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Abstract: [ Objective] The mechanism of human activities affecting vegetation cover change in the Yarlung
Zangbo River, Nyangqu River and Lhasa River (referred as “YNL rivers”) area of Xizang Autonomous
Region was analyzed in order to provide an important theoretical basis and scientific guidance for the

implementation of integrated protection and restoration projects of mountain, water, forest, farmland, lake,
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grass, sand, and ice in the area. [ Methods | Normalized vegetation index (NDVI), land use data, ecological
engineering data, and meteorological data from 2000 to 2020 were used with GIS technology. residual
analysis, slope trend analysis, and the M-K test to determine the influence mechanism of human activities on
temporal and spatial changes of vegetation cover in YNL rivers area. [ Results ] @ From 2000 to 2020, NDVI
of vegetation in the study area showed an overall increasing trend, but showed a significant spatial difference.
The increased area of NDVI was mainly concentrated on both sides of the river valley. @ From 2000 to 2020,
the positive impact of human activities on NDVI was mainly concentrated in the valley areas of the YNL
rivers, while the negative impact was mainly located in LLhasa and its surrounding areas, the distribution was
less, and the positive influences was dominant. @ Different land use types had different degrees of influence
on vegetation cover change. Grassland and scrub ecosystems contributed the most to NDVI changes, reaching
92.8% in total. The urban and forest ecosystem areas increased sharply, and the increase in area of the urban
ecosystem was mainly transferred from farmland and grassland ecosystems, while the forest and scrub
ecosystems were mainly transferred from grassland and desert ecosystems. @ Ecologically engineered forest
was one of the main reasons for the increase in NDVI in the study area. The area change of ecologically
engineered forest was positively correlated with the rate of change of NDVI and the residual change rate. The
ecologically engineered forest can better explain the residual change rate. [ Conclusion | Human activity is an
important contributing factor to vegetation cover change in YNL rivers area of Xizang, and appropriate
ecological engineering plays an important role in vegetation restoration.

Keywords: the YNL rivers area in Xizang Autonomous Region; human activities; vegetation cover; land use

patterns; ecologically engineered forest
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Table 2 Vegetation cover change characteristics of YNL rivers
area of Xizang from 2000 to 2020
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rivers area of Xizang from 2000 to 2020
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Table 4 Change of ecosystem area and change rate of each ecosystem in YNL
rivers area of Xizang at different times from 2000 to 2020
2010—2000 4F 2020—2010 4F 2020—2000 4F
ERRGLEM . i iF ’
M/ km? AR/ % T A2 /km® LA/ % T A2/ km® A A/ %
FEAR 25.92 13.64 593.33 75.74 619.25 79.05
HE 857.52 25.77 2 247.57 40.31 3 105.09 55.69
b —2 652.45 —5.53 —2004.18 —4.36 —4 656.63 —10.14
i 3 —119.32 —23.92 —42.23 —9.25 —161.55 —35.38
A< H —453.07 —18.21 —310.53 —14.26 —763.60 —35.07
Inf, L 79.7 47.27 321.33 65.59 401.03 81.86
Tie I 3 698.71 32.31 —557.76 —5.12 3140.95 28.85
VK /A A TR —1 437 —276.13 —247.39 —90.62 —1 684.39 —616.97
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Table 5 Correlation between changes in plantations and

changes in NDVI and residual in YNL rivers
area in Xizang from 2000 to 2020

A TR E 1
NDVI ZE b {H 0.037" " 1
k22 A A 0.026" " 0.637"" 1
Hieox * RRTE 0.01 HHI W), ML %,
4 P

AR S LAV B — YT T 4 XA )43 B T 2000—
2020 4712 IX A 9 3 35 I 28 AR AR AR AE , R BLIE 21 a
W55 XM NDVI RS EFH## L X 5 Chen 45527
HYWF ST B A — B, e 5 B (1982—2003 4) Peng
SED A I B — S0, 3R PG R — YL T X
1982 AE ISR £ 71 T NDVI sk, i FA K=
I R] 2B K R A5 58 8 484 o, A=A 78 Ak 5 S0R A T 3
RUBE 1 5 B 2 Ak 340 (B 76 AN Wi 58 8 1H], NDVI
ORI (AP NS 1 ISR NS R
2000—2010 4F NDVI 2 & F& s #; 20102020 4F
NDVI & EFH## . 1X 5 Zha %l Jiang 555§ 58 1)
VUL VA X B NDVI ARk #a #5— 3, NDVI 5 [ K i
AL AR B TE 2015 4E 5 2R R B3R BF 5
FHH 2015 4F A R R JE2 3 IR 4 5 B K KR R D
AR B A PR B KRB — i R S ) A A
NDVI, fE25[E 404 b A g% NDVI f 7Y [a] 7R 3% 7 1
I, e T A S SR B AR AR B S A R, X S
Chen ZP BB 98 45 3 — 3,

WF5E X R BE NDVI RS B4, w5 5 X 35 220 A
FERFF ST X AR R » A S A 1 LA AT N bR o 3 5 (IR IX
F2 B A FEAE 5 DX VG S, T R R AR S A L B
AR b Ay 3 bR b B 3 A0 TR DX 1 A g A



5% 2 3

JEEE . 2000—2020 4 7 j < — VT 9 00 7 b XN 2836 Bl %o A ok

5 AR Ak Y 5 e 309

fb SRR LR 1 L 3 I3 BT BIF 5T DXObK M A /D, Ak b
(4 - AT LUK A7 KB K, 3 8K i] DLAEAR K — B i
(] PR R 3 B L 422 1Y) A 2 T BF T IXOA 2 A
2 N B 5 AR MR HE L R Y R A K B A AR B
IR Ay, PR 2 57 B A2 B A A R e

B A 55 A« NS5 Bl A 23 5% e A 51X 014 A
ARBE, HEA W X022 5. B IX NI 280 3
Xf NDVI F= 2y ik 1] 520, Horh A% 3% NDVI A
7.6 % X A I A P, 1,86 Yo Y b X A B S AR
. 3 R A ) DX o AR P A AT I R L K 5 A A ok S
Jiti 1) — R AN AR S AE S T ARG ¢, L2830 B 9 52 it 3 1o
WUAE AR A FR G S TR L 5 W R AT YRR T ST
) A2 2 TR BT AR AR 1S, DA 2000 4 1Y 892.64 km’
HMZE2020 4E 1 2 121.94 km?, 34 K %3k 3] 238% ;
2 A A DX 32 0 A AR A AT X AR Y R b AT g
S R B Ol 2 BF A X B — SR Y B X
DAY e R S RO — R ) TR ) A
2000—2007 4F4F K HE & A7 A2 5 5 8 W Lo
2007 A BB W TR, XS NDVI AL
—FL, X R W 2007 AF T 5 I 1 1R Hi04 BT RA B
R RO SEE 4 T S E NS <87 R
PO 25 3 () N 2635 s % NDVT By 82 i £ 2808 i 3%
PG S R N O S R 25 R BRI N
M 2000 4E4E K B9 88. 75 1 A HE I & 2020 4E Y
111.94 J7 AL [l b3 23.19 T3 A, 8355 26 % 5 H
TR K R0 SE Ak 1% it 1%, I T AR 88.82 km’
BN 489.35 km?® B4 ME Ky 81.85%

Hh ] G R P R TR XCE R X AR A AR
TAE 5 SEitE T AR TR LB AN L RS T L K Ak
MR K G BB AES A 582 TR IFE TN
FHE R K] TP S A SR 5B E T
PR BRI L Kb FH ) 5 v Pk Fi 22 2 28 22 T 1Y)
ERMLEDIERERE A EH A T AR S5 BE T/
TAEMIF R . A SCHETF H A 3 2R 28 TR AR 1 A
I AR SCE 23 BT 38R« 3 BT AR 28 TR AR 22 b i AR
NDVT 25 {68 R 5% 22 28 0 A6 1 AH DG HE . S5 R W, A
T3 bR TR X A P R B R A HE S A B A S
TREME RS 4L 5 NDVI 28 4k (8 F1 5% 22 28 1 {5 5 A7
AR O M L Bk 22 A8 Ak i ) B AR B T AR G 1
WA SCORI T 3853 b e 22 20 B 45 7 6 N 2R T
B 7 VG R — VT I M DX A s AR Ak 5 i AL
W HATIRA 5307 8 UOE B4R T N LAk A
XoF VG AR — VT Y] ki, DX A 7 e K SR A 0 b X
PR 55 (0 IK S LRI T 4t T —JE Y S L,

5 4k

(1) #FFEIX 2000—2020 4F 3% Hiu X 114 B 7 25 A
W b s 22 vk . MR S ALl
b T 0 Hb Ty AR P AR A A I R AR b T
TR v 14 b, DX A B B AT L LA e A A AE B AR
TR,

(2) A Hb ) FH G FE 9 5 05 IR R
A FH RIS T ) el AR B2 e K, AR OPRORI B b 1) BT R A A
o VKO ST R R ARAR /I B b | R A 2
) A 2 A A 2 BRBE B S R e R Bk R R b
W5 Ak, 26 B b 7k J A s (] 32 ROk A R H
. 2010 A4 ARMORIE AR S R G5 & B RLE
Hb AR S R G0 2 0] A B 4 A LA K, X 5 IR A I
MORIPIREE TR S A K, BeAh, BFoE XN 1405 #E
b TR PR TR R TR A R DG 6 AR T Sk B 1T
AR N ARSI RS E N1y i

(3) 20002020 45 P4 5 * — VL9 ] 7 1 X 1) N 26
I B 0T AEL B 7 5 4 52 MR 43 DA T ) AR [ A,
A [v) 52 W) 3 2 A v 7 65 A VRN iz B T A T A
IXC 1 67 1) 52 o D) 3= B2 B i T X K R i b
X, A TR E AL S5 NDVI A 1k (8 5 22 48
PR HAT 38 A M, AR A5 TR AR BT 78 X385 W 5 19
FEWRT o W B A W e e .

£ % 3Lk (References)

[1] Shi Shangyu, Yu Jiangjie, Wang Fei, et al. Quantitative
contributions of climate change and human activities to
vegetation changes over multiple time scales on the
Loess Plateau [J]. Science of the Total Environment,
2021,755:142419.

[2] Sun, Yanling, Shan Mei, Pei Xinrui, et al. Assessment
of the impacts of climate change and human activities on
vegetation cover change in the Haihe River basin, China
[J]. Physics and Chemistry of the Earth, Parts A/B/C,
2020, 115: 102834.

[3] IPCC. Contribution of Working Group II to the Fifth
Assessment Report of the Intergovernmental Panel on
Climate Change [C]. New York Cambridge: Cambridge
Universty Press, 2014.

[4] Ding Chengri. Land policy reform in China: Assessment and
prospects [ J]. Land Use Policy, 2003,20(2) :109-120.

[5] Wang Feng, Pan Xubin, Wang Dongfang, et al. Comba-
ting desertification in China: Past, present and future
[J]. Land Use Policy, 2013,31:311-313.

[6] Chen Chi, Park Teajin, Wang Xuhui, et al. China and

India lead in greening of the world through land-use



310

K - PR R

544

[7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

management [ J ]. Nature Sustainability, 2019, 2 (2):
122-129.

L oK T e 4 AR L A 26 Y T sk I 2
NASA i EIEMI L) T 37 R 111,2019(9) : 40-43.

Wu Xue. “Green water and green mountains are gold and

silver mountains”

into the most beautiful poem: The
earth turns green, NASA proves for China [J]. Xinmin
Weekly, 2019,9:40-43.

F IR 3 AS [ B 8] RUBE #7 JR a5 10 3 A a8 Ak B 5 A Mg
B RFRID]ALE  h E AR BEFEBE 2008,

Yan Xiaoyu. Vegetation Change and Its Relationship
with Climate in Zoige wetland at different time scales
[D]. Beijing:
Sciences, 2008.
22T o HIT DXV I R A SR A S R R R
WD =/ B mH K. 2018.

Li Ningyun. Study on the relationship between macro

Chinese Academy of Meteorological

ecological change and climate of marsh wetland in the

source area of the Yellow River [ DJ]. Kunming,

Yunnan: Yunnan University, 2018.
BLIGE [0 RV L A B Lt R e DA B i e S A Ak B R
S BT m e 1 (. A 252 4. 2018, 38(9) £ 3208-3218.
Zhuo Ga. Chen Sirong, Zhou Bing. Temporal and spa-
tial changes of vegetation cover in the Tibetan Plateau
and its response to climate factors [J]. Acta Ecologica
Sinica, 2018,38(9):3208-3218.
KA 2x B B SO B A B s A8 e S
AR R R T ] A4, 2013,31(2) - 234-242.
Liu Junhui, Gao Jixi, Wang Wenjie. Vegetation cover
change and its relationship with climate change in the
Tibetan Plateau [ J]. Journal of Mountain Science,
2013,31(2) :234-242.
RS X F L 45,1982 2015 4F 7 HE M X A 42k K
XL Ay 1 [ . FH A 2241 - 2019, 30(7) : 2165-2170.
Dong Lu, Zhao Jie, Liu Xuejia, et al. Response of veg-
etation growth to temperature in Xinjiang, 1982—2015
[J]. Chinese Journal of Applied Ecology, 2019,30(7);
2165-2170.
oo AN IR 3 R R R A B R 5 X
e PR 7 195G & L) AR £ 2527 31, 2006, 30(1) 1 1-8.
Yang Yuanhe, Piao Shilong. Vegetation cover change in
the Tibetan Plateau and its relationship with climatic
factors [J]. Chinese Journal of Plant Ecology. 200630
(1):1-8.
JE) AR A VRO, A5 T S e T i S A B X
M e o R A 6 A o R A AR [ ] 74 b A A o R
2008,28(10) :2080-2093.
Zhou Huakun, Zhao Xinquan, Wang Shiping, et al.

Response of alpine shrub vegetation to long-term graz-

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

ing intensity test in Tibetan Plateau [J]. Acta Botanica
Sinica of Northwest China, 2008,28(10) :2080-2093.
K E R R, AU, A ORI AL R R PR
JERL P RE 5 R AE B R w [T 0. 5l B 52, 2016, 33 (8)
1625-1632.

Song Lei, Dong Quanmin, Li Shixiong. et al. Effects
of grazing on plant community characteristics of alpine
steppe on the north bank of Qinghai Lake [J]. Pratac-
ultural Science, 2016,33(8):1625-1632.

o O R R A YT R ST R R E S e .
LA 5, 2021, 40(1) ; 1-17.

Gao Qing, Miao Yi, Song Jinping. Research progress
on sustainable development of Qinghai-Tibet Plateau
[J]. Geographical Research, 2021,40(1):1-17.

RIEIE R L Rt A, S Y 80— V1799 300 4 XN 1 43
S5 M E R LR ERE BB %2 M, 2017,
19(2) :225-237.

Zhao Tongtong ., Song Bangguo. Chen Yuansheng. et al.
Analysis of the relationship between population distribution
and topographic elements in the area of one river and two
rivers in Tibet [J]. Journal of Geo-Information Science,
2017,19(2) :225-237.

NI ZL LR A A L 5 R K A A e B
PO 5 BT ] B 24 . 2012,67(1) :3-12,

Sun Honglie, Zheng Du, Yao Tandong, et al. Protection
and construction of national ecological security barrier on
the Qinghai-Tibet Plateau [ J ]. Acta Geographica
Sinica, 2012,67(1):3-12.

B L1 VG — VL AT o A e AR X b A LR R
B AT S [D. AL« b E MOl B2 BB . 2018.
Luo Hong. Effects of afforestation on soil organic car-
bon and main nutrients in the central basin of “one
in Tibet [ DJ]. Beijing: Chinese
Academy of Forestry, 2018.

K I TG R — VLA M XA A R G A R OT 6 B O
[DI PG BCHS - #2202,

Zhang Han. Research on ecosystem health evaluation in

river, two rivers”

“one river, two rivers” area of Tibet [ D]. Chengdu,
Sichuan: Chengdu University of Technology, 2022.

g s A8 SR SCAR % S VG R — VLW R e L b R
FHI 28 53045 OB F 7 RS L .0 K= %4 (A
KRB 2018,40(9) :113-123.

He Wanhua, Zhou Wenzuo, Tian Luo, et al., Study on
the relationship between spatiotemporal distribution of land
use and topographic factors in the “one river, two rivers”
basin of Tibet [ J]. Journal of Southwest University
(Natural Science Edition), 2018,40(9):113-123.

XU JE B R T 7 R AL L 5519822012 AF o [ A 4B
i I 28 AR [T . A= 254441, 2015, 35(16) : 5331-5342,



5% 2 3

FE N4 . 20002020 4F P4 —

YL b DX N 2 3l 0 e 4

5 AR Ak Y 5 e 311

[22]

(23]

[24]

[26]

[27]

(28]

Liu Xianfeng, Zhu Xiufang, Pan Yaozhong. et al. Spatial-
temporal variation characteristics of vegetation cover in
China from 1982 to 2012 [JJ]. Acta Ecologica Sinica.,
2015,35(16) :5331-5342.

MR 50, M - 25U — . 550 55 45 R v VL I 3 K
At 23 28 Ak RRAE 2 A7 [ ). b 3R {5 B A 22 22 4. 2017, 19
(3):365-373.

Chen Sujing, LI Lijuan, LI Jiuyi, et al. Temporal and
spatial variation characteristics of precipitation in Lan-
cang River Basin in the past 55 years [J]. Journal of
Geo-Information Science, 2017,19(3):365-373.
AR, AR X S N Bl X P8 R L b A A
ALY S DL R O )] A A AR 4, 2022, 42
(17):7177-7186.

Yu Chenyu, Xiao Zuolin, Liu Rui, et al. Analysis of
human activities as driving forces of vegetation cover
changes in mountainous areas of Southwest China from
2000 to 2020: A case study in Chongqing [J]. Acta
Ecologica Sinica, 2022,42(17):7177-7186.

AN TR Bk S8 TR L S R TR AR S R G R R
A ma N e R [T ). B A 38 i, 2019, 64 (27)
2842-2855.
Piao Shilong., Zhang Xianzhou. Wang Tao. et al.
Responses and feedback of the Tibetan Plateau’s alpine
ecosystem to climate change [J]. Chinese Science Bulle-
tin, 2019,64(27).:2842-2855

Piao Shilong. Yin Guodong, Tan Jianguang, et al.
Detection and attribution of vegetation greening trend in
China over the last 30 years [J]. Global Change Biology,
2014,21(4):1601-1609.

4G, LB E 4, %20 thag 90 4E 4R LSk E 7
P DX B e AR A [T 2 A SE i, 2016, 36 (23)
7858-7869.

Zheng Zhaoju, Zeng Yuan, Zhao Yujin, et al. Analysis
of land cover changes in Southwestern China since the
1990s [J1. Acta Ecological Sinica, 2016, 36 (23):
7858-7869.

Chen, Junhan, Feng Yan., Qi Lu. Spatiotemporal vari-
ation of vegetation on the Qinghai-Tibet Plateau and the
influence of climatic factors and human activities on
vegetation trend (2000—2019) [J]. Remote Sensing.,
2020,12(19) :3150.

Peng Jian. Liu Zhenhuan., Liu Yinghui, et al. Trend
analysis of vegetation dynamics in Qinghai-Tibet Plateau

using Hurst Exponent [ J]. Ecological Indicators, 2012,

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

14(1):28-39.

Dragoni D, Schmid H P, Wayson C A, et al. Evidence
of increased net ecosystem productivity associated with
a longer vegetated season in a deciduous forest in south-
central Indiana, USA []J]. Global Change Biology,
2011,17.886-897.

FEFLINVE L IKIE L 4.2000-2020 4E DU 1| 45 A W
i 2 728 A 4 A B R A K 8l R [0 L K e e i
2022,42(4) :312-319.

Xin Yu, Sun Mengxin, Zhang Yue, et al. Spatio-temporal
changes of vegetation cover and its climate driving
factors in Sichuan Province from 2000 to 2020 [J]. Bulletin
of Soil and Water Conservation, 2012,42(4) :312-319.
Zhang Guoging, Yao Tandong, Piao Shilong, et al.
Extensive and drastically different alpine lake changes on
Asia’ s high plateaus during the past four decades [J].
Geophysical Research Letters, 2017,44(1) ; 252-260.
Propastin P A. Inter-annual changes in vegetation activ-
ities and their relationship to temperature and precipita-
tion in Central Asia from 1982 to 2003 [J]. Journal of
Environmental Informatics, 2008,12(2) :75-87.

R O AL SR T P R — VL XA R
9 A T HEME £ [ D] IR - P g R 27, 2016,

Li Huilian. Livelihood strategy choice of farmers and
herdsmen in the “one river and two rivers” region of
Tibet under the background of climate change [ D].
Chongqing: Southwest University, 2016

Wu Gaolin, Liu Zhenheng, Zhang Lei, et al. Long-
term fencing improved soil properties and soil organic
carbon storage in an alpine swamp meadow of western
China [J]. Plant and Soil, 2010,332:331-337.
PR L AR5 R 5 SO0 AT R g AL L K bR F ) AR
SAE A LURL BRI sk S 0 [T, A A A
2019,39(23):8966-8974.

Wang Zhenbo, Li Jiaxin, Guo Yiqgiang, et al. Ecologi-
cal protection and restoration model of multi-ecological
elements in Qinghai-Tibet Plateau: A case study of
Lhasa River basin [J]. Acta Ecologica Sinica, 2019.39
(23):8966-8974.

TO AU T T R A R A 2 Ak A g A A Y R
PFLTD. A R bRl 98 A B 2015, 34(2) - 29-33.

Fan Zhihao. Discussion on ecological forestation mode
in the ‘Liang Jiang Si He’ Region of Tibet [J]. Central
South Forest Inventory and Planning, 2015, 34 (2):
29-33.



