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Abstract: Under global climate warming scenarios, permafrost degradation has triggered
retrogressive thaw slumps, posing threats to engineering infrastructure and ecological security in
cold regions. However, many scholars lack sufficient understanding of the morphological
characteristics and evolutionary processes of RTSs, and the applicability of simulation models has
not been systematically summarized. In this study, RTSs from four perspectives: morphology,
evolution, destabilization mechanisms, and simulation methods, based on field investigation and
literature analysis. The main findings include: (1) The morphological characteristics of RTSs can
be classified into 11 types, and their spatial distribution is associated with topographic features,
permafrost conditions, and developmental stages. (2) The evolution of RTSs experiences four
stages: surface cracking, active layer detachment, polycyclic recession, and gradual stabilization,
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mainly affected by ground ice and extreme climatic events. (3) The instability of RTSs is the
result of the interaction among Thermal-Hydrological-Mechanical fields. Under the influence of
the stress field, moisture and heat transfer are affected, while the temperature and moisture fields
determine the pore water pressure, which in turn influences the stress field and change slope
stability. (4) The Limit equilibrium method, numerical simulation, and uncertainty analysis are the
main methods for simulating permafrost stability, each with its own advantages and limitations.
This study enhances the understanding of the phenomena and processes of RTSs. It is of great
significance for revealing the interaction mechanisms among permafrost, climate, and
geomorphology, and provides support for the improvement of theoretical frameworks in
cold-region geomorphology, permafrost mechanics, and related disciplines.
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SRR T AR T . SRR AN 2 R L RIR AL, B IR A 2 S P A I
BN (BHRRREE, 2024), FHEEMESERKAGERE . Ht s & A A S St
JRAEA, TR BOAS [F) R 5 5 AN A Rl i Fe o0 (Hjort et al., 2018) IXFPILR 2
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Table 1 Development status of retrogressive thaw slumps in some permafrost regions

Hh X WA FEESEE(mE) AR KEREmYa) B LE

3% Ak 2009-2017 1.81 5-290 (Mu et al., 2020)

Kk Ak E 1974-1985 2.7 — (E44, 1990)

Jp R LR I AT PG B B dE 20112013 1.83 46 (Niu et al., 2012)

[A] o7 30 A BT B4 vy A sk 2011-2012 11.78 — (Swanson et al., 2018)
MEREEHX 1952-2000  0.45-0.61 (Lantuit et al., 2008)

PRI 2 2 E VR R OR AR — A (B85S, 2022), AT MR S ARHAE LB %
PR RAERROK-RE RBRERE. LU RREMATNESEL T — M 2HarkiE,
HE g0 ISR LB R s, 23R AN TR N A R A . FA7E 1897 4,
A O R R R, 2 20 el 70 FARTRERAN L 7 2 A AR A T I R Rl e U
MG K& Jei WY EH LAY RFa R FHRA (Abrahams et al., 1996;Hutchinson,
1974;Pufahl et al., 1979). 80 FEAXHT /5, W70 H SUBWI % M) VR LG AR Re e . Hue SHLH S



K IEFEAT UL FLBR K & 77 (Hutchinson, 1974;Mcroberts et al., 1974) . Taylor et
al.(1978)i ik = P 150 X % 13 B 3 (R A8 A0 R R AT T 90, WO L A& 1 22 S A
MU 5 K ER 5 AL, 8 TR S HUR A UR T T K- 95 B
FEZE . SRR BRI 46 0033 VR L W 7R AP 3 T IR T i Ak, 5 T 7 0 0 5 b Ak b X T
T2 G4 vhon) R 3 A E ME AR AL SEIU AT SE (W, 1984), 2000 “EHT f5, BEAE TSNS I )52
TSR R E, BN EE TGRS EROK- I = ARk R . ARG
(FEM) 5 EUEBEARYE 32 5l N3 A€ 8. Ugai et al.(1995)%E 1 4 R 7T 5%
J5E P IR AE = 4 S () R R R S RS e MR AR T REME . 2R S5 (2003) HE T R 1 DU AH
IR BRI TR G W BRI 5 2, X PUM A BB a4, UK. KRR, IR AR H
TIFEA SRR - =38 & WS A BRI o bk iE. A 21 e )5, Bt —2
Hr R TR A, FEEPERAGRMNWESNE, Flk TEET SR
WA AT N W N F137 0 25 0] @ (Santander et al., 2002;F2 7k 45, 2010; #7148
HAE, 2005, B E A%, 2006;4 & R4, 2006; I 0ESEE, 2005), 2010 FAR LK, WRELTEAE N
SR I AR f et I FE A2 B )2 O . VR A T T AR g4k B e AL TR
B, URBRIREL. BRSSO TR AL AR K FOG e R S (B oR T . BE IR 15 N R
) IS TR SR E S . Zhang et al.(2015)7E#-/K-J1 R A A B h 5] N T Ak
IVEARR Y, SEIL TR LA R A A PR T B . ZERIHQOIDERE i T Lk
B K B AR BAE R IRBON T  Fe e R RE A s T AR (2018) 38 Ik X 2 14k X i 7 4
B A T 8 T HUEY 58 B S5 R R EIME IE R, WERX LRSS HE SRR T
— M e 2020 ARG, R I AT AL GURE A A 1A SR ARG R B T R 1k
TR W ALE AR RS TN v (R EE S, 2025;5K K IAE, 2025), 1 AR e MERT AT
20T NVEHRIL S MR R Z G R2auimidt, BPm T H-K-TIfA MER IR R
SHER T A IR MR L R AR — MR B L, O TR SRR AR R T
NHU R UKERAL . KA IEFE A A 2 B3t R R R R .

R A S ke T S AR AR B R R, R SE X 52 5 i (X g N 2R R R A e A A 3
RGMIRL T M. R AR AR R 2, AEAS TR SCHER A O T AR IR [
BRI ARIE R IR IRFE —E £ 7. EMEG - LR Bl d, HE
AR RN BRI R, TC AR L AR R ATk, ISR BB o Wik, AR e BB A R
H R 200 LY e R KBRS e . P JRIE L RIR A ST 7T, A B TR vkt
G, HESN LM BRI S B R SR, R X TR R . R, 2R BRI,
ARSI I S G IR 3R R R AR A O STk, 6 DA AN THIEAT T (D) A
Rl v X T S R AR AR AL I R e 5 AU R G R (2) #IK-JIR 6 2 T iR Ll 3k
REGHUVEE (3) ¥ LIl 3RS e A 40 7 2

1 AR IR SRR IRALIE AR R X S ARZ AL A e B

1.1 R IRESRHE

REE S B 2RISR, HhEgk. BER. JaRERITE MR T AR B A Y gt
RURFAE, T HARRRAE D) o] B A H IAE R o S AL I Al B, R T P ZE b P b 35 2% A4
(Nesterova et al., 2024). MJEAFHEFEA I FERE, AR BRI o] K50 8 =85 3R
X Jeim X BITSHERR X o VR IR Tk DX 2 b T UK B AR, eI XRIHERR X $2
LW BRIF ) X3 Ve i X i ST 3, ARTRLA B A KA IR B R REAE o TSR HERR X 3
JHIBEIR , R EIFEGOIRTEE, G s) =R B SR HERRIT B 4 BT HAlIE 30 1 & A S
R 70, RILERA TR AT, A tEihdi. R LRk B iR 7
s, e L X AR B L 11 AMESHRHE, Wl 1 R



BT el e S DX AR 55 1 T A R AR
Fig.1 Characteristics of retrogressive thaw slumps in the Wenquan, Qinghai Province
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Fig.2 Evolution process of retrogressive thaw slumps
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Fig.3 Active layer detachment and retrogressive thaw slumps on the Qinghai-Tibet Plateau and Arctic region
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Fig.4 Schematic diagram of moisture-temperature-stress field coupling
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