Evaluating Erosion Rates Through Advanced DEM Differencing and Co-Registration Techniques Using Underutilized Satellite Data: A Case Study from Southern Taiwan

1,2,3
EGU25-3377
I E S INSTITUTE OF
EARTH SCIENCES
ACADEMIA SINICA

1,2 - 2,4 . 1,3
Gopal Kumar ", Yu-Chang Chan ", Cheng-Wei Sun’, Chih-Tung Chen
ESuss, 2025
PRARARHKHNEHRAM

1 Taiwan International Graduate Program (TIGP), Academia Sinica, Taipei, Taiwan 2 Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan
3 Department of Earth Sciences, National Central University, Taoyuan, Taiwan 4 Department of Geosciences, National Taiwan University, Taipei, Taiwan

Sharing not
permitted

Methodology ~ DoDMap o

120.60°E 120.70°E 120.80°E 120.90°F 121.00°E 120.64°E 120.68°E
e s — " Data Acquisition Topography Change Detection % | o . - 7
Abstract Taiwan’s tectonic setting and | (o) B 0 S b Mt Jader] L ;xb d:
2 - . F =, i ; .,f:? : J_ . pr - VIR AL 132 B4 ‘__-.,.. I
extreme rainfall provide a natural laboratory . O A M WY P Reference DEM Global DEMs 5090 LDAR DEM NAeaDEM fo4 J L, M 5 ),
. . . . , R , 1 ( gy Z, il M ,.,,_; ¥
for studying sediment flux in dynamic - - 190 LDAR DEN /Spacebome - / / - / / N / Ny | _ M? f
mountain basins. This study assesses z P B VA SR W R W e Y TS -
decadal erosion in the Laonong River Basin = /'C“F“DFM AL?;%E' v - : B gl
) oy . . OPErnICUS : : 3 =t . 7
using underutilized satellite-derived DEMs, / Landslide Mask /Lb H”{i‘;“ﬂ‘ﬂff‘:e"t
utn an dd etno
including ASTER GDEM’ SRTM’ NASADEM’ Horizontal Datum Ellipsoid Horizontal Datum Ellipsoid ¢
AW3D30, Copernicus DEM, FABDEM, and TWD97 GRS1980 WGS84 WGS84 Vertical Bias Calculation
Ta n D E M -X E D E M ) be nChma rkEd aga |n5t z ¢ Frequency domain analysis
. . . . . & Vertical Datum Geoid Vertical Datum Geoid
high-resolution LIDAR.  Spatial-domain 3 // ot Bins Rast l
. . . . . EGM96 Height/ EGMS6/ ertcal blas ~aster
metrics (RMSE, bias, SD), Void Fil TWVD2001 Height | TWHYGEO2014 EGM2008 ﬁlgight EGM2008
assessment, and Fourier-based spectra > DoD Calculation
analysis were used to evaluate accuracy anc wlr N
detect vertical bias. ASTER GDEM and most . v Hc:rgontal Eatum and GLUL(IZ l\éa?t,h O Mook untunpunas tributary
: P ° | m Hom nization oogle Ea 0.l Mas .
radar DEMs with void-filling from external = ertical Datum Homogenizatio I J SPOT PPY Erosional Volume _ _
: . . magery, ¢ 99.45 Mm3 Riverbank landslide
sources were excluded due to high Horizontal Datum: TWD97/WGS84 - Projected WGS84 Satellite Images Depositional Volume along the main channel
. Vertical Datum: TWVD2001/EGM96 Height & EGM2008 Height L .
uncertainty. NASADEM emerged as the most eriical matum °9 °19 Volume Estimation and 33.67 Mm3 A . A0 b B a7 near Baoloi
reliable  for  multitemporal  analysis, Erosion Rate Estimation A -~ 1 G0 SO VA
thiti i i i i i . | downstream of Baolai and
exhibiting minimal bias and high vertical | Accuracy Assessment w.r.t. LIDAR DEM | Liouguei due to reduced
ideli _ni i i i 3 Pt . . ' sediment supply from
fidelity. Sub-pixel horizontal alignment via o Frequency Domain Analysis e ent supply
the Nut.h ancil Kaab .method a.nd vertica ) ) Y _ Spatial Domain Void Fill Frequency
referencing via Fourier analysis ensurec Q.. 1 P s 2raion oo Analysis Analysis Domain Analysis Reference LIDAR R m el G
precise DEM diﬁ:eren{:ing. Estimatecd Y .-.e__-i-’;_-’-. o ,-’ £ - ' f SO g g Analysis based on stable Review the void filled Analysis based on DEM DEM and B l Y (o] | . b b ho | s
. = s P Vo 21, 7] 2 o, g areas. data for each DEM. power spectrum e b Yl A _-‘.-" ey
sediment export over 20 years was ~119 L d Spaceborne DEMs Comparing Low-Pass .%fflféllioug,tieﬁ“ g
Mm?3, validated through Google Earth v v \ v Filtered Terrain Models i) P g
L L Rl —— DEM Power (LP-DEMSs) from low rm e L) B P
satellite |miafgery. These fm_d_mgs hlghllght ® Vilage [ Juifang Group and its Equivalents Error Void Fill }!ertlcal Bias/ ] Spectrum Analysis frequency components oz
the Ca pablllty Df underLIt“lZEd Satenlte- W\ Laonong Drainage Network B Lushan Formation, Sulo Formation Metri E ngh-frequency " s /i
. . . . . W Laonong Trunk Channnel B Pilushan Formation etrics rror Artifacts " + + ' Zhoukou tributary
derlvecj DEMs in Capturlng Secjlment erosion Laonong Catchment Sanhsia Group and its Equivalents STD, MAD, ME, Spatial distribution ' - . .
| I | d d d I IIiIHIt:ILC}IGiL FORMATIONS E Tachien Sandztone ’ d LE90 f void filled pixel Large wavelength \ ngh'frequency Vertical Bias Erosional Volume
dn Ol voia niiea pixels ) 1 .
rates Over mu tlpe ecades, emonStratlng [ Alluvium ] Terrace Deposits topography bias v Artifacts Raster 261.40 Mm:3
thElr Utlllty IN environments Where erosio nal I Hsitsun Formation, Chiayang Formation ~ [__| Toukoshan Formation ‘nl Depositional Volume
signals are dominant over the inherent noise . : : : ST : 186.54 Mm3
ingthe dataSEt Figure 1. Geographic h:)c‘-:':n:i{:)rtr geological Setting’ Flgure 2. MEth0d0|0g|Ca| Workﬂow |”U5trat|ng (lEft) DEM SU|tab|I|ty assessment and 0pt|ma| DEM f
' and precipitation patterns of the study area. selection, and (right) sediment volume estimation, including novel Fourier-based vertical bias correction A Mountain
for accurate DEM differencing. ' ® Vil
] [ ] ] I a e
Power Spectra Analysis Landslide Evolution - B A put X Catchrment
utanpunas Latcnmen
140 (++rvrrrr—NOrmalized 1D Spectral Power for Radar DEMs and LIDARDEM ) _ _ _ NR— o | | | | _ A ~ 71 E Catchment
che o e Figure 3. Normalized one-dimensional £ gy, of difrerence 0 TE dennpomeoras | —sssaiEi | Figure 5. Left panel shows A g &4 choukou tatcmen
120 - opernicus PR n . VY - i i ; . / -;;a 5 :
i R oem N | power spectra envelopes for different 7/ ¥ = LN, 20-year elevation changes 7 ‘z”ﬁfﬁ" Elevation Change (m)
g "0 [|=——TanoEm-x e Nl Temeomerpeer specea | optical DEMs evaluated in the study. .=, & 5 -l | with aggradation from a ) o —
© i shorter wavelengths ) . . . P R \ : A . . _
g "l N [ Rt copermioue ane High-frequency peaks were observec ﬁ i . deep-seated landslide; right - >
w : : 'I . . . . " : | = . . . o] . 4] . o . o . o
g eof- NN\ - at 2-8 pixel intervals in the optica - £ Trbutary Junction _ panel displays cross-section 120.60% 120.70° 120.80° 120.90°E 121.00°
2wl | DEMs, with similar artifacts reportec %;m..f i 700 [ cras AN highlighting  major Figure 7. DEMs of Difference (DoD) map of the Laonong River Basin (2000-2020): The left panel shows basin-wide
= . ,, uvial fan % W ,r ) . . . . ., . . . . .
A | in the AW3D5 and ALOS 3D DEMs by 2 " ¥ S channel aggradation and elevation changes, with erosion (red) in scars and banks, and deposition (blue) in toes and channels, highlighting extensive
Purinton and Bookhagen (2017) and .?ﬁfs:am;mwgu:s}gg , 7 i .* debris fan buildup sediment redistribution. Key features include aggradation near tributaries, the Baolai bank-erosion landslide (green box),
DE,H,, : : .5 » L 4 . . 3 i : 2 : : 1 - &) | Elevation angem%-@, ,i” r",.? 600 - . . . . .
10 10 0 ot 10 @ Kumar et al. (2024), respectively. %:D— — ¥ il - -,-;.r,_nﬂ 1 | | | | and the large Putanpunas landslide (black box). The right panel shows channel aggradation decreases downstream of Baolai
e e i """ " tatance () e e and Liouguei.
40 [ .Normalized 1D Spectral Power for Optical DEMs (ALOS3D DEM, ASTER GDEM) and LiDAR DEM Figure 4. Normalized one-dimensional . 6 catellite | - Discussion & Conclusion B
LIDAR DEM : igure o. atellite IMages . .
120 - ALOS3D DEM 7 : podwerbspeé:tr;;:l‘welopfs :0; \{arlt:;:s of the Putanpunas * Sub-catchment analysis reveals intense localized erosion * Integrating spatial, spectral, and metadata assessments
_ 2 pixel (60m) radar-base s evaluated in the . . . ,
g 100 1.3 km . g g (up to 62.86 cm/yr), often masked at basin scale; DoD significantly improves the accuracy of DEM-based
g ™ study. Radar-based DEMs generally & 5 catchment, taken 20 years L . N . L
T | [hign frequency artifact Vi 2ol | L L maps help identify geomorphic hotspots critical for hazard erosion rate estimation.
80 Pixel (120m) apart, reveal significant
3 peaks at 2-8 pixel steps N exhibit smoother spectra and fewer parg, & . diff L ful h for both
2 in optical DEMs W b f vitrcts Notablv. th and lasting topographic assessment. DEM ditferencing is a powerful approach for bot
@ 60 s . - . . . .
N 8 pixel (240m) igh-Trequency artitacts. Notably, the z . e Archival DEMs like NASADEM. when corrected and large-scale landscape evolution and sub-catchment
E w0l N | Copernicus and NASA DEM display i : changes caused by the . T . . . .
2 1 tional ‘h tral extreme impact of analyzed properly, provide reliable insights into decadal- scale hazard evaluation, capturing spatial patterns
exceptionally smooth spectral curves . . . . .
20 - / | OXCEP y sm P Tvoh Morakot scale sediment redistribution. beyond what point-based gauging stations offer.
i - with no significant high-frequency  _ § ypnoon IvViorakot.
10° 10° 10* 103 102 10" eg ks_ s E The author, Gopal Kumar, wishes to acknowledge, with thanks, the Taiwan International Graduate . . . -
Wavelength (m) P 120.74°E 120.76°E 120.78°E 120.80°E 120.74°E 120.76°E 120.78°E 120.80°E Program (TIGP) of Academia Sinica for financial support towards attendingthis conference. Email: gopall6iiserb@gmail.com/gopallé@earth.sinica.edu.tw



