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Abstract: Global warming will lead to the thaw of permafrost degradation. The permafrost degradation can cause serious damage
to engineering and infrastructure in permafrost regions, it can also change water, energy and carbon cycle between the land and the
atmosphere and further create a feedback to climate change. Most permafrost is the ground below the earth’s surface and thus is
difficult to be detected. There are many literatures used the terms of permafrost region and permafrost area ambiguously, and the
incorrectly use of the two terms can lead serious mistakes in permafrost change and carbon budget calculation. Recently, there are
many advances in remote sensing and modelling of permafrost. Here it systematically reviews the literatures to clarify the area of
permafrost regions and the actual permafrost area in the world as well as in China. The most recent studies show that the
permafrost region in the northern hemisphere is about 21X 10° km*, and the actual permafrost area is about 14X 10° km’. For the
Qinghai-Tibetan plateau in China, the permafrost region occupies an area of about 1.50 X 10° km®, and the actual permafrost area is
about 1.06 X 10° km*. More data are required to quantify the actual permafrost area in other permafrost regions in China.
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Fig.1 The number of peer-reviewed articles published in different databases since 1990
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Fig.2

Permafrost region distribution and actual permafrost area in the northern hemisphere (data were from Obu ez al.,2019)
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R 0 A AR () i A7 km?) TG AL Sk
1970 26~27
VR o0 A v A, 2 R R i S Jin et al.(2007)
2000 ~17
2012 24 XA ] 1) 2k A 1 4 o bt Ran et al.(2012)
2010 41 )T b 3L A TR BN, 205 4 20 6 T 2 22 B A Zhang ez al. (2019)
1950 48
20‘1)0 . 1951—2017 4F 258 43 Vo b , B30 I A T 7 v £ 40 6 Zhang et al. (2021b)
2001—2018 68 T R R 4 VIR T R R 8 A A Zhang et al. (2021a)




4694 HIERRL2E  http://www.earth-science.net

o548 %

JR 2 AF VR X TR 24 150 T7 km”, Z24F U 4 19 52
P 1f1 A2 10507 km”.

4 ERR S 2 R A i A b A

ZAE R 1 KR 2 4F R+ SEBR o A XA 2 1 R
FRES, HERTIL50%. T Z4E% + B2
P AE 2R — o VR 2R 3E o A R AR A A
Y ) DRy B A — 2 A R T H i G2 1 b 3 A7 A
TG AR BR B SRR )T R R 1Y B A A
W, 22 45 R A 2R 43 A AR ME B 46 2 . R, R0
1 BIF 5T 2 OBE S R BOR 48 4 S 1R o th 2 4R 7R+
W TE ML SE Rl b — 2P I R WE S . A SE BRI 2 AR TR
d 43 A WG I A A R AR R G A R O AR
A 9 BT A S B AT I R 2 AR R A TR AT
B (Zou et al.,2017;Cao et al.,2019) . 3% Fh #5481 15
2 (1 25 5T LU S B 9 o8 A 461 4n B A6 B 8 vk
(37 W% i A6 T 22 4F VR 1 780 b 350 o I 7 ) bt
PR (E S £ R, WA AT o T oK) VB4R
2 CHUBBCBE R U O, 0 W 2 5 VR 45 ) . by ) &
12 O 77 PR kg T K8 A0 M LA KD T 2 5 R 495
PR B B ] 4, AT e 2 5 B R vk Rk Y X
PN FL YA TR I B S, BRI Ml i) L b BR 4 2R
SR Gl 2o 85 38 R L i RR A A BN O i A
25 B, 45 G HAD 5 50 UE ) 55 5 15 4R 15 1Y 45
AT I IE CGRXPR AL AE, 2015).

X 2 AR R CHEAT R o A R T — 0 T e
ZAER BRI AR AR 20T 5 E B8R NG Z AR R
+ X R PR AT 2 AE R A X, OF DLtk iE— 2
FEIEAHSCHESE B A3 B RS DR I ST 45 2 il , 2
AE R R b 2 5% w3 X8R UK S0 R B B AT 2 4
AR T R S Y 2 X 2 AR R AR
ANGTRA 25 208 2 4E 1 XA ] T 2 4R
+ B 2B 1 AR AT A L X — U T R R 2 AR R
B it i B SE RIS JC R BT AS [R5 X T
1o R AR R A S 2 R 2 HAR K, R BR T 4K
i S APy B AN TR LA AN B 5T R FE A T AR A 4%
ASAHE B T/ B o8 A A 4 LA AL Y ki A
S48 T M R 2 150 1 km® 2 4E R A IX R R 4k R
(Zhao et al.,2018) ,( AR Z W5 H- R UL . X5k T 2O~
) 25 SR B Bb A Al W ORIME . R RE TR DL 2 AR R £ IX
4 TR R R T AR Atk BRI, D) 2 v Al e B A 1)

5 ZAFRUR i FRAE AL UE SR B R
F4 i) At

ZAEGR AR R LU, B AR KR
23 ) 22 5 BR T 32 B RAR S RS e LUS , 2 AR R 1
B T AEAE I 52 B Jmy Ml 2% A ) G B B ) AR L -
e Uk 21 B 5 R B 0 (Wu et al., 2016b; Wu
et al.,2018). (At , H i MERA A 22 48 05 50 A YRS
SRARME AT . AR, D7 b i) B0 22 4F R 4 A Rt
BN R RE S E R G IR . B AR KT LAY 55 AT Y
G3 BT Z2AE R AR A AT R B AR T RS R L UL B
B GORE P ORE FE A AR TSI BEORE Y 4 i R AR
T BER IR 2 | 2248 U 4 0 A RN HRCIR 250 A 1X 8 A5 481
HOWAT TR Z 2

2 AF VR R FE B B A £ AT R A A B
B P T T A2 3 Ry B DX 2R RS L A A R AR AR 52
B T 48R Ok 2 47 A U Y (Riseborough
et al.,2008) . BLAFTE (1) 22 4F Uk - B 43 5 I W T
(137 ~11 AR & 1T 4ER0) I AE 41 T 21K
VR 45 Rl A o R TR R A R 2 AR R R B AT
T2 7T T34 A Y )R LT 4§ 9V 1 B
G BB FE DS AR [ A%, 1995) . 4 55 =2, XY RiT Y Sk
Z Ak U 3 K 43 R BB A% T S ) B 2 AR
TR TS 2R B ORI B
KA Z kU, 2 M AR A A i T X
(35°44'N,103°58'E) , 4K 29 M 3 600 m. 75 1% 25 JF 4k
T BEASHEZEHEEAERN  NAEIREE,
2009—2013 4 i 1] , 4F ¥y — 1.4 °C (Xie et al.,
2013) ,FERMGE AT ZE B ERNEUET
A ZHVR 0 R0, BT i b X o 3R 1Y e s
JZ U8 R RAT 0 B PR RE RIS T B Y N AR,
M2 M X 240 R 45 8 TR &P AR AFE , 2 0k R
FER LT 30 m, HLIE AR SR I A WL I 1) 22 4F ok 4 i
BB ETF(Xie et al.,2013). [A#E , 7648 3% 1L 4 4t
B £ X (38°00'N, 100°54'E) , 2012—2015 4E
WITRI4E ¥ S8 —0.79 *C(Mu et al., 2017) , 4% H i
ZAER R ER SRR A SR EF A ZE R
4 5 DAL 28, 1% R K 50 em Y U8 i )2 AR 4F
AR T 240K £ % X 240 28 L+ K
(Mu et al.,2015). A WL , BLA () 22 4F 5 + 455 R 7 4
P2 Ak o A 1B 32 B Jy b PR 2R A s T A
A 114 Jr b 5% 1 PR 254070 n = B A ML 1% A L UK A A



5 12 3

X EE 45« 4 BRANTE [ 247 U £ 5340 40 PR S5 B U 9 30 1695

AR T K 1 S B A TAE .

FI T 22 48 o B R UK Ok 2 4F VR 1 T 2k
WAIR KB A EE . A 2R + B
I B IR 4 TR A R R L AR B & A7
T2 1 B0 4510 22 48 R 1 02 5 3 23 0 1L T 2R B AR
XEFWT . SEBR b, B AT C A R s e, 0 F) 2 4 R
T R bt 32 R SR MR T R T B R R Y
T BRI SR M R R TR A IR 42 T 22 AF R IR
BE— B FHE 0 CHE IR 5, i B AR el 25 Ik 22
18 (Biskaborn et al., 2019) . iX &2 K &y #s T vk gl fk 75
FEMWOR i i FR R, DATTREL IR T b R g i i — 2D )
T AL, I 2R T 2R IR AL R (Xie er
al.,2013). 78 S bR ) Z2 4R VR - 058 v B A 4l AL
I FEAE O “CHY I (B AR A 42 0 I 3] 22 4F VR 18
KA HRIA .

6 Z5ie

ZAF TR IR IV R ) AR A 2 RO T
M 2 AR R A PR AR AL AT RE 23l i fE R 1
JKATE FR B AT B 7 Wi BN 28ROk 9 R A R R T
20 T 22 SOAFAR LAY , A1 2l 1 R 5 |k < fe R e
W% , 2 4F Uk + mTRE & A 6 R E Y L AR L T LT

AT 58 T 22T LR TE

ZAEUR L AR T LT M DL B LI . At A
IR0 7 2 4R R A, 76 e Bk il bk — 2D BF Y 2 4F
Uk 1 52 B 43 A FLAE Ak . DAY I Y BIF 9 BT R R
AU BR Bl i 22 47 R 4 09 1 R 2 100 5 km?, 9§ i€
ZARVR 1 X 2528 200 77 km”®. 3% 5 9 58 5 R 24 R
i 4 T AR 2 SR 150 5 km®. Jb 2= 2R B b 52 R 2 45K +
T AR 298 1400 77 ke, 3 [ 75 J6L e i 22 4F VR 4 9 5
P10 AR 29 2 105 77 k. {HL7E HAB M X, 60 478 & 15 2R
Jb DR ) A g 1 DX, 224 R b 7 2 BR S5 T
BT E PR B AR K, 76 AR K B BEFE TP 3 AN W 42 55
Xof b2 Bk 22 47 UK o 52 P a3 A i AR IR 2 AR TR
S P T AR B 23 AT BR T 38 2o B A A 22 A A AR
PARERURE D O 2, 0 F AT BB A7 78 2 4F 7R 2 1 Xk
it 2 A IUERE B AT AL B A i R UK R 4
RESHGN T 240k L AR B L, 75 AR
Uy i 75 18 22 A R VR e R A DKOK AR AE PG R Al
F1% 49 B R A A, DA T 2 g AL 4R

References

Aalto, J., Karjalainen, O., Hjort, J., et al., 2018. Statistical
Forecasting of Current and Future Circum—Arctic
Ground Temperatures and Active Layer Thickness.Geo-
physical Research Letters, 45(10): 4889—4898. https://
doi.org/10.1029/2018gl078007

Arias,P.A.,Bellouin,N.,Coppola, E., et al.,2021.2021: Tech-
nical Summary. In: Masson - Delmotte, V., ed., Climate
Change 2021: The Physical Science Basis. Contribution
of Working Group I to the Sixth Assessment Report of
the Intergovernmental Panel on Climate Change. Cam-
bridge University Press, Cambridge , UK.

Biskaborn, B.K., Smith, S.L., Noetzli, J., et al., 2019.Perma-
frost is Warming at a Global Scale. Nature Communica-
tions, 10: 264. https://doi. org/10.1038/s41467 - 018 -
08240-4

Burke, E.J., Jones, C.D., Koven, C.D., 2013. Estimating the
Permafrost-Carbon Climate Response in the CMIP5 Cli-
mate Models Using a Simplified Approach. Journal of
Climate, 26(14): 4897—4909. https://doi. org/10.1175/
jeli-d-12-00550.1

Cao,B.,Zhang, T.J.,Wu,Q.B. et al., 2019.Permafrost Zona-
tion Index Map and Statistics over the Qinghai-Tibet
Plateau Based on Field Evidence. Permafrost and Peri-
glacial Processes, 30(3): 178—194. https://doi. org/
10.1002/ppp.2006

Cheng, G.D., 1994.Progress of Glaciology and Geocrology in
China in the Last 10 Years and Prospect.Acta Geograph-
ica Sinica, 49(Suppl. 1): 589—600(in Chinese with Eng-
lish abstract).

Dobinski, W., 2011. Permafrost. Earth Science Reviews, 108
(3—4): 158—169. https://doi. org/10.1016/j. earsci-
rev.2011.06.007

Frederick, J.M., Buffett, B.A., 2014. Taliks in Relict Subma-
rine Permafrost and Methane Hydrate Deposits: Path-
ways for Gas Escape under Present and Future Condi-
tions. Journal of Geophysical Research: Earth Surface,
119(2):106 —122.https://doi.org/10.1002/2013j{002987

Frederick, J. M., Buffett, B. A., 2015. Effects of Submarine
Groundwater Discharge on the Present-Day Extent of
Relict Submarine Permafrost and Gas Hydrate Stability
on the Beaufort Sea Continental Shelf.Journal of Geo-
physical Research: Earth Surface, 120(3): 417—432.
https://doi.org/10.1002/2014j{003349

Gruber, S., 2012. Derivation and Analysis of a High-

Resolution Estimate of Global Permafrost Zonation.



4696 i BR B 27

http://www.earth-science.net

o548 %

The Cryosphere, 6(1): 221—233. https://doi. org/
10.5194/tc-6-221-2012

Giinther, F., Overduin, P. P., Sandakov, A. V., et al., 2013.
Short- and Long-Term Thermo-Erosion of Ice-Rich Per-
mafrost Coasts in the Laptev Sea Region.Biogeosciences,
10(6):4297—4318.https://doi.org/10.5194/bg-10-4297-
2013

Huang,F.,Xu,J.F., Wang,B.D., et al., 2020.Destiny of Neo-
Tethyan Lithosphere during India-Asia Collision. Earth
Science, 45(8): 2785— 2804(in Chinese with English ab-
stract).

IPCC, 2019. IPCC Special Report on the Ocean and Cryo-
sphere in a Changing Climate. https://www. ipcc. ch/
srocc/download/

Jin,H.J., Yu,Q.H.,Li,L.Z., et al., 2007.Degradation of Per-
mafrost in the Xing’ anling Mountains, Northeastern Chi-
na. Permafrost and Periglacial Processes, 18(3): 245—
258.https://doi.org/10.1002/ppp.589

Koven, C.D., Ringeval, B., Friedlingstein, P., et al., 2011.Per-
mafrost Carbon - Climate Feedbacks Accelerate Global
Warming. Proceedings of the National Academy of Sci-
ences of the United States of America, 108(36):14769—
14774 https://doi.org/10.1073/pnas.1103910108

Lantuit, H.,Overduin, P.P., Couture,N., et al.,2012.The Arc-
tic Coastal Dynamics Database: A New Classification
Scheme and Statistics on Arctic Permafrost Coastlines.
Estuaries & Coasts, , 35(2): 383—400. https://doi. org/
10.1007/12237-010-9362-6

Li,X.B.,Ji,J.L.,Cao,Z.M.,et al., 2021.The Climatic Signifi-
cance of the Color of the Paleo-Neogene Fluvial and La-
custrine Sediments in the Northern Qaidam Basin.Earth
Science, 46(9): 3278 —3289(in Chinese with English ab-
stract).

Liu,S., Wu, T., Wang, X., et al., 2020.Changes in the Global
Cryosphere and Their Impacts: A Review and New Per-
spective.Sciences in Cold and Arid Regions,12(6):343—
354.https://doi.org/10.3724/sp.j.1226.2020.00343

Luo,D.L.,Jin,H.J., Lin, L., et al., 2012. Degradation of Per-
mafrost and Cold-Environments on the Interior and East-
ern Qinghai Plateau.Journal of Glaciology and Geocry-
ology,34(3):538—546(in Chinese with English abstract).

Ma, Q., Jin, H.J., 2020.Impacts of Climate Warming on Soil
Organic Carbon Pools in Permafrost Regions.Journal of
Glaciology and Geocryology, 42(1): 91— 10(in Chinese
with English abstract).

Maslakov, A., Kraev, G., 2016. Erodibility of Permafrost Ex-

posures in the Coasts of Eastern Chukotka. Polar Sci-
ence, 10(3): 374—381. htips://doi. org/10.1016/]. po-
lar.2016.04.009

Mu, C.C., Abbott, B.W., Zhao, Q., et al., 2017. Permafrost
Collapse Shifts Alpine Tundra to a Carbon Source But
Reduces N,O and CH, Release on the Northern Qinghai-
Tibetan Plateau. Geophysical Research Letters, 44(17):
8945—8952.https://doi.org/10.1002/2017g1074338

Mu, C.C.,Zhang, T.J.,Wu,Q.B., et al., 2015.Carbon and Ni-
trogen Properties of Permafrost over the Eboling Moun-
tain in the Upper Reach of Heihe River Basin, North-
western China. Arctic, Antarctic, and Alpine Research,
47(2):203— 211.https://doi.org/10.1657/aaar00c-13-095

Ni,J.E., Wu, T.H., Zhu, X.F., et al., 2021.Simulation of the
Present and Future Projection of Permafrost on the
Qinghai-Tibet Plateau with Statistical and Machine
Learning Models. Journal of Geophysical Research: At-
mospheres, 126(2): €2020JD033402. https://doi. org/
10.1029/2020jd033402

Niu, F.J., Cheng, G.D., Ni, W.K., et al., 2005. Engineering -
Related Slope Failure in Permafrost Regions of the
Qinghai-Tibet Plateau. Cold Regions Science and Tech-
nology, 42(3):215— 225.https://doi.org/10.1016/j.cold-
regions.2005.02.002

Obu, J., 2021.How Much of the Earth’s Surface is Underlain
by Permafrost? Journal of Geophysical Research: Earth

126(5): e2021JF006123. https://doi. org/
10.1029/2021jf006123

Obu, J., Westermann, S., Bartsch, A., et al., 2019. Northern
Hemisphere Permafrost Map Based on TTOP Model-
ling for 2000—2016 at 1 ~ km® Scale.Earth-Science Re-
views, 193:299—316. htips://doi. org/10.1016/]. earsci-
rev.2019.04.023

Peng, C.Y., Sheng, Y., Wu, J.C., et al., 2021. Simulation of

Surface,

the Permafrost Distribution in the Qilian Mountains.Jour-
nal of Glaciology and Geocryology, 43(1): 158—169(in
Chinese with English abstract).

Qiu, G.Q., Cheng, G.D., 1995. Permafrost in China:Past and
Persent. Quaternary Sciences, 15(1)13—22(in Chinese
with English abstract).

Ran, Y.H., Li, X., Cheng, G.D., et al., 2012. Distribution of
Permafrost in China: An Overview of Existing Perma-
frost Maps. Permafrost and Periglacial Processes, 23(4):
322—333.https://doi.org/10.1002/ppp.1756

Riseborough, D., Shiklomanov, N., Etzelmiiller, B., et al.,

2008.Recent Advances in Permafrost Modelling. Perma-



5 12 3

X 25+ 4 BRI TR ) 25 40 s 43 4 34 PR 552 B T REUT 9308 1697

frost and Periglacial Processes, 19(2):137—156.https://
doi.org/10.1002/ppp.615

Sayedi, S.S., Abbott, B.W., Thornton, B.F., et al., 2020.Sub-
sea Permafrost Carbon Stocks and Climate Change Sen-
sitivity Estimated by Expert Assessment. Environmental
Research  Letters, 15(12): 124075. https://doi. org/
10.1088/1748-9326/abcc29

Schaefer, K., Zhang, T.J., Bruhwiler, L., et al., 2011. Amount
and Timing of Permafrost Carbon Release in Response
to Climate Warming. Tellus B, 63(2): 165— 180. https://
doi.org/10.1111/§.1600-0889.2011.00527.x

Schneider von Deimling, T., Meinshausen, M., Levermann,
A. et al.,2012.Estimating the Near-Surface Permafrost-
Carbon Feedback on Global Warming. Biogeosciences, 9
(2):649—665.https://doi.org/10.5194/bg-9-649-2012

Schuur, E.A.G.,McGuire, A.D., Schéadel, C., et al., 2015.Cli-
mate Change and the Permafrost Carbon Feedback. Na-
ture, 520(7546): 171—179. https://doi. org/10.1038/na-
ture14338

Wu, Q.B., Liu, Y.Z., Zhang, J.M., et al., 2002. A Review of
Recent Frozen Soil Engineering in Permafrost Regions
along Qinghai - Tibet Highway, China. Permafrost and
Periglacial Processes, 13(3): 199— 205. https://doi. org/
10.1002/ppp.420

Wu,Q.B.,Zhang,Z.Q.,Gao,S.R., et al., 2016a. Thermal Im-
pacts of Engineering Activities and Vegetation Layer on
Permafrostin - Different Alpine Ecosystems of the
Qinghai-Tibet Plateau, China. The Cryosphere, 10(4):
1695—1706.https://doi.org/10.5194/t¢-10-1695-2016

Wu, X.D., Zhao, L., Fang, H.B., et al., 2016b. Environmental
Controls on Soil Organic Carbon and Nitrogen Stocks in
the High-Altitude Arid Western Qinghai-Tibetan Pla-
teau Permafrost Region. Journal of Geophysical Re-
search:Biogeosciences, 121(1):176 — 187 .https://doi.org/
10.1002/2015jg003138

Wu, X.D., Zhao, L., Hu, G.J., et al., 2018. Permafrost and
Land Cover as Controlling Factors for Light Fraction Or-
ganic Matter on the Southern Qinghai-Tibetan Plateau.
Science of the Total Environment,613/614:1165—1174.
https://doi.org/10.1016/j.scitotenv.2017.09.052

Xie, C.W., Gough, W.A., Tam, A., et al., 2013. Characteris-
tics and Persistence of Relict High-Altitude Permafrost
on Mahan Mountain, Loess Plateau, China. Permafrost
and Periglacial Processes, 24(3): 200— 209. https://doi.
org/10.1002/ppp.1776

Zhang,F.,Mu, M., Fan,C.Y., et al., 2020.Studies of Perma-

frost Carbon Cycle in the Third Polar and Arctic Re-
gions. Jouwrnal of Glaciology and Geocryology, 42(1):
170—181(in Chinese with English abstract).

Zhang, T., Barry, R.G., Knowles, K., et al., 1999. Statistics
and Characteristics of Permafrost and Ground - Ice
Distribution in the Northern Hemisphere. Polar Ge-
ography, 23(2): 132—154. https://doi. org/10.1080/
10889379909377670

Zhang, T., Heginbottom, J. A., Barry, R.G., et al., 2000.Fur-
ther Statistics on the Distribution of Permafrost and
Ground Ice in the Northern Hemisphere. Polar Geogra-
phy, 24(2): 126—131. https://doi. org/10.1080/
10889370009377692

Zhang,Y.Y.,Zang,S.Y.,Li,M.A., et al., 2021a.Spatial Dis-
tribution of Permafrost in the Xing’ an Mountains of
Northeast China from 2001 to 2018.Land, 10(11):1127.
https://doi.org/10.3390/1and 10111127

Zhang,Z.Q., Wu,Q.B.,Hou, M.T., et al., 2021b. Permafrost
Change in Northeast China in the 1950s—2010s. Ad-
vances in Climate Change Research, 12(1):18—28.https:
//doi.org/10.1016/j.accre.2021.01.006

Zhang,Z.Q.,Wu,Q.B.,Xun, X.Y., et al., 2019.Spatial Distri-
bution and Changes of Xing'an Permafrost in China over
the Past Three Decades. Quaternary International , 523:
16— 24.https://doi.org/10.1016/j.quaint.2019.06.007

Zhao, L., Cheng, G.D., Li, S. X., et al., 2000. Thawing and
Freezing Processes of Active Layer in Wudaoliang Re-
gion of Tibetan Plateau.Chinese Science Bulletin, 45(23):
2181— 2187 https://doi.org/10.1007/bf02886326

Zhao,L.,Hu,G.J., Zou,D.F. et al., 2019.Permafrost Chang-
es and Its Effects on Hydrological Processes on Qinghai-
Tibet Plateau. Bulletin of Chinese Academy of Sciences,
34(11):1233—1246(in Chinese with English abstract).

Zhao, L., Sheng, Y., 2015.Permafrost Survey Manual.Science
Press, Beijing(in Chinese).

Zhao, L., Wu, X.D., Wang, Z. W., et al., 2018. Soil Organic
Carbon and Total Nitrogen Pools in Permafrost Zones of
the Qinghai-Tibetan Plateau. Scientific Reports, 8:3656.
https://doi.org/10.1038/s41598-018-22024-2

Zhou, Y. W., 2000. Geocryology in China. Science Press,
Beijing(in Chinese).

Zhuang, Q.L., Melillo, J.M., Sarofim, M.C., et al., 2006.CO,
and CH, Exchanges between L.and Ecosystems and the
Atmosphere in Northern High Latitudes over the 21st
Century. Geophysical Research Letters, 33(17): 1.17403.
https://doi.org/10.1029/2006g1026972



4698 HIERRL2E  http://www.earth-science.net

o548 %

Zou, D.F., Zhao, L., Sheng, Y., et al., 2017. A New Map of
Permafrost Distribution on the Tibetan Plateau. The
Cryosphere, 11(6):2527— 2542 https://doi.org/10.5194/
tc-11-2527-2017

Mt 325 2% SOk

i FE R, 1994 H [ DRI 27 R A B 52300 10 4F HE e Al Jg 22
i PHAE 3, 4904 T 1):589—600.

W Rk, AR5 2020, B EE — S Y K ki Al 4 5 o
R R TR A B A i2 . L ER B 2, 45(8):2785—
2804.

BRI FERHRE, 2021 SEk R AL Gl — BT i
2090 30 R TR P B RO S MR 2 46(9):
3278—3289.

YRR &% Mk, % 2012 FlE D KL EE L
K FE XA ELR AL vk 1%+, 34(3):538 — 546.

¥ G278 2020. A% AR B X 22 45 5 1 IX - HEAT BLAR A 1Y
S vk, 42(1):91—103.

WS I AR S AR A 2021 AR 1L X 28 AF VR - 2% ] 4 A
B vk, 43(1):158—1609.

I PG R A L 1995, LW 248 Rl S S e A Al
WF5E,15(1)13—22.

R, BE A YOG S, 2020, S = 4 A6 2 AR VR R
GBI 5T e . ok R 4, 42(1):170— 181.

R B A AR A 4 2019, 7 76 5 I 22 4F VR A8 Ak x ok
SCE R b R AR BEBE 1)L 34(11):1233—1246.

AR B 2015, Z AR TR A A T AU R AL .

JASN T, 2000. H E R 4 . A6 5T A28 R RRAL



