliday er al, 2005; Nanjo et
al, 2006a; ¥ K WEZ5, 2009; Kawamura et al, 2013; Zhang et al, 2013; 3K/NAE%5, 2014), HAK
Bk E 1 TR .

M RS BRFE Ly A, PLE R S H W BN [y, 1F5 0 B
[t, 100 RE H SR B T 545 20 3000 i B[4y, ]P0 7T BE Y & A B B RS, i H b 7 2
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Fig. 1 Annotation of the algorithm of PI
T i Be N B9 H SRS . R R TN B s, AR A T BN K AR b R R SE PR AL, 7
A AT [ ) A 56 F 5

2 HMIRAHKSHERE

2.1 ARREESHILZTE

H A ZR b My9. 0 b 72 % A 78 B 3 B 73 41 (38. 10°N, 142.86°E) , 1% 1 [X 4 K- P A bk 5 )
TR TR R 25 520 X (Apel ef al, 2006; Ozawa et al, 2011) (& 2), P b % % 71t 1923 4E
9OH 1 HA R M7.9 HimE | 1933 4F 3 H 3 HACH &b #8 = fifi M8.1 Hhi= J 1944 4F 12 H 7 H th i
K- BRI M7.9 bR % .

T 2 A B M9, 0 b 7% 9 BIF 53 X 38090 [T A, 2 e b, 7% 45 HI 19 78 2 M R A R 1 — 3K
PO F R REEG], 2805 00T BV EF T AR, AR W I ANt I BB AE AR T
SR T R R H SR — B . BRSO & 1, A5 R B A
BT A 05 0 R Bt 2 9 Ko ot B | R ARG AR A DX A RAN H AR b AR
G B ERE, AR BERIE 58 4 7 55 2 40 B 5 X B9 5% 5 WR PR B AR & MR E & WA 5L
P ekl H—8ohE R, 7EEIE T, M T Kawamura 55 (2013) (9 SCEE, A SCAT % a2
F) 3 T (32. 0°N—46.0°N, 136.0°E—148. 0°E) B 4 B¢ [if] — 28, RELRIUE T Hu i H 5% 98k R 4 i —
bk, AP Xk A T BB R, EL My9. 0 M RE B K R A B LA AL TR ST X B s

AR B AR A5 1 H AR RT3 52 B S 17 fms g8 ot CR R R M 548 M), H
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1960 4 1 A 1 HE 20154F 12 A 31 H, %X 5§ L 148°
2 5% 5 0 WL N T 60 ki 9 M=4.0 IR L VRS
MRS 2.7 T3 U, Horh i Ry 2011 4R 3 A
11 H ) My9.0 #1752 . 4= 1 HUR= BB 0 25 T
M7 1% SR B9 PT J5 0k B LT B A T 5 AR A KR
S
2.2 RESHHIRE

1P LA, N PSR AT RIS T i
ENSHARIEERM,. HREHR M. 25
THA B R S F IR | B 1g(AP; /AP,
RS RUEE Ax, W 3l A0H Ar LUK 3 AN B IR

XF T H B R BOE R M,
MR H SR SE . TR F SRR B9 I
i) 5 BE A, Ry 7l e X R T b AR E SR 58 A
0 4 W A T D 22, T o I B B 4L G-R R
Z.VUSHEN—IIE, MEFEEM 7 ABE K2 HAKRBWIERS A HEE D16
BISER B IAT M5.0, B IEEB % Fig. 2 Tectonic background and distribution of target
M,=5.0 AT 5 R b A5 B i 7 EL IR A earthquake epicenters in eastern Japan
2T /N PR S SR D A M I KR A% HL T ST 4 2011 4F My9.0 3
=, WO H bR E R T R E R AT R, Me=7.4, [A B 2 Mp=M +2 (Holliday et
al, 2005) . K 2000 4F )5 fr A2 A ) M=7.4 MR T 2 v, P AR AR Je R I, P40 Y
RESEI TR

40°

R M=9.0H17%
O 80<M<8I9HITE

O 74<M<79H1E
N\, BHeLs

32°

1 2000 AFRORAFTE XA A B0 M=7. 4 MR a3
Table 1 Earthquakes with M=7.4 in the studied region since 2000

S ) (H AR R])
i) EPhLE Jughre REP M,
E-H-H W 2 B
1 2003-09-26 04: 50: 07 AU AR I 41.78 144.08 8.0
2 2004-09-05 23: 57: 17 T T VR 33.14 137.14 7.4
3 2011-03-11 14: 46: 18 BRI 38.10 142.86 9.0
4 2011-03-11 15: 08: 53 HTARRH 39.82 142.77 7.4
5 2011-03—-11 15: 15: 34 PR A ST 36.12 141.25 7.6
6 2011-03—11 15: 25: 44 H A 37.91 144.75 7.5
W RPERPALEN T CAFSE (AR A ) RIS, 2011).

Kawamura %5 (2013 ) 7€ i H P1 /7 ¥R WF9E H A My9. 0 HiE B, BEF @ iR 25 | 45 A i
R R K RSS2 R AR QT i B W i T %5, e T2 5151
R AFIRIE N 60 km. % JEF] H A My9. 0 Hb 7% Ry v IR A, AR B 5% & 35 8 B KT 60 km A9
IR AR, FIHRIEHEEZLE 60 km LLN RS2 5118

Z AT NI 45 2, B 450 B S 8 1g(AP; /AP,,) =—0.6 (Zhang et al, 2013; E ¥
W5, 2015).

EHARER TR M7.4. B FBR-0.6, DLRAS TR B 4 4 S S 50 LR A — 2 AN
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25 56 1 A

KT EE My9.0 ZR bR M 78 FE R [R) S BB A0 (1 [l 3 0 00 8 2R, A SE Y L R R
G, HbrBER . 2 5iHR 0 EF IO RE | BE WL KA WSS, 5% Mk R
AT 4 . 7E 05T X S B DL T, AR SO AR R S 80 0.5°X0.5°, 1.0°X1.0°,
2.0°X2.0°, WA RUBE Ry 2,00 X2, 000, AFF 53 IX Sl 9 4] o 42 A A%, 1A% B30 E AR X 35070
AR FGe 145 R AR E M, B0 RCR R, B SO %€ 0..5°X0. 5°F1 1.0°X 1. 0° I A% LB T
N T 00 7 A ) AN BRSO, L A X R TR AR RUBE T B TN & K, 2 % i A (Holliday et al,
2005; Zhang et al, 2013; 5K/NESE, 2014) S H0ECE , JF B % B3 My9. 0 MR MR 9 W 3
AR SCHE B S—10 4F (14 TN % 4 S AT [ A S WEAY . TR LT, WRE 12 4 S BB A (R
2), FABER PSR 5 AT (S My9.0 HIFR) , I THIN RAES A S AHE, Witk
T L AL My9. 0 HiLRE Y 22 21 T o 40 TR 4%

#2 BMUSHUE

Table 2 Setting of the parameters used in models

R 75 ELINE S ti—tla 1y WUHAEY t—ty/a

1 0.5°X0.5° 5 1986 16

2 0.5°X0.5° 6 1982 18

3 0.5°X0.5° 7 1978 20

4 0.5°X0.5° 8 1974 22

5 0.5°X0.5° 9 1970 24

6 0.5°X0.5° 10 1966 26

7 1.0°X1.0° 5 1986 16

8 1.0°X1.0° 6 1982 18

9 1.0°X1.0° 7 1978 20

10 1.0°X1.0° 8 1974 22

11 1.0°X1.0° 9 1970 24

12 1.0°X1.0° 10 1966 26
3 HHERRBBHS
3.1 RIMy9.0EAGIRARSEHENXR

MR R S BB RL, ARA5 12 R R S 5OBERR (3R 2), I A 1] B2 4 1 PT AR BT

(P 3), F b AS [] 39000 2 PN B B 1 0 R A7 48 3 AR 56 . 24 B0 5 o P75 v BT A IR 4 e 4
I PUAS B, FRATTIA Sy M RE T L “TRl 7 (Moore, 19625 Wolfram, 2002) . FRF & fE, HoAb{ LA
R 4 FORLH 10 595043 F00 7 1145 o0 91 158 B B A 3l 22 R 40 0 iR 5 =R (&1 4) .

Bl 4 8 T % T WA A ROEZE 3 DS WM E 0N RS EGR. BIKKE,
My9.0 M RETEA R B O i AR A . BT R E , 18 4a, b, ¢ A RUEE 0.5°X0. 58 AL T 1y
7 &% H P A B s o A FE B, Hod b, o B AR My9. 0 b RE HUTE R rR AT T AR A7 7E A
K. AHXTE 4a, b, o, K 4d, e, THPEGTA M TE SN R R, HAR 075 A B T AE AR T RS h A7
TE R MR R kA, [ A BB TR 1.0°X 1. 0o A% RUBE %2 L 0. 5°X 0. 5°%]
6 RUBE T M i i S D AR My 9. 0 HUE R B TE R U7 1), H AR HLUE G AR B, R
Tlw . BB RIAS [R50 %7 09 TE 40 A R G LA T AR 3. S T LR PL T IA Y
TR ARE, W BT R
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Fig. 3 Hotspot maps of PI for model one to model twelve
Blue hollow circles represent the M=7. 4 earthquakes occurred in the forecasted window, and the My9. 0 earthquake is

the green star, warm boxes are calculated hotspots. Every forecasting window starts from 1 January in beginning

year to 31 December in ending year. The five windows of every column belong to the same model
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Fig. 3 Hotspot maps of PI for model one to model twelve
Blue hollow circles represent the M=7. 4 earthquakes occurred in the forecasted window, and the My9. 0 earthquake is
the green star, warm boxes are calculated hotspots. Every forecasting window starts from 1 January in beginning

year to 31 December in ending year. The five windows of every column belong to the same model
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Fig. 3 Hotspot maps of PI for model one to model twelve
Blue hollow circles represent the M=7. 4 earthquakes occurred in the forecasted window, and the My9. 0 earthquake is
the green star, warm boxes are calculated hotspots. Every forecasting window starts from 1 January in beginning

year to 31 December in ending year. The five windows of every column belong to the same model
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Fig. 4 Examples of hotspot map associated with the My9. 0 earthquake under different models
(a)—(c) are the results calculated by model 4, and the grid size is 0. 5°X0.5°; (d)—(f) are the results
calculated by model 10, and the grid size is 1.0°X 1. 0°

3.2 MR E

Z: 2 [ AT P17 36 78 A (5] 3000 B 8] 3 7 T 2% B K 36 (Holliday e al, 2005; ¥ &
4, 2009; Zhang et al, 2013; EEF4E, 2015), A SCRH ROCK: 56 1 R 6174y 7 ik i1 5811
o o
3.2.1 ROC #% &

NPT 5 % 1) 2 500 58 N 63 34 %8 I ROC 7 25 % K 36 9 i 34 BB (Chen, Wu, 2006;
Nanjo e al, 2006a; ¥ K45, 2009; Zhang er al, 2013) . ROC J7 1 42 15 I B 5E 110 16 I P A %% 5
(6T, g A2 A AR A T 0 B FRAF 1gCAP; IAP ) R AR IBUAS [F] A8 3 18 {1 1 240 P 4%

Je B H AR MR A X L, RTINS R AR AR R PP AR T A R TN AL RE . A
R R AL BR . CHRER S A bR 2 ] ROC M2k, XA R L3RR M R AR R
50%, 4 BEPL T 45

“HAER TR A AR HL ISP A RR Y 23 (8] R AR K5 S PR R B ROAR KA EE AR R AR
YRR AR S BR TG AR #Y A 6) A% K S PR R AR L A% iYL B (Holliday er al,
2005) . 7E [ol 395 FIUI B B BN, SETE CARE R I 2 R E S B i 2 I R A7 AR A E R 2
S5, MR A AR TE PR SRR i 8 S s N BN E Ty e, A Y CHER T T
A7 I A 2 W P J7 32 B9 0 8CRAT T BEAL T 4 25
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Table 3 Test values of R and ROC for the forecast windows containing the My,9.0
earthquake under different models
HORF-5 T o et B E M ROC(Ey)  R{H | BHYFS WA E M ROC(E)  RfE
1 2007-2011 5 i 0.349  -0.058 7 2007-2011 i g 0.416  —0.055
20082012 5 = 0.401 -0.055 20082012 i & 0.425  —0.061
2009-2013 ?T‘ i 0.356 -0.090 2009-2013 i = 0.394 -0.091
2010-2014 = = 0.380 0.159 20102014 i = 0.455 0.177
2011-2015 [ w 0.357 0.154 2011-2015 i = 0.446 0.189
2 2006—2011 i w 0.163 0.154 8 2006—2011 w = 0.444 0.183
2007-2012 w w 0.159 0.139 2007-2012 w P 0.427 0.195
2008-2013 i i 0.145 —0.085 20082013 i w 0.405 -0.079
2009-2014 i = 0.175  -0.058 2009-2014 i g 0.425  —0.055
2010-2015 4 = 0.360 -0.118 2010-2015 = = 0.420 0.128
3 2005-2011 4 = 0.404 0.157 9 2005-2011 b= = 0.461 0.402
20062012 i = 0.373 0.171 20062012 = = 0.470 0.409
20072013 i = 0.352 0.180 2007-2013 i = 0. 444 0.171
2008-2014 w w 0.326 0.157 2008-2014 w P 0.457 0.409
2009-2015 i i 0.167 0.135 2009-2015 i 2 0.407 0.128
4 2004-2011 & & 0.267 0.316 10 20042011 = 2 0.406 0.320
2005-2012 & = 0.405 0.386 20052012 b & 0.457 0.415
20062013 4 = 0.398 0.162 20062013 = = 0.461 0.421
20072014 i = 0.400 0.151 20072014 = = 0.470 0.415
20082015 i = 0.398 0.180 2008-2015 = = 0.470 0.409
5 2003-2011 p I 0.275 0.272 11 2003-2011 w = 0.462 0.105
2004-2012 i o 0.244 0.143 2004-2012 T P 0.483 -0.037
20052013 & I 0.434 0.418 20052013 7 2 0.497  —0.067
20062014 & 2 0. 444 0.401 2006-2014 b & 0.431 0.421
2007-2015 4 = 0.412 0.151 2007-2015 = = 0.438 0.409
6 2002-2011 4 = 0.258 0.081 12 2002-2011 b= = 0. 464 0.253
20032012 i = 0.267 0.084 2003-2012 = = 0.474 0.105
2004-2013 = = 0.219 0.110 2004-2013 i = 0.457 0.139
20052014 i o 0.420 0.184 2005-2014 w P 0.500 0.189
20062015 = = 0.463 0.428 20062015 i = 0.500 0.195
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T E LR A S EOE LT B BN AR, A XS 10 p

MR Zhang 45 (2013) By 58 07 5, FF ROC K 5 [8 v P15 i
T S 4R (L1 ) 5 BE AL 500 R 2 (B €5) BT 4 4% 1) 1t AR
(ki FRLU L, IABIE; f FRELT, W
FRIBRAR ) 3 SCOR A ST R 20 Ep, WY Ep RO (R B, PI
5 5 1) TN SR M. p 22 2 S OB AR 11 S R G G 45 SR
I LA 1, PLJ7 vk 0y 5000 250 me W S O T BE ML F 0 . i A
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3.2.2 REFH

RAE V43 e W) B 1R 20 %5 (1989) £, IR PFAN % Tl &g, W3 SO0, i 20
EREME . RAE B KR U0 A SOR By (AR 55, 2000) . 7E RIETHE S, AT, HA
M T DA AEAE A B T A R R N AL . FERT BT, R R R e R
MBS S PR R A R R L (A R FR AR, 20005 224K, 20045 DR AR, 2004;
J& BL R A, 2007) , BT AS SCH RAE B i o 25802 FH B0 T0000 o P8 A b 7R R A 1Y A R B0 LA
SEBR K R ) S A% 0 (R S 00 7 P 3 L M A R P I N — S R AR I O, R
Fie B E — D O RS ROk THE, TS R e 2 D ROk THE) - 5 02
A K 2 B RS RE BBR LA S B oK R R A R . DAL 4d A B BB HO T S R L FE 10 X 1A
FOBE B 58 X 380 4] 4320 168 A A%, K] 4d TP 3LA 16 A, 4 IRHB B 40 F 4 R
[F] B A%, JHG A T O 5 )RR TP T T R A R, D3 A 14 AR AR N TC L RR , R (E YT
BN

_ PUHRCORGE SRR A TURAT RS T 5K BT I P 4
S R I il 11 1 A S5 S o A R 1) I A R K

EFXF R 4d, R=2/4—14/(168-4)=0.415>0, & B UM %508 K4
3.3 My9.0 Kt E MR IF R E

F3INGEIT T 12 HSHHALT BTN BT N H b b 5= 0 B 53 A 17 B0 F0 9 R 56y v
BRI EERBE, 200N BIEEA LT S Fimss s O 24 506 8K ah, B
4—6 Fl 9—12 1Y BT A T %7 th My9. 0 3 5% (9 S8 3T P A% A7 76 Bl s @ Zad ROC K3, A% R
R 1..0°X 1. 0°f4 2 B4 R B 46 56 (8 B A T 0.5°X 0. 5o BB I g A 56 1, HL 76 4 2 30
TN RRE , IO AR AR, 28 K 2 HUE BF [R]— T50 i AR A R B I E (A T
KT MR H /NGO B S H 07 KA, R<0 B ol ok kb, #81 4—6 F19, 10, 121y
2 WA RAE KT 0, MAIH 11 s A 2004—2012 45 F1 2005—2013 4F P54~ 2 A
RAE/NTF 05 @ X F AT E 1M 5, ROC K46 (6 KIFAMRE RE 4t m; & et Fe
BT LA KRG, TATINITEARZ AL My9. 0 3 7= (1% 70 77 A5 8 vh 57 10 21 2 BOBE Rl 1) 4%
PRTIN R e g, BB TN 1 5, AR 10 (T 5 Ko 8 4, AR RUEE R 1.0°X 1.0°)
1) 2006—2013 45 & 171 1% T 00 3650 R A X6 d5e 4

4 WiREER

YE R B0 R T80 0T 5T 89 P 7, AE X A= 4 2E A [ 9 P TR0 T 5T B, PO
7 AR B BT S A B R R I BE N T RE Y e i (RRON)  ER AR A BE T e s B
W), I AR B 4 % 72 B 6] RN RZ 2% (Nanjo ef al, 2006b) . 7E T B B 52 b & A MR J5 , A BE
HEAT R R S, HA MBS M E .

T EAR WS, A SO ) R SRR R AT AR R R DA R SR BT
PI J5 ¥ 568 1 R 8 = 1 10 bR H SR A 0 158 25 JF A BURK, A R AR e 1 5 3k T A5 A
5 M 1) Hb 52 AR T ) AS A5 4 A 5 (Cho, Tiampo, 2012), T 7 % 52 H 5% 7F 5 8 0 55 kb 28
2011 4 H ARG K M % A R, Al 78 F Ay B B K ik M7.0 LA I (Hirose et al, 2011; 28
IE, VEAZE, 2015), [AIAF 02 B AR HL A . AR SO i [0 AE AT 0T R I BR AR B, R A .
@ 7ERT N AR FT P O R o o R W Bk A, LT 58 8 R 42 47 (Holliday et al, 2005) 3 @ A 7%

: (1)
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SCL I S TN AR S R A ASCR R, R [ T B A OSBRI X
B R 7E B, B T B RS R B TS [ A AR i B B RR TR S M ) — R AR A B,
ek TR EE S, WA R T iR Bk . Mﬁ&%%#?%%%ﬁ PL 7 % T REM K
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W%KF@&&%%W@&%%%HﬁMﬂ o AEL 2 B 2 T AR AR B A A S
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