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Impacts of snow cover change on soil water-heat processes of swamp and meadow

in Permafrost Region, Qinghai-Tibetan Plateau

CHANG Juan',WANG Genxu”* ,GAO Yongheng® , WANG Yibo'

1 College of Resources and Environment, Lanzhou University, Lanzhou,730000, China
2 Institute of Mountain Hazard and Environment, Chinese Academy of Science, Chengdu 610041, China

Abstract: The average altitude of Tibetan Plateau is over 4000 m above sea level with vast areas of permafrost. The
interaction between permafrost and the atmosphere is realized by the dynamic water-heat process within the active layer. The
snowy condition on the earth surface directly impacts on the variations of the thickness of the active layer and the annual
mean soil temperature in the permafrost area. Thus, the shallow soil water-heat process with or without snow cover is a very
important uncertain factor in the water and energy circulation processes of the permafrost areas in Tibetan Plateau. In typical
alpine meadow and swamp, the active soil moisture and temperature at different depth of layer were observed to reveal the
influences of the snow cover changes on the soil water-heat processes. The results show that the thawing and freezing
started-time of active soil were later and the duration of freezing were longer with snow cover than that without snow both in
alpine meadow and swamp areas. With the snow cover, the active soil temperature variation rate decreased while the soil
moisture variation rate increased. The snow cover plays important roles in restraining the soil temperature change and b
accelerating the moisture change in active soil layer. The impacts of snow cover on soil temperature and moisture are greater
in autumn and summer than that in winter and spring, and the influence is more dominant in melting process than in

freezing process. Snow cover results in reducing the annual maximum soil temperature and rising the annual minimum soil
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temperature in alpine swamp. On the contrary, both the annual maximum and minimum soil temperature increase under
snow cover in alpine meadow. By comparing the temperature differences between the annual maximum and minimum
temperature of swamp and meadow soil with or without snow cover, it shows that the snow cover has greater influence on
swamp soil temperature than on meadow soil. Some parameters, such as time of melting (7,), duration of melting and
increasing (T), the range of soil moisture content increasing (AW,) , time of freezing (T,) , duration of freezing (T.)
and the range of soil moisture content falling (AW, ) , were selected to objectively reflect the influence of snow cover on soil
moisture during the freezing process. The results show that the snow cover has more influence on soil moisture in melting
and rising process than that in freezing and falling process, and has a more influence on swamp soil moisture than on

meadow soil.
Key Words: Qinghai-Tibetan Plateau; permafrost; snow; swamp; meadow; active soil; water-heat process
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*1 AAREEETHEZE . EGXELEAREHMER PR EERE
Table 1 The thawing start date, the freezing start date and the frozen duration ( day) of the shallow soil of alpine swamp and meadow with or

without snow cover

NI 2SR Observation depth/cm

T HZE R WiH 5 10 15
Land type Item mE TRE mE TRE M T
Snow Without snow Snow Without snow Snow Without snow

A UREE RS B ) 10-14 10-13 10- 14 10-13 10-13 10-20
¥ify)  The freezing start date/( JI-H) 10-14 10-13 10- 14 10-13 10-13 10- 14
A5 TH AR LG H 1) 04-28 05-05 05-11 05-08 05-15 05-02
il The thawing start date/( H-H) 05-17 05-09 05-17 05-10 05-17 05-10
BE RS 196 204 210 207 214 194
%ifal  The frozen duration/d 215 208 215 209 216 208
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Fig.1 The annual change process of shallow soil temperature of alpine swamp with or without snow cover
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Fig.2 The temperature variation during freezing process in autumn of shallow soil of alpine swamp with or without snow cover
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Fig.3 The temperature variation of shallow soil of alpine swamp with or without snow cover from April to June
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Fig.4 The shallow soil moisture change process of alpine swamp with or without snow cover
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Fig.5 The annual temperature variation process of shallow soil of alpine meadow with or without snow cover
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Fig.6 The temperature variation during autumn freezing process of shallow soil of alpine meadow with or without snow cover
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Fig.7 The temperature variation of shallow soil of alpine meadow with or without snow cover from April to June
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Fig.8 The change process of shallow soil moisture of alpine meadow with or without snow cover
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Table 2 The annual minimum and maximum temperature gradient of alpine swamp and meadow shallow soil with or without snow cover

el R I
S8 The minimum temperature The maximum temperature
Parameter % T % % o 3%
Snow Without snow Snow Without snow

THF Swamp 5—10 cm -0.22 -0.44 0.76 0.72
10—15 cm -1.3 -0.3 0.45 0.59

Hifi) Meadow 5—10 em -0.42 -0.69 0.64 0.09
10—15 ¢m -0.69 -1.16 0.32 0.89
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http ; //www. ecologica. cn



23 WIHAF R R AR L RS TR R )ZE K Pl R e 7299

LA EREE IR T RS B, 2559 0-0.46 .-0.5.-0.36, M2 1 F ), HAf Mo iR bl & 1 SR
FIBE IR, B TS E ZR e am il TR H A O S 3 55 PR A B O B 22 5 ) HLERRE VR B f 14
T FERR BEV/ ) -3 5 Y - SR A R B TR B AL, T i 194 T SR A B TR T i

il 1 FH SPSS 4 B [K 27 22 A 5 B S X2 R RO, S5 EOR | b e s ) 3 A A .
TORBHE S R)ZE AR 5,10 15 em AR A B E 122 5, 405115 0. 001 ,0. 002 ,0. 007, #F /T 0. 05 (23
PEKF «=0.05) ,4 AG3HES5.10.15 em AbIREE2EF R B E, /30918 0.1.0.13.0.6,5 A &2 229 WA RE,
43900 0. 678 .0.828 0. 541,67 A 452 H3E2s RAC %, KERAE 0.01 BHE, 21 T 8 A ZREER AR
L5318 0,154 .0.316 ,0.067 , X FERHFAE4 A0 Z 5 BIEA T AREPIRE MR LS X bR 2] T %
WVER MR TR ESRRZE L ERE2Z R B, A4 AmZE(RAETA), R RAR, TS
T R T BT S A, (A O 55 VR )2 R R R T S Ay TR R
RN, DRSS 1E S S5 i B Fh 2 W4 T 0 S5 i e e (IR T JC 2 56 b R A e I (A 7)) T LA R 3
45 A EHEEZERARE  JUHE S Afy, 6 AMtiRgke: Tl (HIbe A S 50 TR BT L
), B R SL B B 2 T 0 I FHE A . — BRI 8 Ay, E R ek 2 5, BRI 3 ke i 2= 5
AW, X FRIERE3 AhA ERTFERNRZE LIEESZiR B B EES #/hTF0.05,4 H%ES
em AR 22 AN 35, O 0,584 TITE 10 15 em Ab22 5% 535 0. 001 ,0. 005,5 H 1745 )25 M il 22 58 W3, 40
IS 0.715.0.429 .0.643,6.7 .8 A3 TE 4 AMGTES em ALHLIR 22 AN B3, 2090 0. 343 0. 227 .0. 343, i 7
10 .15 em 20255 B 3439125 0.017 0. 012 F10. 012 .0. 005 LA K 0. 044 0.036, % —idFEEEZH K3 HH+
oA URSS , TS B R E ARG 25 36 (TR PRIR 2 1 S8R B AR OS5 55 2 v, DR — 8 b il 25 S
F. A4 AR T; TSRS ERT, 0 w0 R P T T S A, AR TR
TR JZ T e R B W AR TS em AbHIR 22 SR R EUR B TR R ) B B R REAR)Z (10—25 em)
TRV D)Z I Z A B AR5 84 B3 i & K o, (AR E 118 10 em LR SE MR A B3R 2 | B Bt X
BRI R B B, B TR AR AR RO T — 3o ARE , AR B 1) 3 A A S el S BOE 10
em PUF 38R FER T IOE 36 (0, fEA57E 10 15 em 4 “F MR 225 B2, 5 A6 (K 3) &+ 5
70T 1) T R A a0, ARG A 1) R FR R S ) R Oy 3 RIS R R 3K o B A A AR G R R B
XL AT R L Bt B R B0 B Z R 22 AR E L 6 A R4k T A SRR A AR B &R
FIEEMERT, B3 8 AMHES em AR 2ZE T A B3, MifE 10,15 cm 225 B3,

F TR (R R A5 Y ¥ T AT PN ) A (PR TR 32 S o e o T ARG, 5 ) - AT PN 19 o sy U R A A TR 4
W, AT AT AR N R R R S R IR 2 R, R VR R AR 5 1015 em IREA FE S LEEHN
I 255050 -0. 1,0, 18 0. 14 18R )= H A T H 35 R 227305178 1.12.0.94 1.8, I FHRERZM,
TBPFER)Z T IEAR N IR BE 22 50 2 F ) ik 2 RIEAE N 2209 11.2 5. 22 .12, 86 1%,

3.2 BRI R FEVE AN ) V)2 - K A AN TR

ST B WA X - 6K 3 AE i e AR s ), e 3K 43 AR Ak 1) Rl TSR] 7 (8K il 2 R
S5 WAt Al AL 3 0T B0 ™ 2 1) 43 550, R Ry - S8 K A B0 i, 0 IO B ) Ay - Sl A R G B ] ) @ D 7
( Ko I Rl 22 A K 53 VA T 28 I3 ) s T] ) | S Rl A 7K 4 P v W 2 AW, (T Rl i B ) 25 s ke
Zo 1 - S R AL 4 K AR AT Horp

AW, = (6, - 6,)/6, (a)
K, 6,0, 43 F7R 13K o T (RNl LA 1A

[FIRE -, 5 2 4K A IREE B ) T, URESDIE T, R 3EVRES K o3 BRI IR B AW, (PR R R 0R ) ok 20 i) -
RS, K i KA AR W 3,

AR AR X Rl o R BRI B R e T R K TR AR A Rl A R R AR AR B (R 3) . TEARTR TR
JE R FEREEE R S ) R HOK R THIE EERUK S BT DT RHE R TR E B 3, SR EARRER

http ; //www. ecologica. cn



7300 A E = 324

T3 5 I T 0 K S BTHREE L2 50k 2,51 3,65 7. 57 ; i FE R AN R R A S 5 50 E A K
IYRETHIR L R 2.32.1.26 (1.97, DLEAS [ Rl T  BEJE 10 T Rl A 2 A 00 380K o3 A o TR A 3
AR 22 5 TS B A, A R R P AR T R, K 0 Bk 0 R X T AN R A i R T

5 B R ORI ROTHIE S LSRR | i ST T A AN [R) TR B AR O T e ) 83, U WA v )2 3K 7 Rl AL i
o R R 2t RPYA PR I R I R T R 1Y

®3 AREERERF . EARELIEARRELERIIFRIEESY

Table 3 The melting-rising and freezing-falling scope parameters in different depth of shallow soil of alpine swamp and meadow with or without

SnNow cover
R Depth Sem 10cm 15¢m

280 Parameter T/H-H T./d AW, T/H-H T./d AW, T/H-B T./d AW,
REaes A Snow 04-16 35 2.99 05-01 20 0.95 05-06 15 0.53
Swamp T 5 Without snow  04-16 28 1.19 04-30 14 0.26 05-03 11 0.07
Hif A5 Snow 04-16 35 1.3 04-19 31 1.18 05-03 18 1.32
Meadow T 5 Without snow  04-16 39 0.56 04-20 24 0.94 05-03 12 0.67

SR Parameter T,/A-H T./d AW, T,/7-H T./d AW, T,/H-H T./d AW,
TR £ % Snow 10-22 5 0.8 10-24 4 0.62 10-27 2 0.29
Swamp T % Without snow  10-22 5 0.84 10-24 4 0.54 10-27 2 0.16
i ] A& T Snow 10-17 10 0.49 10-21 7 0.66 10-25 6 0.71
Meadow JCE 3 Without snow  10-15 12 0.6 10-20 8 0.68 10-25 5 0.65
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Impacts of snow cover change on soil water-heat processes of swamp and meadow

in Permafrost Region, Qinghai-Tibetan Plateau

CHANG Juan', WANG Genxu”* ,GAO Yongheng® , WANG Yibo'

1 College of Resources and Environment, Lanzhou University, Lanzhou,730000, China
2 Institute of Mountain Hazard and Environment, Chinese Academy of Science, Chengdu 610041, China

Abstract: The average altitude of Tibetan Plateau is over 4000 m above sea level with vast areas of permafrost. The
interaction between permafrost and the atmosphere is realized by the dynamic water-heat process within the active layer. The
snowy condition on the earth surface directly impacts on the variations of the thickness of the active layer and the annual
mean soil temperature in the permafrost area. Thus, the shallow soil water-heat process with or without snow cover is a very
important uncertain factor in the water and energy circulation processes of the permafrost areas in Tibetan Plateau. In typical
alpine meadow and swamp, the active soil moisture and temperature at different depth of layer were observed to reveal the
influences of the snow cover changes on the soil water-heat processes. The results show that the thawing and freezing
started-time of active soil were later and the duration of freezing were longer with snow cover than that without snow both in
alpine meadow and swamp areas. With the snow cover, the active soil temperature variation rate decreased while the soil
moisture variation rate increased. The snow cover plays important roles in restraining the soil temperature change and b
accelerating the moisture change in active soil layer. The impacts of snow cover on soil temperature and moisture are greater
in autumn and summer than that in winter and spring, and the influence is more dominant in melting process than in

freezing process. Snow cover results in reducing the annual maximum soil temperature and rising the annual minimum soil
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