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Experimental Research on Soil Erosion Monitoring of Different Ground Cover Conditions

Using Terrestrial Laser Scanning (TLS)

FENG Kaiyue'?, MA Lixia', YU Dongsheng'**, CHEN Yang'?, WANG Xin'?, SONG Jie"?, LIU Xiaoli®

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 Farmland Ecosystem National Field
Observation and Research Station, Nanjing Institute of Soil Science, Chinese Academy of Sciences, Yingtan, Jiangxi 335000,
China)

Abstract: The amount of soil erosion is a key indication for assessing the risk of soil degradation. Terrestrial laser scanning
(TLS) is a new technical tool for monitoring soil erosion in real time, but its monitoring accuracy under various ground cover
conditions is still unclear. In this study, two TLS scans with six different ground cover conditions were undertaken in Yingtan Red
Soil Ecological Experimental Station in November 2019 and July 2021. Moving surface fitting filtering and the inverse distance
weighted interpolation methods were used to create DEM. The erosion mass and accuracy of TLS were assessed using a
combination of DEM datasets and a minimal level of detection. The results showed that there was significant positive correlation
between the accuracy of TLS and soil erosion amount. TLS was better suited for monitoring the areas with moderate erosion
intensity or higher, as well as the areas with significant erosion over time. Ground cover conditions not only influenced the
intensity of soil erosion and surface roughness, but also caused point cloud filtering and spatial interpolation errors, which
affecting TLS recognition minLOD and soil erosion monitoring accuracy. This study can provide reference for TLS monitoring of
soil erosion in the wild under complicated surface conditions.

Key words: Terrestrial laser scanning; Soil erosion; Different ground cover conditions; Minimum of level of detection
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Table 1 General characteristics of ground cover in runoff plots

NXGS PEE) B PO R (%) Yo i ER (%)

P1 8 S 11.0 0.0
P2 8 ¥ 0.0 0.0
P3 8 J 0.0 3.6
P4 8 LM 46.0 3.8
P5 8  HREN. 2R 42.0 0.0
P6 8 LM 35.0 0.0
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Fig. 2 Daily precipitation in the study period
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Fig. 4 Spatial distribution of soil erosion and deposition in runoff plots
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Table 4 Comparison between measured and TLS-monitored soil erosion amounts

RN A EKgm®) @A@Y TLS Wil LI E i (kg) Sl - 382 ph i (k) RE(%) RMSE(kg)
Pl 1213.90 0.085 102.90 126.84 ~18.9 20.00
P2 1263.93 0.178 225.57 248.84 9.4
P3 1219.54 0.176 214.44 185.63 15.5
P4 1235.45 0.105 130.15 115.55 12,6
P5 1229.81 0.019 22.75 30.41 —25.2
P6 1215.51 0.059 71.30 57.80 23.4
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Fig. 6 Measured soil erosion amount and TLS-monitored ARE linear trend (A) and ARE after detrending (B)

B2z, TLS Wiilpks sz 3 LRl ik
T S Bk D= AR 0 B AR R R
LRGN,
33 MWRBEEME3 TLS M7 minLOD £20[

TLS W5l 5 = AR M s 2Ok [ = it
Fic v 158 22 L FRURE V) T o5 25 B bt SRS
K, minLOD WK, AHFFEF-1) minLOD(8 mm)
3 Li ZE mm) K, TR TG 3 B R 228
N B RRA A R R — [ T S s 2
BIBRUEZE s MAHFZE T TLS HF 4 Wil Y e v 1 22

i Cyclone 3 3 A B AR I A 0 158 22 1 3 K
1S, H Pl ~P6 ZHUNX M F /M Mg R A1, (i
AT TR 22 A FOMUAE BE SR  (HABIESE 6 /N IX
f) minLOD & [El(4 ~ 60 mm)5 Eltner %20 mm)Fl
Lague %6 ~ 60 mm)7E R/ B0 j 4% il 52
AT LA, R T = A, B
A 54 T B minLOD ¥k,

Ak, TLS BFPAMEI R FR T, 32 M e 55 1 Mot
SRR FEMR , E LSS ) A RS B2 7 A e,
REE LD/ N HER 22, 1% minLOD FERRAR, KA}

http://soils.issas.ac.cn



5 4 19

THELA A5 T OGO M IS ) M 3R A i A 1 A b AR P s 5 863

[i] )3 5] - A2 i W v, T C v A bR S B AN TR
BB B R 2E A 5 6] 4y A TR
e AR 10 R, A A K B ] 8 - B R
ol 0 o R v AT A = B Y LM R 22, IR LS
(5370, $E BN 22 R4 T TLS A9 minLOD
HRETREE, ETIRARI

4 g

DTLS & FH TR e 58 55 45 1 F =i il
M (RMSE=20.00 kg, ARE<25.2%), {HIEZ % | #i
F By RANAG BN AEAEARAS , T A/ N XA A 5
MR SEAEXT TLS Wil i sl 12 254 0.08% ~ 5.69%
FEUNX TR W R T S REM/NX, Z R m ik
T AR R 22 A I G, W R 220 T KA R
SHRBRAAIRS , 18 B A B kA S TR AN
VERC, BRI IRER K

2) AR i RN TLS Wik B i R K,
P A B B IE A E G R (RP=0.79, P<0.01); TLS
e 3R RBUA R AR K L (>2 500 t/(km®+a))
HY7K A B s M, SIS Y T
80%. PK, TLS B H T rh &= ki B LA B B )
[) 7 51) 2 Az B 3 AR ol P R i % s st A e Py - 142 ol

JLARIIS
S 3K

[1] #oth, TR, Pt 3R b a7 00 i g
AR E R R L [J]. 1K, 2015,
47(6): 1015-1020.

[2] 3%, HRI, BB, & RRIWI %R 520k
W 5 S 19 52 LY VG 4 0K 38T 37 388 4 510 [3].
FPE K AR, 2008, 6(3): 18-23.

31 FgETe, B, BIUAR, & THEMIIX VCs 5 *''Pb,,
YOH A A RAE M ML ST 40 [J]. L IESAIR, 2011,
48(4): 673-682.

[4] JHUR, SR, PR, &, TEEIINE
BRI, HEDK RARFER, 2011, 9(2): 11-18.

[5] EMafl. 3R 0l T P A B A I SR
MR GAIE[D]. B ERMABR K, 2020.

[6] Ouédraogo M M, Degré A, Debouche C, et al. The

evaluation of unmanned aerial system-based
photogrammetry and terrestrial laser scanning to
generate  DEMs  of  agricultural  watersheds[J].

Geomorphology, 2014, 214: 339-355.

[71 Bremer M, Sass O. Combining airborne and terrestrial
laser scanning for quantifying erosion and deposition by
a debris flow event[J]. Geomorphology, 2012, 138(1):

49-60.
[8] Perroy R L, Bookhagen B, Asner G P, et al. Comparison
of gully erosion estimates using airborne and

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ground-based LiDAR on Santa Cruz Island, California[J].
Geomorphology, 2010, 118(3/4): 288-300.

Telling J, Lyda A, Hartzell P, et al. Review of Earth
science research using terrestrial laser scanning[J].
Earth-Science Reviews, 2017, 169: 35-68.

Eitel J U H, Williams C J, Vierling L A, et al.
Suitability of terrestrial laser scanning for studying
surface roughness effects on concentrated flow erosion
processes in rangelands[J]. CATENA, 2011, 87(3):
398-407.

Goodwin N R, Armston J, Stiller I, et al. Assessing the
repeatability of terrestrial laser scanning for monitoring
gully topography: A case study from Aratula,
Queensland, Australia[J]. Geomorphology, 2016, 262:
24-36.

Li L, Nearing M A, Nichols M H, et al. Using terrestrial
LiDAR to measure water erosion on stony plots under
simulated rainfall[J]. Earth Surface Processes and
Landforms, 2020, 45(2): 484-495.

Wheaton J M, Brasington J, Darby S E, et al.
Accounting for uncertainty in DEMs from repeat
topographic surveys: Improved sediment budgets[J].
Earth Surface Processes and Landforms, 2010, 35(2):
136-156.

Vericat D, Smith M W, Brasington J. Patterns of
topographic change in sub-humid badlands determined
by high resolution multi-temporal topographic
surveys[J]. Catena, 2014, 120: 164-176.

Brasington J, Langham J, Rumsby B. Methodological
sensitivity of morphometric estimates of coarse fluvial
sediment transport[J]. Geomorphology, 2003, 53(3/4):
299-316.

Lague D, Brodu N, Leroux J. Accurate 3D comparison
of complex topography with terrestrial laser scanner:
Application to the Rangitikei canyon (N-Z)[J]. ISPRS
Journal of Photogrammetry and Remote Sensing, 2013,
82: 10-26.

M, HRSE, RRZE, & S4EEOCHRAE
TR AR AR 0], K R R R, 2014,
34(3): 198-200.

Eltner
terrestrial Lidar data for soil erosion measurement:
Application to a Mediterranean field plot[J].
Geomorphology, 2015, 245: 243-254.

Rengers F K, Tucker G E, Moody J A, et al
Iluminating wildfire erosion and deposition patterns
with repeat terrestrial lidar[J]. Journal of Geophysical
Research: Earth Surface, 2016, 121(3): 588-608.

Zhang W T, Yu D S, Shi X Z, et al. Variation of
sediment concentration and its drivers under different
soil management systems[J]. Pedosphere, 2010, 20(5):
578-585.

KEEL, TARTE, BRIk, & RFEFERZERT AR
J7 R LR phvi 22 SR SE ()], K LARFRER, 2011,
31(4): 1-6.

A, Baumgart P. Accuracy constraints of

http://soils.issas.ac.cn



864

+

i

554 %

[22]

VRV, sKiER, TARTE, 55 mraiEXAEw 2L
A5 RE A O AR K R R RS2 (0], £lk TR
242, 2020, 36(5): 150-157

SR, B2, RSY, 4 R T B0 HIEOR
P14 W 307 At % Gl b T AR T ARG AR ol 37 7], 7K R
FrBifoE, 2021, 28(4): 8-14.

IMELE, TART, %E, % gt m s 5 5 5
i B E i RAE L0 X 32 1k OC & X H IS (0],
+HE2EHR, 2010, 47(6): 1060-1066.

SK/NEL, XN 2. AL S R DR B (0], D
25 Fl2#, 2004, 29(6): 50-53, 4.

B, W, XFe. A B R R TR R
R EEFAT [J]. RN, 2002, 22(6): 705-711.
[27] Xu C, Yang Z J, Qian W, et al. Runoff and soil
erosion responses to rainfall and vegetation cover under
afforestation
subtropical montane forest[J]. Land Degradation &
Development, 2019, 30(14): 1711-1724.

SKEEAR, TARTE, AR, 55 RIMLDEIR I XA
I A5 R X K SRR S 7], LR, 2014,
46(6): 1142-1148.

Price K, Jackson C R, Parker A J. Variation of surficial

various management regimes in

[30]

[31]

soil hydraulic properties across land uses in the southern
Blue Ridge Mountains, North Carolina, USA[J]. Journal
of Hydrology, 2010, 383(3/4): 256-268.

e N RALFERRIES. 3= i 73 28 3 brifE: SL
190—2007[S]. b5t HEKHIZK HL AR, 2008.
Brr, Ry, B3, % T =480
BT A A R S A T ()] P EK R AR R,
2011, 9(2): 32-37, 46.

Hartzell P J, Gadomski P J, Glennie C L, et al. Rigorous
error propagation for terrestrial laser scanning with
application to snow volume uncertainty[J]. Journal of
Glaciology, 2015, 61(230): 1147-1158.

A N RSEAE KA. 2019 4R E K H R AR
[N]. 2020-09-24. http://mwr.gov.cn/sj/tjgb/zgstbcgb/
202009/t20200924 1448752.html.

Eltner A, Maas H G, Faust D. Soil micro-topography
change detection at hillslopes in fragile Mediterranean
landscapes[J]. Geoderma, 2018, 313: 217-232.

Fan L, Smethurst J A, Atkinson P M, et al. Error in
target-based  georeferencing and registration in
terrestrial laser scanning[J]. Computers & Geosciences,
2015, 83: 54-64.

http://soils.issas.ac.cn



