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Monitoring Soil Erosion Changes on Slopes Through SBAS-InSAR

Technology
Yu-Chi Hsieh [l Yu-Shen Hsiaol"" Yu-Hsuan Cho "2

ABSTRACT We use small baseline subset interferometric synthetic aperture radar InSAR (SBAS-InSAR) to esti-
mate the annual soil erosion rate in the catchment area of Shihmen Reservoir in 2015 and then estimate the soil erosion
volume of this catchment area. The study data are 20 Sentinel-1 satellite images. The annual soil erosion rates derived
from the SBAS-InSAR are validated using those derived from erosion pins. The soil erosion volumes estimated using
SBAS-InSAR are compared with those estimated using the universal soil loss equation (USLE). The results reveal that
more accurate estimations of the annual soil erosion rate are achieved when at least 12 satellite images of the ascending
orbits are employed. When filtering is not considered, the tension coefficient is 0.25 and block averaging is not used
during data processing; this achieves better SBAS-InSAR results. Compared with erosion pin monitoring results, the
correlation coefficient is 0.56 for natural slopes and 0.51 for remedial slopes. When considering filtering processing,
an approximately 8-km Gaussian filter radius achieves the optimal SBAS-InSAR results; compared with erosion pin
monitoring results, the correlation coefficient is 0.67 for natural slopes and 0.57 for remedial slopes. Finally, soil ero-
sion volumes estimated using SBAS-InSAR and USLE display similar trends.
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Fig.2 Schematic diagram of InSAR geometry
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Fig.3 The location and elevation distribution of the Shihmen Reservoir
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x1 BEXGEH
Table 1 A Summarize of the Satellite image data
e THERIE R ek THERIE 5]
1 20150315 7 20150713
2 20150408 8 20150725
3 20150502 9 20150806
4 el 20150526 10 Al 20150818
5 20150619 11 20150830
6 20150701 12 20150906
13 20150329 17 20150703
14 - 20150422 18 _— 20150727
15 20150516 19 20150820
16 20150609 20 20150913
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Table 2 Basic information of the test cases

InSAR %5 CC {H E 0.04 » |4 2 CCHAE 0.19 5 874
B =B 3 2 eEkEtEd SBAS-InSAR (iR CC {H Ay 0.37
B 4 AR 0.19 « ERZEB 1~4 HIBCR AT 8638 > SR FA AR
PRAH 4 fEEE 8 i > SBAS-InSAR R EfRET NI A -
ELpEhgt EHIRR 2 CC EE AR 2 EEMBTEAS > |
IRIR AT SR A A 2 R P R B 5
ZIITRA B E 2 PG - RO 5 B 6 SR AEEE
THE R EEERE  ERA S 22 RN EEERA
VVEEE#5E= E ) =6l 6 $RA VHEEE#H/K
SPREER) o ERBUR > K S5 B 6 fEH B 2P eh
#1891 InSAR EMIRCR CC HE R 0.56 > BIGEIM# CC H
B Ry 0.51 SRR EARRR o FEREERE S ~ 6 BLIZEA] 1~4 1
Eb > AISEEERA 12 iR ERGHET A LR NIRRT
InSAR Z it » SHMSAIAR FEfi LA InSAR i 4
R LT 7~9 Bk 12 fERRE VV B -

g3 Ertihig  TRERE L T Bm fif LA RIHE BTy

1 0 4 1316~ 1820 \a 0.25

2 0 4 1-4-8-12 \a 0.25

3 0 8 1~8 \a 0.25

4 0 8 1+2+4~6-8-10+12 \a 0.25

5 0 12 1~12 \a 0.25

6 o] 12 1~12 VH 0.25

7 0 12 1~12 vV 0

8 o] 12 1~12 Vv 1

9 0 12 1~12 vV 0.25 0

=3 Ef1~9 ZHERAREMRRMEE

Table 3 The correlation coefficients of the test cases

1~9
= ERREE ELA
A HIBA
1 -0.16 -0.31
2 -0.54 -0.13
3 0.04 0.36
4 0.19 0.37
5 0.56 0.51
6 0.56 0.51
7 0.54 0.44
8 0.55 0.41
9 0.55 0.49
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R ZAB AR » €€ H 2P B2 _E TR SBAS-InSAR &
HHERTRSE LR - B 6 R F @17k - B 9 K
AERESREEE - MEREZEGIZ CC {ERET - HEE 6
HESRAE B ANB Y B RIB Y IR RN ZE A 9 RREH T
SEMEFHI A G 32T SBAS-InSAR 7 i B A5 A L
TEETEREHE
2. BREEDH

FH_EACEHIEER G AT 3830 - =B 6 AifEZ CCHH - K
T fi# SBAS-InSAR HYR IR S REHE— D F2 T AWTFELL GMT
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filter iy GMT ZERM YIS < AFTFEE RIS ARG
FCA [EHORE (85T SBAS-InSAR ZEf] 6 2 A TRAE
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Fig.5 The CC between the results from the SBAS-InSAR
and the erosion pins on natural slopes (a), and
remedial slopes (b). The InSAR results are pro-
cessed by the Gaussian filter with different width
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KR T I R 1 5 EETHILE BE R - o

SBAS-InSAR £ USLE = -+HE6l it HLie I 8 Fis » 165

PARRIES ~ FE K - = F 8 K8 1 5 8 K R 7 A i — - "

(B £ Bl & 2 EEENE K A EEE SBAS-InSAR HEff — INSAR(m3/yr) USLE(m3/yr)

ST 17500000 m® (ypafE - T USLE fEH#EME1SEI4Y
3300000 m3 g S ; FiEEE/KE SBAS-InSAR HE(HE-F3T
10000000 m? (Y3 ahE > [ USLE {£HEL5Z0%T 3000000 m?

8 FEREKELL SBAS-INSAR E& USLE #4515 R e
BHE  HP Y@z 28ETAE M
Fig.8 The SBAS-InSAR-estimated and the USLE-esti-

HYERE - =)E8EKIE SBAS-InSAR HE(HSEIZY 13000000 mated erosions in each catchment. The unit of Y-
m? R E - ] USLE {EH#E(GS 13T 4000000 m? (Y4 hE ; axis is m3

A% /KE SBAS-InSAR HEfESEIYT 22000000 m? Fy
#*5 USLE Gt EFESHEEFLL USLE « SBAS-INSAR HE(h) i 8

Table 5 The values of the parameters in USLE computation, and the amount of soil erosion estimated by USLE and
SBAS-InSAR, respectively

USLE#H#EA{GEY SBAS-InSAR
HEKE Rm Km L S C P FE/KIE HIFE (ha) ek HEfAY L hah g
(m’/yr) (m’/yr)
Fati| 15737 0.0171 47718 1.432 0.01 1 25574 3359265 17483960
Fi& 15737 0.0171 25.571 6.973 0.01 1 8026 2750627 9945816
=k 15737 0.0171 25.562 7.441 0.01 1 10721 3919530 13418242
=Ea 15737 0.0171 30.376 7.452 0.01 1 11963 5205084 21681785

h % R LENR

AR T - [1] FTEHHE B LR 013) - TKEEKE

1. ABH9e 2 B SR AT S50 Sentinel f# 2 FH#ILEAGHL EEEERl R F IS E R SEAS (1/3),  (Soil and Water
FEBERAT - BLAh > /0 12 B2 5 HETT SBAS 8518 Conservation Bureau, Council of Agriculture, Executive
B BEREETRTT - Yuan. (2013). Environmental Data of Reservoir Catchment

2. 1F GMT HERIE RIS I » SEIMAEMEEE 0.25 HF Area and Risk Assessment of Soil and Sand Disaster (1/3).

(in Chinese))
2] TTEPEREZEEKLRER 2015) ) T104 FAFTK
[EEEE/KIE I TEERGEHE ; » (Soil and Water Conservation

{5 B T ERE A EUERIRER - S99 InSAR RiR
HETEHTEMNEE - SRS 8 NEZIER-FERE

HEREEPCR - Bureau, Council of Agriculture, Executive Yuan. (2015).
3. ARBFESY Iy BINERURRO G BEETT T - AEELEOR Racking the Implementation Effect of Shimen Reservoir
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