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responses to atmospheric and oceanic circulation patterns in the Mollisol region of Northeast China is crucial
for preventing and controlling soil erosion in the context of frequent extreme precipitation events. [ Methods ]
Four water erosion dynamic factors, including rainfall erosivity (R), heavy rainfall (R50p)., very wet day
precipitation (R95p) and the maximum five-day rainfall (R5d), were selected to characterize water erosion
dynamic factors. Based on daily rainfall data from 1960 to 2020, the spatial and temporal patterns of the
water erosion dynamic factors in the Chinese Mollisol region in 1960—2020 were analyzed using the moving
average, wavelet analysis, Sen’s method and Mann-Kendall test methods, and the responses of water erosion
dynamic factors to atmospheric and ocean circulation patterns were analyzed. [ Results] (1) The annual
rainfall erosivity R varied from 1 145.36 to 3 575.94 (MJ * mm)/(hm?® * h * a), heavy rainfall amount R50p
was between 73.17 and 197.86 mm, very wet day precipitation R95p varied from 265.81 to 566.35 mm, and
maximum five-day rainfall R5d varied from 69.67 to 124.95 mm in the Chinese Mollisol region from 1960 to
2000. (2) These water erosion dynamic factors in the study region did not show a significantly increasing
trend over the past 61 years and did not show an overall abrupt change, but a noticeable upward trend was
observed after 2015, which hinted that potential risk of rainfall erosion could rise in the near future.
Moreover, the water erosion dynamic factors displayed periodic changes with a main cycle of approximately
44 years and a secondary cycle of 29 years, and they went through two oscillatory processes with high and
low levels. (3) The spatial distributions of these water erosion dynamic factors showed high values in the
south and central parts, and low values in the north, east and west parts. The maximum values occurred in
the Changbai-Wanda hilly area, while the minimum values were in the Hulunbeier hilly plain area. (4) In
addition, the East Asian Summer Monsoon Index (EASMI) was the most important single circulation
pattern affected the water erosion dynamic factors, while the Arctic Oscillation ( AO) and Multivariate
ENSO Index (MED could indirectly affect the water erosion dynamic factors in the Chinese Mollisol region
by influencing the East Asian summer monsoon. The superposition of the East Asian Summer Monsoon
Index and the South China Sea Monsoon Index (EASMI-SCSSMI) had the most significant impact on water
erosion dynamic factors (APSAC>5%), while three circulation patterns of the East Asian Summer Monsoon
Index, the South China Sea Monsoon Index and the Multivariate ENSO Index only significantly affected
rainfall erosivity R (APSAC>>5%). [ Conclusion] The factors that influence the spatial and temporal patterns
of water erosion dynamics in the mollisol region of northeast China included topography, East Asian summer
monsoon and South Asian summer monsoon, etc. Additionally, it is essential to be aware of the potential
water erosion that may occur due to the rebound of water erosion dynamics after 2014.
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Fig. 2 Interannual change of water erosion dynamic factors in the Chinese Mollisol region from 1960 to 2020
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Fig.3 The isoline of real part of the wavelet transform coefficients of water erosion dynamic factors in the Chinese Mollisol

region from 1960 to 2020
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Fig.5 Spatial distribution of water erosion dynamic factors in the Chinese Mollisol region from 1960 to 2020
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Table 1 Change trends of water erosion dynamic factors at meteorological stations

Kbz g B3 LI AW BT B B AT R
AR/ Y% Wi B/ /% WU S/ % iR/ A A%

R 6 7.69 49 62.82 1 1.28 22 28.21
R95p 6 7.69 47 60.26 2 2.56 23 29.49
R5d 3 3.85 36 46.15 0 0 39 50.00

25 AKMBAEFEXRSEERREXET O

Kptsh 73 F R \R50p.R95p.R5d 5 HiA~ KA
T VRS 20 R U I 0 /N DA T M B A R (R 2
FW KM sh SN F R.R50p.R95p.R5d 5 AO,
SCSMMI, WPSH,EASMI,MEI fj AWC 43 %] }0.27 ~
0.39,0.23~0.35,0.26 ~0.28,0.29 ~0.37,0.28 ~
0.33, ot 7 B8 4350k 0.31,0.28,0.27,0.33,0.31
Kbzl 1 7 R.R50p, R95p. R5d 5 AO, SCSMMI,
WPSH,EASMI,MEI # PSAC 43514 2.92% ~7.60%,
1.00%~7.24%, 1. 76% ~ 4.24%, 4. 24% ~ 7. 96%,
3.24 %~ 4.84 %, H X I i ¥ E 4 ) R 5.16 %,
4.01%,2.96%,5.92%,3.96 %,

Ieas SRR, &K g )y B F 5 EASMI # i X

1) AWC Fil PSAC “F-¥{H by fie KA . & B EASMI Xf 7K
Thvsh 3 P B S22 AR U6B EASMI 2 XK ik
S F e R B ) — R, H Al 6a~
& 6d Af %0, R 5 EASMI 7E 19791989 4EFETEZ 5~6
AR IEARSE R, 7E 1990—1992 4EAEAE 2 5~6 4E 10
TEAH S A AEAE 19992014 4EAETE L0~ 4 AEfY T AH
K JE ., R50p 5 EASMI 7E 1971—1976 4EAETEY) 9~
10 4E 1Y IE AH 56 & 1, 76 20052014 4EFETE 2 0~ 4.5
AR A 6 R 1. R95p 5 EASMI £ B 78 1972—
1982 AEAFAEZY 1~ 3.54F [ T AH 5 A 1, 72 19992002
EAFTEZ) 0~ 2 4EI TAH G R I, R5d 5 EASMI 1E
1973—2011 48] #7 75 29 3.5 ~ 14 4F (1% 1 AH ¢ J8 1,
1998—2012 4EAFAEZ) 0~ 3.5 4F 1Y fUAH ¢ A 1
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Table 2 Average wavelet coherence (AWC) and percent area of significant coherence (PSAC) between water erosion dynamic

factors and single atmospheric-oceanic circulation pattern

o B R R50p R95p R5d

AN R fahm & XL - - - - - - - -
AWC  PSAC/Y% AWC  PSAC/% AWC  PSAC/% AWC  PSAC/Y%

AO Jb % 5 46 %k 0.27 3.60 0.39 6.52 0.28 2.92 0.28 7.60
SCSMMI R ES R R 0.27 5.72 0.35 7.24 0.23 2.08 0.25 1.00
WPSH TG R R 40T o i 0.27 4.24 0.28 1.76 0.26 3.20 0.26 2.64
EASMI R E % WS R 0.34 4.24 0.29 4.64 0.34 6.84 0.37 7.96
MEI %6 ENSO— 1 5 ¥ gh 5 4 0.31 3.95 0.33 4.84 0.31 3.83 0.28 3.24

&K s 1 F 5 EASMI-AO, EASMI-SCSS-
MI,EASMI-WPSH, EASMI-MEI 7 % ¥ i 4 = &
TR 22 50/ AR T 43 B 45 21 (R 3) KB, 7E EASMI
P A = b B o Al R S VE R R S MW C
AWC B s, Ko, £ K sl 71 I+ 5 EAS-
MI-SCSSMI 1) MWC 4y 55 KA . 7K P gh Jy B+
R.R50p.R95p . R5d 5 F iR 4 4~ KM 2 SR i
B B PSAC {H F1 K B 3 ) B F 5 EASMI 1
PSACH#FAT LB E B, %KM 3h )1 I+ 5 EAS-

MI-SCSSMI ) PSAC 34 & ¥ K T 5% , H % [ 4%
B9 o89.72%,18.67%,11.80%,7.44% . R,
R50p 5 EASMI-MEI () PSAC ¥ &t K F 5%,
HoXF AR 5.52%,5.16% . M,
EASMI 5 SCSSMI (1) £5 & 1E HI %tk ik 3l 71 B 5 1Y
ALE SN
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B inxd 7K ik Bl 73 R 52 i 2 5 2 R T AL EASMI
XK i3l g R 1 5
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Table 3 Multiple wavelet coherence (MWC) and percent area of significant coherence (PSAC) between water erosion dynamic factors

and two or multiple atmospheric-oceanic circulation patterns

p— R R50p R95p R5d
MWC PSAC/% MWC PSAC/ % MWwWC PSAC/ % MWC PSAC/%
EASMI-AO 0.57 5.08 0.62 7.52 0.57 7.56 0.60 9.20
EASMI-SCSSMI 0.65 13.95 0.66 23.31 0.66 18.63 0.61 15.39
EASMI-WPSH 0.51 2.64 0.46 1.08 0.52 5.92 0.54 2.56
EASMI-MEI 0.56 9.76 0.55 9.80 0.57 9.59 0.54 8.33
EASMI-SCSSMI-MEI 0.80 21.40 0.82 21.11 0.80 20.56 0.79 19.64
&K phzh 71 F 5 EASMI-SCSMMI-MEI & i W2 214.8(MJ « mm)/(hm? « h« a)Z ], 34

B 22 J6 /N A 20 B 4G S (L 61~ &1 61 13k 3) %A,
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Fig.6 Wavelet coherence spectra of water erosion dynamic factors with single, two and multiple atmospheric-oceanic circulation patterns
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