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Abstract

In order to deeply study the influencing factors of the melting rate of snow in the northeast during
the melting period, the amount of snow-melting water and the thickness of the snow during ru-
noff, four factors, including snow thickness, snow density, wind speed and temperature, were se-
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lected, and the orthogonal experimental design method was used. We simulate the melting test,
carry out variance analysis and linear regression analysis on the test data, and obtain the influ-
ence law of snow melting rate, snow depth and snow melting water volume under different thick-
ness, density, wind speed and temperature conditions. The results show that: in the whole test
process, the influence on the snow melting rate is: wind speed > snow density > temperature >
snow thickness. Temperature is the source of external energy for snow melting. The higher the
temperature, the faster the melting rate; the wind speed affects the speed of snow melting by
transporting external energy and accelerating water migration; its own thickness and density are
the basis of the internal structure of snow. It affects the storage and transport of water between
snow layers, thereby affecting the melting rate of snow cover. The initial thickness and density of
snow before melting have a great influence on the snow thickness during runoff. The thickness
and density of the snow cover affect the amount of snow-melting water. The wind speed and tem-
perature only affect the melting speed and have no effect on the amount of snow-melting water.
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AARERAE WG JRVE IR R 2 2 B SR I B kAT . IR B R A, BN, OB, MR EY
B, B E S 3 FIMS, 73904 40 x 40 x 5.cm. 40 x 40 x 10 cm. 40 x 40 x 15 cm, 1A H1k B il 1k,
T ERERG SR EA AP MSCAA R, ARSI ARG . BT =S 5% B U IR,
SR T AU ZE = A A, KU 005 XU iR JRGE - Snow fork A TR % FERIN &, SR T U8k
FH R K.
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Table 1. Test design factors and level results
F L IR RS KEER

WRI6 K2 Experimental factor

PRI 7K BEE(C)
Experimental -
level A B lem RER A 11 R Imis HEEIC ik /em/min
Snow thickness Snow density Wind speed temperature Melting rate

1 1(5) 1(0.1612) 1(0) 1(19) 0.01399

2 1 2 (0.2059) 2(2.5) 2(24) 0.03355

3 1 3(0.2477) 3(3.1) 3(27) 0.04014

4 2 (10) 1 2 3 0.05965

5 2 2 3 1 0.03407

6 2 3 1 2 0.01535

7 3 (15) 1 3 2 0.06151

8 3 2 1 3 0.02702

9 3 3 2 1 0.03185
0.02923 0.04505 0.01879 0.02664
0.03636 0.03155 0.04168 0.03680
0.04012 0.02911 0.04524 0.04227
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2) ZRIBIHIAE G, FH Snow fork Z5REIE S MO S AEEAT Rl AL HI 1 85 R U -

3) EFFME LG, MR BIENA AT LB AT, HTm#, SEERTEBUE,
KNI P BRI, T HAETR AN, I XGRSO KU BT R RGEAT 2 &, e BCF 354

4) EFENCEREN, T RS KIS &

5) e H AR RALET A] . =R (B ARk se i ), WL e A R, 5 HLAFE 30 min Wl & —
IRE R

6) ME TG, HERNESNERENIMSEKE, HFidsk.
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Table 2. Results of variance analysis of snow melting rate under different simulation conditions F
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Significance P
0. 045 0. 050
y=0. 0011x+0. 0243 y=-0. 1856x+0. 0733
R2=0. 9692 3 R?=0. 8745
0.010 e 0.045 *
o 0.040
g 0035 - 5
£ £
5 £ 0.035
.N; 0. 030 é M’ o R
b ) 0.030
< =S| ~.®
B 0.025 =)
0. 025
0.020 0. 020
0.015 0.015
4 6 8 10 12 14 16 0. 16 0.18 0. 20 0.22 0.24 0. 26
MEEE cn MZEEE g/cn’
(a) (b)
0. 050 0. 045
y=0. 0087x+0. 019 y=0. 002x—0. 0106 e
0.045|  R*=0.9965 e 0.000| R*=0.9992 .
0. 040 . .
= £ 0.035
= =
~ ~
£ 0.035 §
5 Jros 0. 030
0030 =
= = L
= 0,025
0. 025
0. 020 ‘/'/ 0.020
0.015 0.015
0 1 2 3 4 15 20 25 30
KIE m/s wE C
(c) (d)

Figure 1. Relationship between various factors and snowmelt rate
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PRI Z RS B R . BT Z G E, BT AR K, BEERIGE EEK, FHEMK
K Z, SZEIEAIEEIRNS 2T 8. UPIGEEE G, FEEMFLEREN, FKEe

DOI: 10.12677/0jns.2022.102018 142 H ARl =


https://doi.org/10.12677/ojns.2022.102018

VLR,

B2 AR, PRRERER, PRI A R RO

10

HEEE cn
[$2]

5 10 15
REEE cm

Figure 2. 5, 10, 15 cm thick snow at different densities at the time of runoff
2.5, 10, 15cm EEREETREE T~ RHNZIAESEE

36. MEFMUEXNREMEKENTINT

395, 10. 15cm BT /3 HILE 0.1612. 0.2059. 0.2477 glem® =Fa5 [ T gk J5 IR /K & .

10
9. 057
9 945
8
7
R 6. 1417
ﬂill;ﬁﬁ[
A 5
~ 0.1612
o4 — -10.2059
— 0. 2477
3
2
1
0

5 10 15
MEEE cm

Figure 3. 5, 10, 15 cm thickness of snow under different densities of snow
and snow melting water

3.5, 10, 15cm EERELETRZE TNEMEKE

MEEE ., YimaaibEE SR IHEMEIEKER KR A:
Y =22.655X, +0.542X, —3.616 @)

Y BRI X OSBRI X, B . BT S e s AR R, B AR K

DOI: 10.12677/0jns.2022.102018 143 H ARl =


https://doi.org/10.12677/ojns.2022.102018

VERE,

BB . RS E DR, TR, RS SE, BE S KE, SRR
s, AEARBIEOR, R R S KRR 2 Ak .

4. &g 511ig
4.1. 45ig

AW TEEERR], MR T LR ZR R R RE, BERNEE RN T MR, TR T R
ML RE R i R D 2R K98, WGBSR 2K 70 A T is A2 R, e il p, Rl il Bud .
RS B RO 5 B AR, X PO T B R 5K BE b, S A B RE R R A, Itk T REE. AR
TR R I NS TR IOREKBE S, BT AR S SR MR T K& BT ha s UK,
PWHRBEER S, KRN, R RGBS .

4.2. Wig

A R AU AN R R, B SRR BT e g R g pts . ANF R RERI AR S0 B B
by — e, SR, RS WESHOR, FrAASON TSR ES, RTEERK
BEN 15 cm. MEWERRE TREBENKE, MEBEBK, KOREREHN B, #KE
ML, REBIIAEREEMD, MABIR. 3 EEXTRLS K EERE IR R [L7], W63 BN Hah e
W ANF] AL, ASCHHRE R HRAE RS R AL, TR PR RK D EH A RS E T is i 1)
JERIRRK B AR RIS RRKREI 59, AT # /K RE /T3 [11], W63 BRI AR T Rl ik
18, XSIKRERIIRT LA R — 2 Fr DR IR S A A S 4 M R AR R, AN A NI . 1T
F AR T AT RE rPAR S T HESD IR, AOUIERR S 7 i sl s R IR, R i pk
DEREBENNRSEE, EERIFEHTRESZRHM, ERTRie. Eaitiidred, ek
SERE ALK E ZE K. SAFMARRERE, ASEASEBNREREMS, o RmS W g,
TP T ARG R A 3K — 25 R 5 RO T AR AT B EBOR, R T R AR R 1R A — 2

B

SCBHE, BT, RIGE, R MR TL, SR, TUUA%, VRKIASE, WL
.
S5 3wk

[1] sk FESEAB—RIESEM] b SR AR, 1991: 55

[2] £81, Wz, M, BB RIGHX S AR KRR AT [I]. BRI ST, 2009, 28(2): 333-344.
[8] XMRUE, BRI, RMEE. HERT T BUHE]. SUEERET TR, 2012, 8(5): 364-371.

[4] T, RS, P EEE SRR AR, 1994(12): 19-26.

[5] kb, BRIK, @&UTZE. i 50 4 EAER N XIRE T RS &R R HNBARN]. 52 X555,
2006, 20(4): 1-6.

[6] 3kiEFZE. 2000-2009 4E Z AL X AR i 25 AR LA 7E[D]: [ L2408 3], K H AR, 2010.

[71 HfEEmm, yu52ad, eURk, FIRTEE, POMEEs RIRREH AR TS e m BRG] F EK R RN, 2014,
12(5): 72-76.

[8] RN, 42, 1R, B&, FEM. R T RS A S 0K B R IR D] TR X
W5t 2012, 29(5): 890-897.

[0 #ME. BT KIS S ST 7T [D]: [Bl 22078 30). BEARTE: Has ks, 2009.
[10] ZEz24, &8, K%k, 5KIR, =, HBENN. A5 1L A R 4 2R A R 2 v ml g s [J]. vk )14+, 2008, 30(3):

DOI: 10.12677/0jns.2022.102018 144 H ARl =


https://doi.org/10.12677/ojns.2022.102018

VLR,

[11]
[12]
[13]
[14]

[15]
[16]
[17]

392-397.
ek, R, VFF5IR. BR AT BE SO AN R R B AN R AN S FEK B8 70 ARl S K R M [J]. T BH AR K R
2017, 48(2): 250-255.

Marks, D., Dozier, J., Winstral, A.J. and Link, T. (1998) The Sensitivity of Snowmelt Processes to Climate Conditions
and Forestcover during Rain-on-Snow: A Case Study of the 1996 Pacific Northwest Flood. Hydrological Processes, 12,
1569-1587. https://doi.org/10.1002/(SIC1)1099-1085(199808/09)12:10/11%3C1569::AID-HYP682%3E3.0.CO;2-L

M DR, ki, &) 58, FBEHEBSENHRMRARTRE L m[]. BRI KRR, 2001, 29(3): 54-55.

Pomeroy, J.W., Bewley, D.S., Essery, R.L.H., Hedstrom, N.R., Link, T., Granger, R.J., et al. (2006) Shrub Tundra Snow-
melt. Hydrological Processes, 20, 923-941. https://doi.org/10.1002/hyp.6124

BEXNZE. AARARRT AR AL =48 SR AL 7 T MR [D]: [t 2 Ar i 3C]. 22 P IRITIE K2, 2016.
PR, e A 75 e X i XU AR AL RS AIE % EL B2 PR 7T FE[D]: [t 22 AriR 3], 220 22K, 2012,

Oztas, T. and Fayetorbay, F. (2003) Effect of Freezing and Thawing Processes on Soil Aggregate Stability. CATENA,
52, 1-8. https://doi.org/10.1016/S0341-8162(02)00177-7

DOI: 10.12677/0jns.2022.102018 145 H ARl =


https://doi.org/10.12677/ojns.2022.102018
https://doi.org/10.1002/(SICI)1099-1085(199808/09)12:10/11%3C1569::AID-HYP682%3E3.0.CO;2-L
https://doi.org/10.1002/hyp.6124
https://doi.org/10.1016/S0341-8162(02)00177-7

	春季积雪融化过程的模拟研究
	摘  要
	关键词
	Simulation Research on Snow Melting Process in Spring
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 试验设置
	2.2. 试验设计
	2.3. 试验步骤

	3. 结果与分析  
	3.1. 积雪厚度对积雪融化速率的影响
	3.2. 积雪密度对积雪融化速率的影响
	3.3. 风速对积雪融化速率的影响
	3.4. 温度对积雪融化速率的影响
	3.5. 积雪特性对积雪产流时刻的影响
	3.6. 积雪特性对积雪融雪水量的影响

	4. 结论与讨论
	4.1. 结论
	4.2. 讨论

	致  谢
	参考文献

