W5

B SR 2025,43(23)

R E LHFHRETRSG R0 A HAE R HLH

WEAE S, T WA RER sk

HME BATSHLARES RGNS TG IE-Tva pid e REIE AR TS B AL A SR
Bk, AR ENA. (1) FTHE AW ITRR £ S AR & 2 SR, W %
BRI A SR TSR ; (2) AEREERTREER AEPARGRTRED R
ARESZAARLE M N T N, LL LR EAZAR N B IRG IR T RN B BT, FHRREAK I
R, AR B A Ay (3) AAETAT, @B riadEsh ARG £ BRI H THRE T FFHZR
METHNETREZH MREMT FTHRME R RN LG R, L2 F 5 55 X% E 56
N, it —H B BB AAE R, S AR S EMEE, Bk, AR R T A GAE A RRRETRE S
TWEMARFZE, R, RERANTRETHEASZALMAR, @3 6L E 8 KA HA AR AT
RFAD TG ik, AT TERRES ARG, R THRE.,

eSS 3

TS —Fh I SRS A T, IR T %
A | VAR R LTI P AR, SR R R A Ll X
WA F ARG, 5 A e fa e BRI AR 2 o 4k
il b SRR 6%, AT AERT R B L | B
ML, PE 3L, 22 L R R L L XS5 L s
FENZEIEBIX, Toie (A sl 2l g 4 28
TR (AN g S A BRI B T2,

TES AR X, LR R G052 B W& 520, 40 1970
AERBE PR 22 35 A A S8 T RS AR AR,
N2 5.2 T REHE, Bk Rk 5403500 e
LSR5 22 R B 5 1 b e 1 B TR R, FEAR RS

| WEAF TR EEN SRR G EATFRFHEHES
LB E , HLHE 850000

2. HERFIRHEAE SRRFHEN, FHEERRSENE
B g %, 4L 100101

TR @l Ak Ak AL A SRR AE A AL

P RS O m By i, A R E A AT
FATE B 0559 25 A R R TR g 4 A, L T) et i i
B R 7100, #Exd 3 KA) BT LA 2R T
1010 R i H A b, A 55 UGE IR T AR H4E N
EREH LR AN, 4 90T AT IS £ 55 4 hm?
(IARAK, 5 9035 153 00 AT DAHE B 223K 40 hm® A9 £R AR
SR, 4 T IEARTFIW, 5 BT b A K4 Bl
McClung " BFFE Y 76 A~5 i S5, 32 52 M FRAK X 1]
BUF4IK 5 hm? 20102011 4F42Z, HA S FILEA:
) — R KT AR FE AR AR X AT T K2 500 m, #5 T
7 hm® FERAR; 7 2014 4 S 28 it L XA 25 3 A2
1, 24 1000 BB A7 520, b 165 MR E R KR,
259 FREEAT I

RG2S AR AL i 70 T 55 i AR 5 A,
HXHES RGN 3 2 E R 7E AR X S AIX
(B 1), BEAR DX LA AR A | 2k - 8 4 471 TSN A

Wk H 3: 2025-05-13; & 171 H 38): 2025-06-09

FEBI PG HA G XA SRR G I E (XZ202201ZR0046G); H [ 4P 77 45 A A 4645 T2 (2023QNRCO001, 2022QNRCO01); 17 5 A5 1R 88 7 nd B4 1 )

(2024EMST030303)

Ve i Av: BRSER, BB S AR, BFSE 7 10 A5 i A 4525, 1 T546: meixiangou2022@163.com; fik GRAFVER ), FHETFFE 61, TS )5 1) o 7 i R AR AR Ak 15 4 A B

HEZS2F, HTE 4 lazhu@utibet.edu.cn

SR BRET, T4, MR, 25 T i s L 2R AR AE 25 2R 4 00 50 B HLPE ML (7). RHEE 41, 2025, 43(23): 83-90; doi:10.3981/1.issn.1000-7857.2025.05.0007 1

www.kjdb.org

&3


mailto:meixiangou2022@163.com
mailto:lazhu@utibet.edu.cn
https://doi.org/10.3981/j.issn.1000-7857.2025.05.00071
https://doi.org/10.3981/j.issn.1000-7857.2025.05.00071
https://doi.org/10.3981/j.issn.1000-7857.2025.05.00071
http://www.kjdb.org

FHE SR 2025,43(23)

WFsE

E, VIR AN B AL Ty | e kA= ) 22 R 55 1 i
RO R FE o R ILRDIE R AR AR S R G5 AP
T

BT,
A

FUI S  S
T IO DRI R, A
% i

b

—————————————— | Bty
o LA i
e, ,.;\?)ﬁEva?Yﬁfﬂ

B -

Az
_________________________________ f._._._._._.-._.-
HURLX
S St ﬂ&%!ﬁr

et !

AT BTG, HARMOG S5 i B B R, i
NFFEE T E R R

| B
. DRETISSEREMEE mkFR
B xERTEKTE, TR
,,,,,, VU VISEIES E
W i y
| Rl -
R
g R, s

el

AEE,

BEILIX

KRENEiPS V-

UTAER, 3 MRAL AR, 4 BRI Sl &
UL 55 A3 TG shii s | AT i 6 sh H ot I
PR | R RO TN, EAR i R 220
Ak, AURFRE AL R IR A 10227 838 AT R Y
W& AF, T35 A 5 AL T R T A X
AMA S RGN E B Z 82 . ARS8 T A
WFSE i 0 e LU R AR A 2 R GERSE B, AR T
S AL AR 5 I Sl A A S R G R BE U I,
IFX H R A AL A AT VA, B2 e
ST v LU DRSS L T AR 2 R e A AR P
(T

1 EEMEURKESREEHESYERE
{ER#LEI

N e LU AR 25 FR G0 R R B R A R,
JEHAET A, 18 W AFAE 2 22T A 2R S
AT B AR, W ARG B2 T AT
AR FE IR AR ) Z2 e 2 D TR I 35 ik s L
RRMRAZ5 2R GE BB -5 T AR SO S A FATLAR

84

1.1 EHMRRESRE

TERRMAE S R G, TATRA B3 I AR,
LG AL 2 J7 1, FRERBAEDURIX ™, &
(IR SiBuety =g UNIDLESL AR & Ik (=
P A= ate e, i A] 4 4 H S 2 A 7 - e PR s
fedt e e AR b

1) SETHI AL

A 18 A 22 o g A ok i AR ) 20 R 0 A AR
Fio B, /NS RIS BRERIOA, feBERRAR I ST
NEE FHAE A ) Z2 R s L5 R RO T A2 A (s )y
T3 | AR ) R MR Al B AR SR O S
HWK, & 8970 & -5 s, AR T
L) (A P H R 25 ) 7 A, T L SRR P AL Sl 1 ik
AR, SIS A AR — PR R A R
AN, T g it AR J7 s R AP R ) 2 A et
I X BN RAC AR T A IR, R i A
P4 BEK IR T BEARTR Ak L A RS AT A Y
JCFR AT, BRI HE RS AR e R R s 35
JEE, D ARSI i S R A ARAR AR

2) fRRE S et

www.kjdb.org


http://www.kjdb.org

W5

B SR 2025,43(23)

A Il ) 22 A B R T B 3 A
S IR R S B, A B R IR i KR
. TE BB A B 7 BT R B
RS A SRR IR 1A | VRS R R % 2 1) T L R
S5, PUARY £ s (Il 48 ) S A T A M e

W, T AR PR A i 5 (e ) B A5 45

T340, AT LAk — S A A Y | R 4 A
T A 08 55 19, 31 i Bl 4 G 5, (0 55 /)N 280 A g
THIEERR) ™ WK R ERE, T Tk
TRAE SR EE T B, 1G5 AR [R] 3L R 28 0, 2 1M 48 5
FE i1 22 R A 825 i i 114 3l B e ) e L A 1
14, HESh Py

3) WG - HEORET, IR Y MR LA DB IR

YIRS E A R TR S R K R e Ik
BB I, A TR R B O E AR
FHE, FEPAR 2430 R YE ) 2 4, i
A BRAE TR ) [ 9 A A7 2 (8] SR KA WL o e
1k, YR ALE IR FEY R LA sh PR B R
Sl P ERARFN S W HEM ) R S E PR R . R,
- HEIRET 5 R W) 2 () R A A AR L A AR T 4
BRI R, WAEY) &R, A AR R
At gl TR, - AT 7 A 25 im0 T B R
PEPRIREN . BRI, A28 R G A Wit i B 34 25 ik
X3 P A U ER L 226 2R

R T G IS 2SN, 55 A ) kAR
+ e R AL R, A DXk AR TS R AR AR YR B N &
R ) & A RE AR TE R IEP TR T L FLBRE
IKPBEZR, FKBE I MFEEAFRE T, Y
IR B AE KA 2 A R A R B 45 0 L i+ op
PEHF B AR . AR L (gl + . ) L A
MU CAnf 2B P Fn Sl AR P 5 R 45 ) F 45 28 R o0 2 (I
N. P. K. Ca fll Mg %5 ) &4 0 + 3 E W) 92 i =F & 1Y
BRI, s R AR, R R A YIS A £
REPER=Y REPR AR W) 2 R 3G, AR A R
Vil 5 AR R W PR RIVE S 2 FE AL A 244k,
A i - 8 AT SR AR BT 1, B2 37 43 B R 80, AT
WS 25 RGP & R,
1.2 FARERER

X AR AF A S 3 B I ARONE, 2 R A AR I
TR IX, RIAE T ZhAEY) 5 3 A W) At sz A 1

www.kjdb.org

A S R G AR AN DD VR 55 S5

1) W/ FERE R, BRI E R 1 .

7 HA XA Y 04 07 A P o )2 | AR
PO R R, B B AR BB | B 6 b T
PER | 2R PV TR ) R R AR AR Y5 0 1 RE ) ke 82
PO TR R K e ) B B 2 R
(U 4 TR 35 FEPR 2 28 80% X5 2 5 4F, it A
R He 255 20 48, S AZHMIET 33K 70% BHKE
M FFEAR IR 50 4L 1), HLZ B AR MO SR e
55 RE B K 52 RE R G, PRI 5 ) AR R RS AR
RARJE 1P TR A 75 AR (35 1 OF- 35 755 2 1] B
2.5 a B DAMEAR R 3, 25 3% Sl [l B s 8] R 1520 a B}
fEFEAR M T AT AR ), Fag, VIR X B A
PEY) T i A\ 25 T B0 S R T R - R A,
B P 2075 L5 o e S A A (o 75 b B R S B AN I
BEEARR, H4 1 555 % 25 iz sl 22 vh A L e 35 A3 0 301,
T B R AL 72

2) WL KRR, B RETE RS E T

T R A HEER RSN . R4 sh A 2.5 (]
RELUBT R B R0 | 8 04 2 XU | B AT b A R el AR
BN, DT BRI R i, £ 2 S 30— Lu
14 JRy 8 A8t A3 ) L s s o 11 BB 3
YIRAE R 8%, TR AEy R 15%, FL 2 Jayf X i 4F
FET- UG 22%, H AR MEYERBE , 405 T
5 AR R )5 R W S BE DI RE T AT 23 B AR A A
TR, Ak, TR B A AR 5 25 R T — S R
HAE S AR LA R S5, T8 AR ARG B, 4
INFET RS, R H B R S VR S5 A F R 24
PR AR TR AT B s T, PELAE S RS
TIRE™, T AR AR BRI RS 3 i 5 AR, &5
FREGERIE— 2380, [ AR A B 2 80 L
SN IATE. 25 (RIS 46, 25 5 e BOAE 0] Ll R 7R
¥ A= S Py e R A

3) I A Y, W55 A Y ek ik
2RI

90 B AR X AR ™, JB L A
FRR IR A . R, B a5 R AR
(UM RN AT L), K 3 AR el A R g 0
TS A BT TR B RIZ LU 0~30 om A 3R, SR
45 AR 1+ 38 LT B B e A A At BAE 10~

85


http://www.kjdb.org

FHE SR 2025,43(23)

WFsE

20 cm PRBEZ A, R, — R iR gl REZE bk £ 4
HORER AL, [ I 5 0 e AR W B R D,
5 ) 2 I ASORE 2 — A R SR g B P A
B AR AN A W 8 R U 2 R R I S AR Y
PRI T, A DI AR 0 b R AL 2 IR B 5 AR A2 B
FEABRGEREM KRR, HT iR iR
SR AR RO AR, TR BEUH L35 (405 SR L
DX 7K 3 5% A A P i Ok T A 25 AR SRR AL B O
O A 2(a) FI(b) BTz, 55 A5 28 8RR, SRR
A, X 5 2 A R LR AN A AR B IR

,l‘-_ § /-g' -

(a) TR FRIE R 55 (b) HiHEHRIA
K2 TR AR R R

1.3 ERESHUMIERNFIREESRMELRE

1) BURAE AL o

TRV A5 5 2RI R R P AR S R G
PR Sl A RE R, AR R 2o R K B RE TR IR
Hey= 0y, YRS R GAT TR E S IIRE R A 5
SRR AR ARG A MUREAR, HEIhRERRE PRI
TERGMNE R . T T —ERE Lol
THES R ENE: — 7, 1 i EahEY) S
ARV R RR A R, SEAC R B, 3 9 £ I Y
SR 5 — 7 T, 55 A HERR W) b A B AT BILB S TE
BUTTECGE T I EPRIE, DT 2 DX Il A Wyt o A 2 17
PREIBEART o AR Y HBERAL 2 A P R 52 o A
FR T 24, T AR 3R SO T A AR S R ST R L RE
o P, AR A S IR R AR AR S R G
EREE, HYFRT RE R A R R, HEpE
PRI ARG Itk eAb, B IR BT SRy
AR AR T A X BT AR A, S AR DURRIX
AR T RETHCEIE BT A i R P8 XA R (4 A= P e v
PEMIG 38 XA S R G E R S DR E

2) THHRAE IR

HERAE R BRMAE S R G WP 3, 7R [
SE AL K B BE AR DI BE; SR 2001 94

86

Xy SR B -5 R AL 0 30 A A 3 A
PREEMIAE N IS A HLA S TOHLA B SRR 22, 1152
KA LY S5 i S ] (AR 490 58 R B9 JCHLIR 2
X3 RN A S RGP A% A LR, D AAE
LR Y7 RO AT S5 I RERY SEREE o AR — SRR B
RARRE 2 B S R GU B, AR B RE
o W W 55 AR A R G BB AR IR 55 RE 0, I A
Yi—Ha ) —sh W) —IR5E7 Z I6] B9 I 1) S B AR BR, 2E 1
IE RSB 72T MU BB AR X, 2R R h
FECHHER PRI A RRER, RO LLUE RS BT,
B2 DX AR AR AR O 32, fh v 4l b g B, A2
MG -

TR BMAES RGN E R T F 2R N
AR, WS AT 5 2 2 0 AR AR I
IR, AR RISF RS, 35 i 9 4R i ik L 50553 | AR
BN, BART i A 5 BB SR BRI, (A AR AR A
Je 93 R A 4R b D58 L BRI, #EA A HL
JRANJCHLBR &, (AP I, e b 2 5 9k
e MIRFTR] 7, 28300 A PR AR X ANTUR X, 5 i 42
X BRI A AR, A3 R AR R ol 2 AT AR 45
M, TIA S ARG EE . MRIA T, TR
SO S-S5 TH RO, HLAE AR S5 70 X P R B
WA RIRFAE: B A2 X DA R 0 o 3, TR DX AR
PR R

2 SRS AR B 2500 B H A AR

21 SEREZEUXEEEEIRM

i 50~60 4F, REREH T BTG SR E R AR B3
AR, X AR A AU . AnE 1 RR, Kl BTR
SR A L R g R LA L DR S I L
Th BRI Z | SRS, A S d i
TR IR T AL, R T R KR AU
PR o FEp P R R s A R L DX T i
L DX AA S A DXURGE 3 o, TSP R4 SR T ARG ] /< 2
S LR = L L DXUEAR SR XU AT

AR, B T AR AL, A B)
FRAE A — 2D . sk 1 o, T3] 21 e
AR, AE 4 RIX, TR s B2 B0 LA A 0 321
e T RN T W E AR TR T B2 5

www.kjdb.org


http://www.kjdb.org

W5

B SR 2025,43(23)

&1 SEEFEUSEHENETL

EEILLEX

BT /R B2 L 1y X

FHE # %K. 0.3~0.4°C/

X FFF0.3~0.4C/

EQHELLK

THEHZ: 0.38°C/(10a), 4 Z= U 4R A M5 14 A8 1%

i (102), EERTFLE, & piiyiing
R (102) ™ eSS Jer AR, R raae ™ 0.3~0.6C/(102)""
A4 o L AEEAkM, HE .,
RRCE RS B TR, e DI SR i
= SEanY [35-36] [51 C H> AN [21]
20142 K) FHEn, ST LR Hahn TR B ok A4 LU REAIG
" i e T 5 25%—13%, i# N .
HEREE i AU H i, V2 s PO - PERRIR S AR, o4 Lt 5]
s = A ,FHE e . AR BRI 14%
wk O msimase R T T
Ak
FRE BT RMTE.S~ BTUAMLEIE BT EIS~
201k AK) 3500 M s " s " BT AT H2Z33 "
N N Vi aﬁ/ﬁ’ < JH , ey N [
g Hemmsn pnny | JOEESRERN oo pr e e s,
i o1 g B B s
1k, )
ARG WL AT, MEE  WTNR AAEE  N, (
2L ) hv. =5 AR AT S C o5y 541 P 521

R . i GX AR SRR, 2R A o AR 4 i 1)
B VR M DX RS, AV AR DXORE R TR S B0
K CARRERN O 3, 35 030 Sb 0 e
22 BETUNEHRHUFRESEEHEN

B 7 A ERAS AR, BRARSA0 SE B 2 ) 5 VA
PR as, E SRR L) 11~54 m/(10 a)
) 2 [r) e R AR B TE, Vo A2 TR B2 ME R AR 43 3] LA
1.1 m/(10 2) A1 0.6 m/(10 a) () R EREH ™, X it
FE A5 MR R VA T 9 e i DXl ) 2 AN BT 4
TR T 5 R T MR A 28 R G Bl RE S i
BN, SRR 30T R | AT P e
R o M T B, Mo 35 103 1001 %, o) BRI T
Wbz 8 . BAE 4 10 X3 sl 3 2 30
TR I H ARG RS A Y, 55 R XA
Wi ) VR X AT B8, AR5 110G 20 A8 A in e o) 2k
PRI RN L S 2 0, BTN R iR S R 5
AR B HERE

TETT AR S B T, AR AR 25 R B S — 5 A
NEPESFEME: (1) Sl 4 7 T s (2) it i) T RS
Ky, RIS ET; (3) MR IR TR, (HAR
AR Ay [T 5% 136 7 e e R0 8 k3 230 e DI 194 i b B 265 &R
G000, 5% il b R BT i HE A 2R OB, T
BB, [k R 05, gE— 25 il S AR
BEIERR, NS AR, T ORGSR . PR, 25 45
KX AR TAEBRE BARE Y, ASOURT i B

www.kjdb.org

10, R RO Ut B R
TEAURAEACT , AR L DX A 28 A 728 1] 247 it
s T i sl A, WS Sl s AL XS
J i Sl s 2T AR, AL X i A R
Az . P 3 B, BERR RT e, ARIEER IL IX K
DR T i, 2R K 3 e 325, PR B et />,
A R AR LR 90 2R AR RS R A
A 5 s, 5 6 s 18 2k, nl AR ZR AR A
o] b AR M —E A AR ST o T A L DT
FIEFR EE T s S 20 2 Sk g i, A-7e 2 00+
LRI AR RS . W B SR AR B | 1R
T AR M7 B S, AR ) MIORSE L) g4
DX, 5 i e A D B R R M R A K R A
BRI MERERE I, FE A | R A2 R, ek X
SRk B A R A DX L, B T AR X FTTCRR
DX A=) 0 AR S, T IR AR, i A= SRR
FEDURX, 35 i 10 1 5 1 1) 5 AR K 15407 T 225 57 )
JRARE AR AR PR S, (55 i B A B4 S R RIRBEUR 7 4486
iR BB T R TR RR B AP, I RAB B S RO MERE o
T T B R AR KA SR 0, e Tt X el A DL
FRCE AT n] LATE) RS, BRRIK S R AR S R G4
ARG AE MoRE 8 5t 2 5 T B/ TR K 2 A 38,
MR 2 9on T2, kBB, KikH, 4
BRGAM S e b RIS 45 Mk T e, B
SRS T 5 T A D, ARk B BRI A B

87


http://www.kjdb.org

B SR 2025,43(23)

..............................

............................

W)

TS —— i o -
WIEE | ek
W ﬂﬁg
TG
U p—
THER
T
Wi

TBREK
FEBREFFE o

V& e N 4]
PRI A
R X YRR

2 B OB 1 S
U IR B |

. .
W TR TEM
R ??W gy 2 i
T o ST BB
B . - EETEHERI
R gt FRMHES AR
: S e
o AR

SHEIAT  THEINNT

HYIRE AN AR
AR, B AR,
EETERE ML

_______

3 i S AR AR A A PR ) RO 7 5

JEATR TR L DA A B (L SR o 1 7 12 32
PIIE ) J3E BE A o K 246 T E | T LR A PR S ) Ao
SE Ji 51 K A A 2 R G AR E MR R T R AR
SRGAE T ZHRADTERRE B AR AL R 15
PR UK e E] A4 R SR T RRARR Y, A IX R
A GCE RS 25 R GE ML AN Z AL TR L

3 LiRERE

TR XF XA S R G E R B 2 E A — 7
], B BRI AOR | SR RO | e it SR
Oy E RS ERN AT A FE—E R BT T Sl
Yy B 1S B s D — D5 T, HLsi 2Ly BT
Pt X S AR A G, 25 18] M - S A W s ™ A
I, R A S R G B L S A2 E 1, BEASAR BE A2
PERR, B A REf A R LR, 51 ACEMEARIR

TETARAEATE 5, A RIREIR DX I 55 A 1 20 1
Pyt . MRIERLIX 5 A% Sl 8 4 2 B i T
Ry BRI 5 ) LY AR A T — e AR A s T
e A M DX DU ¥ A s P S0 k) BRI
fi R E, W E S IR RS XL o TR, AR AR B K
ShYIR ] AT AR, T 9 A T A il DO 3 g PR
ML RS, I R Jeade”™ 2 3, ARG I, s 4 A
DRI I A RS o R AR T AR ) A 4 Dl 2 — 25

88

) 5553 DI I e BE 7, o e Jes AR AE iz, 1 ] BE S
KB 2T A, A 2 R G A 97 B
o Nz TARA I P BUUR R GEARE NI 5, B
FAEIR, AR AR S R G LR IS 2%
BT, AR R i A —T i —E ARG
AR Z DT Fn, £ RS T, A
IR R 5 AR 5 R 45 28 A S R Gy TR S
A 2SR R AR, ISR I AE S R S
ARFSE LS . AN, HRTAHSCAT S 2 A
TRRMA S RGE, X FE R R S A ARG
AR AEALA e A 5 v, i EE A B A, k= MR
FUBE 715 35 1 6 Sl AR ) 365 7 A A S 2R G 1 9K 2l
PEHIEGIETE . RK T EE GRS A2 455 T 35
DNA SEHOR F-Be, FOd T i g & X OCHE Y A Y i 1L
Dy sl i B AT 3K S T 4 0 3 Ao B HE 7 1 2 [
N FE I XA BB 5 1 P AR R AR

2 3% U Hk (References)

(1] AR BE, 2= 2. =5 1 KK BA BT IR S B[], vk
1, 2022, 44(3): 762-770.

(2] TR, 2R, T U, S PUSBURK 2 22 M SR 0L 5 A 5
KMV (I, T L 5 S B iR, 2024, 35(6): 44-57.

(3] E M, AETTSC. WA 9 E WFSE LR (1], PRk
J&,2012,31(11): 1529-1536.

[4] White K S, Hood E, Wolken G J, et al. Snow avalanches are a
primary climate—linked driver of mountain ungulate popula-

www.kjdb.org


http://www.kjdb.org

W5

B SR 2025,43(23)

tions[J]. Communications Biology, 2024, 7(1): 423.

[5] Eckert N, Corona C, Giacona F, et al. Climate change impacts
on snow avalanche activity and related risks[J]. Nature
Reviews Earth & Environment, 2024, 5(5): 369-389.

[6] B2, PUsi s s 9 B L XHE AT FE 1], SR 1L SR 0F
7Y, 2022, 42(1): 117-126.

(7] T, BRT A, SREGTE, 55, VUG0S IR S5 93 i U 205k
SHISR Y], L AR, 2024, 42(6): 895-902.

(8] Z& /i 5, 2= iy, A%, 5. v [ 5K LU 35 A DX ) B g
AN, ARTKER, 2023, 32(2): 117-124.

[9] BR/INIC, MR e, PRk, 45 HrambmT i 28 mg g 307 L1 DB
AR FAFAE B BORMURI[T]. L2, 2025, 43(3): 453-468.

[10] ABELEE, BEml, WHE, 45 TR 1L X 25 j 9 F i 23 0 A
R A R & R A (D). 1L A AR, 2021, 39(2): 304-
312.

[11] Bebi P, Kulakowski D, Rixen C. Snow avalanche distur-
bances in forest ecosystems: State of research and implica-
tions for management[J]. Forest Ecology and Management,
2009, 257(9): 1883—1892.

[12] Viglietti D, Letey S, Motta R, et al. Snow avalanche release
in forest ecosystems: A case study in the Aosta Valley
Region (NW-Italy)[J]. Cold Regions Science and Technol-
ogy, 2010, 64(2): 167-173.

[13] McClung D M. Characteristics of terrain, snow supply and
forest cover for avalanche initiation caused by logging[J].
Annals of Glaciology, 2001, 32: 223-229.

[14] Takeuchi Y, Nishimura K, Patra A. Observations and numer-
ical simulations of the braking effect of forests on large—
scale avalanches[J]. Annals of Glaciology, 2018, 59(77):
50-58.

[15] Feistl T, Bebi P, Christen M, et al. Forest damage and snow
avalanche flow regime[J]. Natural Hazards and Earth System
Sciences, 2015, 15(6): 1275—1288.

[16] Piazza N, Bottero A, Gaume J, et al. Growing trees decrease
the frequency of avalanche release in an alpine afforestation
in the Swiss Alps[J]. Cold Regions Science and Technology,
2025, 239: 104612.

[17] Freppaz M, Godone D, Filippa G, et al. Soil erosion caused
by snow avalanches: A case study in the Aosta Valley (NW
Italy)[J]. Arctic, Antarctic, and Alpine Research, 2010,
42(4): 412-421.

[18] Palaj A, Kollar J, Antalova N. Impact of snow avalanches on
alpine plant communities in the Tatra Mts[J]. Biodiversity,
2025, 26(2): 174-180.

[19] Alba R, Oddi L, Rosselli D, et al. Avalanches create unique
habitats for birds in the European Alps[J]. Journal of
Ornithology, 2023, 164(2): 377—-388.

[20] Kajimoto T, Daimaru H, Okamoto T, et al. Effects of snow
avalanche disturbance on regeneration of subalpine Abies
mariesii forest, northern Japan[J]. Arctic, Antarctic, and
Alpine Research, 2004, 36(4): 436—445.

[21] Peitzsch E H, Pederson G T, Birkeland K W, et al. Climate
drivers of large magnitude snow avalanche years in the U. S.
northern Rocky Mountains[J]. Scientific Reports, 2021,
11(1): 10032.

www.kjdb.org

[22] 5K Kz, SRECME, ARHEE, 25 B K (L v AL TS i 45 AR
ERCP U VAR IR %S Bl N Y/ R e b (103 T R R W1 B
1,2019, 41(2): 316-323.

[23] Geitner C, Mayr A, Rutzinger M, et al. Shallow erosion on
grassland slopes in the European Alps—Geomorphological
classification, spatio—temporal analysis, and understanding
snow and vegetation impacts[J]. Geomorphology, 2021, 373:
107446.

[24] Korup O, Rixen C. Soil erosion and organic carbon export
by wet snow avalanches[J]. The Cryosphere, 2014, 8(2):
651-658.

[25] Dhakar K, Pandey A. Microbial ecology from the Himalayan
cryosphere perspective[J]. Microorganisms, 2020, 8(2): 257.

[26] Kuttippurath J, Patel V K, Sharma B R. Observed changes in
the climate and snow dynamics of the Third Pole[J]. NPJ
Climate and Atmospheric Science, 2024, 7: 162.

[27] Takeuchi Y, Katsuyama Y, Katsushima T, et al. Forest
damage and its braking effect on the extreme snow
avalanche on Mt. Nodanishoji, Japan, in 2021[J]. Arctic,
Antarctic, and Alpine Research, 2024, 56(1). doi: 10.1080/
15230430.2024.2327652.

[28] Zhou S X, Li P, Zhang X M, et al. Runoff and erosion reduc-
tion benefits of vegetation during natural succession on
fallow grassland slopes[J]. Science of the Total Environ-
ment, 2024, 954: 176211.

[29] A, 5, MG, 5. SURARAL R TR FE R SRR ]
RlaFiE 4, 2024, 69(2): 286—300.

[30] HEME, F4&, sk, 55 AT HE X PIE: BUR
Pk ik 5 B 2 BT A0 A8 AR W 9 HE R, 2025, 21(4):
449-460.

[31] Moore J R, Egloff J, Nagelisen J, et al. Sediment transport
and bedrock erosion by wet snow avalanches in the guggi-
graben, matter valley, Switzerland[J]. Arctic, Antarctic, and
Alpine Research, 2013, 45(3): 350-362.

[32] /N, S8, 475 2, A5 2R L MR B A L
FITHI AT AR RRAE BB fig f (], AR 3254, 2011, 31(11): 3009~
3019.

[33] Meusburger K, Leitinger G, Mabit L, et al. Soil erosion by
snow gliding—a first quantification attempt in a subalpine
area in Switzerland[J]. Hydrology and Earth System
Sciences, 2014, 18(9): 3763—3775.

[34] Hao J S, Wang Y, Li L H. Snowpack variations and their
hazardous effects under climate warming in the central Tian-
shan Mountains[J]. Advances in Climate Change Research,
2024, 15(3): 442—451.

[35] ARAEE, HEMG, TR, 45, Kl iRk T S T
ANFZEBIE A5 R ALHI[I]. T ERNE: HiEkEl2, 2022,
52(12): 2428-2440.

[36] ZHfh, BORAR, oy, . S8R LT /MK & LA 2e 1t
FFAE BARAHEF[]. AOlk TAEZAR, 2020, 36(4): 150-158.

[37] Marty C, Rohrer M B, Huss M, et al. Multi—decadal obser-
vations in the Alps reveal less and wetter snow, with increas-
ing variability[J]. Frontiers in Earth Science, 2023, 11:
1165861.

[38] Mayer S, Hendrick M, Michel A, et al. Impact of climate

&9


https://doi.org/10.1038/s42003-024-06073-0
https://doi.org/10.1016/j.foreco.2009.01.050
https://doi.org/10.1017/aog.2018.22
https://doi.org/10.5194/nhess-15-1275-2015
https://doi.org/10.5194/nhess-15-1275-2015
https://doi.org/10.1080/14888386.2025.2460188
https://doi.org/10.1007/s10336-022-02039-3
https://doi.org/10.1007/s10336-022-02039-3
https://doi.org/10.1657/1523-0430<span style='font-family:_GBK;font-style:none'>(</span>2004<span style='font-family:_GBK;font-style:none'>)</span>036[0436:EOSADO]2.0.CO;2
https://doi.org/10.1657/1523-0430<span style='font-family:_GBK;font-style:none'>(</span>2004<span style='font-family:_GBK;font-style:none'>)</span>036[0436:EOSADO]2.0.CO;2
https://doi.org/10.1038/s41598-021-89547-z
https://doi.org/10.1016/j.geomorph.2020.107446
https://doi.org/10.5194/tc-8-651-2014
https://doi.org/10.3390/microorganisms8020257
https://doi.org/10.1038/s41612-024-00710-5
https://doi.org/10.1038/s41612-024-00710-5
https://doi.org/10.1080/15230430.2024.2327652
https://doi.org/10.1080/15230430.2024.2327652
https://doi.org/10.1016/j.scitotenv.2024.176211
https://doi.org/10.1016/j.scitotenv.2024.176211
https://doi.org/10.1016/j.scitotenv.2024.176211
https://doi.org/10.1657/1938-4246-45.3.350
https://doi.org/10.1657/1938-4246-45.3.350
https://doi.org/10.5194/hess-18-3763-2014
https://doi.org/10.5194/hess-18-3763-2014
https://doi.org/10.1016/j.accre.2024.06.001
https://doi.org/10.3389/feart.2023.1165861
http://www.kjdb.org

BHESHR 2025,43(23) .

change on snow avalanche activity in the Swiss Alps[J]. The [45] Yadav M, Dimri A P, Mal S, et al. Elevation—dependent

Cryosphere, 2024, 18(11): 5495-5517. precipitation in the Indian Himalayan Region[J]. Theoretical
[39] Zgheib T, Giacona F, Granet—Abisset A M, et al. Spatio— and Applied Climatology, 2024, 155(2): 815—828.

temporal variability of avalanche risk in the French Alps[J]. [46] Anonymous. Climate warming speeds up species succession

Regional Environmental Change, 2022, 22(1): 8. in Himalayan treelines[J]. Nature Plants, 2024, 10(12):
[40] & 8 i, BEvE By, 41857, 4F . H T ERAS—Land 445 ) 1859-1860.

1961—2020%4 = T R A 13 X A IR AR AR AR [T]. 1l 32 [47] Sigdel S R, Zheng X Y, Babst F, et al. Accelerated succes-

1R, 2024, 42(3): 320—333. sion in Himalayan alpine treelines under climatic
[41] Hancock H, Hendrikx J, Eckerstorfer M, et al. Synoptic warming[J]. Nature Plants, 2024, 10(12): 1909—1918.

control on snow avalanche activity in central Spitsbergen[J]. [48] Yadava A K, Sharma Y K, Dubey B, et al. Altitudinal tree-

The Cryosphere, 2021, 15(8): 3813—-3837. line dynamics of Himalayan pine in western Himalaya,
[42] SKARJE, SAEAE, XK. 5 SR X 1951—20104 < f% India[J]. Quaternary International, 2017, 444: 44—52.

ARSI, S Ao bR, 2012, 8(2): 110-118. [49] Jonas T, Rixen C, Sturm M, et al. How alpine plant growth
[43] Guo R, Yu W S, Zhang ] Y, et al. Different dynamics drive is linked to snow cover and climate variability[J]. Journal of

Indian Ocean moisture to the southern slope of central Geophysical Research: Biogeosciences, 2008, 113(G3):

Himalayas: An isotopic approach[J]. Geophysical Research G03013.

Letters, 2024, 51(11): €2024GL109359. [50] XGEHE, 28 va &, FARIGE. NS AR 50 B X [ il 55 2800
[44] Dimri A P, Palazzi E, Daloz A S. Elevation dependent SIHTIT]. B S, 2024, 42(7): 84-92.

precipitation and temperature changes over Indian [51] BE3CIE, Z54E. MRE AR 25 R G0 BB V0 388 A2 5

Himalayan region[J]. Climate Dynamics, 2022, 59(1): 1-21. HLHI[I]. BHEE 542, 2024, 42(7): 93-102.

The effects of snow avalanche on alpine forest ecosystem and
mechanisms
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Academy of Sciences, Beijing 100101, China

Abstract This paper generalizes the positive—and—negative response processes of alpine forest ecosystems to avalanches and their
underlying mechanisms, as well as the impacts of climate change on avalanche activities and their ecological effects. The current
researches have indicated that: 1) Snow avalanches have positive effects, such as increasing biodiversity and improving soil conditions,
but they also have negative effects such as vegetation destruction and the decline of biodiversity. 2) Under climate change, shifts in
avalanche types, frequency, and magnitude significantly compromise stability of forest ecosystem structure and function. Notably, the
increasing prevalence of wet snow avalanches—characterized by higher mobility and erosivity—exacerbates soil erosion and impedes
vegetation recovery. 3) Under global warming, thermal stress drives upward forest migration, while frequent avalanche disturbances force
treeline depression. This two—pronged pressure greatly increase the risk of forest loss in avalanche—prone areas. Such ecosystem
degradation will severely undermine regional carbon sequestration capacity, further amplifying localized warming and triggering a
positive feedback loop of enhanced avalanche activity. Consequently, vegetation autonomously adapts to dynamic avalanche
environments through altered survival and reproductive strategies. Meanwhile, it is imperative to advance research on the feedback
mechanisms between avalanches and ecosystems. This can be achieved by implementing human interventions such as identifying genes of
dominant species and afforestation in avalanche—prone areas to enhance the resilience of these ecosystems under climate change and
mitigate avalanche risks.

Keywords snow avalanche; mountain forest; climate change; ecological effect; operating mechanism
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