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Abstract

Based on the Web of Science core database, using the bibliometric visualization application soft-
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ware CiteSpace, this paper analyzes the research literature on soil organic carbon in permafrost
areas from the aspects of development path, thematic evolution, and research hotspots, in order to
explore the research status, hotspots, and development trends in this field. The results show that
the number of papers published in the field of soil organic carbon in permafrost regions is in-
creasing. The countries with the largest number of papers are the United States and China, and the
Chinese Academy of Sciences is the institution with the highest number of papers, but the overall
quality of papers needs to be further improved. Professor Schuur, a scholar from the University of
North Arizona in the United States, has the highest frequency of citations and co citations. From
high-frequency keywords and co-occurrence network views, the research on soil organic carbon

» o« » o«

in permafrost regions from 1990 to 2022 mainly involves “soil respiration”, “dynamics”, “soil or-

”» o«

ganic carbon”, “rock glacier”, and “climate change”. Keyword clustering analysis shows that in re-

» o« » o«

cent years, the field has gradually focused on the impact of “dynamics”, “rock glacier”, “climate
change”, and “active layer” on soil organic carbon in permafrost regions. From the analysis of
emergent words, it can be seen that the soil organic carbon in permafrost areas of the Qinghai Ti-
bet Plateau, the soil organic carbon in permafrost areas under specific landscapes or terrains, and
the impact of precipitation on soil organic carbon in permafrost areas are important directions
and hot topics in this research field in the future.
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THEE MR (SOC) 2 i & HIBE i — AN EEIR bR, SRR L HE IR uRm N SR GG ME, (2
TR S LIRS T S AR e AR T R A 1] 3R MR KA ML, 3
BB PR BB N AR AL B 3 R R = AR BE 1) B35 O [2] . B 4eith, R AR TRk 14 A1
R HbTHIAS, (7% T £ 1100~1500 pg A MUK, 2005 AEREk K — (3], 1M 3R 25 RS AR IR R 1] 1 7k
EVIRITEE, BRI TR LR B AR 4] -

SRR X R SR SR IR (1 e — B [ N 02 L R O AR A, T A LR A D i b
AEAS RGP ) LA RRGES 4),  FEBAG IR AR p s A (5] 2R IR BT RO R = SR
RS ARAZHE6], T HOER AR = BN, SR FR BRI, T R RS ) 2 AR X ) R R
Bt e 3 ) R ASCHERBR (7], 55— 77 Tt 2 I R IX 4k P AL A R ) G A 7 D s, AT 4R —
o BR8], B2 Ak PRI I A AN S ST A1) A5 753 A AT TR A S e A8 2 AR A2 A0 B DAk A7 AR BSOK B AN
SEVE[9]. 3G MBI 53 A0 REAE B 50 R 38 IR 82 DGR AU AE /K SR 2 TR B AR i S e %A
A B TR 3 WU Ao A, B IR O R I R S . Rk, AR 2 A WAL T A AL
B 3 AR RRAE S M R 36 o AT DR AR MG IR AN LR BE 2 A b, W 7 X 338G MLk & & Bl g 4 1) = i 38
I8 265 255 (0 8 I PR, 0% DR A S T 9 [X - LA 2 8 20 A 1 R LR R [10]-[12] - ¥R R IX L3 H L
Wit 78 COHUS— 8 R, (R Z R B 5 P9 25 RIAT 90 40 s 55 A R 2 IX 38 LA 1) 5 S
Ft, FF HLRZ 06 HAT SRR AR A T . SRR R T R RN GE v 2 07 VR AT T A AT
BN —FFB, RS H AR5 ] AT 7 ORI 78 28 s (5 b LS B G P R & oA, H

DOI: 10.12677/0rf.2024.144372 18 18 %5 S 2


https://doi.org/10.12677/orf.2024.144372
http://creativecommons.org/licenses/by/4.0/

AR 45

AT CA T E RS ERERHIEN 7VE[13], T R T SRR 14]-[17]. ik, AT H R X L
e WUBRHIE FC I B 25 AT VA9 BREE, I SR 78OS REAS A AT T, X IR AR AN
e L X LA AU T B+ R R A ST .

ASCHET Web of Science #% 0o & 8218 SCEUHE 1 , 15 BT SCHR T R4k 20 Hr # £ CiteSpace #4715 B2 48
bR = DX A3 AU P A DG SCRRAEEAT PTARAL KR B S 20 A, BB b X L3 WL T SR A it
B2, OGS HZATR T 78 S TR, DU £ X I3 WL B R B & T RGN, 3R+
X A ALK T PRt — e A .

2. MRBBKIES R 75%E
2.1, XEARIREAEIRLIE

Web of Science %4 & 2 Bl bR A WAUBI 25 G 1 22 ARAE B B IR A FE[ 18], BN 2 K 2 BORH i 40 ek
Fh A EE A A A v B R [19] . AR 5 32 BT AR = X T 3880 WURRAE DA ek AT Sk & 20 AT
%6 H Web of Science (WoS)#% 0 & &£ (BL 45 SCI-E FH2#5] 3 31 . SSCI AL FH 51 &R 51 A Z I B
A 1990-01-01~2022-12-31, = Zuis R AN “TS=[(“permafrost*” OR “frozen soil*” OR “frozen ground*”
OR “freezing soil*” OR “frostsoil*” ) AND ( “Soil organic carbon” OR “SOC* ” OR “SOM*”)]” ,
T4 SOC fEAR Z R FL A Fnil Jo, AHIFAMRER X Bk /2 & [ TR 7t L3 SOC |, S TF3himiE
i e 53 Bk AR 12 LAk ) SCRik e, A3 31 2600 i WoS SRR SCHEREE AR, KR as R LAeids 551 H 4l
SCAKS ARG T, DL “download_1-514.txt” 4% i 4 R A7 o SCHRFE A3 Fidid CiteSpace ¥t A &
(Data/lmport & Export)5¢ i WoS ik sk fb; [, 78 3C#FJE project A7 txt SCF(fiv 4 citespace.alias)
BEAT ARABAOR B A] 5 01, 49 20T 5T B 7 (0 B At s

22. BIRAE

Cite Space x& 2004 43 [E Drexel University R 35 1812 T Java 1B 5 K 10— 5k R TR AU 0 K
JEBEAT A AR R T I AAE[20], X Bp UEOCERBE T THE . PUIIE o0, i Bl rT AL T AR
FOWFFCRRT . R S AR a3 [21]. A SCHd A Citespace5. 7R2 BT SCHRELR 134T T4k 0 A [22] . FEASE
FBAETRT, ST S 80 E . WX 2108 1990-01~2022-12, IHAlY) ¥ E A 5 4F; T S25%. keyword
oY country; S ERIME: Top30 (GREEFILILAMT). Tops0 (EZ/M XN EIESHT); MZsHEET 7 Uk
pathfinder. pruning the merged network 1 pruning sliced networks, FHABERIAETN, LA “country” S5 s 3 AT
GYEMZE 1T, LL “keyword” 77 siidbAT SLI A A LA K B A AT AN SR 4] (burst) 7347, IRl A R IR,
HBEMAR TR L IX SOC A Ft#h i I8 % 1990~2022 FE7E VR - X 38 HUAR oA O SCR I R R E 5K R
BURE L RSB B S5 B AT 08, 45330 T A0 L X e L SR i i o 5 R a3

3. &R5118
3.1. FXXTBEBNBEARNEREE

R SCHRE RIS R) 43 A7 0] DL REZ AT R e a3 . 1990 4R 28 2022 41 )12 32 f i) R S HE: R34 1T
T 3 AAFERIEKE B, AR ZILRE RN AES (K 1), AYURRIHTTA 1990 FE (4 F)EE 2002
FE, RIHACHERD, FEKOEBH AR RS, B TEAE RS SR BL. 2003 45 2012 4F
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Figure 1. Trends in the number of publications on soil organic carbon in permafrost regions
(1990~2022)
1L REXIRBNRM T L L E T HEE (1990 £F-~2022 5F)

Table 1. Top 15 countries and institution of published papers
# 1 &ZXERT 15 WERSHHE

i P A H Bl AL P
Rank Country Count  Centrality Institution Count Centrality
USA . .
. i} 2 g .
1 =) 827 0.18 Chinese Academy of Sciences (9 [E£}2B5) 400 0.18
2 China 638 0.05 Russian Academy of Sciences (% #7 f:} 2 F5) 226 0
(1) |
Canada University of Alaska Fairbanks
5 mgxy 84 0 (£330 0 3 AR B %) 159 0
Russia University of Chinese Academy of Sciences
Y om0 0B (R R k%) 125 0
5 Ggﬁmr)‘y 290 0.39 Stockholm University (37 6 & < & K 2%) 111 0
Sweden The United States Geological Survey
6 (3 ) 205 0.08 CER MR R) 89 0.03
7 England ) 0.56 University of Colorado (B} %1% k%) 64 0.32
() ' '
France IV
8 () 169 0.32 Lanzhou University (=% K%%) 62 0.2
9 l\(l%\%%y 133 0.71 University of Alberta (K /R {135 K 2) 61 0.68
10 S"‘E'It%‘i;md 112 0.05 University of Copenhagen (& A i 2%) 58 0.14
Japan . -
11 (F4) 98 0 University of  Oslo (B HfH K2%) 49 0.52
12 D(m%k 89 0.07 University of Laval (1 70 /R K2%) 46 0.03
Finland . - N 2,
13 (i) 80 0.21 University of Alaska (B Hin k) 43 0.1
Italy . ol N
. S T e 2 .
14 & AF) 75 0 University of Potsdam (3 7k 5 K 2) 41 0.03
Austria . R
15 (S F) 74 0.03 Lund University (P8 K %) 40 0.23
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izH CiteSpace FIEZ A 1EM L/ HTThREXT 1636 8 SCHRIE SCHE K (Mo X)) FIHLG EAT 4047, #5303
BERSCIE KA HER (F2 1) A0 ARG AR B (1] 2) o R b X 58 MU 72 K SCEBOR AT 15 4
] 5 (M D) FOLAG AN 2 1 From, [ SR (L IX) RIBLAG 23 AR AR S an 1] 2 fios e AR 1 AT AN R IX -3
MUBS T3 TR 72 S B fe K IR [ 5 N 36 [ (USA) (827), Hivk N [E (China) (638). Canada (JNEE°K) (464).
Russia (%' 17) (371) A1 Germany ({&[E) (290). 1fif o O 5 s (1 [ NP E(0.71), IR 9 9E[H (0.56) &
[(0.39) /M=K (0.35) 1% H (0.32) . A L5 RER I HEA =y K SCE M F A SR EE P A —g B AR
OB (E 2), an3E E(0.18)iX — 1 AT i H L E AR T In$ K (0.35) . Bbak, HE . Hi-k, BUHR]. HAR
TR 4 [ R TR P o F) A O RIS, SR I S8 [ SR 5 3 5 HoAth [ R S AR B [22]-[24]

Xof 2 B R SCHUREAT 0 AT, RS B G 1 1 A 4w vk b X R WL ST e f %2 . B BRI AL
R 1) HoR A AT 2359 FHUMSE TR 7T, Hh R SCEHEA AT 15 AL K SCE L 2398
i, AR SCER 91.8%, I 4 FEEPM . 3 KR ENM . HEAINEREH 2 K, 52 1.
& MEAEE S 1 K. REHMERERAROEER, RATERRKETEE. hEFPER K
ERETI, HRSCEA NS R P R 2 5, ERAOIET T, BRI R A
BRI RO, YO BB R 2 K. REEEE 3 FYUIL RO R, WS ETE
R X I WL R A — € B .
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Figure 2. The co-occurrence map of cooperation between countries (regions) and institutions
2. BR(MX)S5HNAEELIEE

A CiteSpace HAHXS A SCHT 50 [1E K (1 [X) S HUE & AF R RFAT R T, BRI 2 Fros i
[ 2% (X)) AIHLAG 5 1 2 R M 2 18], R Ebn B AR B X (LX) AR A4 B 35 U K/IMRER TR LR 270
TR AR A O A AL AT, F58 % EERERZE N R AOCRE: W RIEL KRS ER AT
R (KB, SFRAMEE). AR X ERAHITH, ZMN%HA 149 11 A 222 JRIEL,
RR IS E R X) SV 2 W E1E R R A BT HABE R GIX), T EFHEE X+
B HUBSBIT 70 00 1 77 T LA B — o R [ SR LA ) R A B 2, I HR T2 IR B
PLE IR AP RE (R o A
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CiteSpace 15 B 2241 TOP 50 NIRIH , ik th 72 4453 , BAR S AE R R M B B (Density = 0.0188),
{EAEAN TR #ATE % 7 PL Wu Xiaodong« Zhao Lin.Wu Qingbai. Hugelius Gustaf.Zhang Tingjun.Wu Tonghua-
Hugelius G. Nelson FE &% 0Bt Fi A A (14 4). HH Wu Xiaodong. Zhao Lin 2 [A]&1F %%,
Wu Tonghua 1 Li Ren &ERE %, HitH&1FE %% Hugelius Gustaf A1 Kuhry Peter, Schuur Edward A

G &1F%%.
3.2. ZXXTEBNEA RN EMIARFRE

IR 1] 2 R L B P A e SRR ) v FE RS AR RIS, S8 0 SC B R AT 23 A RT DASE 4 T A
BRI L X I U SR OB SR, B b A rh O MEAE DRI DG B ] B A QAR BT 9T S i) 4
s BT RGR, BRI ST U O £ SRR R BN 1m), AT BE A WA I S 7 1] [25] . AR
AR SR B R] B AR R H A O MEEAT 2 A I AN R A I U IR 75 5K, DRI G 5 0T DGR R] 3R A7 SL I A A
FREN B Z (A IR o a0 S AN SC A LE A [F] R 8 ST P RIS B IR BGER 22, I AT D2 T 11 56 ARk
B0, ERREAS QR A W 7T 2 8. 7E CiteSpace FHTHIH 17 i FF “ Keyword” , BI{E 1% 2 4 Top N = 30 (HP
AN Fr B g B L 44 BT 30 PRI SCHR), 49 RO SR I 2% [ (1] 5) . B SR 119 AN
ML 163 ZELR, — AT AR AN Ok, R A AR OB LR A, R R 6 R
(PR 20 5 1250 DGR I AR TR LG, 19 RURI B LR R OR T & R B IR LR &R, — R SCk A ok
BOAILR B, MARRX A B RREE . NILBMSRE, WEo Mo 2 An k%,
W2 SR %, RUNZGUS BTN BB+ & ML [26].
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Table 2. Top 20 keywords in frequency ranking
= 2. HISUAHER BT Y X 8218

K] Bk b BRES
Keywords Count Centrality First published year
climate change 625 0.03 1995
permafrost 439 0.46 1991
temperature 245 0.13 1997
climate 216 0.41 1996
dynamics 186 0.45 1995
active layer 159 0.07 1995
carbon 142 0.07 2003
soil 130 0.03 1995
soil organic carbon 130 0.2 2010
vegetation 122 0.17 1995
model 117 0.28 1991
ice 106 0.1 1991
permafrost carbon 102 0.03 2011
frozen soil 96 0.03 1991
impact 95 0 2005
degradation 91 0 2010
water 87 0.29 1992
storage 86 0.47 2007
decomposition 78 0.07 2007
nitrogen 78 0 2015
arctic tundra
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Figure 6. Keyword time zone graph
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N Y R SN B b FRE 75 25 S B 3R] R B AR IS TRLURS DA S e ATT 2 (R A SR IK A S B i) S L 1Rl 4% F ik i
E, et “Timezone” HEAT SR IFRT X I S-HT (1 6). MW AT LA th, 14 9UBUIR 2 T B0 B A
1 permafrost. soil. model. ice. water. frozen soil 5K Z H#/E 1990 4/ 47 HL 22 2 2 1 it L& HFah
I EAESE R, BB AT — EL DR % 0F 78 WU AN AT B A 0 70 o BEAE I (8] BOHERS , BT BRI ¢
SRR, HOCER A AN O ARG — 2 TR, BT I I RO 2 AN SURE, IR TR,
thermokarst. tibetan plateau. soil organic carbon. permafrost carbon. nitrogen. degradation. vulnerability

SRR IZHT SO BT A R AT S

3.2.1. #WSIXER T

T ST 5T SCRR T 5 27 v B 22 AR SO 52 I B ZE 4R bR . % 3 FIH T Web of Science
Hetla PE P A S IR i s T 5 0 SCHR . >R E 22 BT 788 Schuur Z52558 1 AL B X £ A HLBR B AT
Fto BB TSR AR IR 23 I HURK B89 23 A R R 2 S — AR AN AR B AR T8 o 42t A AR IR 1)
TEOLR, B0k A G FUBR IR 78 5Em& [27] . Tarnocai 28 78 17 b7 BRI = X 338 v (0B I3, b
AR L IX e P B A, AR S i o b b R FE TR 2 A 22 [28] . Fis 2% Hugelius £338 1
ABFBIRIR 7K AR A DX F) 38R0 A AR B TR IAE SR AR I S5 A A7 HO R B 3 A Bl /b, HERZ 5
FARZM T, P, W00 35 0~3 SKIREETE A 7K AR SOC it i LA K 3= ]I = A N DT AR A LA A
VEAR R AR bz it 2 B HuX 3 SKUA BRI SOC fig &k AT TIEIT MG 1T, AFE e A E AL T
[29]. Biskaborn S5ZRE G T K AR AR WEA W] BE IR SR ARARAL, BN B IRES KT R LS, &
PRI LER, PRI AE FH ok B 4 BRI R b T 190 45 18 7K A R Bk P I T 270 ) 4 3R 080 4 R vl
] B A% b £E (2007~2009) LA K 7K A% 3 X 135 A8 46 [30] . Ellen Dorrepaal 25l & 1 S A% A8RE N AL #57e
W EANUBRAE R, B F0 R I B SRIK AR Rl A A 2 i P4 v] R 2 — 2B 3 e sk K EI 5, 13, 30,
{EAE T B AR B Al THE FE AN 4 3R — SR HFBCR w2 DA (Rt UGE 15) Dy A W i T =
B R R 73 H FR (BEE 9200 J7RERKR) [31]. AMBA X Ee i 51 Sk e] BUE H,  H FDS UEAR R 5
JEARe i X VR A HLBR FORIE 75 07 I IR TSR R Fe i e [RIINE, K AR b X R BE AR A 51 kS 1 2
T2 RE .
Table 3. Top 5 cited literature in the field of soil organic carbon in permafrost regions from 1990 to 2022
= 3.1990~2022 F i+ X T IR A AU 5 R BHEZ AT 5 AYSCRR

He2 BH Ay =4 BRG] EIRY€
Rank Title Year Author Institution Cited times
Climate change and the permafrost carbon Schuur Northern Arizona
1 feedback 2015 EAG University 1871

Research Branch,
2009 Tarnocai C  Agriculture and circumpolar 1623
Agri-Food Canada

Soil organic carbon pools in the northern
circumpolar permafrost region

Estimated stocks of circumpolar

3 permafrost carbon with quantified 2014 Hugéllus Stockholm University 916
uncertainty ranges and identified data gaps
Biskaborn Alfred Wegener Institute

4 Permafrost is warming at a global scale 2019 BK Helmholtz Centre for Polar 732
and Marine Research

Carbon respiration from subsurface peat Ellen

5 accelerated by climate warming in the 2009 | VU University Amsterdam 501
subarctic Dorrepaa
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Figure 7. Co-cited distribution of literature on soil organic carbon in permafrost regions from 1990 to 2022

& 7. 1990~2022 5+ X 1B BN R Bk W 5| 9

Table 4. Top 5 cited literature in the field of soil organic carbon in permafrost regions from 1990 to 2022

3 4.1990~2022 R X IE AN RSUS WS

REHER AT 5 BI3CEK

4 H Fon = EIP Ay R/ G A VY
Rank Title Year Author Country Cited times  Centrality
Climate change and the permafrost Schuur
! carbon feedback 2015 EAG USA 302 0.24
Estimated stocks of circumpolar permafrost Huaelius
2 carbon with quantified uncertainty ranges and 2014 gG Sweden 240 0.4
identified data gaps
3 Soil organic ca_rbon pools in the northern 2009 Tarnocai Canada 184 0.8l
permafrost region C
4 Permafrost is warming at a global scale 2019 Blsléallzorn Germany 103 0.08
The effect of permafrost thaw on old carbon Schuur
5 release and net carbon exchange from tundra 2009 EAG USA 100 0.16
SCHRHEA 51 (Co-citation) 245 2 i SCHRIL [F) tH IR AE S 3 Rt 5| SOk B rbe 25T SCHRILHE 51 1 2% v )

RHETT R, WL T R WA

KEZ, ELPEOF SR toh, Kb mion, ekt
TARBFHINTT,
T,

BURR A3 R GE T T 2 M [32]
AR 22 A HURR IR B 2 20 flf AR =<k —

» TR R RARR S
LRGSR, 2RI B 215 2
FORE L SOkt A BB S PRI LA Y, Rl 51 R HCHE 44 5 BT I SCRR A0 A4
SYAGLE 094 14, 15 A1 19 (& 7), FLHESIMRET 5 Sk (55 4), KA EEKI2:# Schuur F.7E 2009
RN T VR LR TR L SO R A S RGOS R AR RS

TSk ) B B SCERAT R . [ 7 R AR SR FR A 201 B SCEE AL 51 H )
Mg, A 201 NI A AT 253 NMEL . AT ARE -G A CE

]

RGP TBOR MK 12, LAR 52 A BBk
I HT 2015 fELER 1AL X iR L G HUBR B S . B T
SEACTAN G ORI 38 A URARBR IR B0 T, BT X7k
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R LA HUBR I FE RIS [27]0 3 80223 Hugelius 73R T bRl K AR L DX 1 A AR B0 TRR
FESABAZ I I A A7 AR R R ML /b, HBRZ @ R ZE MG, Blt, WFFo0 38 0~3 KR
PN BRI 7K AR - SOC fif i LU B F2 BRI = A M UTAR ) LA K 8 AF AR S AN BTz 407 v 22 Sy 3 X 3 oK DA _EJTAR
of¥s SOC fig B #EAT TEIT i, BifE B ARE AL TH[29]. Tamocai ST 1AL Mk L IX L4
FIBR e, 0 B K AR X 3 i PR R Al o, LA S i M b R BB IR JZ AN 22 [28] - Biskaborn 4
LETTR 1K AR AR T RE NN R BRI, RO ER S VTR YIRL S, SRR 3 DBk,
DAL IEE A6 Y SR B 4 BR 7K A VR o THT I 248 169 7K K VR 3 8 I 18] 5 0 0 4 BRI 2 R PP il B 1 o A 3 4
(2007~2009) LAR 7k Ak X i B AR A0 [30] ot AR 3 5l dem O SCRR T DAt AU AR IR R IR
ARt DX VR A LB FRIAT T 7 T3 £ R O R TE A A R, 7K AR 4 DR IR BE AR A B ) Il (R A e AN
RIS

3.2.2. MEKXRINBA D

CiteSpace #MREW H S0 B HEAT RIS M, IR UL IR B Y SR 2B hR4 . T4 22 21 i SCik £k
¥, FIH CiteSpace AT IR, ERORBERRS, DMAILA L X L5 WULBIE 78 O RTHE[31]. DGk R
For W R AT A LB S a B AT, B OFE AR BOCEIA BT IR, 35 H R OGRS s
R, MRMEET NI N AR E 5. A 7 A (0 R s e 4 i B VR 71, AR S5
HEHUS A TOP30, W EIVI A3 5, KAR 2= s TR0 ] pAY (10 S v UK B AR 0 B3L (L LR) AT H2 1L,
IBATJE A3 BISRBEA R (W4 5), BT SR /NFRIR BRI AR, RBIBEHOAT S, AR
1 2 N B A IR AR, SRISHC B, SR A R DGR R R %

#7 h\il;ematiop\

»

#0 soil respiration

#5 active layer #2 soil organic carbon

#8 climate

#10 vegetation

#4 climate change

" #3 ro?@:{@ |

#1 dynamics #6 frozen soil

2020-2022

“
20152019 #9 water

2010-2014
2005-2009

®
~#11 ice

Figure 8. Keyword clustering map of soil organic carbon in permafrost regions
E 8. FEXTIEEH MR L T IR LEEL

5 X - AT MR SCHR B RSB i 1] 8 i it Snl %, & 8 SR ZRAEHUYE N 0.796 > 0.3,
YL SRR B E A WS [R R PEFE PR (S) ks 1, WiPAR R PR s . & &mT s, S{E KT 0.5,
U B O E AR (1) SRS B B B B I8 0 ol 2 I T SCHR O] SRR AR (2 B)mI A, REEIA A 0~11, &
F 15~5 AT, S A 1~0.807, UiWASCHEIE IR TR . N 5 ATLUWMERR], HEA S — RIS
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(#0) /2 soil respiration, CEFAE N 15, SN 0.95, HIKsZEH#L) dynamics, A 13 fi X, S{HHN 0.903.
HoAh AR5 HIE S 5 A 51 HA - soil organic carbon (12; 1)+ rock glacier (11; 0.931). climate change (10;
0.895). active layer (10; 0.973). frozen soil (10; 0.972). hibernation (9; 1) climate (9; 0.807). water (8; 0.917).
vegetation (7; 0.97). ice (5; 0.883).
Table 5. Keyword clustering table of research literature on soil organic carbon in permafrost regions
= 5. FEXXTIEANRMARCE LRI LR

RRKT  size sfH CFIHES FREHNE(LLR HiE)
soil respiration (22.44, 1.0E—4); permafrost thaw (16.78, 1.0E—4); ground ice

0 15 0.95 1999 (15.37, 1.0E—4); organic matter (14.51, 0.001); northwest territory (14.51, 0.001)
dynamics (25.47, 1.0E—4); impact (19.02, 1.0E—-4); massif (14.26, 0.001); swiss
! 130903 1998 alp (9.95, 0.005); soil water content (9.5, 0.005)
) 12 1 2011 soil organic carbon (66.67, 1.0E—4); permafrost carbon (46.25, 1.0E—4); organic
carbon (20.83, 1.0E—4); vulnerability (18.78, 1.0E-4); storage (16.34, 1.0E—4)
3 11 0931 1996 rock glacier (12.29, 0.001); antarctica (9.47, 0.005); rock glaciers (8.76, 0.005);
' pacific (8.48, 0.005); fluvial sedimentation (8.48, 0.005)
climate change (126.79, 1.0E—4); permafrost (28.64, 1.0E—4); siberia (12.37,
4 10 08% 1997 0.001); arctic (11.61, 0.001); forest (11.41, 0.001)
5 10 0973 1999 active layer (32.53, 1.0E—4); ecosystem (14.72, 0.001); northern siberia (9.69,
' 0.005); gis (9.69, 0.005); ground temperature (9.04, 0.005)
6 10 0972 1995 frozen soil (38.07, 1.0E-4); model (24.5, 1.0E-4); streamflow (10.44, 0.005);
' water balance (10.44, 0.005); numerical simulation (10.44, 0.005)
7 9 1 1994 hibernation (15.78, 1.0E-4); lithalsa (15.78, 1.0E—4); survival (15.78, 1.0E-4);
northern quebec (12.01, 0.001); lithalsas (12.01, 0.001)
8 9 0.807 2005 climate (30.24, 1.0E-4); permafrost degradation (28.3, 1.0E—4); alaska (21.04,
' 1.0E—4); sensitivity (20.65, 1.0E—4); degradation (16.33, 1.0E-4)
9 8 0917 1998 water (33.36, 1.0E—4); soil (19.49, 1.0E—4); climate change (11.61, 0.001);
' infiltration (10.11, 0.005); water cycle (10.11, 0.005)
10 7 0.97 2000 vegetation (12.5, 0.001); last glacial maximum (11.47, 0.001); late pleistocene
) (11.47, 0.001); geomorphology (9.25, 0.005); global warming (8.63, 0.005)
1 5 0.883 1998 ice (40.02, 1.0E—4); geology (13.08, 0.001); rock glaciers (10.38, 0.005); shelf

(7.69, 0.01); sea (7.69, 0.01)

FR 4 e 8 Fne 5 w1, soil respiration (H3EIFIR) 2Vt X 3G HUBAE 78 b i R H SR 2R, e AT
WA T8 A R A I 3 HLER (SOC) R B A RE M 1 - S8 e PR S 2, DA 2% B M AR 1 ] R = A
R KRR T B 22 ARk = X I P [32] . HE4G 58 I S5 2 dynamics (B /1%), ¥k i — NMRFE 2 i
TE BRI BURLUKE BE AR A IR T 51, X BB ARk BB LI E B TE, M= Ak, AT w4
BRAZHE T 7K AR BT TR (52, A7 05 RN IE M (W 8 1 S B AR H AR R 1 1 KGE R vk
47 M[33]. %5 =& soil organic carbon (3G HLER), WA SMEARHIES T, % b R HLER(SOC)
(A8 fh 2> B S ma bl B G 20 . LS HUBRAE VR L X AR SR P o AT AR, W 704k R
4+ X SOC M AR a5 2, T AR R 5 HER R G S (IR FE 3R A 1 RF Ak diE [34]. 2B DY
J2 rock glacier (KAL), HITUMEAZBR S, 1T AR AATTREE A0 UK TR DK AR R PRI e Bk R ek
PO, WERAESVR LI AR JIE R G )1 AR U . R, ASCR B — L 2 A R L
BEANEAR T AT AR e B B KA R, TN I S AR 7Y [ A I FE AN R 77 2% A R UK TR A P ) R R
075 AR A UK A ST W) #3835 58 T4 climate change (SUEARLL), EERARE LN SAERRG 4 TEK
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. TR, R LREFRE T, SEURAE LR RLE L, JRRRAC T TR LT MR
SEIRIE[33]. ZE/NAE active layer (WG30)2), MRIEH LR, XTWAEBIIE LT T 028 “ORATR
+7 (Fe R KIEENE RN 4 KHX) R “ BTGt o FEAEAR IR SRA S, T R R GR
SRASTE 2 26 B 1 (X (R AR A e k. 31 2100 4F, K2 60%[1 7K A - IXCEHB A A ZE T M+ . @ X 1)
REZHH AR LIRS A DI RAIE IR . 530 E R AR o B il S BRI TR, A
M 51K — RPN AR . $ 0 T —Fh oo I 9E 4 L X AR AR 13807 - KOG, JEETH
PR 7T 7 i gm ) 1 AH N R AR [36]. 55 -L2 frozen soil (1 )i b i — AN AE 2 48 1A 7 BTG Bk ok
AR ARIT I, X LFEE AR B IE N LI E BRI, M= AEdK. E2FE TR, 58kl
AR R fa s TR, Fx XIS, SRR EA = B K. T 4 ERAZRE vk 2
BEFEAL TN A AR LIR A  TRERIASE 52, 75 XA - I AGE R 40 B UK BT AT — AN A T i
[33]. %)\ hibernation (%-HR), I 73 B A FEWR B FI 7K AR 26 10 T 11 SR L 3k BR A IRAS [RI i B0 E
TEENIENAS, PRERIRE KL s e AU I BN K [37]. HILE climate (M%), 7EAMRPUEAR
EHIEDL T, VR b 338G HLBR (SOC) BN 45 T B 2> i & s M ik M B B B4 o BF 70 B 7EWF 784 L+ SOC 1
A7 2R e R L R & o it T 0~3 m i SR - (B Gk AR 1= 5P R I TR) 3 1) ) SOC
fili B o BEAh, I I AT TR PR 300 A MR 5 15 (SOCD) 25 A1 A2 AL (R i [34] . 55152 water (K),
U ARVRE S K BT E AR A S B A BB S, W I T8 b XK S A o R P R VR S K &
R R EA BB S % 2 X [38]. s+ —72& vegetation (FE#Y), WF 7T 8 1EMF 78 B e L (RN HBER 58 = %)
it SOC HIfEAF 2[RI Jm) S L REMa (R 25 o I — 10 22 S AL 418 5ORN -~ F 38 B K B R RN B MR -
SOC W7 M /3 i A B 5 o S50 s LRI p & REA MUK, X 0T RS2 B S A% S B R0
SR, SRR AT RE SRR AE R R M fris BN 24 [34]. %+ & ice (UK), EZEKLF, HBEKIIHE
(MR AR T S B TAR B, FEXS XKL, AR AR = AR R RE IR . O T TG A BRAR B AN UK 43 15
AL R AR AR BT TR RIIREE RN, A5 06 B N 3E 2 I B A B R IR V5 L B AGE RS RIUKAT A o
FEHIR UK TG B3N 724 FO AR R O i St T 1 20 B vk B0 2 WU A, G P DR 2R R 43 B AR R, s
RSB T T2 (0 N Rt — 25 10 K R [33]

B 8 nTLLE H,  “dynamics (B177%)” B REEEEX L HE HARRRXIRE S, RIZIX 05 E
AR FEBANE, RKAFSCER R Z IR ERA IS, “rock glacier (KA TR)” REXIS
“climate change (SUfFEAR{L)” RAEXIME AR L, WHIKA RIS SR S RN HI. W3
5 A%, soil respiration (L IEIFIR)AAAE T ML 2, fb e WL, IR Y TR X A AL
BREGIFFC S . T “dynamics (1 /7%%)”  “rock glacier (KA1¥i)”  “climate change (SfA84k) 7 ¥ AL
FIANEA, HEERRZR K E A, USRI R B R R, AR T B RO R b X A LT T

3.3. BRI BEAENEARBRE ST
R4 Web of Science SCERZILIA 2> HT K IL( 6), 2015~2022 4F H I 7K A% Rl A Se4dm], T AR 4 i

AVTFUE IV 7K AR 1 R Ao 125 = DX 338 LR 1) 5 i [39] [40] .

2015~2022 4581 43 7 9 thermokarst lake. permafrost thaw. temperature sensitivity. Tibetan plateau
landscape, precipitation. 7B X - 3G HLAR FIRTF 70 4 b 78 AR kRl [41] [42]. K A L Rbfe[43]. &
FEBURNE[44]. T e IR [45] SUL[46] [471LL A PRk B [48]4F 77, 1t W UM AR I 1k = X 3 L )
SO B2 R0 T AN TRE IR T AFEK L sl LA ATFE AR 25 A5 A B 2, R
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(IFREEE I (ARG, 15 X — B I e SR ] 2 2 B NATT) 2 %0, AR ARTE BTG ER . T A SGE L s 2 11
ST P e R 1 X I LR TEARE SR B T AR e DX 3 MU DA B K R i R - X 13
AHLBREZN, Horb ockin Tibetan Plateau JRIAGHEE =ik 13.32, X AJ e KN - IX 458 A HLGR 1 BF 72
W, G RS HENEES, RRHA L SRR L ATIX, B R AR A AR R e B i N U R X
T e o R e X 3 A U i 2 5 1) 55 7 T PRV 9 A TS L (R I e 3 9

Table 6. List of emerging words in literature analysis

6. ME D TRIIAR

Keywords Strength  Begin End 1990~2022
Canada 17.95 1992 2009 U
Ice 9.79 1991 2004 —

Rock glacier 8.56 1992 2009 R ——

Flow 8.26 1991 2009 T —

History 6.81 1995 2009 T —

Snow cover 7.56 2000 2009 OO
Alaska 13.24 2006 2019 R
Lake 104 2005 2014 e
Peatland 8.31 2005 2014 e
Soil moisture 7.06 2005 2014 I
Mountain 7.58 2010 2014 -
Respiration 7.47 2010 2019 oo
Thermal state 6.94 2011 2019 I
Thermokarst lake 8.67 2015 2019 o
Permafrost thaw 8.12 2015 2022 e
Temperature sensitivity 7.12 2015 2019 o
Tibetan Plateau 13.32 2020 2022 L
Landscape 8.45 2020 2022 |
Precipitation 8.32 2020 2022 =3
Qinghai-Tibet plateau 7.24 2020 2022 —

4. &g

AR CiteSpace #14 4 1990~2022 4F Web of Science ¥4 122 fi% +-1X -3 HUBR B 78 45tk 1) 2600
T SCERAEAT T AT A AT, AR SCED B R (MW IX) RN R SCHS SRR L. T34 5] . e sk B
FAFETT T E B 7R L X I HURAT SR BUIR 5 il 3 T 45k,

1) VR IX AR U I A SR BR A N, 36 B | H RN S K 2 AR R SR E T 3 I 5K
AR EAE Z U IR R g, T B R B2 K SCR R 2 LA, Ui W3R E AR i Ut 7 R R IRGE, &
BRI TAE & S M ROT N R 22—, B R A7 7R S R0 B ) 8, 520t 50 AT ] B (8] 1)
FBHIFAZ LA AE 7 T3 E A 7t 38 A0 B i 58 3 SR8/, 00 5 B B (] (-G AR 2SI, - R IN d 37 R - X 158
HHUBRK IR 2%, Schuur. Tarnocai~ Hugelius. Biskaborn. Ellen Dorrepaal %5 1) & A4 51 5k
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% H 5 H Al SCHERA B2 X, Ul B IX S8 SOk B A S22 e A . EX I T AT o Mt B0, “soil
respiration (IEFEIR)” . “dynamics (35 /72%)” « “soil organic carbon (I3EAHLEK)” . “rock glacier (VK
A7« “climate change (“UEARAL) 7 454 ik X 3G WAL A 30 ) 27 BT 50 I8 T 12 40k 1) 25 22
WF 9 20 AT LAk, 2 ATERIZ T 5%V rock glacier (VK47 77t)+ climate change (%38 4k) & active layer (i%
B2 )RHAR = X 33 LK 5200

2) ARIR A X 3B LB PR AT 5T 0 BT 55 8 v B o e X I U s R s s TR T IR X
T B DL B B 7K B 38 oo 4 e DX 38 LRI 1) 5 ) 46 P 25

SE 3K
[ 0k, B, SRR DT bR LR A B LB RO, 24244, 2021, 40(6):
1618-1628.

[2] Schlesinger, W.H. (1997) Biogeochemistry: An Analysis of Global Change. Academic Press, New York.

[3] Hugelius, G., Strauss, J., Zubrzycki, S., Harden, J.W., Schuur, E.A.G., Ping, C., et al. (2014) Estimated Stocks of Cir-
cumpolar Permafrost Carbon with Quantified Uncertainty Ranges and Identified Data Gaps. Biogeosciences, 11,
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