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Abstract

Detecting the present-day erosion is one main factor for landscape evolution.
Therefore, it is important to have a few decades and high spatial resolution data to detect
the steady erosion pattern of the landscape. However, present-day observations cannot
provide high spatial coverage and spatial resolution erosion because the present-day
erosion methods focus on either catchment-wide sedimentation or in-situ incision
erosion observation at a certain location. Thus, we aim to discuss a method that can
detect multidecadal timescale erosion with high spatial resolution.

With the development of Structure from Motion (SfM) photogrammetry,
combined with the historical aerial photos becomes possible to reconstruct old
topography without complicated procedures and numerous input parameters. We
generate 5 periods of digital surface models (DSMs) from 1956 to 1993 by using
historical aerial photos and SfM photogrammetry in Lichi Badland, which is the bare
land of Lichi Mélange and presents high erosion. The result shows that the error of the
DSMs derived by the SfM method and historical aerial photos is within 3.1m. We use
the DEMs of Difference (DoD) method to detect the topographic change of Lichi
Badland, and we estimate Lichi Badland erosion rate in 50 years are 6.6 = 1.4 cm/yr
(tributary) and 23.2 £+ 1.4 cm/yr (riverside). From the distribution of Lichi Badland, we

found that the slope retreat is significantly distributed beside the Peinan River.

Keywords: Badland, Structure form Motion(SfM) photogrammetry, Historical aerial

photos, Multidecadal erosion, DEM of difference(DoD)
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Images Feature detection

Points and descriptors

Keypoint correspondence

and filtering

Matched keypoints SI FT

GCPs or similar
Camera
position Bundle adjustment Sparse point cloud

Image clustering Image and camera parameters SfM

Image clusters Multi view stereo matching

| Dense point cloud I M VS

1

Main steps Auxiliary input/output

. Procedures |:| Main input/output
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al., 1977; Ho, 1977; Suppe, 1981; Chi et al., 1981; Barrier and Muller, 1984; Teng and
Lo,1985); ¥ — & 5 Hag 17 A) = » H @ x4 5 52 3¢ # (Subduction complex)(Biq,
1971; Teng, 1987; Chen and Wang, 1988) % zi 4% #2 # (Collision complex)(Barrier and
Angelier, 1986; Chang et al., 2000; Chang et al, 2001; Malavieille et al., 2002; Huang

et al., 2008; Chen et al., 2017) °

32 fIE EF FH g

JIERPERBE B R UL EA5 3 BE H A5(Hsuy, 1956) » E455 7]
B I iR i B (2 gk, 1989) 0 HOL RPN G e T A4 G g Rl E -
V@ F YA LARAIT A DT B Ee LIRS HY AR
E¥ 3 Rt 2F 12 &) nEaF £ ER(HhE 2, 19951 2 &l

A B BRI (R 2 &IE F54,1996) FE EMEE AL ERE L R Y i
SR A ) .

F1E BE T AT B R SR BOR T F el 2 PR
Bopr RS SHEWA LRSS T FS - BY UERNE ER & AER
B 2 b ffIE ER S AR A FHEHEE AR PN G R

AE U EER R TARAML P R AE L L RS
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cpr BB~ p 2 5 5m #icie F 42407 (Digital elevation model, 2 T f§ £ DEM) o
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42 3 TR
it 1956 & ~ 1964 &£ ~ 1974 & ~ 1984 & > 0 2 1993 & 5 @ 4

[ Z2E+ ¥ FPFLRTRY A -DRFPDTFEFFGE 10E > TEYBRF

-

T PJ|EREFAEPTAFT R - W FT R T BT R BEH R T
PEOE 0BRGP E B RS FRRFERFRB S IE
EX P B0 RS0 HEP RS R R o
B Y SR aiE H (& 4-1)F 01950 & R enfr e SURiE 7 8 3k 1956 & dhdny
Poifr 29 EARZEN1956# 67 282 29 p 4> & FF A5 5 10000 #
oo AR BB S 152.4mm 0 B (7 IE AR5 5 2W8G-17 5 1960 & X e ¢ 4P iE
* 11 3k 1964 # iy Fiihor 20 FARE E 1064 £ 87 6 P ik HiF
BREHE 16000 ER 0 4pis E B L 152.4mm 0 & 7 34 5 53-054 5 1970 & X eh
B ApRiE ¥ 11 3% 1974 & iy Foifo & Frcte h £ R € 19k b | A4z B
BAT(H AR #Uor)¥ 1974 & 6 7 22 p 2 70 28 p ik HiFH A5 25000
B BB S 208.25mm> % (7 T4+ 88 5 63-016 2 63-024° 1956 & 3 1974
EOFL RGP DERBLENY AT RAAAY r BFALEFTT R
;}Eé AN
1980 & %iF * 7 155k 1984 & crsez PB % » 5 P &s03t 1984 & 6 7 30 P
Z 7% 28 p4pdE &% RMKA 1523 4p{%4p 3% » 4p 4% £ £ 5 153.049mm ;5 1990
ERE® T 2058 1993 £ipdy BB Y 0 L R AT 1993 £ 40 29 5 2 90 20
Pip#E- &% RCIOAp#4p > AP1% £ & 5 152.99mm - 1984 & - 1993 & eff ¢
S el S T LAE

LR Y LT R Y B3 L Ao 42 40T ¢
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#Fl P BUE el | LB (_'E;"\:'{) AP ¥ £ 2, x‘g\j\ R

1956/06/28, | 2W8G-17 | 10000 152.4mm LR SN S
1956/06/29 L2k gL
1964/08/06 53-054 16000 152.4mm FEE P
1974/06/22, | 63-016, 25000 208.28mm

1974/07/28 63-024

1984/06/30, | 73p021 RMKA | 153.049mm | {7 #cfz f ¥
1984/09/07 15/23 1 ¢ thir
1993/04/29, | 82p034, RC10  [152.99mm | & B R4z
1993/09/20 | 82p124 PR

% 4-11956 & 3 1993 & 1% & frd g #iffdee & d 3 5 TGS -

4 1956MEEAIR O 4 1964EEERR

1956 = 1964 &

17

doi:10.6342/NTU202202941



2522590000 2522590000

A4 1974EESFE 198402 S i £l

e ; FlE i FIE =

1974 & 1984 =

19930 SR
I

1993 &
B 42 LpFfpEs e sama il o #HFT SRBE 2 hAig - ARG

N FTIRE S P Y i h SR T o

18

doi:10.6342/NTU202202941



43 L ERBEERAKYAY
AEY RBEED LY B £ A Flet #  Agisoft Metashape =
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E AR ) R Y RSP ALTE 0 FIF R

W F YRS BRI RS e FREFHER SRR -

#oie ¥ % 2] (DSM)

iE S %1%
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4.3.1 Fre #up ik mil
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IR e S A E I (R R Pk S Ak S RE gl
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R B AR - FRHEOR o R PG E T RER
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432 ZHIBHETE

S N Y SRl A S U S NP N
o el N W PR AR e me gV R U RIS T8 ek VR DECACE s SO K TN By
EEPEEE PR FPR A PR LAY RS AT LR L RDRFT P - FE A
Pl E ARG G e B gL RS R (AT ERFTERZEL A
FIT MBS LW R Y R BRI 2018 E Y B A ¢ R
FEBLHRT SOFEL BT B0 b (B 4-5)1F 5 AT chir ek o
AL E RO BRSSP RGO HE R A DR bledp T i
Bl r s w2 B R R R R o ERAE R T IR st g 0 el i
G AR BB ARG B ET R A PR TR AL @ B S BBy
FIBEACHR Pi L AT L ® P PN gLt g kR E ¢ 3 2003 £ 3 2006 E B
Wenx & Sm DEM P~ 3 4z 0 £ R gl * L SRS E T 6 Ak o I g
Pg T ER B R S LRER R RIS R RS LR RPN e
RATE H N ORI R AR H] 0 BRITE R g AR

W4 ¥ Y st Bt DEM A ElawT g4 § % 4 DEM &8 § 4
AL BRAREL G5 Bk = [Fl(Carvalho et al., 2021) » 2##7 3 i * > & 5m

DEM 315 § A2 T > F18 03] i b B2 o B3 4240 & Smp
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B 45 7 FERFEPRRT S X ey T5 5418 0 2 1956 & (=

F)1974 4 (1 W) L 4afl 5 6 » o= T o P L ARPR 0 BREILL SR 10
T R R R S B

4.3.3 Agisoft Metashape
AFT 7 & * Agisoft Metashape Professional(1 ™ f§ # Metashape) i % & @ 3+
A eh1 B > KA 5 1.6.3 - Metashape 5 Agisoft = & B 4 2. §2 i Wkl >
® g A SIM NG ERER R E L - A FH i PR A Y kg fm
SIM ehf * St % & frd g R P BT R fAE B IR @ * Metashape & {7 ff ¥
BT PR HE R R BAF 0 TR R %ﬂfr‘}ffi’““ His B % g2 g (Molg and
Bolch, 2017; +h#h %, 2020) - F]4* » 257 3 & * Metashape & {7 ff ¢ &g B e
§ 143D = 4 o
AFT & % Metashape i& {7 & P53 B € 4 B e 4 B R HCA oD S
A % - Metashape 7§ 1T/ 421 & 4o
(=) F #ng Bl 7o adLis ® ~» Metashape » o3d B & 382 % 5L
3 TWD 97(EPSG:3826) » i # » fr ¢ e iip i S Hc(de © B IE) -
) AT RRELZ PSR TEE T e A Wi &2 (tie point) 0 A AT F K E
#rr & 5 High > Keypointlimit 5 50,000 - Tie point limit 3 25,000 -

(=) #EPenfy 4] 8Lk 12 8L % » Metashape » T {53530 5 & o1 4 R
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oo ML 18 18 7k T £ (optimize camera) » ¥ & ¥4 8L 22 e 1 BRH B R
Az o

() i&{7 % 22 (dense cloud)# ® > ##7 7 % ¥ Depth maps & § % High >
Filtering mode % Aggressive °
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SmDEM ehg A2:e (AP B 422 4700 510 B8 7 b T 7 HBRchg AP M1
RERFEHIFEL -

FHAI Rt P FRlEA S 0 2 VR FHR A 4T X 35 o
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45 B 8T

AT L EHDEM (8 0 TF B g ITF B HFH A QGIS 7445 o A~
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el 2 iz AF 32007 £ D Bl A 0 @ % ELSAMAP guiplv 2
PPREBLRI A ede R E gL o AT R-2 8 DSM %=~ 1 QGIS » & #-3 237
HEeFFRrRAG T 28d PP DSMAQNUGTHART RFEPRAL > PR
ELSAMAP 78] it -

%7 A Bl & PRI 0 ELSAMAP » 447§ -4 8 DSM i {7 DoD #aj = #

DoD = 2 ¥ #-% I DEMARR » Tt B8 2 &£ R B AL § o L 327 1Y
© > 5 5m DEM & FAp R 0 BB AT E ThR B EL g A 2T R
WAL oo DOD FiEs RBEBFET REASG OV EFET RBOEEME &

Y ToEasE S o B auEAer o B EFR Y P& " Y(limit of detection, 12 T [
H# LOD)IT i &AM & anfL - LOD a3t 5 2 2 & = M 3 5 2 357 938

% (root mean square error, RMSE) & # X > LOD &3t 5 2 3840 ¢

LOD = \/ (Epefore)? + (Eqfter)?

B9 5 Eporore o DoD 4p it c51% 1 $53] RMSE 324 » Egpper 5 DoD 40 chfs 1
4] RMSE %4 -

% % LOD ¥ 1 52 DSM % DoD = ;% ¢ 17 #£ %_% #.(uncertainty cube) » ¥
# % 00T 25838 DoD M 3£ (Epop)
Epop = Npix X Apixy X LOD
7 o npi s DoD 3+ 5 e iR o Apiy 5 e Fe 5 A 0 LOD & WRlIRIL - 23
Bl R P e AW DSM BE s # % DoD ik 8 A eh 2

24

doi:10.6342/NTU202202941



(Wheaton et al., 2010; Carvalho et al., 2021) -
AR Y R * DoD HriE (T AR TR kA fd v & QGIS P iE
SRR B BT R AT R RBENI R e 2 -
Bl FASERFET RMNMUEZREMY a TR o AF T EEHK
AT RORG o BRI T LY B N TR LR A ER B TR

RIT AR 2 BN A7 AR

4.6 F 3 BXK
AT EHET P 3 ER LT ER

I, ARy R AR > Ay R F 4 B8mE v d s ut
T8 SRR L ER RBRBITIEERE T e .

2. AFEFE® P 1950 &£ XD S e B BETE L AT Y i B P B 7 B 8L
FERGHERAFT B EATHRE R FAF AR ER S i

DB HIBBRI T RTASC 2 A > AP RE T K LG R

3. AT R R R AW E S S DSM o 4 )I‘n\pﬁ."‘f LB ARG HE
A% % T hie 7 DoD R FHE § ¢ 90 B AL ih
Bilo ¥ R FEF FHRG AP P REESOIH IS P X EARPE ]

Tt L mﬁ”‘é DoD % i pF o fi/}fz“‘ 1 ~,/G;‘!% Jfﬁﬁﬁ;ﬁ”% it oo
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Distribution of control points xy error (1950s)
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Distribution of control points xy error (1960s)
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Distribution of control points xy error (1970s)

i

22°51'N

22°48'N !

121°09E

Distribution of control points z error (1970s)

| ?.: A
& 2
22°51'N \ o
./
|
|
J
|
L ]
22°48N |
| Error
Y . 3m
e - @ 2m
e 1
0km 1km

121°09'E

Distribution of check points xy error (1970s)

— —

B ~ |

V.
. YL

|

22°51N \ o
\‘ /
-
Al

22°48N

121°09°E

Distribution of check points z error (1970s)

22°51'N 1

22°48'N |

"‘_Sr": X
J ‘y
% o
A,
3 @
Error
. ®:n
®2m
o 1
0 km 1 km
121°09'E

B 5-41974 & 1 B2 SHTHIB(2 8 )2 RPB(ES )FALA T -

30

doi:10.6342/NTU202202941



Distribution of control points xy error (1980s)
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Distribution of control points xy error (1990s) Distribution of check points xy error (1990s)
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i B T o

P Y OGR4 R
L056 8 0.66m/pix
1964 11 1.05m/pix
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B 5-13 1964 & DSM # % 2. ELSAMap -
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B 5-151984 & DSM # % 2. ELSAMap -
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B 5-16 1993 & DSM # # 2. ELSAMap -
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1956 #
HoF B
S5 X Y V4
PO1 263761.375 2525447.912 80
P02 263018.859 2522084.171 47
P03 262971.19 2522572 52
P04 265763.488 2522871.42 215
P05 265399.782 2523491.161 235
P06 265270.158 2523947.77 241
P08 265911.73 2521056.945 43
P09 263438.106 2520800.836 38
P10 263862.223 2524761.896 73
P12 264108.912 2526292.146 103
P14 265434.2259 2524391.736 257
P17 265119.6709 2528098.679 166
P18 265412.7016 2522426.355 180
P24 265932.918 2521057.821 46
P25 264064.424 2523542.776 49
P26 264285.136 2524364.221 91
P30 263938.565 2523888.235 51
P30 263938.6 2523888 51
kil
PO7 265087.456 2523264.776 189
P13 263959.311 2524360.711 70
P31 265378.24 2521862.538 157
P32 263689.978 2521687.708 37
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1964 #

HoF B

S5 X Y V4
PO1 263761.375 2525447.912 80
P02 263018.859 2522084.171 47
P04 265763.488 2522871.42 215
P05 265399.782 2523491.161 235
P06 265270.158 2523947.77 241
P08 265911.73 2521056.945 43
P09 263438.106 2520800.836 38
P11 265516.302 2525597.566 280
P12 264108.912 2526292.146 103
P14 265434.2259 2524391.736 257
P16 265000.6382 2527277.191 145
P17 265119.6709 2528098.679 166
p22 264736.148 2523095.881 180
P24 265932.918 2521057.821 46
P25 264064.424 2523542.776 49
P29 264259.5749 2529239.01 116
P30 263938.565 2523888.235 o1
1% Rk

P07 265087.456 2523264.776 189
P13 263959.311 2524360.711 70
P18 265412.7016 2522426.355 180
P26 264285.136 2524364.221 91
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1974 #

HoF B

S5 X Y V4
P02 263018.859 2522084.171 47
P03 262971.19 2522571.512 52
P04 265763.488 2522871.42 215
P05 265399.782 2523491.161 235
P08 265911.73 2521056.945 43
P09 263438.106 2520800.836 38
P10 263862.223 2524761.896 73
P11 265516.302 2525597.566 280
P12 264108.912 2526292.146 103
P14 265434.2259 2524391.736 257
P15 265287.6666 2526115.71 279
P16 265000.6382 2527277.191 145
P18 265412.7016 2522426.355 180
p22 264736.1484 2523095.881 180
P24 265932.918 2521057.821 46
P25 264064.4237 2523542.776 49
P26 264285.136 2524364.221 91
p27 267379.9543 2520941.917 21
1% Rk

P03 265087.456 2523264.776 189
P13 263959.311 2524360.711 70
P19 265066.0975 2521222.222 38
P28 266413.5448 2523106.969 194
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1984 #

HoF B

S5 X Y Z
PO1 263761.375 2525447.912 80
P02 263018.859 2522084.171 47
P03 262971.19 2522571.512 52
P04 265763.488 2522871.42 215
P05 265399.782 2523491.161 235
P06 265270.158 2523947.77 241
P08 265911.73 2521056.945 43
P09 263438.106 2520800.836 38
P10 263862.223 2524761.896 73
P11 265516.302 2525597.566 280
P12 264108.912 2526292.146 103
P14 265434.2259 2524391.736 257
P15 265287.6666 2526115.71 279
P18 265412.7016 2522426.355 180
p22 264736.148 2523095.881 180
P24 265932.918 2521057.821 46
kit

P13 263959.311 2524360.711 70
P19 265066.0975 2521222.222 38
P21 263552.813 2522293.542 41
P03 265087.456 2523264.776 189
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1993 #

HoF B

S5 X Y V4
PO1 263761.375 2525447.912 80
P03 262971.19 2522571.512 52
P05 265399.782 2523491.161 235
P08 265911.73 2521056.945 43
P09 263438.106 2520800.836 38
P10 263862.223 2524761.896 73
P11 265516.302 2525597.566 280
P12 264108.912 2526292.146 103
P14 265434.2259 2524391.736 257
P16 265000.6382 2527277.191 145
P17 265119.6709 2528098.679 166
P18 265412.7016 2522426.355 180
P20 265424.8642 2521786.123 155
P24 265932.918 2521057.821 46
Ll

P02 263018.859 2522084.171 47
PO7 265087.456 2523264.776 189
P13 263959.311 2524360.711 70
P15 265287.6666 2526115.71 279
P19 265066.0975 2521222.222 38
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Wt 2 A Y S R

¢ 3

1956 #
B 5 piEn B hER R (ER)
2W8G-17-007 1956/06/28 10000
2W8G-17-008 1956/06/28 10000
2W8G-17-009 1956/06/28 10000
2W8G-17-010 1956/06/28 10000
2W8G-17-114 1956/06/28 10000
2W8G-17-115 1956/06/28 10000
2W8G-17-116 1956/06/28 10000
2W8G-17-117 1956/06/28 10000

1964 #
B & s R W BHER AR (W)
53-054-044 1964/08/06 16000
53-054-045 1964/08/06 16000
53-054-046 1964/08/06 16000
53-054-047 1964/08/06 16000
53-054-048 1964/08/06 16000
53-054-073 1964/08/06 16000
53-054-074 1964/08/06 16000
53-054-075 1964/08/06 16000
53-054-076 1964/08/06 16000
53-054-077 1964/08/06 16000
53-054-078 1964/08/06 16000

1974 &
B i h R W R R (W)
63-016-0265 1974/06/22 11200
63-016-0266 1974/06/22 11200
63-016-0267 1974/06/22 11200
63-016-0268 1974/06/22 11200
63-016-0269 1974/06/22 11200
63-024-0114 1974/07/26 11200

85

doi:10.6342/NTU202202941



63-024-0115 1974/07/26 11200
63-024-0116 1974/07/26 11200
63-024-0117 1974/07/26 11200
63-024-0118 1974/07/26 11200
63-024-0119 1974/07/26 11200
1984 i
e & S ki PSR (FR)
73p021_127 1984/06/30 A 4o
73p021_128 1984/06/30 A i
73p021_129 1984/06/30 i
73p021_130 1984/06/30 A 4o
73p021_131 1984/06/30 % i
73p021_132 1984/06/30 A 4o
73p021_133 1984/06/30 A 4o
73p021_134x 1984/06/30 % i
73p021_151 1984/06/30 A e
73p021_152x 1984/06/30 h e
73p021_153x 1984/06/30 h e
73p021_154x 1984/06/30 A e
73p021_156x 1984/06/30 h e
1993 &

PR 5 S5 ipHEp Y B R (ER)
82p034_1186 1993/04/29 A e
82p034_1187 1993/04/29 h e
82p034 1214 1993/04/29 A e
82p034_1215 1993/04/29 A e
82p034 1216 1993/04/29 A e
82p034_1217 1993/04/29 s
82p034_1218 1993/04/29 A e
82p034_1312 1993/04/29 A e
82p034_1313 1993/04/29 A e
82p034_1314 1993/04/29 A e
82p034_1315 1993/04/29 A e
82p124 2796 1993/09/20 A G
82p124 2797 1993/09/20 A i
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82pl124 2798 1993/09/20 A AT
82p124_2799 1993/09/20 A AT
82pl124_2810x 1993/09/20 A T
82pl124_2811x 1993/09/20 A T
82pl24_2812x 1993/09/20 A T
82pl24_2813x 1993/09/20 A T
82pl124_2831 1993/09/20 A T
82pl124_2832 1993/09/20 A T
82pl124 2833 1993/09/20 A AT
82pl124 2834 1993/09/20 A AT
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