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Abstract

The frequent occurrence of extreme natural disasters caused by climate warming poses great chal-
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lenges to the structure and function of global ecosystems. With special geographical conditions and
fragile ecological environment, the Qinghai-Tibet Plateau is more sensitive to climate than other
regions. As the main vegetation type on the Qinghai-Tibet Plateau, grassland has a significant im-
pact on the entire ecosystem of the Plateau. Therefore, it is of great value to study the phenological
changes of grassland on the Plateau. In this paper, the GOSIF data set is used to construct the index
of SIF (Sun-Induced Fluorescence), while Sen slope estimation is used to explore the spatial-temporal
evolution pattern of grassland phenology over the Tibetan Plateau, and the conclusions are as fol-
lows: 1) The greening period of grassland on the Qinghai-Tibet Plateau was mainly concentrated
between the 110th and 140th day, and its spatial distribution was significantly different, and it
gradually delayed from southeast to northwest. The yellowing stage was mainly concentrated be-
tween the 260th and 280th day, and there was no significant pattern in its spatial distribution. The
growing season length mainly concentrated in 130~189 days, and the spatial distribution pattern
was also obvious. The growing season length gradually decreased from southeast to northwest. 2)
From 2001 to 2020, the interannual change trend of grassland greening stage on the Qinghai-Tibet
Plateau was advanced by 0.23 d/a. The interannual variation trend of the Tibetan Plateau grass-
land yellowing stage was delayed as a whole by about 1 d/a. The length of grassland growing sea-
son on the Qinghai-Tibet Plateau also showed an overall lengthening trend, extending by about 1
d/a.
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1. 518

AERAAE AR AR TR T IS B, R A S TR R SR S AL R SGE I B . IPCC (Intergo-
vernmental Panel on Climate Change)fH k5 e H: H 1950 FELIK, ERAUERF KL TiEE£JLTH4FER
MABTHAEL; 1880~2012 4E[A], fEAFINH, SBERARZHIXEE)] T —E MR ERE, FHF
1% 0.85°C; 1990~2010 1Y) 30 4F 1), &R EE LAl T 1850 4F LIKATA Iy A MR, A BRAURAR
BRI O AN AR B F 2 [1] . AURASRE 51T i bk, T 52 W S 3 AR K FHHUR, X ARRAES
RGLE AN REIE B Rk . MR NS KRR MYIF LT3, AT RGN EEHREER,
WK R KL - 13 - KARHAR A SR EZMN L. I, s S 8 % RA A J7 T
RIEEATBERIGVER, HE 5 AR S W S A A A AR 1, oS otz —
[2]o Wi 2 — ) A FE SR A 1A A 3 Jo) 3 DA o Jo) S B R e B 2= T R4 PRI S B R k), B2
A3 ER B A I R S MR T A IR A T A 1 A5 S K TR SR T AR T DR S JE A
IR P AR KA AL, ANME B R A ) B S RFAE, 18 BRI B T 22 AR 25 ZR Gt SR Ak e SRR B
LA, FERE BB IE, A S AEKKE IR HI 7 — e BN SR, ERRKBRMNRET
TN AR A T B S AR SR R AR T 52 B AH OG5 1R G [3]

T8 e S LA S K i R R S, T8 4000 m DL B, RS Bl s, BOER SR, AEKER
HEE AT R SRR, AR LA T T E, BB SRR B S ARG S5 I AR AR, A
NAERAAL T BUR X 3. 1980s HHALISK, T R i J5E 28 I Hh P 8 Ui 3ol 3t ) 40 FL At X (R A £, 12 X3
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FR PS03 A 10 4 TH44 0.4°C [4], S B L DX 5 4 T B DX 10 R , el oAb 2R
B R AR R AL IO A, B e SRR A0 (A F B (AL S R ) T 1 SR
A T L TR 40%Bh 1, 7647 RGEHO TR 5258 0y T R AR 45 0 ELEE O (5], EL s R AR
S T R R, MRS 6095 47, S HEAN I B A R G AT 2
WG], B, ST S R A AT AU MR 2 0 A R R, AR
S RGEM AL, T 74 T S5 A AR PR B R S Al Ao R T AT 92 S S, ML AT
il ABRA AR L F A2 RGBT — AR L],

2. ARXENR
2.1, MIBMIE

T ) P 6 R L R, Jbik Bl BRI AR IE ILIEES, AT 25°~40°N, 68°~105°E
Z [8][8] [9] [10], KB4y b X A7 T-FRE 55, (A A DHED S X AP R IR HTHE | B UREZANE XK,
BTHAZ 25 x 10° km?, K2y R E AR =02 A A [11] [12] [13]. 7556w R i3k 7 B 1E
3000~5000 K [H, KB T ZRKEUETRSG, = HE AR FERIER, HKTIENFE 0
HAA “MWPKIE” 3%, WRIE B R ESHM ARG =L IR A 50 [14] [15] [16].

2.2. SIRFFE

R BRI R T LR AR S 4 5m 2, Ml s S =2 R LRSS E X
FLZHORKMYERE, EMIER L, ZpSEEEME, BREKR, IWEWRE, EXRMEESAMET
S KBHE s, HFEW A R X e b X R by [17], BN Z . Bk, HiEe R ek
B ST DINERG . AZRFEAEK, BEFEEREZW, TS, £ RKX[18].

2.3. EHHIE

Hik e R E A, RIREMER A, B NELEA. SENE M. e
ERMREART . BB R, Sl FeE . S IEEEE . B MR L i A SRR B )\ Fh, Hoe
B AR TR, AT ST OR[19]. Tk SRt R IR E E AR IERIX, PIFERA . Bk s
RN E I, REMEEL, (HREARBEHBA, BTG FEAR[12].

3. BEkRiESMERE
3.1. HEHABBUE

AR RAEHE KA 1:100 54 E A g R BB, SRIE T b B R 2 Bt 0F JR A 8 B A ot
(nttp://www.resdc.cn/). ZEHE G B 22 IR R g MAH KRBT #T T X SR 250 A& FKILF g,
VEAH S T P [ 22 P Ak R TR 11 A 175 000 B KT AN 2 B M Ik 0 S, R AT A A AR AN AR S
B EES R . ZEAR A A 3N 1 km, € XCH Albers $5%, 7F ArcGIS R, &
AL TS R R AR TSRS R R 4 PR RL (L 1),
3.2. BREUE

K FHE 5 2% 2 2% 6 (Sun-Induced Fluorescence, SIF)/E T % 18 RFE 2, 248 B 75 R BH G 1) HE 5

T HEAE O EER M IS E S, IR IR EL(690 nm)FIiT 21 Y63 B (740 nm) H B FT N Ig
fE[20]. SIF RREMIIHAMLGEE L B, 20T NDVI &5 Atk 4 B sk R AL ARG S VE R e e %, 1
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REFWEZ 2 H S EKKRE TSR s S ER, B TR Y [21]. AR, RERE
HKMAR[E, {H GPP 5 SIF A CIEMRAR R 4T, mubiil, SIF 78R mE s G e — & A £ &
X[22] [23] [24] [25] [26]-
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Figure 1. Grassland vegetation types and distribution in the Qinghai-Tibet Plateau
1. BEEREMERLBELSH

ASCHTH] 2001~2020 45 SIF %4l 1 Li 45[27]32 6, 2T OCO-2 (Orbital Carbon Observatory 2) T2
(A ER I 25 20 $E9.(0.05°, 8 K) SIF #i#E 4 (Rl GOSIF). GOSIF R FH¥EIRzh 7%, FI/H 0CO-2 B#k
DRELHE . MODIS 2 JEREHE AR B 7 A s A i il SIF BERL[27], 5 )56 OCO-2 SIF A ML H &
MBI, HEERSAN S 0PE Bl aRRE S AR KRR ICs, SHTEAEEOLEER
KRR .

3.3. MRS HIRM

AICHET TIMESAT 3.3 J A1 &, 48 F W logistic 11 2&(D-L)#h G245 SIF s (i 1] /7 51l i3k 47 A,
DL B HUR M ROR, 2 e #5307 BI{EE L 5%F1 20% 1 BIE 7373l 3E 47 1R 75 #(Start of the
Growing Season, SOS)Allk% # #(End of the Growing Season, EOS)%% & Wi fa br iR B, Ho 4B KZFEKE
(Length of the Growing Season, LOS)iffi"# H EOS 45 SOS fi %3 H1[28]

3.4. BB

Theil-Sen Median 755 XA Sen #HAliil, = —MiREMIESHGTHBEHRITEINE, EEs
Mann-Kendall (MK) . 25 VAT 56 45 6 R Ha 7 RH R A A AR B o Z 5t HCR &, 2R 2 A
FEECE R sEma /N, TR 1) 7 210 500 a3 A B B

Theil-Sen % 5 #7

. {(xj—xi)} .
Slope = Median ,Vj>i 1)

(i-1)
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s x xR AIE, L <i<j<n, n NFFIKSEE, Slope fIE i Rmita B m,
47 Slope KF2, MIANIERARLL, #7 Slope /N2, NN AARLL .

Mann-Kendall #3445 5 :

KFFHME X; = (X, X000 %, ) » GiHHE S HHEIT

n-1 n
S:ZZSgn(xj—xi) 2
i=1 j=itl
1,x;-%;>0
sgn(x; =% ) =1 0,x; =x; =0 (3)
-1x; -x; <0

Hn>100, GiitE S bR A, Z E SRR

Z= 0, S=0 (4)

{n(n -1)(2n +5)__iti (t —1)(2, +5)}
VAR(S)= 1'51

X, n B EEEAN G moR A BRI AR, 625 | AL R R AL i R A
N FRAERGE TR Z IR ER ORI e BT S, T RE N SRR A D BT B . TR

®)

o e, AR I Z B 5 AR AE R SRR AR IE S BAUE Zy e 76 p%B B HEKE BT L
B, DI EAE 4
4, BERE D

4.1 BREEREENMIRZESHRE

2001~2020 475 5, i R B 4t 2E K T 46 H ()« 45 3 H 391 (0) F1AE KK B () 25 IR0 A in 1 2 B,
A LA H T i SR AR K TG H O R R e 110~140 K22 0a), B4 H NAIE 5 H A A e e
W, HAEKEIGH BN AR E A B R 250, A 2(a) a7 UG 258 5 SR &R
PR I AR E A U AL T HE IR A, R IR B AR, RITESS 99 KAAHFURIRTT, i3 2
PUTERE D A B PE AL X3, 7558 146 RA G TFURIRT « SREWIAIR, 758 m 5 5 A K245 0 H
TEZE A EIHAAFAE— R (] 2(0), KGR W B4R /E 260~280 K20, Bl 9 A A%
10 H - A) RIS R P, Al 2 00 - A BLTE AR b X, BIFESH 253 KA A IRk, 15 0HT 5 B EE AR AR ;
R o AR i S B IAE U R X3, 7R3 296 KA FFUG RS, GontbEmWmE N, W FAEKFKEMN S,
T e D Bt A A 2R P A o R AR KR T U A — RO I S 1 2 ) A R (15 2(c)), B AR 1A P L
ARBREZRGAAE, HAEKSKE R EEPT 130~189 K2 8], AKFKERME, FEAMATHESHR
HRAbf, EPEESRIR X A O A, AERFEREMCN 118 KA AKFERKERK BN T 5
R AR S PR, FERAL R R X A TR, AR KA 189 KA L .

DOI: 10.12677/gser.2023.123034 366 AL


https://doi.org/10.12677/gser.2023.123034

FEXUR

il Pl 43l

OB IX X

SOS(d) EOS(d)

99110 . 253-260

. 110-120 . 260-270

B 120-130 I 270-280

1130-140 s s e s e [1280-290

B 140-146 - . 290-296 -
(@ (b)

1)
COwrAX
LOS(d)

. 118-130
. 130-140
B 140-150
T1150-160
. 160-189

(©

Figure 2. Spatial distribution of SOS (a), EOS (b) and LOS (c) mean values in the Qinghai-Tibet Plateau from 2001 to 2020
[& 2. 2001~2020 £ & E = /EEH SOS (). EOS (b). LOS (c)¥ME=E 577

4.2. BiESREEPIRFBRELFHE

2001~2020 4, Tk e B FEH AR KRR a6 HH L 250 O AR KK RESSE AR bR 2t an 14 3 Frs .
MK 3(@) IR A SR KE, B R R A K ZE 46 H IATE 2001~2020 4 [A]1#(& 2L ATEH, A
ANFEFAT R E AR IEN &AM . 2004 G207, e )5 R I — B 2B E MR aTEas,
FHAE 2005 FEH B T 5 — KR F AR, W5 7E 2008 42 B FHRFFSLEERT, FEAE 2009 4E N —K K AEIR T
HHEIR , (HH 2010 55 78 e R At R T S R /N IR SE AT S, 5 e e R R 7 S R I BB, B 2015
EEAZDETRE. WE 3O MM EEE FRE, Film 5w A K =450 HIHTE 2001~2020 (7]
BRI . H 2002 5 R SR T BUORTR R S, R B A 5 I7E 2003~2007
SRR AT ), 2008 4Ef5 A4 ST RE, JRE 2013 FiEsh Bt HEm R E A KK EE
2001~2020 4 [A] B 34 mT AN K] 3(c) A A 45 R E H, THEEBAEKES . 7£ 2008 Fh), &
30 1 JER M AR R B R RO — B I K %y, H 2009 4F HH LK TR, 25 EFHIEREEAR /N, 2019
A HIRE BT

4.3. Bl R E RS EHEE ST

A5 FH Theil-Sen Median 7772:%F 2001~2020 47 7 5 JR B2 SOS. EOS 1 LOS )4 [A] A8 b i 35 3t
17500, S5 RE 4 Bios. SPMEFEART) Slope (HR AR R AL, 45 slope (A IE, MIFRRZ X IR 1) 1%
ARy TS, # Slope {ENG, MR IRZXKIBPPEABN N F & WE 4@ Tl E, 7
2001~2020 4 [a], FHjk =R HH SOS (iR E H K3 rE-1.7 dla~1.4 dfa Z [A], 78 J5 51 SOS 1

DOI: 10.12677/gser.2023.123034 367 AL


https://doi.org/10.12677/gser.2023.123034

TR

b
1341 @@ 280 ®

N vmﬁ/xf
Wy SV

122 M

T T T T 270 u T T T
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020

4 (Year) 43 (Year)

EOS(d)

154
152

140 T T T T
2000 2005 2010 2015 2020

{EA7(Year)

Figure 3. Interannual variation characteristics of SOS (a), EOS (b) and LOS (c) in the Tibetan Plateau from 2001 to 2020
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Figure 4. Spatial variation trends of SOS (a), EOS (b) and LOS (c) in the Tibetan Plateau from 2001 to 2020
4.2001~2020 FE = /R E# SOS (), EOS (b). LOS (c)z= (@)L {kash
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ik AR A DR AT N T, SR04 0.23 d/a 47, HRATHE S AN I JF L SOS ) 76% 4 47
AR AANTE 24% 7 A X 2B, FZEAE AP 7E U R X d . 77 7805 i kb EOS a3 R Ay FBITE 4] 4(b)
PRI, KBUGHIE-1.2 dla~2.2 dla 2 7], BAAZRIBRWEHUHEE N E, #E4 1da iti, #HEREH
AT R R L EOS 1 69% 75 45, HRRTEFS R S B AL EOS B 31% /e, FEAETERM
LI o ] 4(c) KR T B B LOS HE A IE B, KEUE-1 dla~2.7 d/a Z 7], Fjs i B LOS
(R (AR A LB KA, K2 1 dia A7, fEK % AN 550 )5 LOS 1) 88% /4 44,
RAETEBH, 58T R E L LOS 12% 78 44 i Hl X 245 50k 55

[FJ K Slope 45 R 455 MK B MERT, X5 i m IR 55T br SOS. EOS #1 LOS 7% (8] A4k #
Fdk—ULE, il 5 AR AN S@)H AT DUE H, 75 s R B SOS 78 K3 43 i X # AP AT AN B35
PN, HEEAE SR E L SOS ¥ 63% /5 A5, B E PR AT FAN BN R 5 o SOS ¥ 13% /5 45,
FEATAERRG . RACAHIHLX, HEIRA B3 5 8 8w R 5L SOS 1) 23% /i, WEHEEE
PR AN R A R L SOS 1 1% A E] . 7EFE 5(b)H, T E R E L EOS KZ UHERA B E i H N
X, [FIRE o AN T8 5 SR B EOS 1 63% /45 47, 1 42 5 HEIR R 34 200 | AN 755 v SR F b EOS 11 6% A E
FEAERACHI P M TR0, RIS L3535 ) 5 4N 35 58 S5 R b EOS (1) 30% /i 4y, 1R
A H AR 1%/ 4. BHE 5(C)FT L, FiEm R LOS DIEK AR EBH T, HEANF KSR
il LOS 1) 74% /4, T KB HAN AN s R s LOS 11 14% A, FEALTRIL. R
X, 5 SOS KW FEHEATEHA M ARML, kA B2 HA N BN = R 5 LOS 1 12% /4
fi, DABCNEH, BRI E R E R R L 0.1% A8 F) .
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Figure 5. Spatial variation trends and significance of SOS (a), EOS (b) and LOS (c) in grassland of Qing-
hai-Tibet Plateau from 2001 to 2020 (P < 0.05)
[& 5. 2001~2020 S & E =S /FEEH SOS (). EOS (b). LOS (c)==[E T LB R BEM(P <0.05)
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5. &

AR SE T T R v R A 40 2 R A A SR s A B AR AR IR S R A B AT = AN T TR 7 R e
MG B 23 AR R FE R, REIR T

1) 5 R R A KT A H W) R B AR TP RS 110~140 K2 Ja), Bl 4 A FAE 5 A T AR A yE FE
P, BARRK TR aR H A0 7 A REAE B A BN I 2 1R 25 R 22 55 1, DRk S B0 1 2 ) 1 R ) A 5
T R R A KR R IR S W) A B Te A, AR IR R H I R B AR 2 260~280 K [l
BV 9 A FAEI 10 A _EA) a5 e R A AR KR K A 3 AR K Z T H I — ROy i
MR AR, B AR M A AE K KRR, HAEKZ K 2 24 158 130~189 K2 I«

2) e R A KR I 4G H ITE 2001~2020 4 [ Rk RIS AT, (HORFRIFE IR 5 BRI
FAHMIFE, 2004 fE2 71, TR F R EH EIBONFE NIRRT, (2 2010 E)5, FHiEEER
BRI B E IS, A KSR HIALE 2001~2020 4E A 84k R HHEE %, JFT 2003~2007 4E[d]
Y E, 2008 fEfe AT E, HE 2013 FEsh EIbs EKFEKAETE 2001~2020 4F [H %44k 2
FEKEFY, {H 2009 FHIRNE TR, 25 EAHREEAR /N, 2019 44 HBLKE BTt

3) fE 2001~2020 4F[a], i i B SOS M HA AL T IR EE-1.7 d/a~1.4 dfa 2 [H], BEAA7 A AL
e URATA T, RE74 0.23 dla Zida, HRATES AU 5 = SOS 1) 76% /5 4 s 75 s J5 5
Hy EOS #a A KEEFEIE-1.2 d/a~2.2 d/a Z [H], BAEZS AT DHER ¥, #HEIRY) 1dfa ifa,
IR H 5B 5 EOS () 69% /- 47 T 98y R B LOS B3R IE R KB -1 d/a~2.7 d/a
DAY, ik mAR it IE KON T, KA 1 dia 24, K 5B R 5 LOS M) 88% 4
Hio

4) BRI RS MK BEMERK, FHmmE i SOS MR AR E A ANE, HBEAHBE IR
i SOS 1) 63%/c 47, WEREATEAMN N 13% /A4, HEIRAREBA N 23% /i t, BEMHREHATEL N
1% AE]; FHiglm 5 B EOS DR B @B AL, FIFE HEAH#lm 5 5 EOS 1 63% /A f:, W&
HEIR s 6% AN E, $RATAEZE AN 5 30% A4, BERATEHAM S IR 1% A 47 75 5
i LOS DUGEK AN 2 a4 N T, o5 BN 8k e SR S LOS 1 74% 4545, T i 35 S Kot 34 15 14% 72 44
5 SOS (M ERATEH N MM, WEAEZFEHN 5 12% 5, BEFFEHRER G 0.1%AF .
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