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Spatio-temporal change of marshes NDVI and its response to climate change in

the Qinghai-Tibet Plateau
SHEN Xiangjin* , ZHANG Jiaqi, LU Xianguo
Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, China

Abstract: The Qinghai-Tibet Plateau is a sensitive region to global climate change, which has a large area of marshes
wetland. As a core component of marsh ecosystems, marshes vegetation plays an important role in land surface energy
exchange, biogeochemical cycle and hydrological cycle in the Qinghai-Tibet Plateau. Understanding the spatio-temporal
change of marshes vegetation and its response to climate change can stimulate insights on the relationship between marshes
vegetation and climate change, and provide evidence to guide wetland vegetation conservation and restoration in the Qinghai-
Tibet Plateau. Based on the Normalized Difference Vegetation Index ( NDVI) data, monthly precipitation, mean
temperature, maximum temperature, and minimum temperature data, this study analyzed the spatio-temporal change of
marshes NDVI and its response to climate change in the Qinghai-Tibet Plateau during the growing season from 2000 to 2017.
The results showed that the long-term averaged growing season NDVI of marshes increased from northwest to southeast in the
Qinghai-Tibet Plateau; the mean growing season NDVI of marshes showed an overall increasing trend (0.010/10a) from
2000 to 2017. The area where the mean growing season NDVI increased accounted for 78.25% of the entire study area.
There was a weak correlation between the marshes NDVI and precipitation, indicating that precipitation may not be the main

factor affecting the growth of marshes vegetation in the Qinghai-Tibet Plateau. There was a significant positive correlation
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between the growing season NDVI and mean temperature, maximum temperature and minimum temperature, which
indicated that the growth of marshes vegetation was mainly affected by temperature in the Qinghai-Tibet Plateau, and the
increase of temperature could obviously promote the growth of marshes vegetation. In addition, we found for the first time
that the daytime and night-time warming had an asymmetric effect on the marshes vegetation in the Qinghai-Tibet Plateau.
The correlation between the growing season NDVI and the minimum temperature was higher than the correlation between the
growing season NDVI and the maximum temperature, indicating that the effect of night-time warming on the growth of
marshes vegetation was more obvious in the Qinghai-Tibet Plateau. Under the background of global daytime and night-time
asymmetric warming, more attention should be paid to the asymmetric effects of day and night temperature on the marshes
vegetation in the Qinghai-Tibet Plateau, especially when we want to use the model to simulate the impact of future climate

change on the marshes vegetation in this area.

Key Words: Qinghai-Tibet Plateau; marsh; vegetation; climate change; response

SRS AR R G REY), A R GRS AL B B — B BRI A AR MR N
A 25 RGN T B ER 43, o S AE A 1 B AR R G AR A A AR S [ 1) BIF 5 20 B 7 AR
ORI b A 25 R G0, A S iR e o = A 28 A i) o7 A 98 AR X e 0 7 AR SRR = KAE S RG22 —, 1B
HAMEFRPAEE 50, AT e BRI S AR AE A i 5 A 25 R G A F LA A R A 25 520 g
T A 25 R Gl AR X S AR AR R B, X T4 TR AE S R SRR R A B E X,

TG o SR A BR A ABEAR AR A R X b DX B A 2 R R TR IR M R R T T M Y
T Y, T AR A Bl s 2 T B R A AR ) M BR AL SE B IR K SO IR )y i % AR B
VR 2223806 T e T TR PR R A AR A B W O DR AT T ARG, A B4 7 I 5T TR B AT R X T PR B
B K 5 0 25 IR ARG (05 TR TC il 3 M G s ZE A 2 5 R B R e D g1 9 VR BRAR W AE R M R T4k
AR R, YRl Z RPN 22, P e ) Sl i A0 Mt R o s RUTA R Bt 5 R bR K SRR P A O
M, & BRI A XM Bl A K A O IR 2R 257 = PO 5 e BT 0 s DR AR L T PR TR A Bl 5 - 2 iR
T RA K E4) 5 AR, 8 5 A AR S, e rp S K 2 3 IR ARG . SR, DATE R gT 2245 vh e R b sl B b RLUBE | B
2 Ko AN TG 1o DRV M S R A AR A N BRI SE . AT I 2 R TR IX. A () 28 20 T R V0 AR A X<
AR R 57 ] REATAE I S A 22 510120 I T 1 A [ 288 R R VA ol o/ 2 e g i 7 L R T 0 — A0 4
TR BEAN, BRI K PR R e e TR R R o R TR 2 ot 7 s SR Bt A K B SR 52, Peng 4510 &
I A g SRR B A K 2 NDVIT 54 K 5 4 5 1 R (B T 249 52 1 A9 S 5 Shen 25122 R 9% K BT 8K 1o i
AR NDVI 5 5 207 35 R NR 2 B EADC, 5 P m iR 2 B T E R . FERER A KA A
XEPRBE IR AT 5 2 IR T 1 R AR ) T3 500 X 755 98 1 i YR VAL ) R

AR SCHE T 2000—2017 4 MODIS NDVI E4fs F A G5 s , 404 1 s B TR i A K 2= (5—9 H)
NDVI B 28 AL RRAE SO SRR F (B PR P2 fe s R RPE Y B AR ) AR DG . BB 75 7 5 T
TR BE NDVI 23 A8 A RRAE B OGS A5 A8 L0 i i) 137, 58 Ay 8 7 VA R A 1 5 A A8 Ah ¢ R ML R (IR} 224K
i, 0T 6 o D R e 0 TN S Y e (b B AR R X,

1 #HEMAE
1.1 5K

T 9 5 S T [ P e, YU R 73°—105°E F1 26°—40°N 22 [6] , 403 v [ 55 1 H i VU 9 aE 4 6
AME X, BT 250 77 km® TR R AEARIE R ION  ARIREE BRI ZE R, K B R /D, B B
FAEZES TR SRR ERE, ETA R R BEASER A S REY . R IR R
HEARRPEE FENBEE NEEEE T HEOKTEE TH R BRMIR RS EARTE R R KA AR AR

http ; //www.ecologica.cn



18 4 PIREG: A 5 0R JRVA PN H R NDVI I 2 25 Ak SRR A58 A 1 i g 6261

FLAHA R I s AR R VA LASR AR AR BOh T SR B A s T PR UK TR PR R AR > 210 4RI IR s AR O s T8
PR ) Z2 0 A e SR HE KOS 197 | e S 20 13 O i R A R B M X R e o T T A A R
AT ARSCLAFATR I TR PR | P RV 0 2 R T I DU RN VR AR R T G, A JLAR T 5
TR BRI, o TG AR A A HER T, SO R (1)

B1 FHEEEFE (PEEAESSHREEEE P ORM) REKH (HARXIEP2EE P ORE) =E5%

Fig.1 Spatial distributions of marshes ( provided by China wetland ecology and environment data center) and meteorological stations ( provided

by National Meteorological Information Center) in the Qinghai-Tibet Plateau

1.2 s

AT R FH I G A2 R 5 D AR R 2000—2017 4F- 7 7805 S5 IX 106 /4~3ik 5 1932 H B K
PRt PR R e it R4 e AR S

AR B Moderate Resolution Imaging Spectroradiometer Normalized Difference Vegetation Index ( MODIS
NDVI) %, J& ph 9 B B A s AR Jm B2 A3k MOD13Q1 A s 0™ i , R TEJ3E [ > 2000—2017 4, %5 1]
GrBRERA 250 K IS HER N 16 K, ASCR TR KAH A s> 14328 ) NDVL B & i kg 8, LAsb
o KK EAGEATE R R, O 1R T SRR R XA FA L NDVI B4, 2 LU
T RS BE NDVI A BI{E 8% NDVI{E KT 0 9 X Ie A SCIBIFSE X, AR SO 4% S RIVA % 17 (4
FEIX AT AT R IT A NDVI P {EA AR Z AR P A B NDVIE ™ JFH 5—9 A NDVIELRFIA3 31 4E K
Z NDVI fH,

TR A R £ v AR A S RO P O B IEAY 2010—2015 4R35 780 VA P8 O% 5 o0 A Ml 4
AR ISR [ Landsar TUARS | BB R T 2 v i 0 BRI IBAARAE O 2 28Ce I, 2 A TR R 28
Ptk . AR R AR SRR M SR UEARZS & A5 35 0 Bt AT AL H R A 28, i ad T A
WPESIE "

1.3 Jrik
1.3.1 %ok
AR SCH T # o Hri2: 3 B 2000—2017 457 8= J5UE AR #4122 NDVI B L # I 56T ArcGIS 44

http ; //www.ecologica.cn



6262 JAE = 40 %

H R TR 2 T EOR TR G OTHIE NDVI 2R > A 1)
(n x 21 x NDVI,) - (iiiNDVL)

1=

O.gope = : p P (1)
nx X - (X i)’

o n BRSO ) )3 5 BE RIS 18 4F ;i AR 75 NDVI K5 i AF i A=K 2% NDVI 1H;60,,,. b 45 & 0T
NDVI B iR 5 0, R IEE , WIZRRZAGICA K ZE NDVI 1AL R B s, 52 W R bt
1.3.2 AHXAHr

EET ArcGIS BYMHE 4R TH R NDVI SR 5 A 3 0 A K R B oK & P A0R P8 E0s iR
FIF 35 S (I TRANAR A5, 43 500 8 i e R VR PRAE A 2B K 2 NDVIE 5 [RS8 0L 1 3 s i AP 34 IR
L AR 56 8k, R A0 TR AR NDVI XSS A A i iy, 38 AR am T2,

> (-0 (- )

R, =
JZ (xi_x)zJZ (yi_y)2

X R AR B n R BESE I R B BT THARE R 18 4F o0, W AR 3L R A KRB EUE, x v 18 4F
KRG W FER N IE v, MR 94 K 25 NDVI I ; v R 18 4F k44K 2R NDVI 314,
1.3.3  ZougtEmiEa a4

T SPSS F4:, R 22 5046 M 101 U5 43 B 92 2 20 B B 7K S 2590 V- 259 5 5 0 1 329 S5 AV R X6 T 36 A
NDVI fIZEE 52 m, 25 F P,

(2)

Y =B, + B X, +B,X, +B:X; +B,X, (3)
St Y R K3 NDVILX, X, X, X, A0 KRk Bt P 4 s A AR L B,
By By B B o3 I R BN A A Z= K & AR R P R A K FE P 2 e TR RN A A P R AR Y [
ES 188

2 HBR51E

2.1 TS R IE PR AR 1 2R NDVI B 28 A5 fL AR

T SRV PR A 2E 1 ZE -1 NDVI7E 2000—2017 4F SR £ 3 B % I3 (| 2), ETHE#EE o.
010/10a (P<0.01) , FAVEEE JREEAL S ) | P ki S V8 A1 21 M K TE R AR A AR K 28 NDVI 3 2 3 F I
e (P<0.05) , oA BEERTE NDVI B33 (0.011/10a) K, M HEASTHE P NDVI 34K #3454/ (0.009/
10a) . HIPE 2 AT LATE Y, 75 0 e Jit B A T 2 R A 2 ) A AP B 26 1 2= NDVIL AR B 1] 79 722 Ak I Bl A K T 9
i VA A M EUK TR NDVI BT 28U 45 BB AR AL , ¥ S BRIk 34

TEZS A3 A b, 75 98 e R TR A A K 2 22 4R 1 NDVI 52 M P Jb 6] 4R B & i T s 0 e (181 3) , g
PR B A K Z NDVI 245 I9(E4R WO BN T O VR LA (0.44) STIARREE (0.26) >H A
(0.12) = ZEWHEEUKIERE (0.12) , fEASTAR L b, 75 5 e IR VA A B 2E K 28 NDVI 28 ik S i i FL (78.
25% ) W1 KT 2l R A TR (21.75% ) , v 75 8 e J AR 63 A v 8 A ) A 1 2= NDVIL 3 in 5 4y B
i, VR VRAEAE NDVT 2ok /0 4 55 b DX 43 A 76 78 A G0 pily B 35 2 BL | 75 g4 W g 305 2 22 Ll RS L
S XS X IR A TR R B EORTEEE (K 3) .,
2.2 VAFIRHRE AR K FE NDVI XSGR T A iR

TP e SR VA A B A K ZE NDVI S RKR R 0SS A IEARSEME (3 1) , R IIRFR/K AT RE A 25 MR 7 6 e
JRIR BRI AR I BN K NDVI 5 K G IE A DG B X3 5 3 AN VR PR 43 A X 1Y 54.89% , F L4
T L e S P P ) RE AV AN T PR BRI A X (18] 4)  Herh 2R PR UK IR AR AR A K 25 NDVIE 5 [k

http ; //www.ecologica.cn



18 4 PIREG: A 5 0R JRVA PN H R NDVI I 2 25 Ak SRR A58 A 1 i g 6263

0341 ARV

PG 028 |
032 | W
030 L 026

y =0.0010x +0.308

028 R2=0.485 024 -, —0.0009x +0.253
026 | P=0.001 I R=0387
0.2 P=0.006
024 |
020 -
022 |

0.20 -
0.18 | M—f““ 0.16 |

2012
2014

!
(=1
(=3
N

2000
2002
2004
2006
2008

(=3 [a\] < o =] [=} o < o =) e e}
S S =3 S =3 — — — — — = =
S (=) (=3 (=3 (=3 S (=3 (=3 [=3 (=3 (=3 f=3
; N N N N N N N N N N N N
2 WAL A 03 1 ;
s o4s| YR
8 0.12 |
@ 040 ¢
g y =0.0010x + 0.426
2 035 F R*=0.244 0.11 F
o B —
= P=0.037 y =0.0011x +0.106
S o030} 0.10 | R2=0921
g P=0
Z 025+t 0.09 +
2
o 020 ¢ H—o—./_‘\'-‘\./’w*\o 0.08 |+
@ RaadEhn- A Aa-al . .
ﬁ [=1 [} <t o o« [=} o <+ o o0 [=3 o < e 0 (=] o < Nl fele]
(=3 (=3 [=3 (=3 (=3 — — — — — (=3 (=3 (=3 (=3 (=3 — — — — —
(=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=3 (=1 (=3 (=3 (=3 (=3 (=1 (=3
(9} (9} N (o)} (o)} o N (9} N (o)} o™ o N N N [9\} (9} o~ (9} N
‘ 44y Year
0.14 | FTHERUKERE
0.13 |
0.12 |
—s— NDVI
0.11 + »=0.0010x + 0.115 —e— it
R*=0.776 —
0.10 - P=0
0.09 |
0.08 |
[=1 (o <t o o« [=} o <+ o i<
(=3 f=3 (=3 (=3 [=3 — — — — —
(=3 (=3 (=3 (=3 (=3 (=1 (=3 (=3 (=3
o~ N N (o)} (9} (9} N N N (o)}
Ay Year

2 2000—2017 £ERHSRAEEEBFERERKE NDVIER
Fig.2 Variation of growing season NDVI for different types of marshes in the Qinghai-Tibet Plateau during 2000—2017
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B3 2000—2017 £EFMSEEFERERKS NDVI ZERFHRELESE/10a
Fig.3 Spatial distribution and trend (/10a) of growing season NDVI of marshes in the Qinghai-Tibet Plateau during 2000—2017
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Table 1 Correlation coefficients between the growing season NDVI and climate variables in marshes of the Qinghai-Tibet Plateau

HEE 25 A= K ZF=REk AR EFHR AR TP E SR AR B PHRAGR
- . Growing season Growing season Growing season Growing season
Correlation coefficients o K .
precipitation mean temperature maximum temperature minimum temperature
i NDVI v v
0.02 70" 61" 81"
NDVI of marshes 0.70 0.61 081
FLATHPE NDVI
0.3 0.2 0.20 0.44
NDVI of herbaceous marshes ? ?
THPEALHfE) NDVI v :
HRAEE -0.02 071" 0.64"" 075"
NDVI of marsh meadow
W NDVI . .
-0.22 547 0.27 .82
NDVI of inland salt marshes 0.54 0.82
ZET M SR VR NDVI .
PR AUKTTE 0.50" 0.48° 0.22 0.70""

NDVI of seasonal saltwater marshes

w3 7E 0.01 /K L AL, = 7 0.05 /K B E A%, NDVI, H—AL #3540 Normalized difference vegetation index
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Fig.4 Spatial distributions of correlation coefficients between the growing season NDVI and precipitation, mean temperature, maximum

temperature, and minimum temperature of marshes in the Qinghai-Tibet Plateau
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Table 2 The results of multiple linear regression analysis between growing season NDVI and climate variables in marshes of the Qinghai-

Tibet Plateau

PR sy it 2 - »
Marsh type Regression model

THE Marshes ¥=0.238-0.051X,+0.023X;+0.037X, 0.717 11.847 <0.001
EARE Herbaceous marshes — _ _ _
THEALRE ) Marsh meadow Y=0.184-0.018X,+0.016X;+0.023X, 0.591 6.746 0.005
PREERTE Inland salt marshes ¥=0.174-0.014X,+0.018X, 0.826 35.695 <0.001
ZE P RKIRE Seasonal saltwater marshes ¥=0.121+0.00001X, -0.012X,+0.019X, 0.552 5.757 0.009

Y NDVI; X R R FRRRK S X, A KPR, X A KPR il X, R K i R

£3 20002017 FERBRBZEKSEREMEAKENTHERE

Table 3 The temporal trends of growing season temperatures and precipitation of marshes in the Qinghai-Tibet Plateau during 2000—2017

AR ERE KR AR TR " . " R
— FhokR = KT KT A
NERE = SiA Growing season Growing season . .
Lo Growing season Growing season
Marsh type precipitation/ mean temperature/ - ) ot .. ) ot
(mm/10a) (C./10) maximum temperature minimum temperature
A Marshes 0.01 0.03** 0.03* 0.05*
R .
AR 0.38 0.03* 0.03" 0.04""
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it . '
AL ~0.06 0.03** 0.04* 0.05°*
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- J-h 7
S -0.20 0.03" 0.02 0.07*
Inland salt marshes
Z 3 K T R
FH AR 1.37 0.03" 0.02 0.05°

Seasonal saltwater marshes
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Fig.5 The spatial patterns of trends in growing season precipitation (mm/a) , mean temperature (°C/a) , maximum temperature (°C/a) ,

and minimum temperature ( °C/a) for marshes in the Qinghai-Tibet Plateau during 2000—2017
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