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Abstract: The Tibetan Plateau covers the largest distribution of wetlands in China, and its unique alpine wetlands are
indispensable for regional ecological security. This paper summarized the spatiotemporal variation characteristics of wetlands
on the Tibetan Plateau, focusing on the impact mechanism of climate change and human activities on different wetland
types. The main findings are presented as follows; (1) the climate factors dominated the wetland changes vary with wetland
types and regions. Specifically, lacustrine wetlands expand in the north but shrink in the south, which corresponds with the
spatial pattern of precipitation, indicating that the lacustrine wetlands variation is mainly driven by precipitation. Palustrine
wetlands are mainly affected by temperature. The increase in temperature leads to water evaporation, vegetation community
succession, palustrine wetlands conversion to grassland, and degradation of main distribution areas such as the Yangtze,
Yellow River source regions and the Zoige Plateau. Furthermore, riverine wetlands are mainly affected by temperature. The

increased temperature accelerates the glacier melting of river sources and increases the evapotranspiration of rivers, jointly
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causing the decrease of riverine wetlands in the north while increasing in the south. (2) Overgrazing, peat mining and water
conservancy construction are the main human activities affecting wetland changes. Under the joint influence of overgrazing,
peat mining and ditch construction, the palustrine wetlands degrade sharply on the Zoige Plateau. Meanwhile, the
constructed wetlands in the Qaidam Basin are rapidly expanding due to salt mining. (3) Less comparability of wetland data,
lack of continuous monitoring data at large regional scale and field fixed-points lead to insufficient in-depth research on the
impact mechanism of climate change and human activities on alpine wetlands. In the future, it is urgent to strengthen the
regular monitoring and risk assessment of alpine wetlands, improve the research on the interaction mechanism between
alpine wetland ecosystems, the environmental change and human activities, and pay attention to the ecological process of

alpine wetlands, to provide important scientific support for building nationally ecological security barrier.
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Fig.1 Wetland distribution on the Tibetan Plateau in 2018
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Table 1 Trends in wetlands change and dominant influencing factors on the Tibetan Plateau

IR S0 5k 1Y
AR EREE BRI 1]
. N . A5 R /% Dominant factors and thei . Lo
T et DR IX I LERCHEE SN imnact trend of drivi H 5 ik S5k
- . verage annual r impact trend of driving ’ )
Wetland types Study area Period SRR Identification References
change rate wetlands change
of area SR KB
Climate change Human activity
STIVRY
Palustrine wetlands
2 AT TR 1980—2010 -0.05 Sil(-) \ YREPS ST [27]
P IR Sk 22 . N
T, 1988—2015 -0.84 () \ Spearman A 407 [74]
- B i o RIERH(-) USRI S
R 3 R 1977—2016 1.45 Wl (-) TEEWE(S) AR [75]
ey A GAG T N
RDEATS 1969—2013 -1 RE(-) BER() EEE’}ME’D—‘@HK [50]
43
M‘(H?ﬁlﬁ{ =y - H’ i 7J( ﬁ’g ﬁ ( TWS )
Lacustrine wetlands AR 1996—2010 139 FEK(+) \ e [66]
H IR
4
ﬂ;i?;ig 2001—2010 \ Rk (+) \ KL RS [67]
METER
TP 1972—2012 2.58 R+ \ ZILk kA [39]
FH ] 1987—2016 0.02 Rk (+) \ gy gy e inls] [37]
STV IE
ﬂ'/,ﬁwﬁ TR A VLI 1980—2010 0.82 Sif(+) \ YREPS TN [27]
Riverine wetlands
B X 1955—2005 \ () \ LI AR [78]
-
AL e AR 1956—2000 \ \ BEIFE(+)  EHEAE [56]

Constructed wetlands

\FZRSCHR AR ; 7580 SR 52 N\ 2 3 R M 53 , B SR rp 205 A B A P R A ok

TR SRR R BN HEY (£ 1), WHLIRHAR b B2 A8 0 i W, 76 75 96 s SR Y Ak 22 5 L
UKNEE T2, G RTL  E] HES AT VL AF 55, i LATAT Y000 52 T8 Sk 7K SCAS AR LA K rh i b 275 52 i 48
KR T A UK S T Al N T R AR R, S EOE AN, 2000—2010 AR A VTR
FHE 1.2°C/10a, 2 30 4F TR f PR A B 33— Ak 300 7] 0 0 T AR A5 de bR, A L T 3ok 5 J il
Ry T e B () AR YR D &, L LR K RN 25 SR R JE R | B B AR A S LA S T AR O R G b
TN S, SR T R B ZE R AR A BT UK S R A K ORI AE R R T
F T A T Sk 2 BT DX TR I b ) ZE A T AR T K T K S T Al AR 4, B AR [RTI K f_E  JR IX TR
VB HBAR R TE 1955—2005 4FE (] FRE ™)

2.2 SAEASAE R Hb A 28 R G A5 A RN T RE AY R I

A b, - R AN A B B A AR EL AR P A =, T 0 AR SR R S i LA W R
YR FROPIET by ST RE SR ARG AT e O A S EEAEATY RIB A S RN
BRIy, AR = TE N A DA & e ARk, FEARINAE . (1) M A 5 8 P R A2 ]

http ; //www.ecologica.cn



2186 xR 43 4

FEKASERSZ 5 (2) E s S R R %V, B
1Y AS 1k R A% B 728 M = R 7 1) AN 1 S5 ALK 1Y o ik R
RO BEE SRR, S SIR T RS TR R
- HERRHECRE T30 K, TN M L R TR E R
HeolR ™ EE R RS IR T E BUE R )2 - R AR
I AR DR R AR | I AR PR R[] A+ 3 i oh
BTG PE S SR Y T R R T A e B A
TR 5 12 43 B A % B K 5 v 2E )
fe A LA A Y b B R RHR R | 25 R 3R W 5 9E
B 2 AR A2 RS ALK AR T Rl
O ARG R B RS LRI S it B EERRGE EawR O
WRRN G SR BRI E Y)Yk R ATV SRERC)
AN, SUEEAGEM IR IR 2A T B m2 SeausAkEsnsEsERRbRRt0NES 20
PR Az FL R B AR AR, ENIPEA RIS RRREE
{Ei&ﬂ@l@{tﬂ*ﬁ*,/ﬂiﬁ j:i% %ﬁﬁ E%ibﬂ, %%?Lﬁﬁ Fig.2 Types and directions of dominant impacts of climate
M B AR T o

T b AT Y [ R R b A S R R I A R A,
SR S RGO B YEZ — MR HIAE A D 2548 D RE AN AR A RRIE BE LR G S It b A AN PR 1) BEAS R 0N
IHRERRE | AARAS A X G R 7K A5 R B4 43 e T 52 i 35 b R e A 2 D A ) SR R, SR
RES T AR AL B I R B B AT B R  HE SR DL R — B 1 Fry Ao ] 125 8 ok 52 A 47 1) A A 0% S SORA FE IS
HAKBBEEE N, MY A SEREE A K KRR i s g r= i 201 SRR S
SO0 Hb A 5 R 1 3R A 7 R DA 3 1LV i DX 55 K YT U DX A 0 P A R 1) A3 A EDIE T A ) AR
AT A b X i FE R MR S T R A S B A S e R SR A A A R R AR
VIR Z e EVE b R BB RS AN R A A S YR R A SRR R b R R A A
Bl A TR TR S FE B AR A 3B 2 R I R T e R AOR T IR Y NDVI(H —fk Al
PAEE0) 5 GPP (WG r= 1) A58 7t EDTIE T Vil A R A O A R A

o FE N b ] v FE AR A 93X — T ], 4 v R B A A AR T 2 AR AR R BEE X — IR
B, e SR RS ARG Y 2, K o iR A R AR 9, O FLE S TR 4240 1 e ™ SR A T A 1Y
398 P RS A R AT ALY AR Ak VDAL R B AL MR R AL Yk SO AT E TR T UGB
WA SR

0 300km e A
— i

3 AEKEIXEREES R

UL A SRR R AL A R H 2 B B RS R e R Y 2% A A e, R R R A Y 2 A
SRR HR  FEARAE LRI 5T, WA A SIS xR i o, AR Ak e FE Rt A T
BT AR ER S SRR AR AR SME R B e e —E R BE X s i, AT shxd B AR A
F MBI AFERT, B INTE AR R 2 b SR AR S R A ORPE T o N B R ke 1 A A7 T
T3 ABG T AN A= M2 E T NN & 5F A 45 0916 K2 S EUR B AL i) EZE AR SN R, A%
B, NZETH SR TR A= 58 , S SU S A , S B DD MR i A 25 R G IR B T B, iR A
BRGAET RN TR, B RGN TSR L, K ST oK B 2 D RE H 4508055 , i PR 558 it
AEE ST e v S T AR AR ) N S8 Bl A ORI R Ve SR TT SR K R i

http ; //www.ecologica.cn



6 1) TR A RS 5 SRR Sl RS i B 5 e T S 2187

LR (AR R, NGB T T — R4 E R X R ) o FE R R A AR
3.1 R T 1 5 i)

PO A DX S CVBOE 1980 4F 2 2018 4RI I 185 1 A K 2 344 T3 A, 38 4E IS K 453 — 1% ; 7519
AR TIHUE 1980 42 2018 AEEI A 377 J7 AHEK 2= 603 J7 A A K T 226 J7 A, T e BN T f ALk 338
T AR B AAF T A A RO G & SRk IR T S AN B R it R 15, R T R e D ) e FE
HbAEAR T JRAE 1992—2015 A7) AR bbb RO T b S A R A S T AR R E Ol X
TR HL A RZ IR, TR SR XN T B R R B K [ SRV T B S R B B IR R, ik —
B[R] B pR e = X b D BE AL (A A TA TR R TR B 8 b e T B Rl B S, e T T R v R
PR AR, 51 & T — FR G XS PR (] R, 58 K 75 7R v i DS 508 R e 308 1 A e £ B R st B8 s A 1 Ay
g 0O MR R AR 2 T, 75T s T 4R 0, e E R M A2 i A S e TR (& 2) . K 2000 4EF] 2015
AR = R 57.05% (At 250.00 km®) AR HETE 2%, Hir 39.22% 6 Akl B, T 80X — NG KA Y
JE PR R 3 BE TR RORIF B AR A T FE R G SRR X, SR A A T b ] R A R 22 U R AR MV BEAT 6
HE| 9 H Rt 3 8 5 19 5 20, (B2 BPE 1 2 10 R B AN I I8 1) 3 2R 430 3 8, 30 P 465 et %) B 1) 5
SO A b ] R R R T BN 8 R A AR A A S kb T R R AR OB R o
A3, FEGRHERIL ™ PR F IO X A 0 G B s 2 5 SO b — o R A R 4, i B TR A A
WD M B R RCR T EER L, 5T T B 5 B S TE N A 43 b BT A B 1 1 AR R s G
BB I At BB A B A T R B B PR RN 2 R N, 5 R DR 2R A IR R A i S fer,
iR [ Bk RE S, R EGR KR E IR ad B O ol N R WA R B R A, i 51 MR Ak K
Bk e T S SR A SIS JF H VAR S BT T A B o s A T AR A AR e ) A AR
PE RS WAL, 5 FE R 35 e Ak iy 1o AR

T B A R A — Fh R R 28 7 R — M BIRE S AR S R e, Hop 2 /R 55 3 JR o A 25 v R K i Ui
Mo, Z B PAE D AR IL AR L BT B BEIRAERE , AN 20 28 70 AEARTT AR, Ve R R EIR R
3 B VR R VR R T R G BAT R, PR R TR s R AR S IR AN SRS SR B it , VB BT B
V- VA R ) - ) VD AL SR AR ORI AR A Bl 53 T B g Tl (4 VAR A e RE IR &
A= T ARk PR M G VR R TR e e 7 TR, R e SRR e b A S I R K R

B TN FHER AT SR AR 6 Bl A 7 I B R, AN B A OIS Sl AR R B i oh , N 848 72 A 1 RE UK
3 AT A A SR AR K A R R AR A PR AR TR RE K EEALIE AN E B E AR K ARl
BEFHACRT T K 76 B IR, NS 7= A T R 7K o i VA 0 0 Sl i A 7K (K, i 428 3 A M T 7K 3
) B 1.97% FUBIIAZE & 10 1.87% , 2 WA X575 M /K 7 52 0 sk /N
3.2 TREEROGHE b Y R

- bR P X A R R, TR A O X Y M T A A I Y, HL R R AKOR] R
SECT IR MO AE BRI AL K SCIR R ES 2B ) A M AR SRR SRV b 1) (AL & A BN TV A A A
MIMETITE . PRSI R R U ZR 21 A A S A8 1) R 2R G el AR T IR M A R, RIS SOUAME R
2 I 2 AR DX 3% b A i 7 g 2K (H T A AR BRI B A FIME A

T TR E T O 2 5 R (ELE TR BT AT I S T S5 L At Bh A K S L e o
OYHEEL, AR PR R Y5 AR B IR AR Ak 0T R I 1 A AR R B Ll T E 5 B A S K
I A A, Y M SO TE R R A A R A

N TR SHA B E WA, R IR B e R K AR . Hok , N TR A SR8 I8 05 429 18 T HEK M
4%, AR IE TR PR A, 1950 4F-3 1990 A [H] , A /R 55 B 20 R BRI gl B2 T BCA A
B DHET Ry R, SRR pol &, B, AR B AR EAE M Em A TR LKE
#iid 1000 km , 52 A T38 SEHEK S 00 A4 TR 10 A TR 20 R 648 km®, (5 TR I Hb sk /0 1 R Y 2797 K

http ; //www.ecologica.cn



2188 xR 43 4

PR AR A il A S BRI A S ARV A T S 2, R I e 36 3 2 52 BB K] TR R IR )
FIERT S BRI K LG 0800 T UK R AR AR, T W U 9 2 T 1 TR R 158 1 T 3t Yt
U DX 22 [E] K SCHR R | 3 iz XX B AL 2240 , AR e ek vh Wy, A R A A 7= 0 R (H
WAFAE PR Y ST O (3 1) SRR 3R 10T R TR 51 A R 0 0 J& 10 N\ T o S 25k (14
2) AU SIUREL 11 4 3k 7 L K FF A 0 J RS Ay e PR G e o s Jt ]

I3 —J7 I, K LR AR ] BE SRR M i A R . A T BT IA K R PR A SRR, D AR R AL T
FR UEARRAE T W) IR T T R B N T R R 3, A BTSNy, N AR S oK L4 HEE
AR MO K 3 DL R HOK S AB D 2 R EUBRAR AT F I WIRE K B, N T AR
AT RE S5 DR RS KL T W T ARD SR ITTARR , W I KA T A — @ R B LI ER T AN T Ak
i ] e S BOK AL T AL, A T3 AR REA R0 A2 it i ORIV E R T N T3 AR B2 T AR K
G AR TR L

FH T AT SR BOR S 1) — 2R 9 75 0 e J A 2 TR 0 A 458 A S R DR AP DX AR A g X0

AT RAESAMETTH | i FER MR ST BT A 5 RSO e 7 s ) R AR S IR A S R 5
PR MR T

T L e SR 3 1o FE VR M A2 B S A AL AT Sl O 1 R T e S A A Y
,ZBCFEF AR TAUGARA 2T S AR S5 T PR B S AR R R A LA
a5 X, I HL 9 AR b R FERME i GE AR Sl 70 Il SR G R AU Rt 5 A
R 2 (] LR AR i R RO LU ST R E A

4 PBERE

4.1 EHFEIRHE W DN O S AR A A A R

5k 2 R DCIONURE L 1490 4t 2 T M DM Sl B AR5 T R e D e 2 A AP 2 ) 5 P R DX ]
FEPEAS A, %) 75 6T e Jt o SE R IR A 7 H T 300 W D0, G 5 81 g D R B2 0 o A Sl R B A 7 o sl 24 i, A
HF A ) DX It 78 A 0, R R 1) BB, TRUMI 2 25 PR 553 X, Xof s 288 DO A 7 T AL OR AP, ) i
Mo LA TN BRI , T i Tk 3t A Ok ) AL A 25 F, W A8 A A 34 T BB A A KU, S A7 A )38 i A 285 1)
FIHEAT IR B, R vl B8 Y XSS AT 75 2 MR aRE - ] IRl i AN ] 228 SR8 JIR B9l L | (45 4% 2R 4500 2 ) e
SR A TET 5 LU, 340 e SRR L O S R8s A ERR IR SRk
4.2 SEFRAURER mIER M AR S R G AL

SARARATEN | i FERR A 25 R GEK SO e e A= e Bl BTG I, R WS PR AR, Sh e 9t D2
AT R FaE K AL AR BE RGN 38 B M 78 B R MR R M e HE O T, w] REXT e AR IE BT,
Bk — AP AR X Sl R A A R TR AR E T, (A A ) 2 R A, S R A= AR S G
HH AT REVE L, SR SR BT R LUK A AR I B R 4P 3 BT A K A S D0 I IR A AT
R BRSO T, M B B A o 14 4 55 288 oy T O LA A 7 B0 £ W s 0 T SO B, Ol T i 2 %
BOE 20 B U R R 2 (Ao 1 ) LIS A S LR AR A

A e e B A A e FERE K SC- AR A AT T R RO ST, R R A R PR AR S R SRR
AT R AT IR BRI, AL A v FERR AR LR 7 0 B SR A, S v TR A 25 R G K SC- L
B, £35S AT R R L 3R AR 2 R R A AR L] , S48 e FE R M A A R G ALY A 98
P, TR frg R0l A 25 2R G0 IX B AR AL A IR
4.3 RANKE S R A S R G AL O

NI Bl 0 v FE R A C AT WS008 2 LR R Rt DX 2 — T 2R3 sl i ELASZ i), JR ol X 22
il N SRR AN | BT BAR SR — ISR S W AT 1 BONIRABESE  (H R R 25X T i 28 R

http ; //www.ecologica.cn



6 1] TR A RS 5 SRR Sl RS i B 5 e T S 2189

RIZIEAR, N T FE IR 25 FR 58 N FRAE A - 7K SC- - 352 W AL e AN 08 BT AfG 5 I 2 % v T N 260 3 32
WA TAESE R, BN AR bR GDP A 1 Kk P 7 ik S FR R, S BEMR BN A2 25 R G F R OB
il o PRI, 405 W A e FE R A 25 R G BT RO b 285 RS [R) A9 N0 3l 07 O HL s i it s e e ol v
J b X PRI 8 F AR AL AN ZRIE SRS Y ZR- 5 % LG, LAHOR 8 78 AT Sl me T A0 7 58 e Jt v JE I AR 2 &R
SRR AL, TR RS S s R A S R G AP A

RSN, A Ja RN AR A5 I St A A B R S AL O 28 S 0I5, A v it DXl R R SR
JEE R 2R o TE L S5 LS SRy - AR A5 R T R LT 5
4.4 TR A FEE ML A ) BRIR O ] A

TR g S S YN KB | Rl A 45 B AR T 4% 28 b 2 25 A /K 0 TR0 DX A Je EL A S s 25 5,
MR 51 e BT BRSO 5 2 s R T i N R AR TG AR L 2 A J AR O . g 17 B s A v L 2 A Y
SN, it ZEFUN 5 AU A8 A R A K A R ke 0 9 T DIt DA S R AN (] AL, R B WVA 5K TR
LA RO Ui A A XUBSE Rt AR i X T i ) 7K SO RO LU RIS BE 7, Dol VAN 1 1 DXL
FERE B S5 B A, PRAUE I oKk 22 4x Byt 2 ef A 252 4

S % 30k ( References) ;

[1] GuoM, LiJ, Sheng C L., XuJ W, Wu L. A review of wetland remote sensing. Sensors, 2017, 17(4): 777.

[ 2] Mahdavi S, Salehi B, Granger J, Amani M, Brisco B, Huang W M. Remote sensing for wetland classification: a comprehensive review. GIScience
& Remote Sensing, 2018, 55(5) : 623-658.

[3] Junk W], An S Q, Finlayson C M, Gopal B, Kv&t J, Mitchell S A, Mitsch W J, Robarts R D. Current state of knowledge regarding the world’s
wetlands and their future under global climate change: a synthesis. Aquatic Sciences, 2013, 75(1) : 151-167.

[4] HuS]J, NiuZG, Chen Y F, Li L F, Zhang H Y. Global wetlands; potential distribution, wetland loss, and status. Science of the Total
Environment, 2017, 586 319-327.

[ 5] Melendez-Pastor I, Navarro-Pedreiio J, Gomez I, Koch M. Detecting drought induced environmental changes in a Mediterranean wetland by remote
sensing. Applied Geography, 2010, 30(2) : 254-262.

[ 6] Misch W J, Bernal B, Nahlik A M, Mander U, Zhang L, Anderson C J, Jgrgensen S E, Brix H. Wetlands, carbon, and climate change.
Landscape Ecology, 2013, 28(4) . 583-597.

[ 7] Pester M, Knorr K H, Friedrich M W, Wagner M, Loy A. Sulfate-reducing microorganisms in wetlands-fameless actors in carbon cycling and
climate change. Frontiers in Microbiology, 2012, 3. 72.

[ 8] Junk W J. Current state of knowledge regarding South America wetlands and their future under global climate change. Aquatic Sciences, 2013, 75
(1): 113-131.

[9] MaoDH, Tian Y L, Wang Z M, Jia M M, Du J, Song C C. Wetland changes in the Amur River Basin: differing trends and proximate causes on
the Chinese and Russian sides. Journal of Environmental Management, 2021, 280 111670.

[10] Wang X L, Ning L M, Yu J, Xiao R, Li T. Changes of urban wetland landscape pattern and impacts of urbanization on wetland in Wuhan City.
Chinese Geographical Science, 2008, 18(1): 47-53.

[11] Seto K C, Fragkias M. Mangrove conversion and aquaculture development in Vietnam: a remote sensing-based approach for evaluating the Ramsar
Convention on Wetlands. Global Environmental Change, 2007, 17(3/4) . 486-500.

[12] Erwin K L. Wetlands and global climate change: the role of wetland restoration in a changing world. Wetlands Ecology and Management, 2009, 17
(1): 71-84.

[13] Kingsford R T. Ecological impacts of dams, water diversions and river management on floodplain wetlands in Australia. Austral Ecology, 2000, 25
(2): 109-127.

[14] TImmerzeel W W, van Beek L P H, Bierkens M F P. Climate change will affect the Asian water towers. Science, 2010, 328(5984) ; 1382-1385.

[15] Xue ZS, Lyu X, Chen Z K, Zhang Z S, Jiang M, Zhang K, Lyu Y. Spatial and temporal changes of wetlands on the Qinghai-Tibetan Plateau from
the 1970s to 2010s. Chinese Geographical Science, 2018, 28(6) : 935-945.

[16] Meng W Q, He M X, HuB B, Mo X Q, Li HY, Liu B Q, Wang Z L. Status of wetlands in China; a review of extent, degradation, issues and
recommendations for improvement. Ocean & Coastal Management, 2017, 146 50-59.

[17] Shen G, Yang X C, Jin Y X, Xu B, Zhou Q B. Remote sensing and evaluation of the wetland ecological degradation process of the Zoige Plateau

http ; //www.ecologica.cn



2190 JAE = 43 4

[18]

[19]

[20]
[21]

[22]
[23]
[24]
[25]
[26]
[27]
[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

[44]

Wetland in China. Ecological Indicators, 2019, 104, 48-58.

Kuang X X, Jiao J J. Review on climate change on the Tibetan Plateau during the last half century. Journal of Geophysical Research: Atmospheres,
2016, 121(8) : 3979-4007.

Zhang D L, Huang J P, Guan X D, Chen B, Zhang L. Long-term trends of precipitable water and precipitation over the Tibetan Plateau derived
from satellite and surface measurements. Journal of Quantitative Spectroscopy and Radiative Transfer, 2013, 122 64-71.

TR, M, TR PR B DR A e e s PR 5 R A SR 2014, 12(1) : 7-14.

Xue Z S, Zhang Z S, Lu X G, Zou Y C, Lu Y L, Jiang M, Tong S Z, Zhang K. Predicted areas of potential distributions of alpine wetlands under
different scenarios in the Qinghai-Tibetan Plateau, China. Global and Planetary Change, 2014, 123, 77-85.

SR, RV, JRE. SRR RN R A S M R W AR AR N L 3R, 2020, 75(2) ¢ 255-267.

Sy, ST AR R RIR R IR R R A S R R MR, 1963, 29(3) : 219-240.

JEARE, R, R, B TR i S BB B 5 BRI . PR ARl AR, 1999, 12(S1) : 69-74.

Mok 2. T BRI P B S e o [ b B2 0 5 O S B S R . Bk fb JEE | 2002, 17(4) + 508-514.

RN, SRR P ERRH R RGPS MOl RRARESE, 2003, 16(5) @ 531-539.

XA, E, WA, MO, ARG8T 3T 30a FEE O T = FE R M S 2572 1k B X S B A it B AR 7S 5 AR TR B 2% 4R, 2016,
32(2): 243-251.

Zhang Y L, Wang C L, Bai W Q, Wang Z I, Tu Y L, Yangjaen D G. Alpine wetlands in the Lhasa River Basin, China. Journal of Geographical
Sciences, 2010, 20(3) : 375-388.

Zhang Y, Wang G X, Wang Y B. Changes in alpine wetland ecosystems of the Qinghai - Tibetan plateau from 1967 to 2004. Environmental
Monitoring and Assessment, 2011, 180(1/4) . 189-199.

BRYF, AARE, BEEBL, W dEAs. 1 RO I S AT, IO 5 BB, 2021, 46(2) : 230-237.

R, SRIEUR, BEaf, XV, 3k, RS, shiRr. B RO 40 AEWIAR A EEERI S R H. P EBEBEBE T, 2019,
34(11): 1254-1263.

Zhang G Q, Yao T D, Chen W F, Zheng G X, Shum C K, Yang K, Piao S, Sheng Y W, Yi S, Li J L, O'Reilly CM, Qi SH, Shen SS P,
Zhang H B, Jia Y Y. Regional differences of lake evolution across China during 1960s- 2015 and its natural and anthropogenic causes. Remote
Sensing of Environment, 2019, 221 386-404.

Zhang G Q, Luo W, Chen W F, Zheng G X. A robust but variable lake expansion on the Tibetan Plateau. Science Bulletin, 2019, 64(18) ; 1306-
1309.

Liu Z F, Yao Z J, Wang R. Automatic identification of the lake area at Qinghai-Tibetan Plateau using remote sensing images. Quaternary
International, 2019, 503 136-145.

Zhang G Q, Yao T D, Xie HJ, Yang K, Zhu L P, Shum C K, Bolch T, Yi S, Allen S, Jiang L G, Chen W F, Ke C Q. Response of Tibetan
Plateau lakes to climate change: trends, patterns, and mechanisms. Earth-Science Reviews, 2020, 208. 103269.

B, SRAEGR, SEEAE, WK, ZEste, BI/NE, SRR 2000 4 IR T 0w R0 90 T AR AR Ak 55 AU T R MmN 0GR IRk
2019, 31(2): 573-589.

Tang L Y, Duan X F, Kong F ], Zhang F, Zheng Y F, Li Z, Mei Y, Zhao Y W, Hu S J. Influences of climate change on area variation of Qinghai
Lake on Qinghai-Tibetan Plateau since 1980s. Scientific Reports, 2018, 8(1): 7331.

Zhang Z X, Chang J, Xu CY, Zhou Y, Wu Y H, Chen X, Jiang S S, Duan Z. The response of lake area and vegetation cover variations to climate
change over the Qinghai-Tibetan Plateau during the past 30 years. Science of the Total Environment, 2018, 635, 443-451.

Zhao Z L, Liu F G, Zhang Y L, Liu L' S, Qi W. The dynamic response of lakes in the Tuohepingco Basin of the Tibetan Plateau to climate change.
Environmental Earth Sciences, 2017, 76(3) : 137.

P e, P R, JEFEE, BRI 1975-2013 A PUEURUAG S5 T AS 16 Ko B WIIARLS:, 2016, 28(6) : 1338-1347.

Zhang X X, Wang R, Yao Z J, Liu Z F. Variations in glacier volume and snow cover and their impact on lake storage in the Paiku Co Basin, in the
Central Himalayas. Hydrological Processes, 2020, 34(8) : 1920-1933.

Pekel J F, Cottam A, Gorelick N, Belward A S. High-resolution mapping of global surface water and its long-term changes. Nature, 2016, 540
(7633) . 418-422.

Zhang G Q, Yao T D, Piao S, Bolch T, Xie HJ, Chen D L, Gao Y H, O'Reilly C M, Shum C K, Yang K, Yi S, Lei Y B, Wang W C, He Y,
Shang K, Yang X K, Zhang H B. Extensive and drastically different alpine lake changes on Asia’s high plateaus during the past four decades.
Geophysical Research Letters, 2017, 44(1) ; 252-260.

Song C Q, Huang B, Ke L H, Richards K S. Remote sensing of alpine lake water environment changes on the Tibetan Plateau and surroundings: a

review. ISPRS Journal of Photogrammetry and Remote Sensing, 2014, 92. 26-37.

http ; //www.ecologica.cn



6

SRR A RS G NS SR R i A4 5 e AT 5 2191

[45]

[46]

[47]

[48]

[49]

[50]
[51]

[52]

[53]

[54]

[55]
[56]

[57]
[58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]

[68]

[69]
[70]

[71]

[72]
[73]

Lei Y B, Yao T D, Yang K, Sheng Y W, Kleinherenbrink M, Yi S, Bird B W, Zhang X W, Zhu L, Zhang G Q. Lake seasonality across the
Tibetan Plateau and their varying relationship with regional mass changes and local hydrology. Geophysical Research Letters, 2017, 44 (2) .
892-900.

Zhang Y, Zhang G Q, Zhu T T. Seasonal cycles of lakes on the Tibetan Plateau detected by Sentinel-1 SAR data. Science of the Total Environment,
2020, 703 135563.

Jiang W G, Lv J X, Wang C C, Chen Z, Liu Y H. Marsh wetland degradation risk assessment and change analysis: a case study in the Zoige
Plateau, China. Ecological Indicators, 2017, 82: 316-326.

Bai ] H, Lu Q Q, Zhao Q Q, Wang J J, Ouyang H. Effects of alpine wetland landscapes on regional climate on the Zoige Plateau of China.
Advances in Meteorology, 2013, 2013, 972430.

BERC, made, Wi, ook, XU, BOEN, SR, KR TR AR SE T R 3 L (b B H R S R TS Wl E AR,
2020, 29(1): 13-27.

KPR, ERG, B, K%, BRI, RILE TR DR A0 B 2 22 (0 B A= 327 4i, 2015, 35(18) : 6173-6182.

Chu H B, Wei J H, Qiu J, Li Q, Wang G Q. Identification of the impact of climate change and human activities on rainfall-runoff relationship
variation in the Three-River Headwaters region. Ecological Indicators, 2019, 106: 105516.

Yang R M, An R, Wang H L, Chen Z X, Quaye-Ballard J. Monitoring wetland changes on the source of the Three Rivers From 1990 to 2009,
Qinghai, China. IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, 2013, 6(4): 1817-1824.

Li X L, Xue Z P, Gao J. Dynamic Changes of Plateau Wetlands in Madou County, the Yellow River Source Zone of China: 1990-2013. Wetlands,
2016, 36(2) : 299-310.

Zhao Z L, Liu L S, Wang Z F, Zhang Y L, Li L H, Liu F G. Dynamic changes of plateau wetlands in the Damqu River Basin, Yangize River
Source Region, China, 1988-2015. Wetlands, 2020, 40(5) : 1409-1424.

WAL, RO, BRI, ZRIERE . R AN X R AR AR AL, Bl AR, 2005, 50(21) @ 2403-2408.

kR, LER, ZHmAe, ERIE. T 50 4Rk SEIK R £ #3002 BT B AR T S04, AR KRB, 2007, 37(4)
752-758.

iR PR 75 9 SR ot B 4 (2016) . R R T ERLEBE A, 2019, hitp ://dx. doi.org/10.11888/BaseGeography. tpe.249465 file.
Orlowsky B, Seneviratne S I. Global changes in extreme events: regional and seasonal dimension. Climatic Change, 2012, 110(3/4) : 669-696.
Liu X D, Chen B D. Climatic warming in the Tibetan Plateau during recent decades. International Journal of Climatology, 2000, 20( 14) .
1729-1742.

Song Y L, Wang C Y, Linderholm H W, Tian J F, Shi Y, Xu J X, Liu Y J. Agricultural Adaptation to Global Warming in the Tibetan Plateau.
International Journal of Environmental Research and Public Health, 2019, 16(19) : 3686.

Jiang P H, Cheng L, Li M C, Zhao R F, Huang Q H. Analysis of landscape fragmentation processes and driving forces in wetlands in arid areas: a
case study of the middle reaches of the Heihe River, China. Ecological Indicators, 2014, 46, 240-252.

e, Tk, s, BRI, BJEE, ARTCHE. SARAE T r [ P A 18] S A R 3R AR S D RE R R BT JR AR, 2016, 14

(5): 710-716.

XUSEWI. i RGN A ARG AR R I OCRITSE. SERHL, 2012, (2): 1-2

FREE, WHEA, HEB, FFR, R R KOR AR S TRA E RS Mﬁ;‘%wﬁﬁéﬂi, 2009, 24(4) : 683-690.

FRE, R, B, B%E, XIFEHE. RICHE RN KRR B R PR, 2011, 30(1) ; 49-56.

Zhang G Q, Yao T D, Shum C K, Yi S, Yang K, Xie H J, Feng W, Bolch T, Wang L, Behrangi A, Zhang H B, Wang W C, Xiang Y, Yu] Y.
Lake volume and groundwater storage variations in Tibetan Plateau’s Endorheic Basin. Geophysical Research Letters, 2017, 44(11) ; 5550-5560.
Biskop S, Maussion F, Krause P, Fink M. Differences in the water-balance components of four lakes in the southern-central Tibetan Plateau.
Hydrology and Earth System Sciences, 2016, 20(1) : 209-225.

Guo Y H, Zhang Y S, Ma N, Xu J Q, Zhang T. Long-term changes in evaporation over Siling Co Lake on the Tibetan Plateau and its impact on
recent rapid lake expansion. Atmospheric Research, 2019, 216: 141-150.

TS, PR, B, P, sRiG L. 5K i M e 2R O 25 B AR AE B R . K R ARFEIFST, 2019, 26(1) : 234-239.
Xiang S, Guo R Q, Wu N, Sun S C. Current status and future prospects of Zoige Marsh in Eastern Qinghai-Tibet Plateau. Ecological Engineering,
2009, 35(4) : 553-562.

Wang R, He M, Niu Z G. Responses of alpine wetlands to climate changes on the Qinghai-Tibetan Plateau based on remote sensing. Chinese
Geographical Science, 2020, 30(2) : 189-201.

INGERT, RKHF, TR, BE, MR, HoKIE. 26 LB AR H BeHEB 2 AT sk . A 352741, 2011, 31(18) : 5379-5386.
K, AOBIGE, AR, AR, AL RS AR VR + S M AR S BRI . dEathll K244, 2003, 25(6) : 91-93.

http ; //www.ecologica.cn



2192 JAE = 43 4

[74]

[75]

[76]
[77]

[78]
[79]
[80]
[81]
[82]

[83]
[84]
[85]
[86]
[87]
[88]
[89]
[90]
[91]
[92]
(93]
[94]
[95]
[96]
[97]
[98]
[99]

[100]

[101]
[102]

[103]

[104]

[105]

[106]

ZEEE, FARTh, BIMEME, BREk, ABEE, XISCHE, /N, EIY. Bk 22 R IR R AR R B T RESh AT, AR5, 2018, 38
(24) : 8700-8707.

Dong L Q, Yang W, Zhang K, Zhen S, Cheng X P, Wu L H. Study of marsh wetland landscape pattern evolution on the Zoigé Plateau due to
natural/human dual-effects. Peer], 2020, 8 €9904.

WA, WRIAHE. TR R VKRG K AR T A . H 2R Z4E, 2010, 32(1) : 4-8.
ks, 228 RRURL, XIRA, IR, T3h, T&, WEE, KR, FMSY, NiEME, K, S, XINE, BURT, TSR, FE
Chen D L. 7 5 5 ) 1142 i A8 A B H S i o it Jj8. Fl245d 4t 2019, 64(27) : 2807-2821.

WENI, 256k, VI, ARG, Mk, ZRREE. BOIER X R K R TR AR I SR e R . AR, 2007, 62(3) ¢ 312-320.
FLU, ZEHm, K, Fa. Wi E e R IR BRI e TR A A (L S VR, BREERME 5HOR, 2008, 31(9) : 62-66, 128-128.

WA, kg, PER. FRE R AR A BRI IT HER. LA, 2006, 24(S1) : 266-274.

WAESS, FJE, EHEAL. P EZEXIBHATF R, Y%L, 2011, 33(1) : 197-204.

vy, S, WA, REF. = R R RN A Kk 2R W RN OGRS R K B AR A e Ry e LR 2 AR, 2011, 27(3) ¢
425-430.

RERLYVE, WS K, skubs ) Bmusl, ook, /R s iR A /v - HOKIFR SR D RE. AR5k, 2011, 31(19) : 5780-5788.

R, WK, Ak, BN, AR B R B R A I . AR 2009, 7(3) @ 280-288.

TREE, TIE. SRR IR SR SR S T 53R IR AR R | 2012, 35(4) : 74-81.

RIS WHERE. TR E AR B o0 A A 7= J0 52 i B B ASE L. A0 SR BERTST, 2006, 11(5) ; 582-592.

ZEYAE, BHTA, B, IR, TRARVE. AR L AL e N AR AR A B A3, vK)IER 1, 2003, 25(3) : 243-249.

rkAE, MBERR, RS, FARGE. VLI IX & FE R A Y T SR TR AN (] DG R A0 AT, R4, 2011, 9(1) : 1-7.

XLLE, ABIF. #5R w6 0 R 5 IR b B S LR i, SR VRIR44R , 2006, 21(5) : 810-818.

X, BT, B, KEH. T =TS IR AR % IR st ke, AEA% ik, 2019, 38(3) : 856-862.

FIZELr, BRBHAE, #aadd, 0L, EIilE, THRE S0k R A (e sT il . BRIk | 2005, 24(4) : 36-45.

FRERIR, fTHa2F. ANHOT 50 i 2 A AR Ak S LBR B 5T 1Rk, 2005, 3(1) : 54-59.

D, 2250, 2k, R, oK. A0 = A UNR A S R G AR, RS, 2005, 25(3) ; 408-414.

Yang G, Peng C H, Chen H, Dong F Q, Wu N, Yang Y Z, Zhang Y, Zhu D, He Y X, Shi S W, Zeng X Y, Xi T T, Meng Q X, Zhu Q.

il

\

<

Qinghai-Tibetan plateau peatland sustainable utilization under anthropogenic disturbances and climate change. Ecosystem Health and Sustainability,
2017, 3(3) : e01263.
Wu D, Chen F H, Li K, Xie Y W, Zhang J W, Zhou A F. Effects of climate change and human activity on lake shrinkage in Gonghe Basin of
northeastern Tibetan Plateau during the past 60 years. Journal of Arid Land, 2016, 8(4) . 479-491.
LiHY, Mao DH, Li XY, Wang Z M, Wang C Z. Monitoring 40-year lake area changes of the Qaidam Basin, Tibetan Plateau, using Landsat
time series. Remote Sensing, 2019, 11(3); 343.
Li Z W, Wang Z Y, Brierley G, Nicoll T, Pan B Z, Li Y F. Shrinkage of the Ruoergai Swamp and changes to landscape connectivity, Qinghai-
Tibet Plateau. CATENA, 2015, 126 155-163.
Huang L B, Bai J H, Yan D H, Chen B, Xiao R, Gao H F. Changes of wetland landscape patterns in Dadu River catchment from 1985 to 2000,
China. Frontiers of Earth Science, 2012, 6(3) : 237-249.
SRERER, XUbkil, EIREE, A, T, £FL, AL, YR, RE, slite, XIBok, Bk, XEst, FBEE. 5 R s LA
TS BRI 23 FHAE. Bhfidk, 2019, 64(27) : 2865-2875.
Zhang Y H, Yan J Z, Cheng X, He X J. Wetland changes and their relation to climate change in the Pumqu Basin, Tibetan Plateau. International
Journal of Environmental Research and Public Health, 2021, 18(5) : 2682.
Nie Y, Li A N. Assessment of alpine wetland dynamics from 1976-2006 in the vicinity of mount Everest. Wetlands, 2011, 31(5) : 875-884.
Wei D, Zhao H, Huang L, Qi Y H, Wang X D. Feedbacks of alpine wetlands on the Tibetan Plateau to the atmosphere. Wetlands, 2020, 40
(4) . 787-797.
Shen G, Yang X C, Jin Y X, Luo S, Xu B, Zhou Q B. Land use changes in the Zoige Plateau based on the object-oriented method and their
effects on landscape patterns. Remote Sensing, 2020, 12(1) . 14.
Farrington J D, Zhang X L. The black-necked cranes of the Longbao national nature reserve, Qinghai, China. Mountain Research and
Development, 2013, 33(3); 305-313.
Song HT, Zhang Y S, Gao H F', Guo Y H, Li S N. Plateau wetlands, an indispensible habitat for the black-necked crane ( Grus nigricollis) -a
review. Wetlands, 2014, 34(4) : 629-639.
Yu X F, DingSS, ZouY C, Xue Z S, Lyu X, Wang G P. Review of rapid transformation of floodplain wetlands in Northeast China: roles of

http ; //www.ecologica.cn



6

SRR A RS G NS SR R i A4 5 e AT 5 2193

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118
[119
[120
[121

human development and global environmental change. Chinese Geographical Science, 2018, 28(4) : 654-664.
LXY,XuHY, Sun Y L, Zhang D S, Yang Z P. Lake-level change and water balance analysis at Lake Qinghai, West China during recent
decades. Water Resources Management, 2007, 21(9) : 1505-1516.
Chang B, He K N, Li R J, Sheng Z P, Wang H. Linkage of climatic factors and human activities with water level fluctuations in Qinghai Lake in
the northeastern Tibetan Plateau, China. Water, 2017, 9(7) : 552.

HRR BT AR A S RSN BT D] AR PURSSE R, 2008,
ZERF , FELURT. KR TR O A S RSS2, RIT IR 53035, 2003, 12(6) : 547-551.
XUPEDE, 2507, B3, FET Landsat-8 5 GF- 1 TR MR I35 1620 Y 8l 2 T 2. 751t [ L 22, 2016, (1) 55-59.
Feng X M, FuBJ, Piao S, Wang S, Ciais P, Zeng ZZ, Lii Y H, Zeng Y, Li Y, Jiang X H, Wu B F. Revegetation in China’s Loess Plateau is
approaching sustainable water resource limits. Nature Climate Change, 2016, 6(11): 1019-1022.
Jackson R B, Jobbagy E G, Avissar R, Roy S B, Barrett D J, Cook C W, Farley K A, Le Maitre D C, McCarl B A, Murray B C. Trading water
for carbon with biological carbon sequestration. Science, 2005, 310(5756) : 1944-1947.
Zeng J, Chen TY, Yao X W, Chen W X. Do protected areas improve ecosystem services? A case study of Hoh Xil nature reserve in Qinghai-
Tibetan Plateau. Remote Sensing, 2020, 12(3) : 471.
Huang L, Shao Q Q, LiuJ Y, Lu Q S. Improving ecological conservation and restoration through payment for ecosystem services in Northeastern
Tibetan Plateau, China. E(:osystem Services, 2018, 31, 181-193.
R, TR, R, RE, g TR, BAE. RS TIRE SR JE A =R E S B AR O XA O G A 7 T S
AZ R, 2016, 24(2) ; 127-135.
Miehe G, Schleuss P M, Seeber E, Babel W, Biermann T, Braendle M, Chen F H, Coners H, Foken T, Gerken T, Graf H F', Guggenberger G,
Hafner S, Holzapfel M, Ingrisch J, Kuzyakov Y, Lai Z P, Lehnert L, Leuschner C, Li X G, LiuJ Q, Liu S B, Ma Y M, Miehe S, Mosbrugger
V, Noltie H J, Schmidt J, Spielvogel S, Unteregelsbacher S, Wang Y, Willinghofer S, Xu X L, Yang Y P, Zhang S R, Opgenoorth L, Wesche
K. The Kobresia pygmaea ecosystem of the Tibetan highlands-Origin, functioning and degradation of the world’s largest pastoral alpine ecosystem :
Kobresia pastures of Tibet. Science of the Total Environment, 2019, 648, 754-771.
TR, WAL, TR, BTIC, EEIR. PUMA SR e bR SE B TR R WA SN, [ IRT IR, 2018, 33(3) : 398-411.
BEAE, FRUE, #ii. 1990-2001 @éﬁsvuﬁ'anh%‘%mi%‘iﬂi{ﬁi@f@djmg{w VKNV, 2007, 29(6) ; 874-881.
TR TR I 32 AR A A R 2 TR B [ B M, 2015, 27(3) ¢ 99-107.
Niu Z G, Zhang HY, Wang X W, Yao W B, Zhou D M, Zhao K'Y, Zhao H, Li N N, Huang H B, Li C C, YangJ, Liu C X, Liu S, Wang L,
Li Z, Yang Z Z, Qiao ¥, Zheng Y M, Chen Y L, Sheng Y W, Gao X H, Zhu W H, Wang W Q, Wang H, Weng Y L, Zhuang D F, LiuJ Y,
Luo Z C, Cheng X, Guo Z Q, Gong P. Mapping wetland changes in China between 1978 and 2008. Chinese Science Bulletin, 2012, 57(22) .
2813-2823.

http ; //www.ecologica.cn



