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Abstract: [ Objective] To scientifically identify the types of soil erosion at the watershed scale and give the
corresponding probability of occurrence. [ Methods] This study constructs a deep learning (DL) — based model
for calculating soil erosion modulus in the Songhua River Basin and calculates different types of soil erosion
modulus. Using three erosion modulus influencing factors, namely rainfall, air temperature and wind speed,
as random variables, numerical simulation and Gaussian Kernel Density Estimation (GKDE) were used to
construct the EM probability evaluation method, which gives the probability of occurrence of different
combinations of soil erosion intensities. [ Results | The R? of the validation period of the EM computational
models were all >>0.86; 74.47% of the average annual occurrence of slight water erosion and slight wind
erosion in the watershed; 12.86% of the area of slight and above water erosion and slight wind erosion;

12.56 % of the area of slight and above wind erosion and slight water erosion; 0.11% of the areca of water
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erosion strength and wind erosion intensity are both slight and above. 36 typical image elements of the 36
typical images., the average probability of occurrence of slight water erosion and slight wind erosion is
57.45% ; the average probability of occurrence of slight water erosion and mild wind erosion is 30.26 % ; the
average probability of occurrence of slight water erosion and moderate wind erosion is 8.03%; the average
probability of occurrence of mild water erosion and slight wind erosion is 2.11% ; the average probability of
occurrence of slight water erosion and severe wind erosion is 2.08% ; and the evaluations of occurrence of the
remaining combinations of probabilities were all below 0.05%. [Conclusion| The calculation model of erosion
modulus in the Songhua River basin constructed in this study has high accuracy, reveals the spatial
distribution characteristics of soil erosion types in the Songhua River basin, and gives the probability of
occurrence of different combinations of the intensity of the two types of erosion., which provides a basis for
the management of soil erosion in the Songhua River basin.

Keywords: Songhua River basin; soil erosion; deep learning; gaussian kernel density estimation method;

probability evaluation
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Fig. 2 Spatial distribution of soil erosion modulus in the Songhua River Basin
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Table 2 The distribution types of the random variables at 36 meteorological stations in the Songhua River basin

o AR TR HE AP 1 AL AEEH H i AR
iy p 1 iy P 1H i3] p1H
ik X EIE S 0.97 F 7 #i 0.91 F 5 #i 0.56
1 3k FECE & 0.95 F 5y #i 0.93 ER A 0.85
b4 T R 43 A 0.84 T R 43 A 0.34 F 5ot 0.98
PN T F) 43 A 0.99 F o 0.68 EAA R 0.87
ik P ECIE &5 0.99 F i 0.70 EAS A 0.50
®a F 534 0.91 X HIE A 0.86 F I35 0.63
=% F 51 0.95 F o1 0.98 F o1 0.94
XA F 5 #i 0.94 F 5 0.93 E& Sy A 0.73
W IRV X HE 7 0.98 F 4315 0.93 F 5 Ai 0.99
EZ i X EIE S 0.99 F 7 hi 0.88 IES AT 0.90
HE ) KI5 oA 0.99 F 5 #i 0.95 F /34 0.54
A O il 0.99 XU 7S 0.17 F 5 Ai 0.99
Lal) in =y 534 0.99 F 7 #i 0.74 IES AT 0.75
YT F 43 0.93 Yo BIE 2 0.96 E& A 0.76
w1l F 315 0.89 F 4315 0.75 E& 51 0.90
Mg inr F 53156 0.95 XBCE S 0.95 IES AT 0.33
1A 7k F 54 0.92 F 51 0.46 F 51 0.93
T F 434 0.86 F 4315 0.98 B SN i 0.95
#&A T F) 43 A 0.58 F o 0.77 ER A 0.53
FF AR % R 43 A 0.98 Mo BUIE 2 0.88 £ E B W 0.79
HI B /R 2 % R 43 A 0.90 F ot 0.80 B8535 4 0.78
WL T F) 43 A 0.99 F o 0.73 F o1 0.40
i & F 51 0.97 F 54 0.75 F 54 0.97
AL Jiis R 43 A 0.96 F 534 0.78 EA A 0.73
g (i F 315 0.96 X FIE A 0.80 IE& S A 0.66
ok F Jy#i 0.94 Fi Bl o A 0.10 B 0.80
¥ F 534 0.93 ki) 0.67 E& A 0.95
38 Y] X HOE S 0.89 X HIE 7S 0.95 Fii B 43 A 0.89
SR i} X EE S 0.93 F 5 #i 0.60 ER i 0.60
INTVE X HIE S 0.86 F 315 0.73 E& AR 0.94
& F 51 0.93 X HUIE &5 0.98 F o1 0.90
= Fi Bl 4 A 0.36 Xof 5 IE A 0.95 F Jy#i 0.99
K = 43 A 0.86 F 315 0.81 F 315 0.59
=l X HCE S 0.51 X HIE S 0.52 F 5 #i 0.59
K = 53 A 0.80 F /343 0.34 F /343 0.47
HeM F 51 0.78 F 5 i 0.92 151 5 A 0.80

e B FE KT p=0.05,

2 HRESMH

21 EMEMEFEEHRIEER

b B ARABS IR iy AR50 F) M 7 B T A B v EML AR
PG PE AT RCR R BORUTA 209 204 16 4>
EM 52 0 PR - (1) 5 20, dE i 50 BR EM () 5540 6 AR &,

¥ BORUTA FEUY kRO & B 7

(L4 MZSA) Z-score 2 il BUAE 4 B (B 4, IF A
[F] €0 4 A R on BB+ (&) VAR Z N+ (40 &
MZSA(#E) . W 4 /] LLE W, A s A 13k
EM,, (2 1 By n1 5 SPI Ak, A 52 X -1
S EM,, WS B A -, BT [A]— 52 e (K X 2 ARl
AR ENEAG 0 22 SR T IR A R0 T vt

http: // stbexb.alljournal.com.cn



122 KO FEE R

% 38 &

Xof 2 Al A e A TR BB e A PR DT 33 BR XS 2 o
T4 52 e B8/ 1) R B E SO X M (relative
importance, RD #8 45 , LIt 5 kN
RI,=(Z,—MZSA,) /(Z - —MZSA,) (4)
K RI; A HHF X EM,, 3¢ EM,,; 09 A % 5 2 Pk
CAEBOT) 43 C A RI . RI s Z: 2R X8 AR 1l 26
B EM FiZ K F W) Z-score, 73BN ZsZ s MZ-
SA, X 42 il 2 B EM B MZSA, 4 Bl id ok
MZSA . \MZSA i3 Z o~ F I AR Ph 2R TS EM 52 i
K1 Z-score T RAH - 53 HNEH Z e s Z manwi 3 Z i+
MZSA; Z i #1 B BORUTA 57 3% 2 R 2 AR5 1

i, RI..RI ITESRWE 5. hE 5 T LLE
R 1 Je KAH 5 S /ME 53 51 NDVIC100 %)
ey (—6.72%) s R, 1 e KAA 5 Fe /IME 53 590 Ay Bk B
B (100 %0) A ) (12.32%0)

ZRAXTE 4B 5 Wt g AT LRI, 5 RIL W
/MEF Y, BT EM, A EZEH
I3 AR S EM B AL [ i AR 5t SPTAE i EML, (1)
F— A AREEH T, i T HX T EM,, R 554
(71,86 %0) , R BL AR B 1% IH 1 S EM AR (1) i A AR
. ZF L BIBR EM B E— (1% 55 A0 56 AR = (W) L
Hoti AAR 5N BRI A 15 A5 T

35 r
20 b ®) EM,, =
25T 5
£20[
g 15 [ i'@"
I o &
10 2 ¥ %
| Oggi°
5?g-§i
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
EE <5 o %R R Y
%%géﬁﬂﬁmgﬁr@ﬁ@@gé
R B BpoSmE
I e B OREYEE EE
s H &% agx i@
T4 s i
TR
BT
B MZSA o REHER

B4 TEEMEBEHZHNAFEEUESIFER

Fig. 4 Analysis results of the importance of soil erosion modulus impact factors
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Table 4 Erosion intensity level combination

DR e B
K i E RE Rz i
[<C200 t/(km? « )] [200~2 500 t/(km? * a)] [2500~5 000 t/(km® « a)] [>5000 t/(km? * a)]
BEL<<200 t/(km® + )] 11 12 13 14
BHE[200~2 500 t/(km® « )] 21 22 23 24
FEEL2 500~5 000 t/(km® * a) ] 31 32 33 34
HFE[>5 000 t/(km® * a)] 41 42 43 44
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Fig. 8 Spatial distribution of erosion intensity combinations during the validation period
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Table 5 Area share of each soil erosion intensity combination during the validation period %
12 bloR B A 2001 4F 2005 4 2010 4F 2015 4 2020 4 4RO P(H
11 81.49 77.31 72.55 75.93 65.08 T4.47
12 8.92 8.69 10.33 10.28 9.14 9.47
13 1.44 1.69 1.94 1.94 1.74 1.75
14 0.94 1.33 1.51 1.51 1.36 1.33
21 7.18 10.86 13.33 10.25 21.81 12.69
22 0.01 0.03 0.01 0.06 0.40 0.10
23 0 0 0 0 0.03 0.01
24 0 0 0 0 0.01 0
31 0.01 0.08 0.32 0.02 0.42 0.17
32 0 0 0 0 0 0
33 0 0 0 0
34 0 0 0 0 0 0
41 0 0 0.01 0 0 0
42 0 0 0 0 0 0
43 — — 0 0 0 0
44 — — 0 — 0 0
Bt 100.00 100.00 100.00 100.00 100.00 100.00
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