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Impact mechanism of climate change on vegetation dynamics in the Yarlung Zangbo River Basin//ZUO Depeng'
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Abstract: Based on the long time series vegetation, precipitation, temperature and drought data sets of the Yarlung Zangbo

(1. College of Water Sciences, Beijing Normal University, Beijing 100875,

River Basin from 1981 to 2015, the non-parametric statistical methods Sen’s slope and Mann-Kendall trend test were used to
identify the spatio-temporal change characteristics of each element. Pearson correlation analysis and geostatistical method
were used to analyze the time lag effect of vegetation cover response to climate change, and the impact mechanism of
climate change on vegetation dynamics was discussed. The results show that the normalized difference vegetation index
(NDVI) is generally increasing in spatial distribution from upstream to downstream, and the vegetation in some regions of
the middle reaches has improved, while there is some degradation in the lower reaches. The upper reaches of the basin are
mainly affected by temperature and become arid, while the middle reaches and lower reaches tend to become warm and
humid due to precipitation. NDVI in the upper and middle reaches of the basin has a significant positive correlation with
precipitation and drought, and the correlation is highest mainly when it lags behind 1 month. NDVI in the middle reaches
and southeast of the lower reaches has a significant negative correlation with temperature, and it is distributed in areas that
lag behind O to 3 months.
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Fig.2 NDVI values and its spatial change distribution in the Yarlung Zangbo River Basin from 1981 to 2015



0.8 LI I, EpUE T A ) AR B 2 B AR Py Az K AR AL LA
)2 5k

HR A2 A% 0 A8 fb i #  NDVI (AR 5 R
25 B A & B, A 2R AL 32, 03% m9f& oG (BRI 2
(b) L IE SR B A& A0 sk T 0.05 YR 3 Tk
TR S, 29 273 WX S (R 2 (b) s B 43 )
AR HORN B 7R AR Y X
DI K i o SR T AR 15. 97 % 1 X 4k
TEFEATRE AN HIRES, BN AR L 247 F - 0. 001 ~
0. 001 2 i) FL3 1 58 35 1A 65 110 DX 3, A R A9 28 5 2R
HUNT 0.1, NDVIE s PE# /N NDVIE AL
HH 308 9 DX o A v Ui A Wi L DX o g e T AR
19 6.11% , H A= F4 22 sh PR 3K, 1T i L X
FERREIN 1 LA B I AR AR D DA B
AARTE R R IR D B B T AL B BT BE A — R
JE BAME TR R AR NDVI 2 55 1R e a3
BAEA R R 2 BLR A ARRAE A DX 3 T AR R T oA
BRI
3.2 ERKFEBETEMTTUIRE

T CHIRPSv2. 0 ,CMFD Fil scPDSI %4 4 , 4%
BrT 1981—2015 AFHEE i AR VLI A= 4 22 K R
TR SRS B I S AR AR ARRAE , 45 R B 3
1981—2015 4Fyisi K 2 (5—9 H) AR 1
£ —-9. 19 ~28.52 C X [a] N, A IR 5% 4F
T A, b Ui M DX T R R R, A AT ik
0.18 C/a, I A K Z& B K & 73 4 78 49. 53 ~
3227.95 mm ZJa], FE L 1000 mm DL X 585 R
T, 20 5 R R 90% o BRI 4R m A G 2
A XA, Jidek L it B 7K et s g T rh e RN Ui L
Tl IX o R U0 R 3 R Ui AR e R XA, U
B K B R DL AR R Bk T, v iR R X
R, ATIR 12,24 mm/a, FE IR L FEOK SE 2
REGEZMW T, LT 2550 scPDSI R RAE I T F
FROE, B T 5 Pl TR P TR RO R &
ARIEH RWOEIE b REIRE | R R R 1
scPDSI B EE 3 5Ih (— 0o, 4] (-4, =3],
(-3, =2].(=-2, =1].(-1,1).[1,2).[2,
3).03,4).[4, +0o ), T ULEEA 4 FH 3 Hh
X ZAF R FEAS TE H RS s B0 Pl AT i A G b
i D i i BT O N N R e o N D 6
oA 1 DX T 25 (R AR A, A AR R RO, T
FHREBNT -1, 2RMT FHIE, 1981—2015 4F
T LR T TR IR U LAR R A R

% & scPDSI 5 B IK MR N TE LR, 400
scPDSI 55 B 7K AV IR B AR COC RIS RN 4 KL S,
AL UL FEAEE R A YL R, i 2R e X sePDSI

e 4 .

[ K & /mm l j

49.53 200 400 600 800 10002 000 3227.95

scPDSI
[ S —— |
-1.51 -1.0 -05 0 0.5 0.89
0 250 500 km
CC

(a) ABER

>,

SIAEAR/(C-a)
I
-0.01 0 0.18

N

S

_—
-4.61

scPDSIZR L%
—

-0.17 0.11
0 250 500 km
C————

(b) AEfEAR

s
[k P
0 0.01

scPDSIAYPIH

)

0 0.01 0.05 0.1 1
0 250 500 km
[m— )

(c) WmFEMAER
3 19812015 EREFMIRFERKESE.
kAT REEHREETUZTES S
Fig.3 Temperature, precipitation and drought index and
their spatial change distribution in growing season of the
Yarlung Zangbo River Basin from 1981 to 2015

L R TN P SE W RO A
65.65% [ X I T 0. 01 & & M ACE K%, HAR
R BAE 0.5 ~0. 8 2 [u), & i A5 VT IR X
scPDSI 57K B4 A1 56 PEAS 18 35 1 5 A0 5 i 35 1
H2E , oAt X sePDSI 54 I A fRAH 26 280 2543
fifE 0.3 ~0.3 Zfu], H AR 0. 1 & HAFK



>z

e — e

e e ——— ——— ]
-1.0 -0.8 -05 -03 O 03 05 08 10
(a) AR

0.01 0.05
(b) WEHEME
4 19812015 EHEFAIRBTRES
[/ 8: 0L EE S
Fig.4 Correlation between drought and precipitation
in the Yarlung Zangbo River Basin from 1981 to 2015

TR R 3 ol Q0 km
[ s e— — e |
-1.0 -0.8 -0.5 -0.3 0 0.3
ORTES

0.01 0.05
(b) WA
ES5 19812015 FHEHMALRETES
KEMEXXER
Fig.5 Correlation between drought and temperature
in the Yarlung Zangbo River Basin from 1981 to 2015

5o LIRS A TR X T R AR AE 2 ] IR R,
oAt b X 32 B AZ K
3.3 NDVI 5ERETLTEMHEXEDH

e A VLI AR R 25K, AR P S R Tl gk
I J h F A e 5 AT U I 2 ) S ok, RO BN
NDVI iy 52t HoA7 it . &1 6 2 1981—2015 4F
NDVI 5 [§7K S sePDSL (14 M 23 B S i 25 Pk
g 2h L, vl LAE Y, 52 MR RS A S5 15 1 3 38k
L R R IR RVRRE o i DX A R X
NDVI FZMAN K, A0 R B FE 534 fE - 0.3 ~0. 3
DX ], A B K R 5 ND VI A G 2R 25068 i 1
SRR I RS A B 22 XA R ) B I 5 i
X NDVI 5[k F1 scPDSI 4 i 3 A E R, TS5
AR T U OC R R WK 2> 4 i rh i
b DR A AR A AR T i W 7 A — s IR 5 T
TR DX B RORIT T SR X AR A R B B AN

PSS
-1.0 -0.8 -0.5 -03 0

[o— |
S —
0 0.01 0.05 0.1 1

N
A

QPSR
-1.0-0.8 -0.5 -03 0

0 0.01 0.05 0.1 1

I 2 &0 250" 500 km

-1.0-08-05 -03 0 03 05 0.8 1.0

250" 500 km

PH 0

[— |
. ——————
0 0.01 0.05 0.1 1

(¢) NDVI 45 scPDSI
B 6 19812015 E£HEF A LiE NDVI 5
SREZHEXRXER
Fig.6 Correlation between NDVI and
meteorological factors in the Yarlung
Zangbo River Basin from 1981 to 2015

= NDVI 550 A A OC M 58 58 3, AT 0 7R e 3 el
b A K AR A iV R AR X B R
3.4 SET3T NDVI Z0EH9 B S

AR ITTRE 1365 H 54 R H Pearson A 5¢
PR M RN 5 A O R BG4 s T
G ELRNE NDVI EM IR . & 7 Sk 1981—
2015 AR IC R ARG EE X NDVI F2I (1 s a4
IR e e S 7 = S O s | 21198
URIRIX 2 26. 19% B IX 35 AT RE 32 % A AL Ak 1|
R R 2 E AN, EUERTR T A M X o T
KAL) 45, 83% , R LA FE ) LR R
NDVI 54 R AAH S E EE ARG 1 H B ki KM,
P AR A2 1 AT s BB S, e i b X
PUEAEE R N, i X W 2 AR, 7



TSR AR T 5 I A X, AR X NDVI s 3 4550 1 5
55, NDVI 5 >4 A AR X3 5. 1A i i
ARPG AL 55 ZAH 42 0 B Al DX =0 X6 AT % 5% i
MIRTAR L 2 ~3 H 3, [FAE, 2455 JE R KX NDVI
(AR 807 B, 3t R e i A b X R B ki IS 1
H B A 26 2500 X3, H NDVI 5[ K 2 1E A
FEIEZR, T HP S A M DX RS 9 I 32 LA TG s (]
Ja i 25 0E 2 ~3 A KIS AR E A AL ]
A3, IR AT VTR SR A BT I MR X A A
XK AR R4 2 ~3 A, AR5 E2~3
11 SRR, X A AR ) AR R M R

i i a1/ A 500 km
0 1 5 3

it e IkE) /A
0 1 2 3
(b) NDVI 5531
E7 19812015 FETRELSKEEZS
NDVI Bt #3802 434 45 R
Fig.7 Analysis results of time lag effect of meteorological
elements on NDVI at pixel scale from 1981 to 2015

3.5 i it

UER SRS Y S PN N DN S BE S iR (|
AR AR IPHE BRI ORI bR A A28 T
SRR S 1 B , SR IT NI S R 2R
AR B OCH 2, WIAERAT P E A D 25 ) A A B
A% R e £ A1 1980 47 2015 4F By b M) F S AL %
o, SRIBCT N FV A R A (IR A ARk e 1T
FR) FI T A (Bt bRt e 55 4 2528 S IR 2 b 1Y
A3 MR AR RAE A3 (K 8) o 2B S
AR A5 PR RS, A A VLN B R D
W rh e % F O DU T AR B T A LU R T AR LA
X FE AR T 4 A/km?, 198 B3R R 4 A K
AR DO SN T K R R RSB VR - 1B A
HKOFHEAR ,1980—2015 4R fy 2F 25 A 1T BUY 8 km?
EEAE TN U AR B A X 3 Ak AR 99 km? | 32
B AGTEVRB P S T R TT LR T L )
TR B T A . 7B Bda 1) 45 [R) 4y BE T
JE AT NI Bl X A TR AR e s S R
Wi 32 R , AT 7E 5 SE A TR AT o

.6 -

N
A A

NV FE/ON -km2) 0 250

0 1 4 7 10 20 5002000
(a) AN

500 km

250 500 km

| Paigiace: EEESV1NS
(b) AZKiF 3
B8 HEHAILREAXRFIZEAIF

Fig.8 Spatial distribution of human activities

in the Yarlung Zangbo River Basin
4 & it

a. 1981—2015 4FHE & i A VL it 8 NDVI K3
S5 S R Sy N E D TR S R (T E R AR
e, MR AR — IRk, &35 2= NDVI (1%
B AT R

b. 1981—2015 4 #6713 35/ Al B 7K
AR RS Hoh FERR E TR R,
T2, T e X AZ K B g e kT R .

. TAHB AL RS S A AT 25 ) S ok
oK IR S5 NDVI 9 7e did - b R
AR, AT e 4 b X NDVI 5 KR
scPDSI 2 B F IFAHKR KR, H R EAE G 1 H B
ek B, SR 4 M RN R Ui NDVI 550 2 B
FRMEER WG 0 ~3 H XIIYH A0, AR
Mo DX 5 ARG B R A O R, i i ARy
JEEB AR ARORNHE A L X AR S 2 ~ 3 H A &R
K.

SR

[ 1] TUCKER CJOHN R, GOFF T. African land-cover
classification using satellite data[ J]. Science, 1985 ,227
(4685) :369-375.

[ 2 ] BRRH, B4R, 5l DL DL, 45 35 7K o Mt oA Ui A2 1k
Lo HExh S e 8 Al B e B [ ] K BT IR AR 7, 2019, 35
(5): 4047. (ZHAO Nana, WANG Henian, ZHANG
Beibei, et al. Runoff variation in Zoige Wetland Basin and
its response to climate change [ J]. Water Resources
Protection,2019,35(5) :4047. (in Chinese) )

[ 3 ] CHEN Baozhang, XU Guang, COOPS Nicholasc, et al.
Changes in vegetation photosynthetic activity trends across
the Asia-Pacific region over the last three decades[ ] ].

Remote Sensing of Environment,2014,144 .28-41.



[4]

—
o]
[

[11]

[13]

WU Donghai,ZHAO Xiang, LIANG Shunlin, et al. Time-
lag effects of global vegetation responses to climate change
[J]. Global Change Biology,2015,21(9) :3520-3531.
TUCKER Comptonj. Red and photographic infrared linear
combinations for monitoring vegetation [ J |. Remote
Sensing of Environment,1979,8(2) :127-150.

WHITE Amandab, KUMAR Praveen, TCHENG David. A
data mining approach for understanding topographic
control on climate-induced inter-annual  vegetation
variability over the United States[J]. Remote Sensing of
Environment ,2005,98 (1) :1-20.

RGeS 70 YA A AR A AR IR S
XKV EIRE I []. KBTI AR 4, 2020,36 (1) :31-37.
(WU Zhiyong,SHI Heng,HE Hai,et al. Characteristics of
vegetation change and impact on runoff and sediment in
Chabagou Watershed [ J]. Water Resources Protection,
2020,36( 1) :31-37. (in Chinese) )

TEARE VLR AL R, 5. CRU 7= 5 7 b R B
TR AR RO IS [T ] KBTI AR, 2021, 37
(2): 112-120. ( WEI Linyong, JJANG Shanhu, REN
Liliang, et al. Utility assessment of CRU products for
temporality of drought events in mainland China [ J].
Water Resources Protection, 2021,37 (2):112-120. (in
Chinese) )

K REARHL, XEE, A BT AR AL R R T R o
PEYLRE TR [T ], KBTI AR 47, 2021,37 (1) - 46-
52. (YUAN Fei, ZHANG Yiqi, LIU Yi, et al. Drought
assessment of Xijiang River Basin based on standardized
Palmer drought index [ J]. Water Resources Protection,
2021,37(1) :46-52. (in Chinese) )

LHH T 6 AR AR R T R R E A F L
R SE B B[ T ] K BRI, 2020,36(5) 11-
21. ( MA Mingwei, HAN Yuping, YAN Denghua, et al.
Research progress on the mechanism and influence of
extreme drought-induced disasters [ J]. Water Resources
Protection ,2020,36(5) :11-21. (in Chinese) )

B, BIHILL AL S IR Uk AR 0 S0t it
Z XA 73 A [ ] KR K B R i g, 2021, 41
(3) :27-33. (MAO Siyuan, JIA Yanhong, JIA Dongdong,
et al. Analysis of flood evolution in lower reaches of
Nenjiang River and its impact on vegetation in floodplain
[J].
Resources ,2021,41(3) :27-33. (in Chinese) )

ZENG F W,COLLATZ G,PINZON ], et al. Evaluating and

Advances in Science and Technology of Water

quantifying the climate-driven interannual variability in
global inventory modeling and mapping studies ( GIMMS)
normalized difference vegetation index ( NDVI3g) at
global scales [ J ]. Remote Sensing, 2013, 5 (8):
3918-3950.

XU Guang, ZHANG Huifang, CHEN Baozhang, et al.

[

[

[

[

Changes in vegetation growth dynamics and relations with
climate over China’s landmass from 1982 to 2011 [J].
Remote Sensing,2014,6(4) :3263-3283.

CONG Nan, WANG Tao, NAN Huijuan, et al. Changes in
satellite-derived spring vegetation green-up date and its
linkage to climate in China from 1982 to 2010; a
multimethod analysis[ J ]. Global Change Biology,2013,19
(3):881-891.

JEREE. H R4 85 - B ol AR AR 4 0T 7K B R ) 5
ma[J]. 7K Bk 2% gE R, 2000, 11 (2): 199-202. ( HU
Xianglai. Influence of forest cover on the water resources
in loess hill region of Gansu Province [ J]. Advances in
Water Science,2000,11(2) :199-202. (in Chinese) )
CHEN T X,DE JEU R A M,LIU Y,et al. Using satellite
based soil moisture to quantify the water driven variability
in NDVI; a case study over mainland Australia [ J ].
Remote Sensing of Environment, 2014, 140 ( 140 ) .
330-338.

ZHONG Lei, MA Yaoming, SALAMA Mhd Suhyb, et al.
Assessment of vegetation dynamics and their response to
variations in precipitation and temperature in the Tibetan
Plateau[ J]. Climatic Change,2010,103(3/4) :519-535.
ZHANG Baiping, CHEN Xiaodong, LI Baolin, et al.
Biodiversity and conservation in the Tibetan Plateau [ J].
Journal of Geographical Sciences,2002,2(2) :135-143.
ZHAN Qiqi, ZHAO Wei, YANG Mengjiao, et al. A long-
term record ( 1995-2019 ) of the dynamics of land
desertification in the middle reaches of Yarlung Zangbo
River Basin derived from Landsat data[ J]. Geography and
Sustainability ,2021,2(1) ;12-21.

hSE], ZETEMS , AR, A5 e AT LU A il e
AR B O AR AE A i 132 [ ] AR K R R o
2021,41 (1) :16-23. (HAN Xianming, ZUO Depeng, LI
Peijun, et al. Spatiotemporal variability of vegetation cover
and its response to climate change in Yarlung Zangbo
River Basin [J]. Advances in Science and Technology of
Water Resources,2021,41(1) :16-23. (in Chinese) ) )

LI Fapeng,XU Zongxue, FENG Youcan, et al. Changes of
land cover in the Yarlung Tsangpo River Basin from 1985
to 2005[ J ]. Environmental Earth Sciences,2013,68(1) :
181-188.

P i, R AR, A58 6T 0 A i SO ) 5
A VTAR K DR ZH A A [0 ] KB 22 B i, 2020, 31
(3): 324-336. (TIAN Fugqiang, XU Ran,NAN Yi,et al.
Quantification of runoff components in the Yarlung
Tsangpo River using a distributed hydrological model
[J]. Advances in Water Science,2020,31(3) :324-336.
(in Chinese) )

(23] Bouk. wifedh R 48 NDVI i 2 i SEF 58 [ D . R ot

B E R TR K#,2015.



[29]

[24] B, EEWE, HIER , 4. TEG UG VLR 5K NDVI i 25

AL e S K R R R [T ] BEUR2,2014,36
(3):603-611. (LYU Yang, DONG Guotao, YANG
Shengtian, et al. Spatio-emporal variation in NDVI in the
Yarlung Zangbo River Basin and its relationship with
precipitation and elevation [ J]. Resources Science,2014,
36(3) :603-611. (in Chinese) )
XUIGERE , o 2, 328 36 HEE A V0 380 NDVI 5 [
IR 28 23 A1 R B2 AR SEE 0 A [T ] rp AR A K
FI7K H,2018 (1) : 89-95. (LIU Xiaowan, XU Zongxue,
PENG Dingzhi. Spatio-temporal pattern in NDVI and
precipitation and their relationships in the Yarlung Zangho
River Basin [ J]. China Rural Water and Hydropower,
2018(1) : 89-95. (in Chinese) )

LIU Jiangtao, XU Zongxue, BAI Junrui, et al. Assessment
and correction of the PERSIANN-CDR product in the
Yarlung Zangho River Basin, China[ J]. Remote Sensing,
2018,10(12) :20-31.

PRI, XU T, 957 , 25 HE & 8UA VL Rlr 18 4k
RS A S X A AR A A e W2 [ ] R 7K B IR 57K
FBLF, 2021, 19 (3): 539-550. ( MENG Qibo, LIU
Yanli, JU Qin, et al. Vegetation change and its response
to climate change in the Yarlung Zangbo River Basin in
the past 18 years [ J]. South-to-North Water Transfers and
Water Science & Technology,2021,19 (3) :539-550. (in
Chinese) )

XU, A s, B, A5 RS A VL T e
TE AR s 25 ma L [T ] Aol T2 %4 ,2020,36 (2)
175-184. (LIU Liu, NIU Qiankun, HENG Jingxia, et al.
Characteristics of dry and wet conversion and dynamic
vegetation response in Yarlung Zangbo River Basin [ J].
of the Society of Agricultural
Engineering,2020,36(2) ;175-184. (in Chinese) )

BECK Pieter, GOETZ Scott. Satellite observations of high

Transactions Chinese

northern latitude vegetation productivity changes between
1982 and 2008
differences [ J ]. Environmental Research Letters, 2012,
7.0295012.

BAO Gang, QIN Zhihao, BAO Yuhai, et al. NDVI-based

long-term vegetation dynamics and its response to climatic

ecological variability and regional

change in the Mongolian Plateau [ J ]. Remote Sensing,
2014,6(9) .8337-8358.

FEH, BPHE ATE, SF LR G T BIR BT
[J]. K BEPAR- 47, 2021,37 (1) :36-45. (WU Zhiyong,
CHENG Dandan, HE Hai, et al. Research progress of

composite drought index [ J]. Water Resources Protection,

2021,37(1) :3645. (in Chinese))

[32] CHEN Yingying, YANG Kun, HE Jie, et al. Improving

[34

(37

]

]

land surface temperature modeling for dry land of China
[J]. Research, 2011, 116
(D20) :1A.

XUE Baolin, WANG Lei, YANG Kun, et al. Modeling the

Journal of Geophysical

land surface water and energy cycles of a mesoscale
watershed in the central Tibetan Plateau during summer
with a distributed hydrological model [ J ]. Journal of
Geophysical Research-Atmospheres, 2013, 118 ( 16 ).
8857-8868.

SHEN Miaogen, PIAO Shilong, CONG Nan, et al.
Precipitation impacts on vegetation spring phenology on
the Tibetan Plateau[ J]. Global Change Biology,2015,21
(10) :3647-3656.

R B AR o B R A S T AT LD ] e st
k2 e B N BIE T T, 2003.

SEN Kumarp. Estimates of the regression coefficient based
on Kendall’s tau[ J]. Journal of the American Statistical
Association, 1968 ,324 (63 ) :1379-1389.

MANN H. Nonparametric
Econometrica, 1945 ,13; 245-259.

tests against trend [ J ].

[38 ] KENDALL M. Rank correlation methods [ M ]. London:

Charles Griffin,1990.

[39] PEARSON Karl. Notes on the history of correlation[ J].

Biometrika, 1920,13 (1) :2545.

[40 ] ZHANG Yixin, XU Guoce, LI Peng, et al. Vegetation

[

[

change and its relationship with climate factors and
elevation on the Tibetan Plateau[ J]. International Journal
of Environmental Research and Public Health, 2019, 16
(23) .4709.
ZRUEIR WK, IR AR - B ELORYT A DY SOHE & A
VLIRS W A 28 A S RN [ 1] PR3 S R A
I 2 M, 2017, 33 (12) : 1102-1108. ( LI Haidong,
CHEN Bin, YERNAER Humaerhan, et al. Changes in
vegetation phenology and its elevation-dependent effects in
the Yarlung Zangbo River valley of Tibet, China [ J].
Journal of Ecology and Rural Environment,2017,33(12) ;
1102-1108. (in Chinese) )
e FR B AT AR . A VL AR K 2 NDVI X 2=
ek sme Bz [0 ], 7K PR F 05, 2015, 22 (2) : 209-
212. (ZHANG Jiaqi,REN Zhiyuan. Response of vegetation
changes in growing season to precipitation in Yarlung
Zangbo River Basin [ J]. Research of Soil and Water
Conservation,2015,22(2) :209-212. (in Chinese) )
(ks H191:2021-07-28  Zwife: £J5)



