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Abstract

The permafrost region of the Qinghai-Xizang Plateau exhibits high sensitivity to global climate
change. Traditional analytical methods often neglect the phase transition process at freezing/melt-
ing fronts and directly simplify the temperature and water content fields, leading to uncertainties
in simulating climate evolution characteristics. To address this issue, this study constructs a one-
dimensional vertical soil water-heat coupled model that explicitly considers freeze-thaw phase
transitions. Based on the governing equations of the temperature and water content fields, the
model more accurately describes the evolution characteristics of different gradients in the perma-
frost region under large-scale climate change. WRF-based sensitivity experiments show that, after
incorporating freeze-thaw phase transitions, the model’s responses of sensible and latent heat
fluxes under cold and warm climatic backgrounds are more consistent with the physical mecha-
nisms of land-atmosphere energy exchange, and can more reasonably reflect differences in energy
partitioning across climatic stages.
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Table 1. Variation trend of permafrost area and average snow volume per 10 years in permafrost region
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Figure 1. The evolutionary trend of the frozen soil region of the Qinghai-Xizang Plateau
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Table 3. Sensitivity test results of different analysis methods

= 3. PRI ER SR LI

BB R PR RIS RIS INE
R (m/s) 25.5~28.0 23.7~30.5 22.0~312
AAGARAR 1 IR G2 B B AR AT B/(Wm ) 161.5~404.6 164.4~361.9 159.5~439.5
TR Pl E/(Wm2) 263~573 282~515 259~621
JRGH (m/s) 26.5~30.4 26.8~31.3 24.3~34.4
A R IR B TR AGEE/(W-m) 143.6~426.5 147.2~382.6 132.3~479.2
TREEAGEE/(W-m) 235~667 240~670 220~690

3 MMRGE . EAGHE ., BB RRTERE, RIRA R HTITER R EE 5 N
W72, ANRE AT S DL X R 58 2RI L 25, 0 45 45 1 = XK AAAZ 3 ) B AR HEAT AR
FEARMRARET RN BE, 3 0 B A A5 2 A A & R IREEAR(159.5 Wem2) B FAGHE & 1 Rt B

DOI: 10.12677/ccrl.2026.154089 846 SR TR


https://doi.org/10.12677/ccrl.2026.154089

[

fR(259 Wm?), XERIRFA N IR . MRS IR n R T e 3 2 DU SRR
PR LEIARART s TI7E A5 i R R B, %7 VA Gl B BB B (479.2 Wem 2, A &1 R B (690
W), WSHGET S NESRME. REKSEEIN. MR SRS R R A A R0 BRIk — B

L2 R, RSS20 B S T A M S HCR AT B A A, HLAE VBRI BURI AR AR R RE7E 7044
PR L IX R BORIZE T 22 53, 0 W LA 220 2 5 /R A e A 0 1 3 8~V A4 AR S R IS A7 AE — 58
TR, I, ASCTFFEIFARAl “ AL JE R R, T2 RE s EAER S B AN R U 7 TR+ - K
AR R A B 2 5, W VR R I R 1 i 1 SEAE 5 SEEFRLEE o

43. mEHEEEBSEUFIRINMRESRERE S

FERFAEA A 22 500, 133 = MR T 7 Xt B 3 BB P 1 A 25 i X 2, BT 48
WAE RSB S IR, FT XL AN F R R 75 70 BAARSE RAnE 2 o, B i B R IR T
] 5% U o A 2 ol W 000 5 8 s

100
[~
\\,\\\
AN
\ \
1
200 ¢
\j
: \
%300 2
i K
E I
1400 V
|
500 jr
\
600 <
[ r
700 i
/
800 {7
900 —ﬁ\
1000 T
0 01020304050607 08 091.01.1 1.2
‘C/100m
(a) MRS e 45
100
[~
T
\QN\
NS

v.\’\
\ ~

200 \ ¢

]
: N
2300 }
fg '
[
E 400 |’
500
\
600
r
700 l#
800 i el
900
1000

0 01020304050607 08 09101.1 1.2
‘C/100m

(b) FEOHHE S5 T VR LI A R

DOI: 10.12677/ccrl.2026.154089 847 SR TR


https://doi.org/10.12677/ccrl.2026.154089

ik <

100

w )
S 8
T

500
600
700

800 oy
900 )
1000

0 0102 030405060708 091.01.1 1.2
‘C/100m

(c) HH Y3 Hr 7 i S0 4 R

Figure 2. Comparison of simulated and observed vertical temperature gradient profiles using different analysis methods
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