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Impacts of seepage flow and soil thaw depth on hillslope snowmelt erosion in Chinese Mollisol
region. WANG Lun', ZHENG Fen-li'**, SHI Hong-giang', ZHAO Lu-you®, MO Shuai-hao',
QIN Qi-shan', GENG Hua-jie', ZHAO Ya-jun' ('State Key Laboratory of Soil Erosion and Dryland
Farming on Loess Plateaw, Institute of Soil and Water Conservation, Northwest A&F University ,
Yangling 712100, Shaanxi, China; *Institute of Soil and Water Conservation, Chinese Academy of
Science and Minisiry of Water Resources, Yangling 712100, Shaanxi, China).

Abstract; Snowmelt erosion is an important way of soil loss in Chinese Mollisol region. However,
little is known about the effects of seepage flow and soil thaw depth on hillslope snowmelt runoff ero-
sion. An indoor simulated experiment was conducted to analyze the impacts of seepage flow and soil
thaw depth on hillslope snowmelt erosion. There were two snowmelt flow rates (1 and 4 L + min™") |
two soil thaw depths (5 and 10 cm) , and two near-surface hydrological conditions (with and with-
out seepage flow ). The results showed that hillslope runoff depth and soil erosion amount in the
treatment with seepage flow were 1.1 to 1.2 times and 1.3 to 1.9 times of those in the treatment with-
out seepage flow, respectively. Under two snowmelt flow rates, when soil thaw depth increased from
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5 cm to 10 em, hillslope runoff depth and soil erosion amount increased by 10.0% to 13.5% and
15.4% to 37.1% in the treatment without seepage flow, respectively. In the treatment with seepage
flow, when soil thaw depth shifted from 5 ¢m to 10 cm, hillslope runoff depth increased by 6.5% to
8.5% , and soil erosion amount remained stable. Moreover, hillslope rill development was compre-
hensively influenced by seepage flow, soil thaw depth, and snowmelt flow rate, with rill erosion
amount occupying more than 72% of hillslope snowmelt erosion amount. Compared with the treat-
ment without seepage flow, flow velocity and shear stress under the treatment with seepage flow
increased by 20.3% to 23.2% and 37.0% to 51.3%, respectively; but Darcy-Weisbach friction
coefficient reduced by 9.0% to 21.4% , which caused an increase of hillslope snowmelt erosion. In
addition, seepage flow enhanced rill development, which caused rill erosion amount to increase by
43.6% to 69.9% compared with the treatment without seepage flow, and it further resulted in the
increase of hillslope snowmelt erosion amount. The main reason for soil thaw depth enhancing hill-
slope snowmelt erosion amount under the treatment without seepage flow was that both sloping runoff
erosivity and erodible materials increased with increasing soil thaw depth. Furthermore, soil thaw
depth had a significant impact on hillslope rill morphology development under the treatment with
seepage flow. Rill widening process was dominated when soil thaw depth was 5 cm, whereas rill in-
cision process was dominant when soil thaw depth was 10 em. This study could improve the under-
standing of hillslope snowmelt erosion mechanism in Chinese Mollisol region and provide theoretical
guidance for the development of water erosion model.

Key words: seepage flow; soil thaw depth; snowmelt runoff; rill erosion.
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Table 1 Experimental design scheme

e ab 3 AR I R IR
Treatment Snowmelt Soil thaw
flow depth
(L-min™") (em)
WS Q,-Ds 1 5
Qi-Dyg 10
Q4-Ds 4 5
Q4-Dyg 10
S Q;-Ds 1 5
Q1-Dyg 10
Q4-Ds 4 5
Q4-Dyg 10

WS: JeHEH i Without seepage flow; S: A EHJi With seepage flow;
Q: 1L - mn"@EZERLFE 1 L - min~" snowmelt flow rate; Q,: 4
L+ min"' 52 E 4 L - min™' snowmelt flow rate; Ds: 5 cm 13
fRURIRIE 5 em soil thaw depth; Dyg: 10 em LIEFFZRIRIE 10 cm soil
thaw depth. I [i] The same below.
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Table 2 Effects of seepage flow and soil thaw depth on snowmelt runoff depth and soil erosion amount

Kb 3 A WGE Runoff depth (mm) {2 Soil erosion amount (kg - m?)
Treatment TeHEh R AR TeHEh R AR
Without seepage flow With seepage flow Without seepage flow With seepage flow
Q,-Ds 72.5+1.6dA 86.9x1.1dB 0.35+0.03dB 0.66+0.05bA
Q,-Dyy 82.3+1.8cA 94.3+2.2¢B 0.48+0.03¢B 0.61+0.03bA
Q,-Ds 251.1+12.7bA 305.3+4.3bB 2.08+0.07bB 3.46+0.08aA
Q4-Dyy 276.1+21.6aA 325.0+3.8aB 2.40+0.11aB 3.38+0.10aA

[RIBIAN ) ING PR L R R IR AR 5 A2 i e Ab B2 A7 AE 35 25 57 (P<0.05) |, AT R RIR S T RN A TP Ak B2 Bl A7 e I35 05 5

(P<0.05) Different lowercase letters in the same column meant significant difference among treatments with different soil thaw depths and snowmelt flow

rates at 0.05 level, and different capital letters in the same row meant significant difference between treatments with and without seepage flow at 0.05 level.
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Fig.1 Changes of sloping snowmelt runoff rate and erosion rate with experimental duration.
WS JCHEH Without seepage flow; S: A i With seepage flow; Q,: 1 L - min '@l EH A2 & 1 L - min™' snowmelt flow rate; Q,: 4 L - min™'
B 2R 4 L - min~! snowmelt flow rate; Ds: 5 em HHEMEARIRIE 5 cm soil thaw depth; Dy: 10 em HIEMRIRIREE 10 cm soil thaw depth. F[F]

The same below.
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Table 3 Time for sloping snowmelt runoff and rill occur-
rences under different treatments ( min)

sl T

A

Treatment Without seepage flow With seepage flow
AR R AR AR BRI 098 R AR R
Time of Time of Time of Time of
runoff rill runoff rill
occurrence occurrence occurrence occurrence
Q,-Ds 2.88 8.00 2.70 6.85
Qy-Dyp 3.35 7.17 3.13 6.51
Q4-Ds 1.38 5.00 1.12 3.57
Q4'D1(] 143 436 123 322
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Fig.2  Hillslope snowmelt erosion amount and rill erosion
amount under different treatments.

SE: S =i Snowmelt erosion amount; RE: ZH74 {2 Rill ero-

sion amount.
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Fig.3 Changes of rill erosion amount and hillslope snowmelt

erosion amount with experimental duration at different treatments

under 4 L + min~" snowmelt flow rate.
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Fig.4 Changes of sloping flow hydraulic and hydrodynamic pa-

rameters with experimental duration under 4 L + min™" snowmelt

flow rate.
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depth (em) depth depth
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