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Natural Disaster in Bhutan in 2009
- Geo-hydrological and climatic hazards -

Jiro Komori*, Toru Koike**, Daisuke Hicaki***
and Phuntsho TsHErING ****

Abstract

Natural disasters intensively took place in Bhutan in 2009. For instance, unusual
outflow from debris covered glacier, floods and natural damming of a river induced by
a cyclone, watery mishap in the river recreation and earthquake struck the country as
abrupt and unexpected events. Furthermore, slope failures interrupted the highway
traffics, because of steep and geologically fragile slopes. These climatic and geo-
hydrologic disasters revealed various risks and issues of the natural hazard in Bhutan.
As for the issues, establishment of weather and seismographic observation network and
its information spreading throughout the society are particularly required. Documentation
and mapping of experienced various disasters in and around Bhutan are essential. It is
also important to mention that technical development and awareness creation regarding
hazard mitigation should be enhanced at the national and local governments and
community levels.
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1. EU&HIC

7= & AEIINE E TR O 1, IEk
I IRAB L L Vo T FIKE S, BEDORA
B2V vy 7 IVET, MR ERPHETE
T4, ZLTC, HEMIZIZe~YIYILURE ZDF
B ES 2 2 T, 20T A LDEAE
GHIZE o Twbe —75, AKIILIEDIRIZEL
(2 & o TR s L, —#B Tl 72 12 mB
L 72 K3 o Pe iz X % it K (glacial lake
outburst flood, PL'F [GLOF] &3 2%) »falH S
NTwb, L TIELOEEL L TREN R
OREIE, £ OHEMSEH SN TS, L
LEICFEEL2L 912, 77— Vi3S Maiis sl
A L, 727 L — MEZEH TOMEESR)
REHWEES A= VIZLDEWOEEEZIT 5, L
72755T, GLOF &\ i kimfEELAM S, Sk
% AR EDMBEDAES 13T TH D, TN T
ZEBIIZED &) LEEDSH 5 DIEH 9 Ho

W% Ak A o K EHE B H (Department of
Disaster Management, LM [DDM] &9 %) @
J& & Namgay Wangchuk [KI2 LU, 7—% >
FEeHHFEE, T <h (FHE#HIE), GLOF, #t
K, WE, IWKFOS5O5THLEFH. F2HRE
O#HEE (DDM, 2006) Tld, O HEEZE
J - E - ERE, BREMR 728 DO E EH
ENTWD, LAL, 7—% Y TORKRKEDH
RiERE, EAS SO BHREFIII T TIEL
AEFTTOITW 2\ FAGI 2 AL LT~
MO EELEDSRCOPFEEDO—>EFE 2 b
o CNHLOMBED 7 —% YEIC X T,
VRl > OB OMD L3EmNHH L LTH
R LTEGTIE Ve GBYME & OFHILE A L
ThHrbo LEDN>TT =5y TOREL W) [HE
DOHITIE, FHICEOTIIILR L, b &0
ZOEREENEEIND LEZOND,

20094, 7'—% Y TIRAKRKESHKE, DDM
A L 72T X ToKEPIEE L2 (Fig. 1,
Table 1)o [HIE2009F D KMEH O 7 — % v D%
FIIXRD & ) Bt A’ H o 720 “Female Ox year
was one the hardest years in recent memory.

What comes to mind are the disasters caused by

T
Figl.a
«: major glacier lake

Fig. 1 Distribution of natural disasters in Bhutan
in 2009.
(D: Tshojo Glacier, @: Punakha, ®: Wangdue
Phodrang, @: Channel blocked at middle
Mangde Chu, ®: Landslide dam of Tsatichu.,
®: Kuri Chu hydropower station, (D:
Water mishap near Chukha hydropower
station, ®), (9: Epicenter of 21st September
and 29th October, 10: road shoulder collapse,
@): Ghedu town, @2: glacial lakes in the
headwater of Kuri Chu, Bold dashed line in
Fig. 1.b: Best track of cyclone Aila (India
Meteorological Department, 2009).

the four elements of nature (Fire, Earth, Wind
and Water) that hit the country since as early as
April.” (Kuensel %, 20104F 2 H13HRR) » &4 514
20004E 2> B - BIHIC 7 — 7 Y 253 CTn A28,
KEOMMD S H D L2004 1A 1T HFF R 22 4T
bHolze TLTE, INLORLWERIZL T,
T =% U CIHEERKEEOIIR EBEMREE Y 12
0 OOHB, 2ITIE Mo~ T ViEELF
B, SN - IR L, BT OMIY - MR - M)
LB REIZEMT 27— 4% T, 200912584
L7 E 5 BARKEOME 2 #5350

2. HImBLEH

7 =% VILHEAER 4 77 km?* JUNOR0.9(5),
ANEOHTOBAND, 4 ¥ FEFEORENREN:
LB EEHETLEETH S (Fig. 1), FHEIXHRE
FRISOE 2 S MR OILEEOM, I
¥ g, I, EXILVOTEIIEE L YT
BEPRZ D EMEEZBBHELL TV LSS 7
F~4Fmoe~7 VI (High Himalaya),
H2romEEBiE 3 T~ A mfE ol (Lesser
Himalaya) & 7%, FHEKRIZERT > 7 —
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Table 1 Major Disaster in Bhutan in 2009

B4 e 2 558 Hbsk i
" NI L N
4 H12,19H B B |- a <k T— 5 U
4 A29H WA - EAR RO A b I IR 15 4 T3 VKA B ORIk O B K
o B L s
5 H19H i | T =& VR
MK, M, Ty et .
5 H23H 2 #1244 B TEED A7y - TATIZE AN
IN:SLE =20 N
6 H27H 5 Wy |- T—% VEER
Mw6. 1, i : 27.35N,
9 A21H Wk ERE -y OL4IE, - likm
S ID : us2009 Ivap
" NGO R
9 H28H i - A T =% VHEER
104 8 H fEE K WHRREL2 5
Mb5. 2, FEiE 1 27. 29N,
- KRR N . 91.36E, —3lkm
1073290 A B TR D us2009miad
YA DMED 4T
Mb5.5 EEJH : 27. 29N,
= W F R NN . 91.41E, -10km,
12H31H HhE prp 7=y W 0o qwa3

921 D HuFE D438

ERTEHRIE USGS (2009) 75, ZOMio#:EIRIIE Kuensel /&7 5H ELENGH L7

Fig. 2 Postal stamp in Bhutan. A dam site and
high-voltage line of Chukha hydropower
station are featured. 50 CH rates a half of
one Bhutanese Ngultrum which is equiva-
lent to an Indian Rupee.

TH1,500mm T, FAZXRYFIVED S DKIES
% U2 Ik I3 & SICHAE , Hilk

12 & 5 Tld4,000mm % W 2 5o KT ILAEE
4Fm EYEFICEON, EFEOBREICL ST
BEEN TS, FNOEETINIE TR~ S
YEBAFICLTBY, €2 TOKIZEEIZED
BHEEDO%E EHR\, 5L Y FANOE
DI ER OIMERNADL0% R EH L T b
(Fig. 2, Photo 1)

3. 2009FE(CHREL-FLBRKE

3.1 KiEhsDEREHK

20094F 4 H29H, 7 —% YEHALEVFF - T
27 (gewog. HARDHIZIT VEHBKRXS) 12H 5D
F =/ (Tshojo) il (Fig. 1»D) 7 & Floksk
DEF M AERE 72, MHORE R o/zFa v
KM 7 — % YR ROKIAT, £ESH15km,
HA20km?, NUREBIZ AR A A G IS b A
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W72 a8 HREDKIT Th %0 ZDA XY M
L LRSI INE TIZZ WO T, 20094F
4 H30HfHF @ Kuensel FOEH % b £ 12, £D
BR & e % B %8 > TP ICEHT 2,
< 29H T 3R, ~NTT o X (53 VKO E
Ui B TR 4 km) (SIS BHETTOA S v
THINH S OFEE 15D <
CFa VKR SRS T Fa— (Fa—
Chu. JIIOFEMK) OftA N GLHETIE 3%
EHB) LTWAHI ERAS
CME— O TEDD B Loy v HIXIZEST
L, R-Fa—hiiEn">0D > 7 7 (dzongkhag.
HADFAZ R WHBLO FEERIX ) ~, %
flio CHZBRITEM TRE LSS
YNNI DAY T Hh IR O ER
KIS & B K O REMEASS B & & 3%
5EN5
Bl 58970km TR OM 757 £80km F it
DT Y74 - EKY Y (Fig. 10O, @) 1319944F
101+ F ORI H B v 7Kl 2> 5 O
GLOF K % % # Bt L T \» % (Watanabe and
Rothacher, 1996)0 T TR0 E R D,
T H DY (dzong. BT EAEGRE R A7 U O
HUODHERE) DK TIGL L T %, HREOREERAS
HHIET, FIZTFH TR —EEERIR L &
D, ZhbRPEEE—RHITEEELAND W,

GLOF 75% & & LLEE S LT W B )V F F D okiif il
# (Fig. 3OBGMHMN) IR L7229 T~
M7z #E)R, TFAREADOR - F 2 —TIEIKD
FOIWZHEH ) ETOKRM LA D 72128 EF D,
NI, Wi EIR ), 572, 74 2 TOIKIIZ
B L 72 BRE) L 19944E LIFE TR T TH 56

T FH 5 LiF10km Ot s BT O 7 — %

Wi o B & 5077 me @iﬂéﬂ(ﬁ‘%bﬁ%é X’L
T 5o EBEOTIINIALE S v o 7o LD FR
Nz Enrd Lﬂiﬁﬁﬂﬁﬁﬁéﬂtk%
ZHMb. —J, Tshojo K TlE, KA A D i
MR L 25 K T100m (2 EFr 72 12IER L TH D

[ Glacer (ice, debris &

Tlhet Plae . nge S

_River O settlement
== national border

Table M‘ounllm
6 4km

Namshila 6595m N

Tshojo Glacier

J @
Gote, Chul fshojo ...

Lhedi:

‘/EI““ o

Fig. 3 Location of glacier, glacial lakes and
settlements in the headwater of Pho Chu
eastern branch. A dashed line box indicates
the glacial lake complex in Lunana.

Photo 1 High voltage electric line ranges
from Bhutanese mountain (near the
side of photograph) to Indian plain.
This is a typical scene of electricity
export from Bhutan. Photo was taken
in March, 20009.

Photo 2 An outlet of Tshojo Glacier. Dark
colored wall in left-back and center
are debris covered glacial ice. Two
persons stand at left. Photo was
taken on 19th September, 2009.
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(Photo 2), K - F 2 —HHEBIZITKED LA
ML T b0, BEHKOFHOREGTHD
e BHhOER L LEO BN UhR - T
V%, 2010)

3.2 EWMKE

(1) ECSREVZRAN &K

5 H23H IR IVERHCIHA LA 71
YT A T, 25T b %EE (968hPa) L
72735 severe cyclonic storm & L CI )V ¥ O
WZEREL 720 2D% D IZITHRESYE /> Tk L
L (Fig. 1b ® &%), 26HFHZIE A ) ¥R VL
T depression L N)VOREIEE 2D, ¥y X LF
H#CHk L 72 (India Meteorological Department,
2009), ZHUCEY) T—=F vt LrarD
W, K TBIAE R KO RKE % ik
L7z

COFA LY, INEO S R AHKL
(Photo 3), VT F12d sy v FBIMFI %Kk,
EIN 4T ORMBIIFTIZ BT, BHIEE FfRsEK
frxftde L7z T2, Elomdfxmins 27
VY- Fa— vt 74 B (Fig. 10®)
Tldm AT =2, 600m’/ #12#E L, Zid19944F
2 HLX % 38 5 72 GLOF ®2,500m’/ # % ik 2 %
B TH o7z, FENPTIZEBT 581748 MIZ B
VAR R EE, 1, 250m?/ FP (19944F % B

) THhbHILxEETHE, SHOFA 70
12k BHkIE, FICFO2/BEBRABETH -
YA N3N

6 H13Hf1F @ Kuensel #&I2 L UiX, T oA
70X BHEER, RIS AL TR E <,
FEHILI5N, &, I, BHERSE T b b
EFHILI40077 US FV4) T, 77— 5 v ToOMFE
WEOY A 70y KEE 57,

—Ji, MEO#Db 7210121, J8E L 72RA
JEO##IZ LY, 10H OBLAEIER & 22 2 KA D
O, W ORK, S, FEEATOE RS
Hotze Tz, EHOBmVHIETIIFEIORSE
&7 (Photo 4), El# 7oy~ r MZks
GLOF % 35K TR OFHiTEH ST, S & F |0
T RN AG T FE 2 B ISR,

(2) AERAE
A oay - TATEEGEER D AEHNSENI
L), ENOES LA THRHERERL R/ S0
TGN X BB ZENTERR S 72 (Photo 5).
T—y R ER TS AY YT - Fa—TlE, X
Wb tARPATMBEZEEEDL E LD
2, REaEL FEEEYEHVOLL, BFOFR
BEMEZRAABIZE ST (Fig. 10@), I
DAY 25 DTEERREKDO—DTH B REE
38 Alcbhrzo THgHE N, BEIN~OY &%

Photo 3 River bank sand from a flood of
cyclone Aila at Mangde Chu mid-
stream (EL. 1,890m). Flood mark had
remained at 1.6 m above the water
surface of the rainy season. Photo was
taken on 6th September, 2009.

Photo 4 Snow buried tents and horses under
unseasonable snowstorm at Jichu-
Dramo, central Bhutan (EL. 5,060 m).
Photo was taken on 8th October, 2009.
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RSB NIT L7,

DL HIHERAEIL T8 TR E U
D& SN TV D, FEIZE VO dLTE#20km
DY) - Fa—LROY 7 TA - FT2—IITE:
RIRG 2T HAED T m* %28 L (Fig. 106G,
Konagaya and Gyenden, 2003), 10 » Hf%IZ i(?%
WLTFROZ ) - F2—3EF (Fig. 10®) |
FBEHT/2 (Dunning et al., 2006),

3.3 ITEHDINDEH

7 H2TH KRB, BT « » 7 — %5 Fit60km
DF 27 (Chukha) SR T DT V- Fa—"T,
JINZHERITR TV DT EZRINTL 255
Eﬁfﬁd*?)o 72 (7 H28 AfF1) Kuensel #%) o % 51326
HOH TR £ 5K THMOE I 7R s
ntoﬂ%’ﬁé‘aﬁféﬁﬁiﬁwwﬁﬁ
DR A =T, B REE RE E THIN
T T I HPMEC, B L E 6 R AN '17261*'
KIZE D AES T ENTL T o720 FHIISGIL
F 2 HEEFO Y L (Fig. 1@, Fig. 2) 7*5F
LAY 2 km OHTT, SRR ORI & —
F X = VKRALNGE L 725 255 ORHRAER & §
Balk, FATHICH LIS DOHIKE T B
Wb, ZOFEMEZITT, WEE~DBEELTF
2 F RV TW 2T oI R~ OB & FAH
KAAEEMELT 7—% 0T ELTH
(solidarity walk) 257 1 ~ 7—"C 8 HIZfrb7z,

LR

Photo 5 Channel blocked and ponded water at
upper stream of Mo Chu (EL. 3,300m).
Ponded water volume is approximately
1x10'm’. Photo was taken on 14th
September, 2009.

TAIZERIC L 2 HAEREE R SN
B, BAKAY 2 BARZERICIZE > Tk v,

3.4 J—H EHHE

9 H21H T4 2 W535, 7 — % Y HEE Vv
iz e Lz~ 7 =F 22— F6. 1ONFEET
HIHE 3584 L7z (Table 2) MEIZ £ 25081312
N, TFSNIE3T N FEROTF A vy 7 T a v
H—TOWENHH 3 AL, Dantak (7—% > & A
YRR AERTEEREICOW TR - BHAE T L
FERATOTOY =7 M) ICXZERTERC, &
ACEoTHFE L7724 Y FATH o720 WEEZ
J72REIIH A THICB LD, AMIZE®ICD
WFIREOMER #2572 (Photo 6)

OB S = F 2 — F 5 AT RERN
10H29H L 12H3IHO 2 £ T\ % (Table 1),

Table 2 Profile and CMT parameter of the
east Bhutan earthquake (U.S. Geologi-
cal Survey, 2009)

08:53:06 (UTC),

Date-Time 21th September, 2009
Location N27.346°, E91.412°
Depth 22 km
Mw/M, 6.1 1.9x10*
Strike 101° 271°
Dip 83° 7°
Slip 91° 80°

Photo 6 Devastated basic health units (local
clinic office). A lot of unframed
maisons were collapsed. (Yeshi et al.,

2009)
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ENG ’JZO“C%O?Q%?Eﬁ’ﬂ%@iﬂ?E 2&oT
SOICHKL, Rk T HAEL EDIZLIZAST
Wm%%ﬁ%<ﬁbbto_®ﬂ&®E%iﬂﬁ
[X_EClid main central thrust (MCT. =ErpuufE E
Wifg) oIz fEST %5 (Fig. 10®). DGM @
Tobgey KIZ LT OARELI2A3IH OA&EI
MCTHER I CTFa—7 Ly 2 AL LTIV E
Lofz#BEoL v 7L — FORKT, —Ji10H
29H D 4:% (Fig. 10 @) \ZiLAAATEA v BT
L— PO CENENFEE L EEZ BN TWY
% (Tobgey IX, FAME (20104E4 7))o

3.5 HEmEE

FHEAFBIEZY A 70 Uy RHEICL 20001
(2, HEZ B ENA I THRBUCEAE L Tn
%o FEIZERRIT - OFHH H I B L 7o Sl & 2
HWHHNTRI TH 5,

T—y  DROEAT LT T A TS — %
FERBERIT WIS, ZROREND L. FFIC
20084F-12 i5ﬁU£WLﬁ IZHbET I DK
PR E 7228, OB TO LR O i & 4
MBS OWa% - BiE2SH 2>, Photo 7, 81%%
TR L EBAIEO—BITH 55 (Fig. 10
), BEEIETEIAE) U)- T THEIERFERE

Photo 7 Before situation of slope failure at near
Tshozam (Fig. 1@). Road shoulders
were already depressed due to erosion
of valley of Wang Chu (left) and over
loading. All of the vehicles were
loath to drive at the left side lane.
Photo was taken on lst January, 2010.

NTWw5 GERR NK. Giri FGRAME (20104E 4 A) )
72, ZOXMEHRBOT Y ) 5D b
Fv 7 bELID, BHESNOBFLINED K&
EAHN5D,

=i, A Y FEEOHH Ty ) v (7=%

ZOHH) ET 4 v T Rk ERIE
VENTERDZ WD, TOHMOF 25 -7 7y
(Fig. 1 ®@) [ TIF20094E O —4E R T871E D i
MY I6ADITELE LT3 (201048 1 A3LHAFLT
Kuensel #%) o ZHLIZT 1 ~ 7 — O Hifhi# % ik <
£, L EDEREEID R VT =5 TIRERL
T THD BEOWGIZL L &,
LoTHyRsNrHELERK Iy T 42 a >

(Bl 212 Photo 9) AL I A% EZF 5 TW5
CEDEREENTVS,

Photo 8 After a month and half of Photo 7.
Photo was taken on 14th February,
2010. Left side lane had been
absolutely ruined.

¥

Photo 9 Poor road conditions of a national
road from Thimphu to Phuntsholing.
Photo taken by 28th March, 2010 at
Pasakha.



240

ANFR N - A - v =) 2 D 20094E D T — 8 v D HIRIKE

F/z, MT R LLFELTBY, 200048 AN
T8 VRSN ETIE, Ty r ) YRR
XY I )RIECEEDOBRENIA L2, FD
WPEHE SR WIBOFTIIA L, Fo—H kg
icdh s (gHIZ2, 2001),.

3.6 ZTOMOBERKE

INFETHRARZZHEEDINC, kFE, B, B
LA 2 BRI EIFE L 2D Y 2 B L 72,
ML ELX L 25T L) 2@k, 40128,
18H, 5H19H, 6H27H, 9H28H IZHFIZ 7T — %
YHEBICBWTEE L, ROBEIRITS DM
ERFIRNTE, BATEEEDOR G T — 7 SHE
T5L, A HES5HOFEEIZOWTIZIL2 S DIE
7 2R DWAVARN & B KA DERIBE - TF
A L7 EEZ 5N (HFBHAIREVE) . 20 k)
LRERIET =8 YOO H NS R YT
V7 = A% (Nor'wester) &FEiEiL, JE& %= HI$
WELHRE SN TS QLR - #k, 2005),

%39 H28H DL, 9 H21H OHIEDOHE
Ao 7o TR E RN, HIEOEITE WG
Lbaplbbrl kol

4. FEFRVICE->-FE

4.1 K, KAEKE

KM OPIEE TR L Tz Hm e LTE, H
BV EDIUK & 2K & F5 72 2T 3 VKA
LOREHRKIEITEINCHo 7 SO L)
BT ORI A & O Fk 7 Kk & L TIZ19914F
7THOH A=) »1) 7E> + (Ripmo Shar) 7K
M COEA KA D %A (Yamada and Sharma,
1993 ; RIS - FBE, 1995), MBIZFE L Wil Agiflid
Vv, TNV A NOEIEH20km @ F L (Nare)
Jk i TL9774F 12 # & 72 GLOF (Yamada and
Sharma, 1993) b IKEKMDIRIEN HFE 2 D &
Fa KR TEY v KM ERL L) RHRT
HoltEZBNA, WTNIZEL, ZOLIH%
EIBBERDKIIC X 2 S oK o fa et & ko
EF V¥ VIZOWTIE, B 2REPLETH
590

=75, IKINEIEERIK IS O WL, BEAE O IKIH]

MAME (Mool et al., 2001) Tlx, 7—% » 1224
OfERZRIKM s S 5 EME SN T D, L
L, Kl 4 i 2R Bl 5 o TS %
&, fale STz fak & kT & %
W, F o TEREHITE NS, Lvio
TeHBAL C B o, FHIOR B 7 FHRE 252
BLEZOND, F72, LaokiilEROFA
&, TS VEEERND ) - Fa—DF Ny
MU OIS G E o T D, L2, &2
L2201 2P S B TR L 72K 2 L
T3 (Fig. 1 ™. Komori, 2008), GLOF A%
AL ERET 255 ET 28,0
(Komori et al., 2005), [F4ko @b Gl A& A
Nb, TNHOERDS HHE, GLOF ORI
T AT KRS & o 22 RBE OO T
VEWOHGR L LAV ETHH I HBENT
13, A OKSCEUN & REERSERE S X B R
VAT LOREENRT Y 7 T 2 — AR
DOHENTW 5,

4.2 FRXENOHIE

(1) [KREEZREAV 7 PREOEEM

20004E 5 Hic7—% vt w#oz9 (0
YT ATICE BENIL, ZHOETMNB W
TREMLBEKRZTI SR L, v+ ¥ 7 1 K
Wi (Fig. 1 0®) T, WEITHEOBHME DS
Tl L 722004E R ok i & % 3 A 12 B B b o
ol SO LI, INF TORIEM T —
yH5 WD ORI KR 2 RAD S FE g
VEDRHDLI L RERL TV S,

PAR, BRI O SR BT E 7OV OREEEAS
AALN TR, BlEE TR E ORI
BHR, £ LEERIIH ST, FHIREORE
REIIx LC, Bkl z 3k e 32— R
THIELEI ETHDIEBOTERAH S, F
Tz, 7= O LI AN ELL T B g T
VTHLZ: 2 IS & B AR, TSR E
B GO SIS 2 R RN TF L S EAEEL VO
PHIRTH B, L72d3> T, GLOF b &7zl
SKEIZOoWTIE, TR E GOV
7 METOREIEY 2 OBFEN L EZ 5N b,
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(2) BRLANILTOERMEHDOEE

BAE, EINICIZE T — & 8 15 H @il A 4
E20#b 50, A 4 HH OB 2728555 %60 TL5
BT VTN REHFE AN F—RANEE LT
WS, WENLHIMIIEREEHWE L2EHRO
EHICEE->TBY, MATOERBIIGLTT—
ZIIRE T 5 b oo, ARIECEITH T 5 R
DEFENIHH > TV,
SHINLORE - KB T — s 37— 5 ~
OSEETIFNA M ST 2oz, B
SEBERERY (Table 3) A%EHE L, WEOKE LK
KM DS EAT) £ L DIC, FHIER W LK
e DREMNERED 2 54 571) 7T ORE, &5
W EE RSO RS ERT &2 Fo - & o
JHE L0 o 72 EFR LNV TOERAR R oRESE ) A
BrEZOND,

(3) BEF, TRLANIVOEE

7 B2TH oo, SEERCHT 2 A
BIRL ANV TOREER, Fffr, 3 & EREM oA
WHObIZh o7z 7 — 4% ¥ TIE20024E LTI
T ORI FE L BEI0~30AN T (8 HIOH £ 17
Kuensel #%), A2 5H#E 2 %L o539k
FAZKE WV, HRIEO IR #HA 6 9 5 Zm <,
RENGRO ) 2 O HE» 5 O RADOH
B, @EHREITEEL TWihnwT =5 V%
BV TIEMAEINLIHMEEIRE N, Lo
T, By ZE L AF 2 —ilfg%E 2372 M
,OWEBKEFTL - - LT - 2322
TAWHEBET S E &L, FRBEBEFTEZ Y
F a7 2L EEIZRET 572 L, #lEbi 9o
K LETPEEEZ NS, T2, HBEREPE

IS D 7= % 2 ClE, THEE LR EAND
B S O i As, HuIgiBh ST LI AR T
BWIEA D TH Vo RN HAIZDWTIL,
DDMAHLE o2 T I =257 4 N— 2D
frigR, B BEEO D 2 1o STt
WBHDS, KEIZOWTEH TRV E J#E
DN S DFHFEIFISSICLETHA ),

4.3 HMBRE

T—% T, FHEROMERE, EET
OHEMIEILEN TV L, T2, MEORARE
OFLFRME AR E 2 L H L, Wt oEHR (7-&
RAXT AV A HERAR, A > FHEERART) %
VT ORA0FERBIE LM EILT L IHTER
Vo L72Ao T, WEICOWTHH A 7 1 vk
2w, EZTRAELTVLOD % BEOERY
SELICHLPICT 2 LERH L. F72, MR
ZEMIS 2 2 8T, UM% G -G RE) o
BRS8N 2DH %05 (Velasco et al.,
2007; Torre et al.,, 2007), = ® X 9 &1L
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