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There are abundant natural and human resources in the Taroko Gorge
that many researchers are highly interested in. Most researches concerned
about large scale problems found on the entire region, yet few focus on
the status and the evolution of geological sceneries within the national
park. Therefore, the detail description measurements of scenic sites have
rarely been performed. The consequence is difficult to quantify the
changing rate of geomorphology of entire gorge as well as specific scenic
site. In order to unravel the topics mentioned above, 3D Laser Scanner
and meteorological data, earthquack data, the analysis of lengthwise
section of river were employed in this project for studying the current
status of scenic sites, geomorphological of the river terrace and the crustal
uplifting rates and river incision rates in the area of Taroko Gorge.

The preliminary results show: (1) For the less rainfall in this year, the
incision and accumulation in drainage area of Liwu River is more
unobvious. (2) Due to the influence of the lithology and river morphology,
the erosion in Jingwen Bridge and Baisha Bridge is more obvious than
other areas. (3) Based on the consequence of Time-Frequency Analysis,
the quantity of rainfall in Tienshiang area is much more than that in
Hualien city. (4) Many earthquake activities of the Milun fault near
Taroko National Park after 2000 are incessant and the scale of these
earthquakes is more than 5, thus the study acquire the outline of focal
mechanism solution. (5) Between the tributareies of the development of
hanging valley terrain, there is a main critical region which depends on
upstream area and debris in river. (6) There are 9 hanging valley terrain in
the drainage area of Liwu river, mostly located in the marble area.
Because of slate and green schist are easy to erode, the supply of the
sufficient sediment make the hanging valley hard to form. Furthermore,
this research adds 8 scenic spots which include Herien, Hulu Valley,
Ningan Bridge, Baisha Bridge, Jinheng Canyon, "Fish leaping across the
dragon gate" scenery, Laosi river and Nanhu Cirque.

Keywords: Taroko Gorge, 3D Laser scanner, river terrace, tectonic uplifting rate,

erosion rate, hanging valley
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RA AR L F R PR c FmFEFra o F B
TAFOR R TG L ERE TN BT ARG o AT B
oA B ¥ Far ¥ FE AR (RiF o 2009) -
2. Bk 5 Frd

FHA G ATk FRIZEE-F AR Ep
PR AL PR Hd FE AL 22 A 8 24 LG
W RSk R B L FER FE P A ERA - R
mﬂf% [ ATE o FoREARE g (RiF o 2009) o



*%&@%’%ﬁ¢ RSV T =gl ¥ - REFN N S

CIBRE KB R A B2 d R

FpAd v d AR ApF PR F A

6P AT R AR Ad FR I FHOER AT (R
2009)

4. FH 5 2
MRIIFERIETRTESL 23

RS EZA P H A ES

Wi PES 0 AR FE DB R B AR Y AR T

*

THA0EFEBAL MR TE > BFILY A

PABAU T ESEREEES TG AP ¥ F I GuTEE $350F
PR LA AR W 55 P R Rk (R
® > 2009) -

BRI AR ES S R RRw P PR
CEFRFARY o FRGEEHK B P HETED
)

(=) $AT2 29 A R

R R I S N Y. L LR RRY S SLE ey
LA A B (CERRRAAN NG AR LR S
M) AR 2 A LR B Rt 3R R LR BT B
Y AT A R TR L RN 4
BALETALIE VELERSBRDELER S B EY I
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BT AT R T ERE AR SRR %
PERGAEECRET R TRIFEETIE TG AR ES
R R E R ﬁjrs\éa 2 F o ARG PR Z R
% o
*&ffﬁ’%é % 3% (1986) thp s FR P hffp L g ch- 304
REARRE AR CRZMARCEIPRE R LA MR AT

%ﬁﬂ%%@&%,ﬂﬁﬂ%ﬁ%?ﬁ@@m@m%%’j?ﬁég
BIATE 2 B hEBY AL HET AL R R R A AR
FIEER % &p%%ﬂ#'* CHT I EEBF AR AR EER
WOBTEMNIHEEFEE2ZE IR FETS S AR AR

N

B

!

AR ALK FEEEE T LR2 K G (RiF1993) o

3021 % R RESRM S K AIA HE L

(#p Bixs > 2009)
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3022 S RIS BN R A HE L

"

(P BiFs > 1993)

(2) Frask

Frir ke LAY RY > d AR E L AR
Booov0 R AT U R ATAFE I R o PR S AN Rk
g ER AL D d 2 FIEN e
s A PR RTPARFY SRR RS TE TR E R A
Wonz At (BiFsF 0 2009) -

A TR PR e T
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CERFERFEF LY SARBARBNI RSP L

@ H s FIPLAF RS UG o A TR Ddaip] L S i and HRag s
PR R E o R - R T L gy o A (1996) d3
SEAUFFADTRER G BEAEF B OREDIBRPRARE RFY
B 100~200 = & F & QT 75 Alenh IR AE A o F Y AR A
ERETK o R R > F
w bR RS L ARG 2 ERIE 100 2% 2 7 R B
G 4 IUER DR BE 0 N R R R R TR TR i i 0 F R
g 2R RS IR TE -

AFFIEY QAN e o TAFF AR AAFEN T T p ot

P
Pt
3

o
Rg
<l

]
(=
o
jot
w_
=1

-~

=
BRI ok fhT WEACE 24 47T RS
RS Y B PR TR T U DS

CEFIRA R GR R Rl (17 AT ehe B IR R 2 (SR R
24

TR SIS I - A ,jc;fiﬁ_‘lmv‘ SRR y_f"«fr.lj_ TES - F oA ’Fﬁ’
BRETEFIARGFEOL R ITHER IR A A I R
EHhY NIRRT R BART ﬁ&m?&fwﬁﬁi#ﬁﬁ@@ﬁ
&

) Ak A Ko R R E Hd R TS F L F T A
B

T2 bz AR KA P T IR
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(&R)

(A)

CR/RTD RIR &

/ ’ LR IHY

(B)

Bl 24 S ~BAFHELEAHEERZASENAFEAF> T LB (A)
< 2 it (B) Wity ? p 2 i
%]

212 & T

CERE R AR R RRTRAT ) AR EYY
¥ = @k ¥ R o Schwagerina ~ Parafusulina 2 Neoschwagerina %
PAER T E (BEAMA 0 1951) 5 Vo AS S EEF RO WL TARE
%_% Waagenophyllum > 7= 3t = fp e &8 + 4 oLy chit 7 (FEag -
1953) : Mgz (1989) * X A - F FREFL Fehit 7 2P fuw
€783 Cribroperidinium ~ Druggidium {= Gonyaulacysta > F]y* 4

17



(BFPE)EFRAGAGRLDY FR2 /8 gt 7
VE A g B BN arE- F o H BRSNS R -G
d vl g R He 2 RT P AR d R
MBFHALT LR Ttk kRN E T e F T E R
SRR SCE L LS N 3 5 b X5 R
: FaRE? D2 méﬁés’wé:i%fﬁi—éiﬁééﬁxﬁ;ﬁﬁﬂﬂw‘
Frg v hd PP ER BRI ol B B R AR
BEE P Tz R T KA KEh S
Boengh 4 B (ZHPEEL Y > 1995)
FI* A g B RY PR R B CE & BE PR
2 ke R E x> B4 b A 1@ U ensn (Jahnetal., 1984) % 4541 (Jahn,
1988 ; Jahnetal, 1992) %% » ¥ 105 4E & 3 § LR
2547 (ARPBEELYE >1995) - 52 & ol 15 (1986) % 49
EFRERTIXLEFFRDY FrHE2 ER L 2.6-65Ma it p g
(1986) RI%iEaraliz Bl F 2 Frg? ch2 22 & % 5 6.5-9.6Ma -

Y
-

‘“d\ ﬁ‘\"l /H}

*

?]:\

(Eé
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B 2-5 fI* c@ P fpgs A 2EI R TEZNE LR DRERE R
(Jahn, 1988 ; Jahnetal., 1992 ; Jahnetal., 1984 ) -

19



-

]

FHRIENZEETHE T B NE ?fmf‘. Wips o LR o
L Hh 70Ma 7 > d 3t & TR HLE ?i’fiﬂ«ﬁ*@ A4
é%$~ﬁﬁéﬁﬁﬁ(Ym,wn),@?iA%yﬁai@mﬁ
HAFEE R L TR A el A PR A A IR BER
1

BOARLTFAARRZ B AARE * Al P FEH2E Flita

1986)
Sibuet and Hsu (1997 ) 3% $1 3838 p e 5N f2 8 2 e, S i 42 -
Bl 2-6 Bom oA MIF T AR 2% ¢ AT (20Ma) o IRIRUER
# (Ryukyu subduction zone ) et E® ek fy > T ¥ v a ¥ 3 IR 45
Lend (B 2-6a) o TEFEFAHE 25 4 200 22 FhT L (Teng
et al. > 1991) » 2 Lffd LF - 25 o RSB R L
(Chen>1991) » A M HEERSE (Y1502 5 g3 4 p h
%3 ) (Hirata et al, 1991 ; Sibuet et al., 1995) > # zizf L L
A LLEE (4 s BT REE T Lk n)
RS I3Ma BF (B¢ AT ) o A BRI IER P OIS
Eaitoa? FAEER REEEYFRAR T
éi%ﬂi%égﬁﬁif’%ﬁééﬁgﬁﬁiﬁﬁ(@}%)
grnsh %ﬁﬁﬁﬁ(@%&)’%



DOFA A TR o TP I R I L FRLT o
preb s 2L ARTFZ RS RFE S S 15 2L 0 L APEIESE DR o
& 8Ma &2 3Ma 2 & R4 FP AT L RAGERA M R
Frgfe < FIRA £% > 0 Wk &3] 5 @ #% A& (Whitmarsh et al,
1993) » @ HERE D U e > R LB SR > BT B AR M
LFRTEHF - 2Lkt (Bl2-6d) » 2 &Ph RS & E7)
#E2EL FIRA A ’ﬁ T T RRRA A5 PH I # ke(Deramond
etal, 1996) o pt— &4 B A F LR % s o ol BE A 45 A
oo <@ R 'F*$?H'b%igffv77mﬁ-i\7@ Fo o iREF A 40 o
2 3% K (Rauand Wu, 1995 ; Wuetal, 1995) (B 2-6e) ° + R4
SRR A A LY INBI AL 2R, B R R gl IR R E A SR A
% (Chemenda, 1994, 1995) 2 zizk § 38ehd & > > i 2t 4
P HARF B B g £ B

%

Jui

- =
-2
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[Hsuihshan reught Agukyu Philg:gure:
Eurasi  Ayvkyu bab Ryiayl: are french feeane
=y andl forearc - st Early Miocene

= 20 M.y.

E. Middle Miccene
13 M.y.

iHsughshar frowgh! . Philipgiree
! . Wanita trench Luzan wre ]
Former Byukyy  Former Ayukyu arc i T AcEae:
HW bk, and forearc . = Crust

[Hsuehshan trought Mamda lrench Luzon ?hllpl}_ﬂi"
Farmer Fyukyu Former Ryukyy ate - ary sceanic
Lak and Forearc crusi

Late Miocene
8 My,

MW

P
Lishan faul ) Phikppine
A Foumer Byukj arc Lugwn QLEAnic
SR and forears are Trust cE

Pliocene
3 M.y.

@

1y LM Phlipgung
; LB
SR TC |! cr Trust

Present - day

®

B 2-6 &A= - #10;¢ (Sibuet and Hsu > 1997) o
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phoh o SRR R ST R 2 R A ¢ H bR - 2B
BRI S 2 TR P E R G 5N IR RIT X g
% ’ 5 R HDIES 1000 £ B RAGrL SIS B
FI500 F & B-E R L ARG A g el 14

S R LKA L 4 AR (1127) (B3 > 2006)

=

] At [ sEitiba [l wettan ] e s [T snat
B ousam [T ensitm T sl [l R iR v R
2 SHEEAL) W ERBEEE N\ M N\ EWE L KEh

Bl 2-7 SR HEEFERART T Ble ERLINVEEEF AR T
AHE S AL AR Y R rﬂ%:ﬂ ERal o SR Rpa o SRS
)

FAZE > BmL e CRERNEEFAFRZT (Ae ) o
R & NE B 1’»3‘“&&&’5%‘}‘1‘*@‘? 2L
£ LRALY AL (Be ) o Bo#Y 8 (Cle) > F
R E A @Ly}z,ﬂg\,qﬁ_lﬂfo VAR L g B AR =
oo B LA EIRIEY R BER AR T AR
c#2ZT (De ) o @ Ld R E R G AT HRR B AR

BT &R L IRIp foan ke 3A (BUES  2006)

23



Teng (1990) i F5% AL Li#% ~ & 0K Lk ~ P & Liiehpe B o 1
By 2 25 SWE R REAR £ T B R #;v i
BPLE R & oheny MR P 278 (12Ma) SR ¥ wEFHR 2L+ o0t
PRTR > B RE AR ARG AL AT

AAIMANRFET o P 2P T TR 2 F (SMa) o B fE £

2o R e AT OESF I ERE BRI 2 o
B

“b‘q\.\il-li-\,]_r m-;.‘:!

A 2k e 2 S LT FFEF > FANRS SHERR -

BEERAFHRUEFTEE T0 2L ST A BT X EFER
e17 & 4% #5(Seno, 1977) » Suppe (1981)3& 1 » 5 8 L% F 97X 1) 2
R ﬁ*‘lT:'qf A& Hd Rt de 0 2 R IVR IR 2 Al B X 5
YR CE A ATHEEY A alAs s § M L B RIT T o de 3 0 R)

(B 2-8) 4erizip o

Yuand Kuo (2001) m GPS £ BIF - B s i did 5 o 1o i
WO RHLTFERLEERAFADIR L GPS FAL-E p 1992 &
31999 & EHK S ROEHBER PHNESE F oL EET
W EW RT PIEE 1835mm g B o L F B4 283 B 3 311 B
7 e F B o KA B R L R E E 28-68mm chid B 0 il F U PEF A 303
BE 324 R #d o b AL E %o BE e duplak o UEE
31-40mm > 317 & & 330 B cag & 0 Ap 30 ¢ Sk LR e B E o G
Br Hend FRIETRERER D ZIR K S E R F RS
EFEE Y Fen¥r ko AFHL LR - B 29 5 Yu et al(1997) & 2
53R 131 1 GPS #:2L 1D HuE BH- o - R BRHA GBS
it c AR ER - R
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| Ff-)\/_,"
R

B 2-8  Suppe (1981)cHda 2 3] 7 R B ©

§ ?5°N

| 24°N

23°N

0 50mmiyr
| S

VELOCITY
Okm

"MAP SCALE 2

] ]
120°E 121°E

B 2-9 7 ke iplsbBLer R pl2 GPS i BT > T EP 5 5 (Yuetal,
1997) «
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214 ¥ RFEHE o BFF RS

K3 B % GPS @ BRI e@p o ¥LITE S ;%Jg;ﬁuf;%@;} I
Poo kFEP L F %k 1991-1997 &2 # B FA (B 2-10) > ¥ # P4
B h ¥z =% % '£,244] (Sibuet and Hsu, 2004 ) - 5 &g LiiE
B RS A AL R A s § INA R A EATHS
B G B S A AIRR] R L AR E R A B L e
Uiié%ﬁmﬁ%%ﬁ;ﬁé%ﬁﬁﬁﬁmﬁ?agﬁi;ﬁia

A el R .

120E 121E 122E
L L .

-0y« Huatung
™ .lasi.'m

- L ] L ] L ]
=15 15-30 30-50 50-80 80-120 120-300 (km)
. e o ®
M= 2 3 4 5 8§

B 2-10 541991 £% 1997 # i BAGEH » ¥ RFR LA 7P & 5 %
fooo iR ek BT OTR KB R 0 NREERHEE A
BEER AFHAT MG R > B A A BE s 2 [ i
B ERFHOEFRIE S0 AEE cAE B2

BF s 28 REABAR I FH2 % (Sibuet and Hsu, 2004 ) -
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RFRBBFET F R RPN 5 B AERHELE RO
RORAS IR 5 5 38 BrT Ay c07) 30 R 1T A R R hag e oo
B EFAPFHOLE (B 2-11) - @ BREEBEF F A DAR
27 M

250

200

150

100

50 h
0

Bl 2-11 R4~ 5 e B2 BoRiS411E (FI4EE > 2009) -
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W EAF o K GPS BRI B HEBI TR (B 2-12) ¥ 25
dro é‘_/é)au—i'm\ﬁbé’\f"' Bedafd a ,éﬁldyﬂﬂééflq{@,gﬁb
S iEE o AL e EALERT S - RIS BRI
Ferprp e r T F IR (B 2-13) 0 AAALRY e s Eud oL s
*vm%rm¢’i@ﬁ§#%

L - RS KR B ehdp 5t
0 SRR SR AR I~ I S B F M EH o e A § R pE
Gr gk o FIFCEMAINA T ER L w4 FH 5 @ Shyu et al. (2005) R
d s AT YRd T T IV AR S E S BRI 5
Pk LR R G s LR i B bk A S
ﬁ@ﬁéiﬁﬁ%%@:&ﬁ%ﬁué’%%ﬁnm@¢%i”f’

ARG T (R BHE2007) o G RFRRS B At i
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GPS Horizontal Velocity Field (ITRF) .
2007.0 - 2008.0 A
4
0 20 40 60 80 \?‘*\A .
Horizontal Velocities {mm}) —_— ey
24" 30’
24° 00’
23" 30’
23’ 00’
22° 30’
22° 00’
120° 00' 120° 30' 121° 00’ 1217 30 122° 00’

Bl 2-12  2007-2008GPS & #-k T i & 3 (FAL &k 0 5 s R Ep

#E) -
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rer W N I .
Dilatation Rate (pstrain/year) /_ L7 R o fw e
25" 1 km r". 0 e @ e e "
0 20 40 [roamsian "
—  CONTRACTION Py e 4
—— EXTENSION Selw i 1 v o= 8

1.0 pstrain/year

24"
23"
220 | — II - I J
120° 121° 122"

B 2-13 2007 E#H%EF (FRKB: 2 FERERERFE) -
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AT, DR P N grgaprge s

Kirstein et al. (2009 ) f /& ALl #%
b g

P19 b R

A 12+ (foredeep basin) i fg 4 » Bt

\v
‘-\«1-

TR O ki LA
¥k B

» Kirstein % X % &£ 7

2L A
d‘u

7oA AL % B8 e 46 (7% (exhumation )
B T b W R R B A T R AR B L% R 8 RTR
mﬁ%@ﬁzﬁ,uﬁ@xk%F%Wm«aﬁ$°ﬁ@Wﬁiﬁ
BRF IR G 2-4Ma F T 4 3 #\}g] £ (annelling) > st ZFpF pr
ﬂ&wﬁmﬁ#@%Sﬁ%ﬂ%ﬁ%ﬁﬁ¢“%°ﬁﬁiﬁ

S

PifE @
LT R AR A A WA AR Y - B AR Y g
3*5@;F?Ffiﬁ%%df“2Maﬁmqﬂw R T HGE ST A 1
98 43 04-1.5Ma 22 fF o RIpiITHF TE LA > PR AT
A ATE R FHEE RO L BRI T REE L SRR
Jo@ dE N 2B IR FH A 2 B R M 4 T ) RS pEYLD

% L & ®F* (underplating) (B 2-14 3 B 2-16)
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S / sl 25

TAIWAN

Manila
Trench

120°E 125°E

50 km

Taiwan legend

CP &LV

CR Central
range

WF

COASTAL
RANGE

I ( J&IShuilien

£l Sanfu-chi

Shuimuting

Coastal Range legend
Plio-Pleistocene

Taiwan-derived
conglomerates and
turbidites

Sandstones/Mudstones

Miocene
: {x\bg Olistostromes

Volcanic rocks

Bl 2-14 ;d o 3|k ehw A R

< A5 BF:}F]-T FATE T

FIF AT R (CP) >
4 (WF) » ¢ & J5% (HR’BS ' TC) » L T (LV)
oL B (CoR) ozt AR R o B ET Y R
PCR DR AL K S B AL PR e g’rg] #L & 45 Dorsey and
Lundberg ( 1988) » = $i. 45 # 7= & F 4 ik 5 Sibuet et al. (2004 ) >
T AT e ko e o

Wang (1988) ¥ Dorsey and Lundberg (1988)
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ZIRCON FISSION-TRACK AGES

ZFT
! 1
CR Central
4 CP &LV range
25° — L.
HR
.? JI'\' \
v
_1 -L ‘:\ B !
24° — — HP ‘
WF
23° = rat non-reset ZFT sample
° reset ZFT sample
4.3  central ZFT age
0.8 pooled ZFT age
200 _| Lo "™, drainage divide
| 1 |
120° 121° 122

Bl 2-15 5 & ’?’E}fﬁ%%f"‘ﬁéﬁﬁiﬁ 2% ?n‘lﬁ::})‘f} Liu et al. (2001)
£ Willett et al. (2003) » ¥ B4~ % B2 B 2-14 > = Bl#&F £ >
3P F# ZFT £ #p» =& (Kirstein et al., 2009 ) -
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Present

Central
Range

4-2 Ma

‘| Foredeep
| sediments
Taiwan | Forearc Continental
orogenic wedge | domain basement
ZFT reset zone Arc —
in orogenic wedge basement antie
2 ¥ 2 S ] T, 2 \ P 2 24 g
B 2-16 +R:=B2ZRDIG >+ EE T BA NGRS

g T LR TP ST
Malavieille and Trullenque (2009 ) -
Bty S LA A AN ?!
Moo SRPERLAE 1S 0 LR A H A o

;Egﬁ#fﬂ"m%ﬂ ) Fx;:ialg
+F#1 (4-2Ma) > g
£ s o] ¥ &dﬁlﬁ

/})?'/Uf%.fwxﬁﬁigfé;éfﬁ‘l ° J«LL

Bi igﬁ%fz’gﬁﬁiZ% ﬁ’ﬂléﬂ'lf’* m;\__tig-ény,y lgg\.}%yj\}ﬁg
(€3 #R&) g7 (19Ma) FBrikiTs 4 (Kirstein et al
2009)
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Pengetal. (1977) 58P Wil e 2% T& ~ 3 3B 4 H#3°
HENTEB R RS AT FRENEPFHPEINE T G F R A
BEREFTHH S ;%*%M\% Fengn i g g 4
o FRER > S8 Rodi 2@ X5 EF & Smmt0.7 0 S EN A A
5 E 2mmo AP S H B o gt - BpApiTit oo
FhTE D e 5o Flp B AR gt Ml o AR AL R
(&) »rE PR GEFE 6-9.Tmm > v S8 H B % kil
g0y RpR B L LM Tt AL Rk R R
AH 2 % BE o Lundberg and Dorsey (1990) jEj% AL uLi#% e &y
it F o fp AR I d @ S 5 7.5-5.9mmly >
EH ARG G Smmly ApELF R A FES T A ALL% S P BT
{468 chp 4;&»’;'&%@% v B — IR A T mwm e Ko Ay AR
T P A4 5 iE )T - Whipple (2001)#% 1 > A5 mﬁ- TR &
4 iT% 2 fF hT wﬁp%*w Wi & f B R0 ndsdni 4 2 ¥
B g FfopE R L R G OM o

~
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(A) A

4 4
Physical Chemical
Denudation Denudation
Rate Rate

(mg /em? yr) {mg sem? yr)

B 2-17 58 F o0 Fopl ek o B Rl 2 4 T84 4 2 (A) 82 14 5 448 2 (B) o
(Li, 1976)

B 2-17 % Li (1976) ¥ 5%k w2 R A| B 5 248 F
BWEfRT EAEET SO0 50 OERMEFH AT E MU
Feh fra o BERARG Pk LIRDREFFER (AR RAE 600 T
ARR S BRMATIEL 1300 F 5 > BRUT TEL 325 50
- RV ERE AR RELT LR B)E RR G EH
<50 FR(FEE T A0 A RS BRI TS

&
da

bt
.

Lo BMNE A 38 Fn o BN BT BE PR K
BoAARIET I SABGTIERR RFEP Y § KA
FowmBRY RLEFRGEFD, PR 1l BRI 23 2 FF > B LR
BBA ASATE FATE B R R RA TR P45 2 F
T R R HRRCE BT AT 2P AT R BB R o F E p IR

Rl

|

-
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B FREEE RF iz‘f‘f" T o AL FL P R P R RO D
FPBg e p Y & LY RRE AT S L M & D
#2414 B (Li, 1976) -

Chen and Liu (2000)#% 1 > & B 2 FTR e A H = > L3 f 2 ¥
Mok HE A KL Smmly & Tmmly > AR K35 FARL o
LA E 2 M ARE FORSEFERNE Imme EF LG

X

S I LA PR e A L 5 o) 3 Immfy 34 3T Smm/ly 0 2t R
BERBLF P ORBERREY HUA)F M o F £ Smm ihfs A
FRESZLEwMruN 10 22 3P & LR F R o & ALK R
FET Smmly > 235 5-10mm/y o 5T IR R R
ICE LG o ¢ M RET B E 2w 1 2 2mmo £ BT
B3 k3R B (Amm/y)E 302 (5-Tmmly 0 & o & B ) IR GIR
B0 13 L F b WS ﬂf?w Ae i BLT R U X3 ET] dmm/y e
Lo #ade 2 iv* 7 as g% 552 5 adn FAp R E - Lai
etal.(2002) f&pa E B e F A3 TR 2ATE ok LA
BRBAMAEBE AT ETHEET  AARAFHLEE
2-4mm > Ap 02 edsH F v Ay & R PR IR - Liew et al.(1993) Bz >
ARk o LA A AR D AT 65 2 LR B R B i g B
AT prPEAFERTRE I T E TR T F RS - = B
=l §<2§L2.5-3mm/y TAE 8mmly 2 % 7 AR A FhL B s
EFEF o oa A2 s B AT EERFP Y
1000 & » + g4 ot ehE 295 1000 #5(=HE 451 6 2
¢ ) o Hsieh et al. (2004)/55 4 140 2 2 £ ejs A28 § 2 378 10 %k e
AFoBEA AW EMATESF O 8 1 5K K oo G A Bt
As 30 22 ehpEdrp > 3o o) dmmly BT ks A 30
DB RN 2 L 4 Tmm/y H AR R 2 F G5 7-9mm/y’
NEEEMAEES 903 95 22 % 1053 110 22 p o> 3o &3
dmm/y > o2 Fhx B 0 A2F 10mm/y o IR AR S Bha B (s
10 22 e

11
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Hu and Yu (1990) # R &K% 5 237 ﬁ_&;r’g sl & o s AL
RAEH AR SR 3 b B H oA KRG ER YAy
23 BFIT o AAt i Fobr) o fo R F itV o & L?é’?/éa A Moo

Dadson et al.(2003)s7%" 7 S % & > o # '

Bl 2-18(a)3- & p imin s fd > B4 HEE AT o o+ 3T 400
T NB RN 0k ,%r%f&mfgin chE T B oo s A
FTAL BRI ERATA R Pk o T3 L 95 37%- 2
ﬁ@fﬁt“%}ﬁﬁiﬁviﬁd‘:&&“ AR FRBFRSRREEE o F
2-180)5 T A A EEa X s mm yr' > #iE T L PR
BlenT 32z o B 2-18(c)p At £ % B T & F AL AT andi4

s

% (exhumationrate) » H = 5 % & %> mmeo =4 %77 ¢ I%] &R &
TR e B AT AR E o B 2-19 (@) e RAETRE

AL R AT 1900 &£ 3 1998 & 0 M, * 3t 5.0(F Jb;}ﬁ% 1999 & & &=
Z) > Bl 2-19(b) & =i % Be(Runoff coefficient) s it » =it & ek
% f MERETRE 0 LR s P E T i’—:"iﬁfé_% YLk R A o Bl

2-19(c) & H =& # ervkin s ¥ (stream-power) A i » H = Wm™ o

38



Na.Ge

N -¥2

N oE2

N .22

B 2-18 -8 %7 B PR < B eniza s (Dadsonetal,2003) o

N-GE

N o2

N -2

coefficient
of variation

B 2-19 B B4 F L H o B~ k2 22 A5 % F](Dadson et al., 2003) °
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5. ‘/"l}"l:lz'%';‘ﬁff.

FR -G LEeEk L2 B 2R 17 22 0 e 5 6011

3
O Ak BT ORI N 2 FIE

HAE 2@ x5 ;rzggz&éfi‘;ﬁﬁap\ B S g A5 B
W p ARG e BREEE D (DTH NI ER Q)
A QPR RS DPIREET Y e F LR AETT 0 R 8
BRI 7 FIp A= 0 A pan< LR 5 R

B R E N AR 0 B R INGEE R S R 0 ok eE R Y
BRWRPASLTIRFERE KRB LT R RIPIER R 2R
BB RN R E RS FRE Kb kR E
Trig e AP JORIT L A RP AR o BB P iR K A B
i b enjm £ (Willett et al. 2006) PRRE Y PR e RAEPER
G 2 B E B ] ) *ﬁﬁ%%?“”ﬂ%
EoRE 7 ke B R éww%Jﬁ’% ¥ AR B AR
AR e E EY sl 2 FiEkasdla ¢ 4 (Turowski et al.,
2007 ) o Turowski ¥ A B~18 = Fixen Rap R B Ba 2 a0 m T4

4

fon

a

g\x‘i

(B12-20) » = FikipE chBB T Bt enjn £ 11 2 P i
Ferdot f R 2 BT e i R H R 3 & e AR
BE 2H '&f}p Fo i B 4o @ % % (the tool effect) o A @ igit it
BTV BERP R R P KO EAF (the cover effect )
(Gﬂbert,1877) o Ry oK AU F HT R K 2000 £ B4 BF S RS
(thalweg) FIHE % ek -k iz4bm '3 M » Ti5E &% X 4 ] 6mm °
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Fev & F ARG 2001 # ¥ A ié"r%)i fo erfE Ak B ' o R ypiEARAR B
AR SRR R TR PRI RA DT L E R
L3 44000 = > o> (Turowskl et al., 2007 )
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1977) -
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PEE G QR EF LT BRI (D)FET EE 2 FIER I
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¥ BiEE R Aanw Fivt 5 B (AL 1994)
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A gReI g (F£402010) 0 fL2 SR EE A o R BB A
ARAGZFB (DB EDIALZE T LK QEFFRRL I
TR Q)RR AL B (Akar o 1989)
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B 2-21 (a) Riegl LMS Z420i T 444 Z U T M & B f & F + o0 T f,‘ s (b) &84 @50k 2 F!K?f—' RS 200
2r 5 (c) 2%EFE (b) Blijzp 2 R 2c X Bl 1* T 8FH REPR > 7 £ =4 (Jones, 2007) -
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Tree toppling 1
failure Leaning sycamore

(B)
Difference between 2006 and 2008 DTMs ﬁ__! meters of erosion
Q)

0 2 4 .\

B {eedslon spsrean
related to £5Y
tree toppling

222 B (a) 2 (b) 5 E&ae g (20062 2007 ) ; (c)
SRR RTAE D DTM (2006 1 2008 # ) 3-8 im ALt
L REE —r*']j:iggpfgxl%r‘ﬁ B2 A GHT Vd B (c) P&
FEindl & (Pizzuto et al., 2010) -
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Floodplain

Leaning sycamore

2008

Toppled tree in water downstream, 2008

Rl 2-23

2006 = 2008 & ¢ Lidar {7 3 ehje AA2EZ T4l #-a & B ehF
AL T LERAMTA L RS > o B 2227 © @
#Fo v A% (Pizzuto etal., 2010) -

RM 2.95

Toppled

Leaning sycamore
2006 low watei

2008 low water

shoreline \

tree

0 12525 5 75 10
. — e eters

Rl 2-24

%45 2006 # 3 2008 & Lidar g | FAL T Fl4a ke ALan g
( Pizzuto et al., 2010) -
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Tree Toppling Failure <
v
Stage 1 p Stage 2 » Stage 3
ot
Eﬂ & Stagel Stage 3
£ & @ Bank \ Y |
S| Tree | line l, I .
)/ .4 ?gﬂ )
Bank
GE | Stage\B / & | {\ scallop
LWD o
> Small tree | / New /1 | o
= N from frees A
i) removed ! ® tree | iat |
oy between I % failnis \ B germinate
Stages 1 & 2 [ \ a"? o | I
I I m \ I
[ ]] \ — 1 *—_ Bank
A . A ~ . Abutment
L I 4 Tree “buttresses” bank line
A A :
Tree slides down bank
Cf) face to bank toe l
3 A
7] g '
'& N] T Root ¥ /
< Riits armoring Upslope root
S & toe reinforce- development Scour under tree
ment
0 years 3-5 years 5-15 years
W225 EEEEMELT LW > REsA - 2285 0 12 F ARG
Vs £,

2 Rl o BleR A LB AR aYRE S e 0 AR A
g% 14 (Pizzuto et al., 2010) -
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2.5 A A 47

£ I pE B BRI TR 0 A G e E Bl A5 ;ﬁ“u p
R AREBRATAFA RO Ra LR RO A
FrAEEARLE-PFERG TR ELIN R AT F g T

*
BE R BFTREN LT R
FAEER S MBS
R RRIRIERE AR DAL R L7 Re L7 e IR R cud
2o R-HFERF IS LR DA PR PR
P 2 PRy AR s 2 R g R
(FFT, Fast Fourier Transform ) 4 % -|- j& ## 4% (Wavelet Transform) -
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BIZERY ALGHMP IR OTHE I AT s R R )
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PP ZIE A BARR Y PPFAE A 1T 2 0 D EE B T ER P T
At TP EFERIAREBTEOPETE P LT AT HR
4 % 1998 # fii‘%“«%?% B+ 7 %% (NASA) # & » =i Hilbert » 47
o FE T - ForpE AT i o B NASA & 25 TH R b —
% # 4 , (HHT, Hilbert-Huang Transform) - M+t =432 5 p @
BUR BB 2 AT 0 B BB R 23 frA 0 IS R
P52 B EE R Ao ] 2-26 5 0 0 HHT A 452 chiB g 3o o

HHT #hi¢ * 5 fede ] 2-27 #7 0 “r @@ A TR N = hgsk
ik 4 17 (EMD, Empirical Mode Decomposition ) ¢ » {8 3] N =t ehp

34

H#-ik S #ic (IMF, Intrinsic Mode Functions) @ # {4 {8 3] IMF e4giE
(residue) > £ #-#7% IMF 5d Hilbert % 17 3|4 % g 3% K - Wu
and Huang (2004) i&—- #:x X EMD 427 ¥ it & a0 L > % 4
EEMD ( Ensemble Empirical Mode Decomposition) - # & HHT 4 47
E AR AT R o
bR Al g & HHT 6 > @ % pRAR A 4718 5 L B AT 2 2 c4p
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SPPEAE A 473 2 (4o FFT &
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% 2-3 FFT ~ Wavelet ~ HHT 42 gbt i &

- @ gs s HHT A 4552 o 2
. Wavelet) & %87 i o

W A A 5 5 % B IR o P
PR E - * HHT (&
55 E A
SR s

B OR R~

%43 chA e %

4%
U

Fin HHT 7

ST A
EEMD - EMD) (£ % 3 & A 45 ;2
Boo g Ao B G R B A

CRANPER LG

HUE T
i)

E
2

NE -

Fourner

Wavelet

HHT

Basis
Frequency

Presentation
Nonlinearity
Nonstationarity
Feature extraction
Theoretical base

a priori

convolution over global domain,

uncertainty
energy in frequency space
no
no
no
complete mathematical theory

a prior

convolution over global domain,

uncertainty
energy in time-frequency space
no
yes
discrete, no; continuous, yes
complete mathematical theory

a posterion adaptive

differentiation over local domain,
certainty

energy in time-frequency space

yes

yes
yes
empirical

10 ¢

107

f—f —

( Huang and Wu, 2008 )

HHT

10

Rl 2-26

B:‘FF”;F‘ /’v\’]"/T/ZT\‘H:F‘ &N

Frequency (Hz)
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=1
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38 B Aot & B (Huangetal.,, 1998) -



Huang and Wu (2008)F# 47~ * HHT fd sy @ F s 47 -
2RV @ % Hilbert A7 3% FAL 2 B2 2L 2B L D A% S
Huang et al.(2001):& * HHT A 472 » -4+ 921 £ ~ & R e g (7
My oo #F %2 E A 472 (Fourier-based representations ) # = 4 4725
MPPOFAEARL > AR AREFTHEF AL HEFOL TR
% ; Zhang et al.(2003)~ & * HHT 4 47% # it (Ground Motion) %
BHF BN ALY o33 g% 3 ¢ > Huang and Wu (2008)#- Vostok ice
core “TE~F g & T4 * EEMD 4 47 » ¥ # 3| = # Milankovitch
Pk £ (B 2-27) 5 Sole et al.(2009)#-4= @ /& 3 F Alfacs /& g7

sy A oRv R 1% HHT A 473 v id H e % > B3 RiE
gL B F R~ FBRZ R iEF AP Huang et al.(2009)#-
/2 B Seine river ¥2 Wimereux river #73e4% %) 30 & chL Hp i & T
fI* HHT & 477 ¥ 3| = ‘}ﬁjél_i\g%t mjﬁﬁ,tvb Forgmy PO
BERE 3 ERBRRGE WS E 2ESRGG - TR E
Senroy et al.(2009) & % ® 4& ¥ ¥ ( HTS, high-temperature
superconducting ) 'K T i BeazhE b oo @ * HHT & 47 0 i * 4z
4o 2-28 H7or o AT R BT o AR E R T HHT 4 47
e Jﬁ‘-ﬁﬂ‘_,aygﬂsg}\—rmff 4 R E k¥ ,;r o E R
TR Ve lp I Sl el %ﬁ 2 ezig HTS 22 3 5 Wu et al.(2009)4F 4 #-
EEMD 8 # & fa 5 AL ens 45 > 4o 229 ¢ 206 5 4 — 938 MR
Bkt AE > B 230 5 HSd EEMD A7 @37 2% > &3Fa
Fd 7RG B @ T AL B B T4

HHT ~ 472 P w4 B L@ * & 2 AR 0 § SECE R
o ;glgg CEIRAE S I N ERE AR T 0 TS
HHT # %”Tk\*?mﬁtﬁp’%ﬁz&*\”?mi@ﬂ P B
A Ao TAERER ) BdpA 170 T HHT ~ 477248 NASA 23 8
NASA € B E & hp* | FP 2 - o

Ao Fozh
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Eccentr. A, Tilt Prec. HF Input

Remainder

T I T I rl T I I I
WW\’W \ A A At -
.: . | . W"iﬂ' M "-I"'“u s | g
5 T T T T T T T T
0 w-ﬂﬂrx/\\/\u\//""x_f-vx_/’\-\j.-'ﬁufx_f\_/"'n\/'n"-.uf\f'\_fx_,-a,u 4
5 1 | | | 1 | | | t
o T T T T T T T T
B0\ Sl S AR AR I N \/;l-
_5 1 L L L 1 L L L

Vosiok Isotope Temperature and Its Decomposition

-5 1
ﬂ I I | I I I I I
—Sl—_— __——-________ ________————— NE— .
-10 1 | | | 1 | | | f
0 50 100 150 200 250 300 350 400
Age (kyr BP)

Bl 2-27  Vostokice core 8 & T AL * EEMD » 47 : (a) R4sE R T

5 (b) 34~ & 5 (c) - (e) Milankovitch &4 £ 5 (f)
%47 ~ ¥ (Huang and Wu, 2008 ) -

FFT to construct | Masking signals
masking signals T{maskz, .., mask }
(“05\“‘ %\"‘2 2y
- Di i 4 g residue
Distorted signal / § ™ T —
I (i‘ ﬂ\ f‘u\ .H\ A ‘ ‘wl‘ "‘I‘ ‘”‘. A “u, [
R T L O O A O A
) [N W Ay VOV
'\j‘ \f Lﬂl \u" Vol o Q\ [V VAR VAR VAR VAV
A Ief (o
2 ¢,(f) from r,(t) ,@6‘
” N
‘3}2,‘ # ‘,0\
ol

N e Ty T e e Hilbert
[ Distorted waveform —— e T T i
from tesstlements: | lﬂ,w.ﬂwmM.m,uu»wa.w.w;uw\\w-wwuguwwua?fﬂ spectral |- Demodulation

Instantaneous
analysis amplitude & frequency,

T Fiaf N ol T
[T P

B 2-28 J&* HHT ~ 47 pF & 7422 /428 (Senroy et al., 2009) -
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B 2-29 *&3i% MR # #f1* EEMD 4 17 : R 4~F & T4 (Wu et al., 2009 ) -

B 2-30 #&3% MR §:%51*% EEMD A 45 : & A £ (Wu et al., 2009)
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3.2 3 3D T MR R

3.2.1 Fdpinde

FI#* B 3DT S H REFRWE T 2 T HER AP o 22
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322 REFH

AP e RO E S 5 0 @ GB3DF SR R 5 Riegle
Ferd & > A5 5 LMS Z360i (H13-3) o #4s # F B id 7 322002 ¢
BATA22% 0 1002 % 2 4 5% 2V PR > AQEIS0N = 2w
FARA - i wic o L 4F :hpa Bk on T g 360K 0 £
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~02002) c REBFFHAERGTIFENFLE R B - B
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G 7 3DE MAR KA B FAE 0 @7 R A HMRISCAN
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3.3 A A 45

@ sienHilbert A 4572 0 ¥ 14 STE-PE R TR A 47 0 PR S 1 AR
oo F R i 2 EH TRALE (WR3-6¢ ZANE) o 4T
A kg At AR %fﬁlﬁ,@ (4-B)3-6° FF i) s 5
o g AT - 23 RTHRES S D EHREL A
(EMD > Empirical Mode Decomposition) > 4-B@]3-7#77 2. 4R 5
FRTEEAETHECAPBNE Y T ERAUERTEE (2R)
BRae TR THE o TERERHL P BOE S8k (IMF, Intrinsic
Mode Functions )

11\1.

BERLR Y SRR A 1T AR Y 0 VR R TR g d
&ﬁ%ﬁ’$é?%%H%mﬁﬁ%1%fyf°§%&i@ﬂ

TER & S FEMDA 17 % ST nIMF Y § 2 2R
Ea b M EHHTA #9252 8 R > 7 & d EMDE-B 5T
1 BPERFE- ANk T F T R DA T IR 0 A
fs #-o7 18 ePIMF 3 4L %5 d Hilbertdg 3% - 17 3 3 rr g 3 T8 > v
%wEMDﬁﬁﬂwﬂMFm%Q%—hiﬁ&ﬁwbéuwwiﬂsbaw
2 BIMF#7 % 4 e 18 3 % o

Hilbert Transform of Data and IMF : LOD Annual

hilbert(x}
o
T

B 3-6 PEAE & 472 2 F B xR 7 R B (Huangetal, 1998) -
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Envelopes and the Mean : data
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7P OETEER > 3 2002 & (SRR 0 e BRI R E
BB B o
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Thanks for your

attention!




