HE#RE (HBEHEN :AE)

L ABIEHIBERR
R38R0 Z 7,
(B ¥ EF3H3E)

B 5 4%, B

B A R
e 8 H

B RERERTREMES
A
RALBE

Pl B S
A B

P97 H£9R183EI8HFE3AI0A
98 46 308



&~ B8
AN ATRANS
— AR AEM LR
=~ Richmond Field Station
= ~ Hayward Fault
w9~ AR E R InSAR 2 JE A
F o~ ABEMEE T (AGU) 2008 £ EFa
L~ AEf f4E 98 A
2~ 2B MERR R &%
3~ HuR R ERE 2 8 A
4~ Sk BOR T 2 B
5 ~ LiDAR 2z J& A
6 ~ % B b5 ep 3545 14T 151
7~ A B dp e H ARG E
1 ~ Santa Barbara 3 2 fiobk K KGE R
2~ By LRSI R &
3 AMAKEE LG FHIFAL A4
4~ Big Sur % e 4

©~ ABEREFEER (US Geological Survey ) 4%

6

31

33

37

40

49

50

33

61

66

69



I ~ CVO-USGS 23
2y AR LB RSB
B~ i

B 5 UK

70

75

83

86



&~ B

BRI AFEEE SHBEREEESANE W IRHA 88 F£4&
Makag 921 KR > REFRE L F MM AR @R LER 0 #AR 90
FHREBRGEEEBE IR EEF A RYMEE A SHARSE
GMAENTRBER RALEIG RN BAFTEFZMEL LAY
MR W ey oA B BRI R L o & N B K
B RS e IR o B obib B b BT R FLAY T 04 AR
BT E AR HE MR R T S AL - MR
MR ERAIFRTYHemE LIRS HF Y - HBAAL
M B4 LB R AR5 BT S A B RS RL 6 s H AL
BER MG RO ATLXERLREA-BRSEN  HETRE G
EZFHRA > EERILEIA M &) PRS-

WG LR ERE B EAARSATHEREELR
ARG 8 RE 80 FA0Pp pe 4R Fose B A 5 R 84T £ B R
PR RGP B LA BHRE 9 FRIELBRE A 2B RBRGE
HERATERZMREH REERH T SR AAEE L5 HEH%
MEE L MESRBE TS EH 1503 Lo mBE AR Bt
PATHE A RN RS E RO T E 8 B o THE L

Wy R e e ARATH L2 S MR E LB FHET RN



FREEF EGRABMAFE L2 E - B o4 M & 2008 7 454
EGRBYERET S AN IR B R LS RN E P
BoRS ~ Mo B RS E AR R B E R MRS R G ER R T
F 0N E 4 B SN E AR LR R BRI AR R RS R JE A AR E R LAY
% #.tiE (airborne LIDAR ~ 7R By airborne laser swath mapping ) Hi#§
HoLUBRBETTYEIBRENELAEIE L A LAHM (b
LML S FHTRARTRASRRFERRETFTHRKERE)
Boosmi s TERIMRLERETZ B -

BT Bt 1503 4% 8 BRI ARE S 0 B AT AR AR
HAWEEIEH 13 R 20 MR M ETHS E6 AT 0 &
ISRAT AR B AR E  CCD M ~ 48 Riks 5 ~ wuidkib s
BEALTEAMTE S R #REBLAFRNRANB MG LEBRF
o BN LR FE R EEET TR B —BE RN
AP LR BLEERGT R —BME  2EROERT AL LT
G AR A RIEEM AR 6T LB RERERAHA P
RAEB T EPERE RS LEALERIRITRESERASE
B SEBAR S F XA A B LB RS RS 2 R &y
B AR -

GHMABEES BRI AN BB RRE Mo E



Tmal R ENIAAANN SN LT Bkl b b Btk
R IR W s BB AN RS THMAIER M
$EMEEREIMS > TRMHBA LS HEEE I 4t

LG AT ML My B AR R ey A A U -



AN ATRENE
=~ R B Ao KSR SR

3B Ao R EA|ILH 1868 F 0 HRAERKRGLEM LA LA
g AN ESLRMEBIRTHOLE L RivFRBREERE (w
MAEE) FRE—FAT Bt B REREAHAEH - 45 K
MAERER P LR LS ERGHXEHEEE PN S - #
2005 # » 32 @ &y The Times Higher World University Rankings 344 #,
oo KGR R ook ag K& » % 2007 S EAH AL AR E —
W EM o MARWMNARGBERH  AREREELE B BB LE4H
BEZHTTERAF S REET L LM NT ST BB GARE
MELEBER BATAF Ol B ARBAE 23w EANRERSE
MERE A PEERRAN T HARREERY 8L KM AP
BATEMPRZAGASIE A IETE L oM %A £+
PRIZBAMM BWAETHEAREMNBEMEAL LT
B I IR M ERAL R S MBS R A R SR 8 L So
ITEMEFE MK M REMIRRITEMNLHZAE LREPT P A0S
G ) B B ORA I R AR R B b 2t AR A AT b A A 2R
o BNBARKRTREAMBMESHEROS L L AR

A F 08 E AT A 1R R 0 B TR L AR AR



TR R EM - Fob o LM RL T L3k LA — B Rl 650
A8 & B ¥ 5 % (Lawrence Berkeley National Laboratory) + & %
¥ Ry heik a0 A L X BHAT SR A AR RAR R ) KR B
RHE ESCENTSAT AL ML ANLAE RV RELNL
AP AR R KB DA S TR BRSO 235 UK
W RWGR-TRAMAFH PAEZETHRELENR - FHES
AMIEBRER EEBRALTEIH S P ARRMETHR LXK
BT E B AL RPN EAEAEE A RRA2E L EH 4T
PR RBE BIMER —FE R R e KRG B E AR e sk iR
F L (Sather Tower » 4wk 1-2) BES S 307 HR > R RILE
¥ EH s A BAENMEETRSEEM RS B ERE ST
BLE 360 A& R

PR EE AR TR LI RITEH S A P William E.
Dietrich 288 (R 1-1) PrAAR YA AL o Dietrich #04% T 4 2% d5 A &

MU G 0 B 1981 A S K AR KA g 3R BAT B A A4
S LM T HHRARXER "B E TN
B R TRERSGWERE ) F o H AW R R R AR AR JE
W E o P 4R Bk o Dietrich 34857 % K & £ B2 4 40501 o 1

BB AR 9B 00 R AT R G0 BEE » S4B ITHUR B & SEAS A



PN ST Y 5L ~ Tt 0 B AR R I A AR Ly R A L shA A
R R B ER B RIE Y B g b OB % R B A4
SR B R LR E N R ERREIFEAGAR LA AT
ARRABREY ERAURSTAWELT ) B FRSB R MEM

RRAEE B MR EA I S R o SUB A A O &) Al AR ML S

BB ELE G B4 - gL 4 Dietrich #38e s K W IR A A &
AR ENAS (GIS) MEBARMTE  #lodF2iid

(airborne laser swath mapping + 77 #% airborne LIDAR ) 4% #7 & i #> Bp

B A8 SR eI G AL BB 5 b T A By i bR ol 00 BN R G LR B

#Wz Al e Dietrich 345 ¥ # £Q LB E S M » FEHEASL
BB M-S mpmt (2003) L0 A S L& (2003) BE

CHE KA NI HBEIR o

B 1-1 ~ William E. Dietrich 244% L3325



gif a f""zﬁ m;
B “ f'f'
k“f r»,z\ﬂrv \M‘Q JW e

e i
v ‘N( '»c ::c;:‘ﬁ'

PR o}
*\ .»\‘.;#_,(\“\.cﬁfp
M. (rf e

\‘d ‘v it

.

«i,\q.*w i M»Arc.:v 2y

s

s Richmond Field Station
A BB A R K O KRR o T8 P AT A2 4
SF % PR B SRR TR R A R B B R ey % & (seminar) b0 R
#9127 Dietrich #3847 P oY L5 H ¥ IRy R eI NE 4
M &4 Richmond Field Station » 3538857 B 748 55 3 v K 0942
B @ AR R R 0 A B8 & AT TR AL E -
$h T AR A H — 3 B AT A A 2 Rk KR

A 54 T K#F, (big wheel » 8 2-1) BHEBE 4 NR

BRI E B 4 AFM LS R (debris flow) = F84 750
(granular flow) 948 B 8k « A R £ 6 A4S AN a4 ~ 1R

Ao B AU RN EESER A LSRRGSR PR R RS

9



e n.Jc\‘\5

W%W%

B 2-1 > R4 DR e E 2 WBkARHE (big wheel)

FREATIEERIER » WA AL E 4 AR BTk e R E

TR AN M AR A B AR B RA R S

AT R BAS ey £ (silt) SidsE (clay) #yfas

NN EARKFHEIENEREITFATARTANER Bt
BARRERR T2 R R R AT B A B s R R TR g 45 )

OB S IR %

B 4 A KA S s e B R B LS A G R OB GBS

AR R E VARE TR RIFEGEER T A YRR

WAHBA P RE R R L5 R ERN BB MAS 4



B A B L HGEE R R Bl 2GR T P e
EATFRORMAERNER > ThAEALE V UBROEER
B - gg# big wheel & B A 693% 3t » Bub & H i d e Thif £ oR
FAFG) T T AR LG EBH R AR AR B B o8 2-2° 5
bigwheel F 1A —aFTat4b B & > THEFN (BH20:2) HEL
7o e 1 A S AL PR BE I G AL M KA R R A M 225 T vty
B F B (loadceell) AHBHERMELFT - HBHAFHE
B bk Ak B 7 2T U P R R B R B AR AR A AR R R SRR By
BBy 3 NR/EY BT E A 2000 B8 25 A0 o AR EK
A RH# R B o8t £ B ed s Eia st K |mdbk kA

AR AR RS WA BRI E R s R RS R -

B 2-2 ~ B AR A P AT G R

1



AT RGGRET  EHFFUAFRLERREEBNMT A EN
(US Geological Survey)dy#.-E4 M % 8 » Hestd — 2454 T s

3 (clever cobble) #9RM E S » 4o B 2-3 s RABE RN B F ik

e
ot
b

i
S
Q:.; R

Bl 2-3 -~ F4BR % 88 (clever cobble) & 5
B3t R AER 1044 E ) ol B - BARIEE % 2000Hz - R JE
BohrRERBEERS MR EHOELY  NBATEARY
20 NF/F g Fe R ARG AR 0 B b B big wheel P
WATRRE > TRAMRELD ST BB L5 EHKE
Hth E R BN R SR R E AR E S ik EW
BF R 49T 45 B AR G 0 AR JE 43 0% R 4B ST 49 £ celver cobble
GUAL A b P Z AR XML B P ) £ B2 26 A
M EEER TP RBERENE 4 F ) (cobble poorysh £ 5

¥ 1 clever cobble @B LA LAV E ik EWR] S BETR

12



FF N e ey — B E A ik B BB K R § A BT
Ay R2Z AL 4 E % (cobblerich)éy 2.5 /R ¥ » clever cobble R
THBRA LG R (snout) RAELH P » i EHA S HTH
Lo AT E P2 HEMBENE FBEMAREY - L FHTR
GE- XX R L L e I o AN R
o B MG T LGP 2 g SRRRAA B I 0 B 4 AL T R

s e o O i !]:J]" Bk wdg by 548 o

= » Hayward Fault

Fe 5 H G MIKAFA MRS T W 5 AR AR
Hieh LEZEMOETRSAOEMATRE  FlRTHETLE
BHER AELPLBEERTREMEY ) S5 TRERY
Byl ToBERHEELETREEN AXENRBAEALE
20 W A A T 2 RAME 5 B 1906 £ 04 B 18 B ¥ KA 8.1
#321989 410 B 17 8 69 ¥ KARE 7.1 g9 K30 E > B 1906 Fa4 3k
EEAOBARLESE  ARIE2 4 40 BT P 5 TRMIEY
KK E SR FBESLBR sz B AT ARERTAR
30 ¥ AR T o B AMRIE A B R o) # AR T H A AR T Ao 4R K
e 30 P95 R HLA 6.7 G4 13K e 4 A28 99% 0 Mk sk 30 BN

BAERM TS B ENH R R AR 46% B AR T AMRE

13



G R M RCE R TR & E Rtk -

:
‘<§
:

3
i
i‘;
-

e R

R L AR TS

v

B 3-1 - %% B B ( Hayward fault » 3% & USGS @ ® http/

WWW.USEZS.gov/ )

— MR F AR A S R AW A A8 S R e R ML B A
Jo— 5 JE B A 6 R BT (Hayward Fault) » 2o B 3-1 c /@ &

AE B A BB IR MT R AR — MR R AR SR BLINE T AR R A AR

14



6.8 F 7THHKRE - R SR B 1999 £ 921 AT ah s e 0 57
EHEGEEFHRT TG  MFERE AR oM — L2 B E R

REMAWEY RORFHTH REFAMES -

W~ MR L EMF R InSAR Z B A

GG BAR T » 24550 T 45 %65 Dietrich #4% 77 M 3% 89
A % (geomorphology ) ¥f42 » $R2 P H BRI G B 1742
g golehiBa g b o B LA e KRB R £ (graduate student)
AR E ARG ES - FRRETF 3 RBRA £ TE K
B LA RA-PEAT R AR TRA B R T 0 & EARAT
WK B R AR T e g B 0 B 4 R 4e AP B e E Dietrich #
BEAREGHEEE  REHRTRD - AP A L) 2HEH M
#3400 (Berkeley hill landslide ) 894824 » 4 %, 0L 2 T30 %
LR AR LI B REEA - RIAE L WAL A BT IEB
B 4L 6 4 P9 A% (Golden gate bridge ) » B b3 & & F 695 45 9k
WEIE BB AEH R £ A Aepkey - A A L landslide ¥ & 4
B2 K#E o —AE AR RS (shallow landslide ) » #hAE 420 & 28438
WEDGBREN  AXBBLLTEHERT Rt baRERY
B R FRRI L 6 B I B IR H 3R 7 — FERORR 495 By (deep

landslide ) + i@ ¥ HEif B & A 4N (slow moving landslide ) » "2 7 %/

15



A WG N 0 RAFR Y T IR G AT R RN i i H R ik B Y
Ao WAL ARG RS A E S E Y MR L e M

BB ko 4-1

e

i R
A i i
bl

e
a»ﬁ‘?\«mm iw“:‘m

A
.

pa
=

e

5

=

AT A FL L B ML 0 £ R B VT e b R R @
W P A M EA SRS AR RAM S B LA ERE S
M AT IR S M E R SR TS A LR LR kA
P AT T 640k S35 E ~ L - T HAR RS
¥ BHMFRRTHLALEWFEEE » B 42 @i RRN

o OREHER THREEELBFOBRE

16



Mo oh o VT AR A L B e K A A R AT R T A HA 0 &
Hohh ST AL B b By 0 AR N A0 By AT B - 487 BT 1R BB A R AT
WA SRR RB TR L YN ESRGGRE N HEEALETHE
( Synthetic Aperture Radar, SAR) F ﬁ,’? &8 (Interferometry ) i 4%
INSAR » 4y 2 8% A8 F 3 w484 F 30 o BOh R 2 4 a4 4L
Fi BRI T 50 E TR AR R GLF) R R R AT
BBA  EIRHBFE — B BAE 0 B B AR R RS B 6 AT
o AEEPGELELERME  BRTHEK THRRF L TH
BBLEREARRGAEX AT DA ARREHE - TR
TN BB RGAEG TR A e TG EHBRE
R (= B A i Lo o Lol (A

FHTEREEEALH 204 00 ERAM AL RRHEE B
HOARIR R R AR 0 AL A SAR MR ERE R & o # R T &N
X F o4 & 78 Pt (Repeat Pass)éy 7 X B+ H R F) 05 BB BRE — H &
W SAR #4%  &F B MG - BT P ORE QS R ELY
AR AR B A AL T AR RS T 0 d A ke - B AR £ A 48
TR MR R R T BAR P e TR A 2 e R AR ALY B R
BN A MRS BT HRE T AHT IR E DR

(Topographic Effects)fo kb #5 $h 57 4 it » B ok By THRR T B ¢ P38



W EBOE W TSR UEE LN Lo FHEME ) AL
INSAR @ # B R TRE A0 BUT > Rk ERodHATEENR
B—wi SR L BT AR R B AL G R EM T ek
WALAR T fe MR R ES RN -

747 B E R a0 &5 R R T 0 A8 SR L L M AR AR R TR R 4 R
Syl EGIE (ML REELRABARE A1 AEIRE4I A )
THERERNEE LSS lnm RHHHNELR
FiBEGMARBEAMETE  §HA LT ILMAR (pore-water
presssure ) LA H B A EAS O EETEHOARGRARK BE
AAF R s F i sL NI B AR R R T R S R TR A B
B o 248 57 KL 6 38 9T P 0 InSAR FE ¥ A sh a4 T ik
PREMASAHE R A & BB W34 % 8 b9 il & do & F Mo P41
M@~ A SRR LR HER RN LEE RT
ARG EBAE G R (MAMS - P&~ GPS.. &) 4 ¥

AR InSAR 6916 Al T A& — BAEA SR R IR 4 Fidy



LANDSLIDES OF THE BERKELEY HILLS

1010 0o ETT 4001}
I we—

]
.i‘\;\:\n.wm My sl Fonl
FYE

HAYWAHIJ FALIL‘I'

AGTIVE SLIDE

POTENTIALLY ACTIVE
!SLIDE

t) an it qunoralizod i nadure and ai Doizdar UJB
are approxivate. Subjast Dy vision
Y B anaompanying L nl v alropp.cem

P R T T g e PR oy
BLAN HEOPP & ABRS0CIATES, TN, e { \*}%ﬁgw@\v-gd
) ki Q\\“ 4'\ﬂ
. . % %
PR R P T AN !, :Ti(}\\:}\ﬂ?(\ﬁ,
i
240 Sholfuck Avoiire, Gorkelay, CA w704 %\ %“t\?%{ﬁ%{%ﬁfs
(h 10} 0a1 5006 ?« e

B 4-2 ~ da 3L R EOE) (A Alan Kropp & Associates, Inc.
#8 hup://www.akropp.com/ )

19



B~ ABRBHRYEES (AGU) 2008 FHE 5 &

¥ Bl hEk 4 % 4 (American Geophysical Union, AGU) & —18
MAF 1919 S oy B A M muk > RNLEAREAEHE  HAEK
AR A SR G H L AABRE 2N BIMBE RS Bk
BOEIEE R+ Hib 5 QMM E B A MR WIE R A A Mot
Ho O RKRABHEFE - Bl B KX P B R EHEF 4 KAR
B ABMHMELGHRTHSEURBLAB YT B FHAMN
$hko a4 £ Journal of Geophysical Research (JGR) = 2 #h » 4 fi 5 45
E (12AH) e LARELLEMES (AGU Fall Meeting ) »
AGU #F 4 & X 8 a7 2 FABLR A e) B IEHt 4 0 0 AGU 2008
FEE T AN RA DL S LR ABDHE 16,000 A -
BT Ak B4 65 44k (2007 44 14,000 A R 8 2 A hey B0 R
H£F—% foaFE AR F A RARG AL LEER AT RGBS
WA IR H B e E & o B R AR R 048 W
&, 3 o K 6 Dietrich 34 3% 5 % A1 £ 37 Bp 20T F 3040 500 & 3548
E L&A E4E 2008 FAREFGLBERBANEE -

AGU 2008 #F 4 ¢ LB a MM EEE » L AAHT
( Atmospheric Sciences) » AR A K% E-F (Atmospheric and Space

Electricity )~ 4 4 #n3E #14 ( Biogeosciences ) » /4 [B #F 4 ( Cryosphere )~

20



bR K FE 4 F 3 (Earth and Space Science Informatics ) ~ 8% &
A48 % #% (Education and Human Resources ) » M]3t ( Geodesy ) ~ kb
w5 % & & sk % ( Geomagnetism and Paleomagnetism )~ £ HIE 5 8
{ Global Environmental Change ) ~ k3% (Hydrology ) ~ k4 R % G
4 19 & ( Mineral and Rock Physu,s) I Rb, F a4 3R & (Near Surface
Geophysics ) ~ Jf R4t B 432 & (Nonlinear Geophysics ) ~ 7% 4 %
(Ocean Sciences )~ 47 2 $+ % ( Planetary Sciences )~ 2 & 375 4 ( Public
Affairs )~ 43 8 ( Seismology )~ K Z 405 B A8 5 B H,7h 4032 & (Space
Physics and Aeronomy )~ X543 & (SPA-Solar Physics Division -
AAS) ~ w5 B 12 % ( SPA-Magnetospheric Physics ) » IR A dhxf #f &
( Study of Earth's Deep Interior ) « M35 44164 38 & ( Tectonophysics )
Koy ~ BB B #H 6 & (Volcanology, Geochemistry and Petrology ) % 24
BEM - £ 1 EE 0 Ly o AR & B bR — R
S THSERAPGGHRFHET ERARRS - B 2MEx
BN BB B R THRE BRI R SRITEURRF AT
R B AR RE M KB R A o 45 R E (el 518 52
B 53)-
A6 R EH BT R Ao RO § 3% MIAITEME A

#) William E. Dietrich 24% & X €@ 35 47 LR WA AW 5

2]



A ANl a e (Geomorphology ¢ the Shock of the Familiar) » %
B R M Bl EORE] ROE Rl Ha et sttt e i S R e R ER T A
A RER T EB R ERAH|EB XA AN SR ER R R
HOK R R ey i ek AR @A Kt B
#) & & % o Dietrich SIEAB B EBHHR > RI| LT 2 64583 2]
HHA > A A RN IRA
B EANARER AR AEREE TR E MAERGHE
A RRT  AE R EARFF  ARFI A2~ R K F - LR
FAAMAE 0 2R B AKX (Hydrology) BB FHe ¥« LA
KRB a4 T LT E ey o sE (oral presentation) B g4R
( poster presentation ) & 5= © 5 4 £ K3 & (Hydrology ) F3#42 ¢
& % B ML 998 B 60 % RBFA B Richard M. Iverson #-£ & £ 48 B
ek A R g — BA K HARA T M L5 R A M4, (Landslides,
Debris Flows, and Avalanches ) » H 6,4 32 & 0 85384 » 36 & G4 8

Ao RN S SIS as s AR A E etk o

22



i s
pan
s . il A g
v : i R e : ot
}ﬁ‘f.‘u fa “ﬁ\? W o :

S § AU
i At ; S
e
e

AL
A

A

“(‘h

o
LA A
e b
B

szﬁ»g“\n\h%}@h % f;ﬁ/
s

i T
ity
W)L

1y e

!
Bty v
e

by
e
i

i
i

2 i !
S A : 1
‘?Mﬁ& .‘mﬁ%. s ool o A 4»{3?:.5?\;}}:’:":}*

| B 5-2 « ARk id &4 (AGU) 2008 B E 44D A

23



el

B 5-3 ~ AR I q (AGU) 2008 $F F @I58 E )

1~ 23 A@e 8
ERpRAMMBRPHERT ~EBRE R SCEM4 A E

WA AEN DRGSR 2P B 242 HEN
GO BE » LIERIE  MEHREELS - KRARWT - KERALE R &K
Fo R BRI AR AEEERAFRASERH 2L P AT
AHEAXTENRB 2 — 5 Wi ARG B RGEEOIE (1)
B ST ol AL IR A A B T HE 0 A BT AR
(greenhouse gas ) » fE ¥k 6938 & L7t - A R D &8 RS8R 5
FRAMHABE—~TER > FHBELETAM 0.6C > 5HME

WP ERB L - (2) MEELAL F MM G AHLUR

24



THA — B AR EI AR KRB B A8 £ F IR TR E
A e BTG A AN D Y Eh SRR LS SHREE
RGN po 2 AGH 0 &M ey TR MR SE 0T MR AR 0 1 3R ALY 3R Y
AE o (3) BRI R B m B KB 2T R R RS
Faat o 3 100 BR2KFR B RGP B S MY > HENMH
T FRF SRR EMR AR 45 K B AR E 1L
Lo (4) Ak FAR F A3 Ao o SRR R R B b ) AR KUK
IR B 3 A ) M B AR BB A R A oL
FTA% o AR W AN A 0 2008 K E 2009 Sy 0 AR R B N
WALV HA RS — Ry RAE - A B (RAEN) Ea4)
RFWMAERE  MEBERAWE > o bfm  SREACUE - B
E AW R ARG R B AN BEE 8 2] 10 4%
T B A T AR B 4 TR AR R BT M S8 0 B ok 3B AL 9
CHERTAAB2YE 6 FARMER NG @ LI KR
MBS BEALRARE LAY - FHWAAL Landslides,
Debris Flows, and Avalanches #F %37 ¥ & — % % X 3] Ao F & 09 0x
& A 8 & T Initlation of Recent Debris Flows on Mount Rainier,
Washington: A Climate Warming Signal? > #£# % Copeland, EA % A

E BRI R 2006 F 11 ey —i5 8@ M AREAP £ F BN AR

25



Ey | M 4y Cascade LAk % AR L 600 0 & 3 B8 M 4 Rainier L&
A6 PFNTTASTmMm 9 EARE EAR THET F#LMEAR
2EP RE - B d WL BAFER DA B TR AT TR G
EHRAFEIHBE S RTHR (freezing level) & i B4 8 Ak
FTRRE IR S 0 Bk E K AR 0 K B e b JE T R B AR KL T B
Rainier WE&EH A L am B E -

BRALARAMEEFH EM L2 TRY T F  dA S EE
B L~ ARy R RPERSR AR BB e BRRED L - HIBR
EBR K EN e BEARMARTOIR R L (GPsk) B - Bk
AR HAREIF S AR B R RSE LS E R
BMEAHAHERADH LT RLIGERLRAERE ELAMZR
5 b IRE Ao iR is B RSB B AR LAE KR S KU H
Hos Ak 88 AR B K b s @ 28~ R AR
MIRELEEM 2 ARAE > Sk AR2EHRAR  BLEEHE
BRSBTS 0 AR L MR A M2 SR

2~ 2B NBA A%
% 4 Landslides, Debris Flows, and Avalanches 57 % 34 28 o 7% 3%

— B Wy AT O BEAR 4 4R B A Development of fixed and mobile

debris flow monitoring system in Taiwan | 2 B H4THTER G L

26



A% B 6 25 FUBR 05 A8 M R 4L A HEAT IR N G0 IR 3 AR R AR
BB 2002 Ao B4 HEAT X G R BB LA RAn A A D IRE L
RS ER AR LB ARG AE MM A TRARGLERF
PEAEIR B PR KRB GO R PR B M R B EARR AT D K L
Enﬁﬂ%&%ﬂ'ﬁﬁ@%%ﬁ%lﬁfﬁﬁﬁiﬂﬁﬁﬁﬁﬁﬁ
FERFA M B AS b 6 A A B SRS o) M RE AT B £ B IR RME
B o AR 44 S0 R FT R DR TR AR B o SE A R I B A B R S 8k
iam%ﬁmiwﬁha ek 13 EEE KR 2 mrn X LR
Yo BWERESTOARMARE BRERBEGTOSARLLRS

&) BHEM ARG ERRERT 2SO AS > wE 5-4-

1] 5-4 ~ 63 S RAREARLAR B L G R B

27



EALLEDRBMANHEENARLEA LI+ 50BN
Al R L0 RSB b B AT AMB B TITRART R E
A Faifed £ 5 KRB AR T Ay E) T AR~ B Mk

REBREWARAEA - b EHBAMELLBRBETFRE S —
7 % X% & " Research on Rainfall Data of Debris Flow Monitoring
Station via WSN Technique and Spatial Analysis j» 33 30 £ 8 04 35,4 4

(Kriging method ) #2243t 69 k4R 3t & % A & 48 2007 # Krosa 8§
JRHA T b B R L SR A R B AL T RSB R H M
o) BABEME o 30 B ST W oA S 4R AR 49 88 ( Wireless Sensor Network,
WSN ) & HEa a8 & A 8 § #1428 »5 ( Automatic Weather Station,
AWS ) Z ML » MR IT R R T8 R R K 00 S84 B Ao B 8 -4 8
BLE o kAR 5 E AR U Ao F
H42C-01

Development of Fixed and Mobile Debris Flow Monitoring System in Taiwan
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This study introduces the debris {low monitoring system established by the Soil and
Water Conservation Burcau (SWCB) in Taiwan. The purpose of the system is to
collect real-time debris flow information in the field. The information may help us to
understand the physical mechanism of debris flows and 1o improve the accuracy of
the current debris flow warning system based on rainfall thresholds, Besides, it also
can be ufilized as references for sabo enginecring design, countermeasurgs of
landslide disaster mitigation and academic research. So far, the SWCB has established
13 fixed and 2 mobile debris flow monitoring stations around Taiwan island. The
frame of the debris flow monitoring system consists of the observation sensors, the
instrumental cabin (mobile instrument platform for mobile monitoring station), the
transmission system and the real-time display system. In each fixed monitoring station,
several observation instruments including rain gauges, CCD cameras, wire sensors,
geophones, and water level meters are installed while the mobile station only has rain
gauges, CCD cameras and geophones. Compared to the fixed station, the mobile one
can enhance the monitoring probability of debris flow events because it can be
immediately sent to the high potential spot 10 detect the possible debris flow events
according to the prediction route of incoming typhoon warning issued by Central
Weather Burcau. The module observation sensors arc also developed by inteprating
the wireless transmission technology into sensors. Both the fixed and mobile debris
flow monitoring systems can extend the monitoring capability using the module

observation sensors especially in the rugged mountainous areas.
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Rainfall record is one of the most important Hydrological data. Whilc analyzing the
rainfall data, the intcgrality of the rainfall materials can't be neglected, There are
correct rainfall materials thal can just offer an intact hydrology analysis. In 2007,
Taiwan suffered Krosa typhoon and caused debris flow disasters. This research
discusses the Soil and Water Conscrvation Burcaw’s (SWCB) debris flow station’s
rainfall data with Ceniral Weather Bureau’s (CWB)., Based on CWS’s rainfall
materials, remove the effect or terrain and then utilize ArcGi89.1 of GIS software
interpolation methods such as Kriging methods to estimate the debris flow station’s
rainfall value. In addition, we propose a wireless sensor network (WSN) based
automatic weather stations (AWS), which takes advantage of the low-cost, real-time

and infrastructure-free characteristics of WSN. We can therefore extend the scale of

weather monitoring without inereasing the number of telecommunication equipments,
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This WSEN-based AWS 15 able to cover a plane and gather multiple sets of weather

measurements in real-time at a better data resolution,
3- ik BHRKZEA
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WA TR E S LGN RE R B B b 2B A BT AR B

¥ R KRR R AT R G A BT SR
LA AR WA AL DAY GBTERRR
EHERRTAR  FRLUEERGEPHARTE RBAEBLHE
P RMMET  BMRAXSRZEGRBETEKES 2 2928
B B AR EL RS LERKBEE—~BRE(SHKEAE -
RS ) KRR AL > ARTFCAE AR EEE 2B AAE
NBRD b EE R e m AL BERE TR E  LLAR ML 6
WM o A& mGEE Z B Tmm/30 min AAF3ELS

Mo ARG REBEEERGERS 0mmhbr B REERHELS
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BT R c SRR RF R Lo E R A — (2B
AT RIETERNAE  FERKENREEORREIBERS
FIEB B FIENEH LRSS BE ARG A G A
B e e ER s SRR RN RSN &R LA
BPMAMAERNRNLE o bibiR L ER RAHLLHPEERL
Ao Bsb@ W AERBmE P EREERDHFEIOTLEERFS
S BARK R £ 5 R A AR (AR A ) MR BB RN R
HMERGER > PNE GO0 LT R 0 %2 300,000 3 AR
HTHHEIRAKBELLETHRBF LGB KR LB REERT
FHR R o B M % | RE R A R 4 F (National Oceanic and
Atmospheric Administration, NOAA) & & % @ Er (USGS) 4
PRI M T AR R B RGT BT A 4 (demonstration flash-flood and
debris-flow early-warning system )» b i & &6 % 8 5% Jom 26 a8 4 oF
GBI PRSI ARIR G SR e M B 48 (rain gauge network ) ~ 48 b
8y & (doppler radar) Wik AR BBt Em & ik BB
B AR B A B IR ST AT A Nk 0 BT R B AT K 4 eyt
KRBT AR 4 B RARE ] 6-16; FHE G FERALBIAL
TN A REMANS 0 LB A 44 (National Weather Service, NWS )

PP ar 4 3% i B 35 B %, S — AR B =80 &35 AT 85 o & (Advisory
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Outlook ) ~ /£ & (Watches ) R %% (Warnings) % » 34y

FAAMETRRERE S LIRS A o) 2 A RIE -

B 6-15 d A 9 Big Sur K 44 £ 5 A BB AW B A L F & USGS
44 Cannon 18- )

A8 USGS R e Mm% 8 A 848 6937 & X 8 R MM — Rl
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& (peak storm rainfall, 34 inches & 3 {x) & 48— % o 2t 0§
(rainfall duration, 84 hour & 384y ) B 8 5 de AR prair 6 b o 2 4 3
AAER 4o B 617 Hfo SEBTHUABERALBFERIE L
BRERKEGM TR AP ZAL BN ERARRBRIEE
B M RRREFELL ARG BRAF A RE 70%0F 25 2 1F
BB BRIET AR SRR E TR AT B GHEHEE AR
BRM LRGP EPAFEREE 28 Hilike T REOLA—¥
RERBIAT b B TR F AN L5 M ERKEEE FREA RS
SR(FEER)EBRERE 7 BT R ECRES )
Bl — % E B BRI T 8] 5 AR A AT
R— B e B ) 26 R ERE o R A4 R AR TR B -
BB AT EEBRE LR Bb B AT P AL AR A
R #.58 & % (Quantitative Precipitation Estimation and Segregation
Using Multiple Sensor, QPESUMS ) & &t &4 E oL ~ L8~ £l A
BT HAEA R T EWA ) R o F) K& B e M B E IR

WS AT~ RO LD RFEREE -
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4 ~ Big Sur 3 4 43
AL %% 2 USGS 8% Cannon #-05 % dypo ] 1 3878 A8 & b

B AT IR A A A KIS 2 L BRI LM ALE G
M Big Sur P a8 A 2 T B AT A B AR B0 A -
HiE 48 (energy-dissipation wire rope net)f F LA A W bk A o p i

B o K ARUEAY RIE A G N AR SR A KT

%1‘-
g

R T UM E LR AR R YA A 2
¥ B WA RS TR B AR R ST AR A L8 R a4l (flexible
barriers ) = uéh .75 FUR AR E AE I MRIE SRV AR E £ £ B HAR
AAFR L B G MR W RT Mk R B o TRy o R T T

o 6 G g IR VT LA AR IR L G R 4o B 6-18 B [ 6-21-

A

[ 6-18 ~ & Au i Big Sur 25 2 35 #t 49
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B 6-21 ~ A —fEH X 2 ez

BATH AL T L QX EAMNERT RESFOAE S
7 A s+ 89 Geobrugg 208 » HIEA W EE @it w4 o - g -
EBRBBERANG G B RRE T EME R BN
Ao 478 Dy v 40 N8 P 7 A8 RCRAR AR e 2B R 0 o G4
Geobrugg 2~ &) #% # % Flexible ring net barriers + R 38 & 5 55 69 2 58
Fo R AT CORJE WA S LB T KRG T 0 W S
BRI ST IR A » @R R de e @ 0 3 BAR R (G 4R 2 4 us

AHATS  AARAG SIS YRGB RS E o
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B 6-22 ~ e s imE o (458 Geobrugg /4 3) 49 36
http://www.geobrugg.com/)

4y EBRMEEES (US Geological Survey) 235

E(EMEEESE (US Geological Survey » USGS ) #2/5 £ R G
P ECER - (US Department of Interior) 698 F #HE&07 5% 84 + K 1879
FRIEABBE GAMERRL A EESET QALY (biology) »
w2 ( geography )~ 3 /H (geology )~ 7k ( water ) S & A #& % £ (natural
disasters ) 9# 43 » f& LSRG F H R RAB S WA - Farite
HAR St Hodir 0 ubdh 0 USGS & — B4R A &9 4 & A 48 B A7 20 A R 3 9h
B PR T A sE LR RN R4 SIS KRR Bk

P B R R S A R - E A AR SR R S
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1+ CVO-USGS ## &
HNEE A LB L AGU B2 F M 48 £ 585

FAIRAEGIABIS 3 FI AR IR G 2R LR E AR (USGS)
HiEH K B Richard M. Iverson -5 &9 HEMB » B LEH KD A
Al & Bl AT — B M A Iverson H-Lay st R B M 0 B b AGU 4 #ti%
G418 A A > 48 dy Iverson P oy R owipHl » TN LR &L
A b4 3 5L 48 1 &Y Cascades YL A #6 { Cascades Volcano Observatory,
CVO) 43 « CVO vy 24 B U.S. Geological Survey David A. Johnston
Cascades Volcano Observatory + 2 % David A. Johnston 1 4 & — 43 &
USGS 47 XL a3 i 30 S0 WRMAE » N AR HERENA
— 4B JE W 8 o5 Kl B T M4 KL (Mount St. Helens ) » B b4 30 %
AT BB LA E B IMLEE 0 Johnston 1§ 40 A B — 4 B B 4 K
B AT VT BB AT 2000 USGS SRR B > e R ey b 1980 &£ 5
A 18 BG4 K LRSS B T &4 Johnston #-E » # R CVO
A eE 4 BpaE & David A, Johnston # - ahah & 5 -

A2 2y E 8% 0 Iverson L H EHN B MR LB
Voo EEMMOETBE TEMELREAR EEHG  (Debris flow
monitoring and disaster mitigation in Taiwan ) » f§3R € 3R & R &35 4218

304 CVO #ymt5g B #8133 » RARIEF#Z0» AL ¥ 8 aTA L4R4E
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Fied MRAEREEARDHAARGEL T MEE SR
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BA LK LG RMAE RO E AL A TREKLEE
BRGELREAGHEE LREEABRXELERENRES
B a PR RS A e B AR Y R BT S AF 6 4 BRAE
A RS B3 A £ 6 e @ T 09 TR B AT I X £ 5 R R s 28R,
By TR RS ELRAE RS TR A G LA R B AR B - &
S~ B AR B B ERENRLT BB RBEMAERT
G X A B FBAE A LB B R T2 BBk o gbdh o
P BC A H A A OO BL AR TR BRRRR 3 ST M SR G A AT BRI R B AR
R SRR B AT A LG R s B A B AR AR RS B R
B BB RS R K LRSS 25 0 £ R i R AR
S M R A ST LA A0y R A 4T E R R 6 TR v 2 SRR A B o

Seoh o K BRI A BB Ly R B R A SR E
BB~ B AR EE R R S AR AR EEAEARAA

M2 AAEE I A B AR A B AR BB IE R A

71



BERGZEMB LAY S FBEEEARBEHHARZBE &
RAHEAETHETE - MER A AMEPEERB LS R TN
Mregm G B ERR R ERENFTZ AN B - AR
AAMMERAN BEBEZ B RTES R T FHTHRER L%
WERARRI > ReF R THEBEE T TN LT EH
R EAR BRI T A2 AT R M B R P S o

LT

ents
| Debris Flow Monitoring
and Disaster Mitigation

| CVO Seminar Series Pre

B 7-1 ~ & 2 CVO-USGS ¥ 203344 40

72



SPRRPEUN =

prrrmeit

g 7-2

daNri
“@%’\? \\Gﬁw
a, i ';f&‘r”.
’.4 0" ,/ \1\‘;(‘,
G S '“'c-,.w_,
é.» g,.w 4:‘ m i K‘.’f\. I
&f\ qt}- .f.-{ 0 h
f«c?\ i

:w ‘,w J{M ’\ ;)v\\sv

J
e \'ﬂ\ﬁ"‘?\"\’,} i 3\*"\'@“} A
o \/' \“-; i ‘1 N “«’ e m.o\:w\ i
i : RN o h i
e o AR R AR r”\ S
L

i 'L‘-*-\
S

By 7-3 ~ A% &

R

ARG T

PN

i - 5\ bu

A

SR W kR U

J' "J"-\

‘”J‘f Il

i R
A

\.
o w«’
I .,%
i

A (iR

)

ke
..;;")

\
q%\

i)

1

» Iverson H 4= F R VL R USGS 4o NOAA #

«c‘ \’}l& Qg;

w‘ﬁ )\, \f

fr: iy
i s @r‘%&
4

]
i
S
IM‘P Q\:{u !‘,

;\’\‘m

k7] 3t

AEAALBER NOAA FTHEHPINAETHE



( National Severe Storm Laboratory, NSSL ) # B S 58 X4 P9 &
EHA @ LRATHAR PO TR LB TR RXRA RS
# 1% ; (Shared Mobile Atmospheric Research and Teaching Radar » #§ 4%
SMART-R ) » 48 Ml #4% 40 F @ 3B & 4700 International dual-cab diesel
truck * & 10 2R » H 4.1 2R » & 1.8 208 » BA TAIEH bk
BESR > RANEHIHER 10 KW e RbtEH 0 TRAE A o
B AR B 5635 MHz( & & 5.5 o4+ C-band ) » 8 A5 * 47 B 48 2.54
DR R EA 0-33 degls s B AT A RBAMATE X TRk
REGFHIAMA MIER AR BARRA KR LL AR LR
BRF REREBEERSNE AREARS LB ARAGHE
B T RBRBE LD RERB RN - BB BN SR T R
RER ~ REGA LRI E - EFHAHF R AR NSSL § 2002 4
ARALEGFERANTNLE G B R RNERHNARRENA &

( Quantitative Precipitation Estimation and Segregation Using Multiple
Sensor, QPESUMS ) » MBI AR RER F M » LE A Z &AM
Tl B TR S g L b R KRB 0 QPESUMS & f& 7k
oot hats AR R TR )R BB AR R s BT B AP
PEYTEMSERT ML EST A LAMERTN KEHN 6T

BB RITE M ATAMSY LR E ARG S -
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R EAME T LA BH LR LMMGRELSE
.35 JE (earthquake ) ~ 83 (landslide) & £.8 7% (Debris flow) »
A CVO B T 4 KalWE A8 & 4 4 0h » 4500 R 4 £ e ] 60 5%
KRG YA HAELK LG A RAEBENE S by L P&
B Fok oy At Br & Richard M. Iverson t§ -+ + 345 A% Rk
4y £ B R4 R 0 i ds B Dietrich #4%40 USGS 8 Iverson
Wb L 2 B R AR AT #5 S T K& ) (Master) & e Ady > 2 4L
RHELABYGLH P ERTE LS > 45 " AR ) (Nature) & T#}
& ; (Science) #AF] % ©

L AT LRGN RBAE P A T AL G R0 B IR G 4 Ay
Mo B LILBRALA Pl L B RN EN TR Rd N LB R
G AR R A MR RSN e L LB R EH K
Ry o S ERGWAG AR E S BB RgFLs
MEFR R RAGRB AT IEH T8 — SR A B 64 R T 3R R
Ao ARG 10 R EMAMETR S R B8 R AT S E 0
&R &AL DR AR B R ELRE RS EL LR
A B — 38 8 B ¥R A IR o Iverson 1B -EATAR S A B 0 F
— I8 2 s G B3 AR A A KA 2 G S K4 F ( Experimental

Debris-Flow Flume ) i 4769 &30 £ 6 T W o dh A3 R ah ke & 1991
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£ USGS Fu £ Bl #4555 (US Forest Service) &1k » #354A R
$HH (Oregon) M Eugene #.4 45 325 oy H.J. Andrews F S this
( Experimental Forest) k& 95 AR~ B2 R ~E 120K » &
PR A3 (60%) 2B W E > G —REBRBFAR LA
HREER SRR L S MR RSB R TG HERE -
ff N B AT P 4 R RELA] » AKARRSMEE A 18 M AL
B THARMERES  FERUEFM A RMANER Y I EHE
Fo B By b AR 2B B Ay R T g AL S -
HELERGEGHENTERS TRE Bk RER Sl
MBBHRTRIVATLEL Y HNFAFEF B RS e USGS @
Matthew Logan #1 3¢ B 98 4 #ow » B b AT B A B2 ¥ ¥R 2] R Y TR
3% 0 AR4E Matthew Logan #A A B4a i » A A L2 BIRAG A AR 2 4%
Ko - ARER L HEARNTHM > BREHET LB
FHeAT » R tirIm L £HEFHERAL 20 xF 2R (#5402
1) & 26 M B K R R e S B B B A ik R B RE
T £ GG T A At BT LB ERAREE LR
HEAE A B TR FIRE A G e S 0 B A 2 6 Ao R T B
B0 6 M At £ 5 RERGE R 0 3 RTS8 2 A0 3% b i B 40

Fu 0+ B 4% 258 fede kAL Wi R BRGUR S e B R L B e TR
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By A TRENGER KBTI EENARETRTR ¥
LI P o BEEs v RS ¥ELLERBNTE - AALY
18 KRS 6933 =T SR AR LA B B BRI ) LB R A B BMER =
B AR R R BLaY 4T B & B4 R R o 78 I B A ok B 4B e ) b
sh > P OR F)AE 40 4 £ 5 AHRR TR R B 48 8 £ B R R B
(ldostza B~ SRR R - AL LR ) F3REFM A 25
HMAEA LD RATRTHEG A & A THRTE 6 L0 FHHRIEA
AR A~ TR -

BT ETREGIREEME Y RIESH S BbEHEA 33 o
RoA66 2REBE 0 ARBRAMAEREDELENHO L L L FHRE
THARE A EALERADSHE CRUK) Mtahgt 1
AETF o B3% B B /13t (basal force sensor ) B 7L B R #1 3} ( pore-pressure
sensor) M Ml E M LB MBS HERERZ N ERILEAR oy
A - IR R LB IR AT 2 L4838 JEghfo o Bl oL A& 4 ehFLI A B
ARl AR M BAPFU IR A B B AL R PR E
0 B AR Fo &G ML o

3% Matthew Logan #A R B &7 » B L LR AR AME I B4 2
AR HE 1 RRERTOLGAMPEHR X EH R UL

LREHRGLETREMLELRGTE B2 AL TR HRAN LS
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Schematic of Instrumented Cross Sections
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AERIAL PHOTYTOGRAPH OF

Contoured Deposit of Sept. 13, 2001 Debris Flow
Generated by Sudden Release of 9.4 Cubic Meters
of Water-Saturated Sand/Gravel/L.oam Mixture

{~ 6% silt and clay by dry weight)
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LM I HE AL R AR A a0 1B b L B e A A B AR el

B R R BG4 P TGS landslides T BT B 2% 2 Rl
— 4% R B A A (shallow landslide) » #hARAL L & A 835 W& 2]
By RIS RG  AARBBEEAERT > LB L0 ERE N
RRMABFAGRNRA B TEE 5~ RRRLHTY
( deep landslide ) » iR % H ik A 3 A &1 ( slow moving
landslide ) M 7 &2 o 3 A 1848 4 » R WFA) 69 /) R 78 G245 2 3UR
M 0 3tk A HL B3R BN A WL AR B S R S B RS R T i
Aoyt £ 4R E T Mo T AL E - 30 B I8 Aty
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AR EREBRGFA B ABREAMESRILBEETETY
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Atmospheric Administration, NOAA ) & £ R E & A7 (USGS)
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AR AL R AR ERNY - AR B R e R R
(rain gauge network ) ~ #F [ $5%F & (doppler radar) & & 24 R 44
B MAE RS F ik AR SRR LA MBS BB
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i ho B 6-16 7 & MR 04 [ Mo AQ 38 T 56 308 oh BN AR AR %
# B £ £ 5 (Nationa! Weather Service, NWS ) Bp 4 $f 3% #b & 4515
R B A S A AT 4 (Advisory Outlook )
sk & (Watches ) R ¥ (Warnings) & 4t F e 8 B4
BA G R BB R AW LY Aoy &4 g -
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