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Characteristics of Seasonal Frozen Soil Temperature and Moisture Changes in Alpine

Meadow in Qinghai Lake Watershed

MA Jingjing"?, WANG Pei'?", DENG Yujing?, MA Juanjuan?, SUN Haitao®, CHEN Qi’

(1 State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing 100875, China; 2 School of Natural of
Resources, Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China)

Abstract: Based on the temperature, precipitation, and soil moisture and temperature data of the alpine meadows in the Qinghai
Lake Watershed from 2018 to 2020, the characteristics of soil freezing and thawing in the alpine meadow ecosystem and the daily
changes and seasonal dynamics of soil temperature and moisture in different freezing and thawing stages were analyzed. The
results showed that: 1) Based on the analysis of the characteristics of soil temperature changes, the freeze-thaw cycle process
could be divided into the initial freezing period, the complete freezing period, the thawing period and the complete thawing period.
The duration of each stage was as follows: complete thawing period>complete freezing period>thawing period>initial freezing
period. From surface to deep soil, the number of days of complete melting continued to increase, and the number of days of
complete freezing tended to decrease. The period of complete melting of 0-180 cm soil layer lasted for more than half a year. 2)
Frozen soil showed the law of one-way freezing and two-way melting. The soil melting rate (5.45 cm/d) was faster than the soil
freezing rate (2 cm/d). Throughout the freeze-thaw process, the changes in soil moisture at different depths were more complex
than changes in temperature. 3) With the freeze-thaw cycle process, soil temperature and moisture showed periodic seasonal
changes. The diurnal variation of soil temperature and moisture was consistent, and the surface layer had a large diurnal range. As
the depth increases, the diurnal range became smaller and tended to be stable. The structural characteristics of soil profile had a
strong explanatory effect on the heterogeneous distribution of soil moisture.

Key words: Seasonal frozen soil; Freeze-thaw process; Soil temperature; Soil moisture; Alpine meadow
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Fig. 2 Daily mean temperature and soil temperature profile
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Fig. 4 Cumulative daily precipitation and unfrozen water profile
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Fig. 6 Variations of unfrozen water at different depths over time
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Fig.7 Diurnal variations of unfrozen water at different freezing-thawing stages
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JRIAS B AR SEBRI 25 5, ARWF5E X 244350
FER —0.6 'C, 4—10 HRZ IS /KEILE 35% /2
FUES, 0~10 cm L)ZAHEHZ(As), 0~22cm K
JEFER)Z(0), BRI P Z BES IR 2% IR XA 2

31

TR R BRI . = FE R AR R 1.7 C,
4—10 A IR S KB/ T 30%, B B E Al
B H SR AR T HIA VRN AT | el
N RBOEERE. M ETE X, 245+
X HA H RAEIA R R (4 a o $E A 2
FEHHIHLIX LB S em TR H GRBEARECH 61 d. T
SAEEDE D10S ¥ I & Bl 2002—2005 4F
4 em VR A7 7E 1 58 H ZRRLOE IR 107 B K B0h 71 d.
L, 88 H ZREh G 2R 02 2 Fh I R 254 1E B 45
R, ARG LA BRI R AE AR A
BRKER.

ARG AT IR RBU N T 3Rl A 8K, i
T 9 5 SR Y R b IX R 9T S R A R 4 i ]
Rt T L 1 W N (E VR et w1
PR T 3RS %, X 0] BB 9 1 A7 31 114 K PR 4 55
FBURA . BUAL, AHFSE X 3Rl K E i 24
PLb, JUHRRE 4, X 5t A me o i e
FEAE R, T S X 3 A T A R AR
A, BB RE R T R AR R B SE R B,
3G 20 em )2 HIETREE R IR (R 2). A
[T 240 L, 200k L S I B )R s . XL Bk
(R, R ES I R R 2 IR A R 2+
BEREE TR, -3 fh T B 2 IR 2 R A
)AL, I R R AR 2 I TR 5K 3 4
RARFT IR R Z I FRalfk, 0 ~ 10 cm
T HER G RS K, e 2 H T R A AR,
X R RHGZ N, FIERES A s R AR (R fil
N T B, A R AR AN R, T
Rl 20 cm B LR BGFG RIS . R, 20 em
H)RTEFAT R £ X 2R IR Z HAB P /N RAS
BRRENLZ.

*2 AREER LIRS 5H R FREIAT 8]

Table 2 Duration of soil freezing and thawing at different sites

gy GE 134K (m) + B (cm) RS R K (d) TR E(d) S E =)
FHEFH 100°15'E, 37°25'N 3551 5 129 196 39
(e A 10 131 214 20
20 142 219 4
40 137 223 5
AL 101°19'E, 37°36'N 3215 5 90 236 34
(P FETEA)) 10 109 240 6
20 116 227 2
H B 99°59'E, 35°35'N 3323 10 98 212 37
GGES:)) 20 115 228 24
40 110 234 11
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) 21 R+ HERIR AL R RE 627

32 FREFREEMNTEREERSEREALES

B ap=- A1)

- BRI S AR AR R X e FE AR AR Y A R
BREE, BHORES S, BRI R K B VK
Ao XE . HRT, EHK RS £ 1
KUK, AR T2 2% HHEVRRL S B oK i B AR R
Jy— i, FIEARAOKABAER T LR TR K
i, AR AR O R . HHERRK S 15
T 2 AR Sh A M 56 R0 R R
b, RV IR EEARAG, EATS A — i Rl i R KA
fE. 11 HZEEAE 3 Aha), izl T 558 2 UR%,
BB, WRBEA, TIOR3 I 7K 43 v IR R B FH
HL5 | R RE 158, EHERKIR D, I P AR AR K
TN 2%; 3 A PR TR, SRk
PR B Th o IR EIE R GOK B i ARk, RS
HoK G, X 5HalImrRss it —%., &%
TR MR, RZER, EHOKS TR R T
FERIN FHER KRS o IR 5 R 4R
HOKIER , MR LRI A 25, RV 3K
T X GT A i 3ACY . REETII(11 A BRAE 1
), R X LK PEZRTERZ, KRN
(1—3 A)HEHRZ SEIZ K HARR—E (A 6).
X5 T e sl % B RS - K o R 1 B
JE 2B TR 10 ~ 40 cm, 2K TIRZH4E R
AN o X AT RE R R R HER OK IR RS 5 70 A A2
LRSI, 5 R 25 | Bk O ER K
H oA USROG, T B4 T AR ot (a] A AH B
YERC R k0T, B2, htmife, +50K5
FERSZ IR EE R, 1) R BUA HIER 2R K | HEw
EF=3 N ) e w47 1 7 o B B A 1 N 7 N (B 25
REK | MR A SER , SRS ST 10k 7K o3 A - 4 i
HRZHERZEZIN SR Wi, 1%
IK A0 53 A WA R TR R A A K 5 R E .

TRt A XA S A 55 , 49 v R A T R K
Y 22 /0 S R b DX R AR G R R I S
T AR K E T KB B, R —
AP ORI P R BT, KR A K
B RS IK , R K 3G BB 1 + 38 60 <5 K 43
B, R LR T R AEOK S A
W&, 3 H T HHEIFGEMEANE 6), BLETFEK
X KA RS , AH 32 K o e vl 5 35%
LAy, VR R RS [y T Rk 4y, JFReE £
ef R A A K AR 2 R T RIRK X 5 2R

A A S Vi e TR ) R 25 SRR — 3
4 #ie

AR - MR B 1) H AR AL 8 21 R Rl A
Y NERURIL . SEAVREE . MRURITRISE et 4
A B B RS2 1 AR UK Ry 58 2 AL I > 58 2 VR 245 100>
RIS TR TR, 0 ~ 180 cm 1358 2Rk 4K
BoRal AR b, 3, R HURIRE R TR
REERA . VR RIU B ZRGS . BUml Ak i A,
1 4 Fb AL HER (5.45 cvd) BT A 0 R 45 R
(2 em/d). BEAFRLS R, RREEE K281
PR AR 2% o BERE VRAIG IR AR, + I IRTR
SIS SR 1) 2T AR B RRAE . IR R TR Y H
AHA -8, REHREK, HEREREM,
H 42 227 /NI R T RaUE o - 50 T A 25 A0 R AE X6 38
K S T G A B SR I R R o
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