5561 % 452 M + o W) Vol. 61, No.2
2024 4£3 H ACTA PEDOLOGICA SINICA Mar., 2024

DOI: 10.11766/trxb202207020361
PRiardh, £ B, 250, Tk ke, 2 M, 20Ul JET LA T 15 L RUR P BB RIBT Y ()], B4, 2024, 61 (2): 424-433.
CHEN Qitao, WAN Tian, LI Zhanbing, ZHANG Jiao, LI Peng, Li Binbin. Research on Water and Sand Prediction Model of Purple Soil Slope

Based on Machine Learning[J]. Acta Pedologica Sinica, 2024, 61 (2): 424-433.
1%} -~ ~ *
E T == E & D mE KD AR B A 53

U S LN RS S S et 2 2kt

(1. PHZ2PE TR A v b B X AR A K H [ R F 5 S22, P22 7100485 2. PHZETH T R4 B X AR 287K S5 9 3 B ia [ kol J) ok 52
7, PEE 7100485 3. AFIHK LS ey, JEET 100053 )

O OE: N TR R AR . Bl S B I K SRR MR A, S oK R BRI LS, BT A
TRU/NX 43 SR TR, BER = TSI Lo MAREFE R, SR K-means JEZE L X RN 4328 5 i H BEMLARAK ( Randomforest,
RF ) B0l 252 ma xR iR (H), HHER s (S) MEEME, 456 BAa ik b s 2 1k ; Kk i cHm
VA AR5, H. S Mttt , (/1 BP Mz MLl @ miscAl , 4550380 . (1) R0 3 Fhrisl, B s#Y (Ai)
A, OKFISR ., N ) BFEEREMEER, A W (KR, SR, K& ) Szl (2) WA FER X H, S &
RV AR, ARWEN T XS FERE R (31%), £ HFEX H WEZREEAXYA]; B BT & FEX S AysEm 2
SN, F 4 H B EERRE R (29%). 76 C AR, Prof H, S IUEBEFEERE (33%. 36%). (3) =FMHATFH H, S
Y1523 Pr i W30, B, C WAV R H. S /3 5IRIE3Z F Ml Vs, Ph fs2mm 35, (4) FIH BP MIZE M2t H, S iy TIIR;
JE5ER, Nash-Suttclife R RFYET 0.95, FUX6H A BUNARUE 6 8 = X S (1 BsR

KR . HLESE; RO KR =2 et

FESES: S157 XERFRERD: A

Research on Water and Sand Prediction Model of Purple Soil Slope Based on
Machine Learning
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(1. State Key Laboratory Base of Eco-Hydraulic Engineering in Arid Area, Xi'an University of Technology, Xi'an 710048, China; 2. Key
Laboratory of National Forestry Administration on Ecological Hydrology and Disaster Prevention in Arid Regions, Xi'an 710048, China; 3.
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Abstract: Purple soil is one of the unique soils in China. Because of its low degree of soil development and poor soil erosion
resistance, soil erosion in the purple soil area is very serious, which seriously hinders local agriculture and economic development.
Objective  To accurately predict soil erosion changes, we need to scientifically and rationally prevent the occurrence of soil

erosion, provide a reference for the prevention and control of soil erosion on purple soil slopes, and promote research on soil and
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water conservation in purple soil areas. Method Based on the rainfall data of 43 typical purple soil run-off communities, rainfall,
duration and 130 are used as characteristic indicators, and the K-means clustering algorithm was used to classify rainfall; the
Random forest (RF) algorithm was used to evaluate the importance of each influencing factor on the depth of run-off (H) and soil
loss (S), and the important factor screening was carried out in combination with the path analysis method. The key factors
obtained from the screening were used as the input variables of the model, with H and S as the outputs. Also, a predictive model
was constructed using BP neural network.  Result The results showed that: (1) The erosive rainfall in the purple mound area in
the southwest can be divided into three categories. Among them, the A rain type had a long duration, medium rain intensity, heavy
rain volume, the lowest frequency of occurrence, and the greatest erosion, which was an important rain type that caused slope
erosion in the area; the B rain type had a short duration, heavy rain, and light rain volume, and the most frequent occurrence,
which was the main rain type that caused slope erosion in the area; and the C rain type, which had a medium duration, medium
rain intensity, and medium rainfall, which occurred more frequently and also made a greater contribution to slope erosion in the
area. (2) The importance of characteristic factors to H and S under each rain type was significantly different. For rain type A, the
rain duration (T) was the most important to S (31%), and the importance of each factor to H was relatively uniform. Under rain
type B, the influence of each factor on S was small, and the rainfall erosion force (F) was the most important to H (29%). Also,
the degree of importance was the highest (29%). Under the rain type C, rainfall (Pr) was the most important to H and S(33%,
36%). (3) The H and S under the three rain types were significantly affected by Pr and the H and S under the B and C rain types
were most significantly affected by F, vegetation cover (Vs), and average plant height (Ph) at the same time. (4) The prediction
accuracy of H and S using the BP neural network was high, the efficiency coefficient of Nash-Suttclife is higher than 0.95, and
the accuracy of the prediction model for H was higher than that of the prediction model for S.  Conclusion Research on the
purple soil mound area in the southwest needs to focus on preventing soil erosion caused by high-frequency heavy rainfall. In this
study, the two models that used rainfall and other factors to calculate H and S had high forecasting capabilities, which provide

technical support for soil erosion prediction to achieve accurate forecasting of soil erosion.

Key words: Machine learning; Path analysis; Rainfall; Erosivity; Purple soil
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Fig. 1 Map of the geographical location of the study area
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Table 2 Rainfall characteristics of different types of rain
GLES BEAAEL FFIEFEFR Characteristic indexs
Type of
il Samples number Ly (mmh?)  Pr/mm T U(mmh') S/ (thm?)  H/mm
A 6 FHE 19.48 94.38 46.30 3.10 0.55 17.65
TR 5.60 42.50 39.42 1.20 0.09 1.98
IR 38.4 185.8 52.12 4.70 0.88 21.61
B 21 FHE 39.01 37.94 0.65 6.90 0.24 6.51
Qa5 7.20 14.80 1.00 4.60 0.01 0.78
Qss 89.50 102.00 11.00 8.00 0.36 4.85
C 16 FEE 24.78 63.08 26.28 1.90 0.27 2.69
Qus 1.20 17.40 16.83 1.40 0.01 0.61
Qs 64.9 185.8 35.67 2.80 0.08 2.59

H: Qasy Qrsy Lyp o Pro T I S Al H 51K 25% 50080, 75%0 i, I KBERT 30 min Mk . FER . PEMIDIRT . 73
WoR . EHER KRR . Note: Qas, Qus; Izo, Pr, T, I, SandH represent 25% quantile value, 75% quantile value, the maximum

30 min rainfall intensity, rainfall, duration, average rainfall intensity,
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Table 3 Evaluation of slope runoff depth prediction model using BP neural network under different rain patterns

[ M2 Rainfall FEAEL Sample TR A HFIE Features for  SEXZaXHR ¥Rz WHRiRzE P ROR R
pattern number inspection % MAE MSE RMSE #{ Ens

Pr. 0. I3

A 46 3.69 277 5.27 0.58
F. Vs. Ph

B 275 Pr. I3 F 0.7 1.75 1.32 0.94
Pr. 1. Iz

C 213 1.21 4.25 2.06 0.99

F. Sw

FEXT H A TR, A WRSRA Pr. 0. Ts.
F. Vs, Ph 6 AR EEAL, {HH MAE. MSE.
RMSE Mgk (3.69. 27.7. 5.27), AR E%
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Table 4 Evaluation of BP neural network on slope soil loss prediction model under different rain patterns
R TS Y HEARL ‘ i i N .
HF K96 9 FRE Features for V-4 X% 2 ¥y 2z By i 22 PRI
Rainfall Sample
inspection MAE MSE RMSE Ens
pattern number
A 46 T. I. Ph 0.11 0.05 0.22 0.76
B 275 Pr. 0. I3 0.15 0.06 0.25 0.92
Sw. Vs
C 213 Pr. I, Iz, F 0.11 0.08 0.29 0.87

TEXT S TR A N, AWACRMA T, 1. Ph3
ARZE, BEAMEH Pr. 0, I, Sw. Vs5 PMRE,
CFRBIER Pr. 1. L. F4RE, =HM MAE,
MSE. RMSE 254K, {H Ens #4441 B (0.92) >
C (0.87)>A (0.76), =HMHAGIEH R, B
A ) A

MAKRE, XT3 FIERL, [ BP g k4%

x5

HESLHIXT HL S A I A AU 880 R AT

(2) BP B 25 [ 2 Tl A RURE BE AL 35 o % HLL S,
ATHEIMN 7. 8. 9 A4 ABEHLIMIR 3 5%k, B, C
MR 6. 7. 8. 9 HEEHLAMIL 5 Z%d, DAORIES
TN 1 TR i B> FORAR AR AE KW . R BP A&
ZEYNZRAT A R T A R B HL . S, 38 1 Bl
MLIEBE R B TN R B T LIRS 3] (% 5, % 6),

FEFRETE A BP 4143 W 4% X 4 T 12 570 7R U A 2L Y 47

Table 5 Evaluation of BP neural network on slope runoff depth prediction model under different rain patterns

TGI8 M9 4F1F Features for inspection

T & Z K556 Predictive Relationship Test

SRR/ S kil
Pr 0 I T30 F Sw Vs Ph
Rainfall %Y Rain Measured Predict “F-IJ4ixf #7715 3%
event pattern / (MJ-mm- %22 MAE 22 MSE % %X Ens
/mm /° /(mmh')/ (mmh') /% /%  /m /mm /mm
hm>h")
2017/6/20 A 42.5 10 14.3 36 40  0.75 2.9 2.92 0.13 0.03 0.99
2017/6/27 85.7 20 25.4 186.58 65 0.5 11.13 10.85
2017/9/8 131.2 6.5 26.64 643.62 9 1.6 15.37 15.28
2017/6/15 B 54.2 353 407 0.7 0.78 0.06 0.01 0.99
2017/7/13 62 47.89 826.17 3.36 3.34
2017/7/28 46 20.95 57.97 0.25 0.31
2017/8/6 54.2 353 407 8 8.09
2017/8/25 24.1 35.81 228.97 0.89 0.94
2017/6/11 C 43.5 23 10.8 75.5 27.7 2 2.08 0.54 0.9 0.99
2017/6/24 33.2 1.08 18.53 53.24 18.5 0.86 0.86
2017/7/18 185.8 9.5 64.96  3498.83 0.24 66.25 66.16
2017/8/7 52.7 23 51.4 595.74 18.7 3.18 3.33
2017/9/15 17.4 0.6 1.2 3.5 31.9 0.3 0.36
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Table 6 Evaluation of BP neural network on slope soil loss prediction model under different rain patterns

FH TR 56 10 R AE T G 2R A
Features for inspection Predictive Relationship Test
SRR/
) S T 4t
Rainfall Fi% T Pr 0 I I Sw Vs Ph Y ¥T7
Measured Predict BOR
event  Rain XiRE RE
/ (MJ-mm- EYi
pattern /min  /mm  /° /(mmh')/ (mmh") % 1% /m /mm  /mm MAE MSE
hm2h') Ens
2017/6/4 315 11.5 0.05 0.97 1.02
2017/6/20 A 3050 0.8 0.75 0.55 0.53  0.06 0.01 0.92
2017/6/27 2500 32 0.5 0.43 0.53
2017/7/31 304 25 41.64 0.24 68 0.85 0.92
2017/7/13 62 15 47.89 252 25 0.61 0.57
2017/7/22 B 148 15 28.73 0.27 50 0.94 0.89  0.07 0.01 095
2017/8/25 24.1 20 35.81 16.5 91 0.12 0.04
2017/7/22 148 20 28.73 0.27 50 1.11 0.99
2017/7/18 185.8 9.5 64.96 3498.83 1.85 1.98
2017/9/9 185.8 4.7 38.4 1.61 1.71
2017/7/11  C 121.1 34 56.3 1.63 1.73 0.1 0.01 098
2017/6/23 106.6 3.59 59.6 1411.52 0.09 0.17
2017/8/7 52.7 2.3 51.4 595.74 0.06 0.14

B AMAIFR 6 H 40, 7H 18 HRAN, HARK
W BRI R bR A T X JE . ok 6 H 4 HEY)
Kok NN AR IR T 2 g s AR, AT LA oA R A R T 2 5
ERNMETAR,; 6 4240 . 7H18H.9H9
H O 5 2 6 R A R TS R L AR L, BEALIRCH Y
Rif W 44 5 % By W R A AR AR, B H TR IR Y
LRI

IR RO By, AP R X H OB i 45
AT (AR R B0 0.99), =R APy 44
SR MAE 73904 0.13, 0.06. 0.54, )ik
MSE 4 0.03, 0.01, 0.9, H3 6, AKX S [/
RURE BE R, 50 H A B KSEARL, 40 R 5L
YIRT 0.9, ‘P4 122 MAE 434 0.06. 0.07.
0.1, ¥J7i%2% MSE #°5 0.01, AJLAAEH, XFH. S
B T A R S AR, ELX H AR T A HRORE R v T
XS A S AR AL

TR AZ BN ZT0 N, A DG TR AR L R 25
W o WRI A WEPP BRG] 28 €8 X/ Sl A2
TR FI4R 1Y Nash-Suttelife 2R ZRECH 0.72327, Fi

JH WEPP HEAIXT )1 7R 46 €0 1 45 58 3 b v 9 i =2 1ok
S JIE AR (AR X iR 228 24%0%7) [l ANN-CA
BRI 4 b X R, MR R 87.
9%, SR FH LA I AR nh T S ANAR Rl AR
UK ¥ TR AR ot 7 b o R e (g G AR R B2 LT 3
SER A MR Z L 15% 47, TR
3K ik g BT A S A 7 38 A X R 22 )
24%031 ARHF 5T 1Y Nash-Suttclife 0% 2 5UR
MR TR /INT 20% 0 0000 AH X158 2%, % 1= e 2k
w/NT 30% A0 T AH X R 25, KB ix BP LA A
AR RS . WU AY R, R R T
20 m WYSE R /NIXSESS S AR A 14 4 2 ) 465 458 A
TG B e 3% K 42 okt 1) BT iR

3 45 &
(1) PHHE 20+ e X (2l R T LRI 43

3260 A SR ImS . PRTGR . KR, BRI
AR RIMPERR, S % DX AR ik ) B 2R
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