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Fig. 1 Spatial pattern of elevation and slope gradient in the Hengduan Mountains Region
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Fig.8 Spatial pattern of partial correlation coefficients between NDVI and temperature,
NDVI and precipitation in the Hengduan Mountains Region
%¢E 8 102°E 10°E TR NDVI B 5 25 05 03 KT iR B3 0 R AE
AR5 1960 4F LIOKHIF 58 X 4 7 19 36 1 8 3
21 z TS AR T NDVE N R8RS
° DRt (4 T T AR T, TR T DL AR
R A R R A 1 T T K R
A R HE T I A R K, B R R Y
£ z ThX R K TR L BRI AL B o
- ZhIEHLIX 45 2 MUK 22 NDVI 975 4k 5 18 % 55 A0
T TR E AR X VA UL R B R R R I VD
T 3 1K BT VD 3170 45 it B A K IR 1 b T
7] z AR FAE AR
B TR AE K 32 BR8N 263 30 i S TR 52 L [ ok
IR Sk A% B 58 53 WA 2 K e T B P T A
%o TEFRE KRS X, 5L RE T Sk £ 28
) e - 2 NDVI ST NDVI 5 A5 B 41 56 2 5 T 1
I ) [ AR LR P 3 B A6, B AR R 1 PG R B L X R
99°E 102°E 105°E

B9 #ErLXEH VDVI ZHEHEFRIZEIEE
Fig.9 Spatial patterns of NDVI driving factors

in the Hengduan Mountains Region

a5 2 ek oIk E M & 8 AR e g H—
F MR BEWTILIX NDVI (AR AL AETE B3 1
ER XESREEMHERN, EENEFMLBE, 5

VER, K8  H IX (84% ) J& F A A I R 9K 8h X
B, 1A 16% [ HLIX NDVI A5 fk B i R E B E A
fenl, fxr R £, AR E R LN
fif BE 1982—2009 4% 4> Bk M- i) AL 45 2L 8% 19 A8 1k,
CO, B 51k 4 Bk LAT 3 iy N ZE ™, JF
i CO, e B2 TR 5256 (FACE ) i 45 54 Wi, CO,
e P T R R T AR A L BT L



55

T L DA 2t JEE 1Y I 2 738 PR AIE B I A A 677

DX LA My VN FD BT ARl L, KA C3 R,
W53 CO, WeE T Mg, Bb ok, 4 ) A 2
SRR NDVI A — A R 2 E . WK 4000 m
PLFAFE 35 NDVI 36 3 4 F £0.001 a ™' Ja] , 1iif ¥ 4K
4000 m DL I, B 456 BE 1) T R L A 38 NDVI Y- 35 3
B R0 B, AR 3 NDVIE R A 28 52 38 in ke
BOTHY Lo 2 i T (B S) o AR i X, R
I ) (9 LU 15 48 A 52 B 1L R A B RS K
I AE ORI S, — 7 TR 43 B O VE N, T —
5T — S8 R A b 5 O 55 M 8 A5 i T BR R 2
BT o A5 v R b X AR B NDVE PR

3.2 #ig

S AT S, BRI RS B LU XA g NDVI
AR A B B 23 A% S, BB A8 O B BT LU DX AR A R G T
Sk Jre I Bk 7 S X R B AR AR AR B . A S
JLF MODIS NDVI % #%, & %8 4y Bt T B W (b X
2001—2016 4= NDVI 75 Ak (1 s 25 4 Jy , 5 45 4 i A
K ME MKW, /M T NDVI ZE AL i 9K 3 R 7
e T

(1) 52 8 8% 4 A7 R0 55 1 19 5% i, ¥ 4R
4000 mLA T, 8 8 1L X AE 8% 2 4F NDVI S5 {H %% = H
ARG /N 5 WEHR 4000 m DL b, 37 4 R A AR Ak IR
FETV G W5 W), AR 2 NDVI 38 S 6 1 3 1 T 8 1 1
.

(2) 32 B8R0 22719 22 52, B 8 LU X NDVI 3
HEERNEE>HER>KE>HEENBE, EFR
JE (0 T v A A RSB NDVI b 3 o

(3) R LI DX AE B NDVI 7% Ak 57 ik 3 0 e T A2
AE S 0 () TR RN A 16% , % F R340 HLIX (84% ) i
H L HAZETE A R CO, VR BB 4 b R AR
{2 AE B NDVI BE Ty 3= 22 g A

H TR DRI L IX A Bt 3R Ak 1E 2 2%, 4 I O
L 224 5 i T A AR Ak AR A BLEE DL R
N T s 328 S5 A T A A A A T 7 ) 22 5

5 % 3Lk ( References)

[1] NEWBOLD T, HUDSON L N, HILL S L L, et al. Global effects of
land use on local terrestrial biodiversity [ J]. Nature, 2015, 520
(7545) :45 -50.

[2] STERLING S M, DUCHARNE A, POLCHER J. The impact of
global land-cover change on the terrestrial water cycle [ J]. Nature

Climate Change, 2012, 3(4) . 385 —390.

(3] X2, @75 5. A0 e T A2 A % wh [ b O R s B il
MR AR AR [ )], B A 252 41,2008 ,19 (9) : 2016 ~
2022. [LIU Junhui, GAO Jixi. Effects of climate and land use
change on the changes of vegetation coverage in farming-pastoral
ecotone of Northern China [J]. Chinese Journal of Applied
Ecology, 2008, 19(9) : 2016 —2022]

[4] CRAMER W, BONDEAU A, WOODWARD F I, et al. Global
response of terrestrial ecosystem structure and function to CO, and
climate change: results from six dynamic global vegetation models

[J]. Global Change Biology, 2001, 7(4) : 357 —373.
[5

[

THEURILLAT J P, GUISAN A. Potential impact of climate change
on vegetation in the FEuropean Alps: a review [J]. Climatic
Change, 2001, 50(1 -2): 77 - 109.

[6] SONG Y, MA M. A statistical analysis of the relationship between
climatic factors and the Normalized Difference Vegetation Index in
China [J]. International Journal of Remote Sensing, 2011, 32

(14) ; 3947 —3965.

—
~
[

XU G, ZHANG H, CHEN B 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.

—
o]
[

FENSHOLT R, LANGANKE T, RASMUSSEN K et al. Greenness
in semi-arid areas across the globe 1981 - 2007—an Earth
Observing Satellite based analysis of trends and drivers [ J]. Remote
Sensing of Environment, 2012, 121(2) ;144 - 158.

[9

[

KAWABATA A, ICHIT K, YAMAGUCHI Y. Global monitoring of

interannual changes in vegetation activities using NDVI and its

relationships to temperature and precipitation [J]. International

Journal of Remote Sensing, 2001, 22(7): 1377 —1382.

[10] PIAO S L, FANG J Y, ZHOU L M, et al. Interannual variations
of monthly and seasonal normalized difference vegetation index
(NDVI) in China from 1982 to 1999 [J]. Journal of Geophysical
Research Atmospheres, 2003, 108 (D14) :ACL 1 —1.

[11

[

BROWN D G. Comparison of vegetation-topography relationships at
the alpine treeline ecotone [J]. Physical Geography, 2013, 15
(2):125 - 145.

[12

[

FU C, HUA X, L1 J, et al. Elevational patterns of frog species
richness and endemic richness in the Hengduan Mountains, China:
geometric constraints, area and climate effects [ J]. Echography,
2006, 29(6) :919 —927.

[13] ZHANG J T, XU B, LI M. Vegetation patterns and species
diversity along elevational and disturbance gradients in the Baihua
Mountain Reserve, Beijing, China [J]. Mountain Research &
Development, 2013, 33(2) : 170 — 178.

[14]F 5 RAT I XA [ 3 A A A S K SGE R BFSE [ D]

dbat. b [ B 2F B oK 24,2017, 37 - 38. [ Wang Feiyu. Eco-

hydrological Processes on Altitudinal Vegetation Belts in Taihang

Mountains [ D]. Beijing: University of Chinese Academy of

Sciences, 2017, 37 -38. |



TR

37 &

[

[

—

[—

[

[

[15] DENG S F, YANG T B, Zeng B, et al. Vegetation Cover

Variation in the Qilian Mountains and its Response to Climate
Change in 2000 —2011 [J]. Journal of Mountain Science, 2013,
10(6) : 1050 - 1062.

NEMANI R R, KEELING C D, HASHIMOTO H, et al. Climate-
driven increases in global terrestrial net primary production from
1982 10 1999 [J]. Science, 2003, 300 (5625) : 1560 — 1563.
PETTORELLI N, VIK J O, MYSTERUD A, et al. Using the
satellite-derived  NDVI  to assess ecological responses to
environmental change [ J]. Trends in Ecology & Evolution, 2005,
20(9): 503 -510.

GOWER S T, KUCHARIK C J, NORMAN J M. Direct and
indirect estimation of leaf area index, fAPAR, and net primary
production of terrestrial ecosystems [J]. Remote Sensing of
Environment, 1999, 70(1): 29 -51.

FENSHOLT R, SANDHOLT I, RASMUSSEN M S. Evaluation of
MODIS LAI, fAPAR and the relation between fAPAR and NDVI in
a semi-arid environment using in situ measurements [ J]. Remote
Sensing of Environment, 2004, 91(3 -4) :490 - 507.

MYNENI R B, KEELING C D, TUCKER C J, et al. Increased
plant growth in the northern high latitudes from 1981 to 1991 [J].
Nature ( London) , 1997, 386 (6626) : 698 —702.

Jiks o AN B 2R, AR T 20 4RO FP T B Sl 7E 0 R
[J]. v A 25 (C % A i Bl 2% ) ,2003,33 (6) : 554 - 565.
[ FANG Jingyun, PIAO Shilong, HE Jinsheng, et al. Vegetation
dynamic is enhanced in China in recent twenty years [ J]. Science
in China (Series C), 2003, 33(6) : 554 - 565 ]
PNDRIE , 2 bR, VR N, 45, 2000 - 2013 4F =L IR KL 8 NDVI
AR R H R S A (1], HER A5 B R4 2 4, 2016, 18
(12):1707 - 1716. [ SUN Qingling, LI Baolin, XU Lili, et al.
Analysis of NDVI change trend and its impact factors in the Three-
River HeadwaterRegion from 2000 to 2013 [J]. Journal of Geo-
information Science, 2016, 18(12): 1707 - 1716]

RS B, FRZEIE 2. 2001 - 2010 4 Py 52 i bl 88 55 1
I 28 AR AL AR AE [ J]. HbBE2: 4R ,2012,67(9) 11255 - 1268. [ MU
Shaojie, LI Jianlong, CHEN Yizhao, et al. Spatial differences of
variations of vegetation coverage in Inner Mongolia during 2001 —
2010 [J]. Acta Geographica Sinica, 2012, 67 (9). 1255 -
1268 ]

LI Haidong, JIANG Jiang, CHEN Bin, et al. Pattern of NDVI-
based vegetation greening along an altitudinal gradient in the
eastern Himalayas and its response to global warming [J].
Environmental Monitoring and Assessment, 2016, 188(3) . 186.
ZAPATA-RIOS X, BROOKS P D, TROCH P A, et al. Influence
of terrain aspect on water partitioning, vegetation structure and
vegetation greening in high-elevation catchments in northern New

Mexico [ J]. Ecohydrology, 2016, 9(5) : 782 - 795.

(26 ] XUMRHE, A 18 Skt fe. BEIBT L 3 2R 0 B BT A9 30 40 (]

[

[

[

i

LRI Y W9, 1984, 6 (2):205 - 216. [ LIU Lunhui, YU
Youde, ZHANG Jianhua. The division of vertical vegetation zone
in Hengduanshan [J]. Acta Botanica Yunnanica, 1984, 6 (2) :
205 -216]

ik, TR AENK, B HEAE, AF. BT LLIX 2004 - 2014 4F 4 B NPP
2SS fh R HeOR 3 ] 7 [T]. A= A %4 ,2017,37(9) :3084 -
3095. [ WANG Qiang, ZHANG Tingbin, YI Guihua, et al.
Tempo-spatial variations and driving factors analysis of net primary
productivity in the Hengduan mountain area from 2004 to 2014
[J]. Acta Ecologica Sinica, 2017, 37(9) . 3084 -3095 ]
TREAAG WU B B, AF. G 1S AR R [ DY R it DR Bl o
&AL E P g R, 2017,29 (3): 128 - 136.
[ ZHENG Zhaoju, ZENG Yuan, ZHAO Yujin, et al. Monitoring
and dynamic analysis of fractional vegetation cover in southwestern
China over the past 15 years based on MODIS data [ J]. Remote
Sensing for Land & Resources, 2017, 29(3) : 128 - 136 ]
RWTT L BEARNR BIKE 5. 21 LR 47 5 P [ B R
fE[T]. 454 MF5c,2014,34(4) 723 - 731. [ WU Bingfang,
YUAN Quanzhi, YAN Changzhen, et al. Land cover changes of
China from 2000 to 2010 [J]. Quaternary Sciences, 2014, 34
(4).723 -731]

CHEN J, JONSSON P, TAMURA M, et al. A simple method for
reconstructing a high-quality NDVI time-series data set based on the
Savitzky-Golay filter [ J]. Remote Sensing of Environment, 2004,
91(3 -4) . 332 -344.

STOWD, DAESCHNER S, HOPE A, et al. Variability of the
seasonally integrated Normalized Difference Vegetation Index across
the north slope of Alaska in the 1990s [ J]. International Journal of
Remote Sensing, 2003, 24(5): 1111 -1117.

PRz, ZElbede, 2. 1983 ~ 1992 4 i [E i s NDVI AZ 4k
W N T K Sl o A (D] R W A A5 oA 4l 2001, 25 (6) -
716 —=720. [ CHEN Yunhao, LI Xiaobing, SHI Peijun. Variation
in NDVI driving by climate factors across China,1983 - 1992 [J].
Acta Phytoecologica Sinica, 2001, 25(6): 716 —720]

P, MITEI, A, 4. FREREHNLX 1960 - 2008 45
TR R K I 25 AR [T ] b A% 4, 2010, 65(5) : 563 -
579. [LI Zongxing, HE Yuanging, XIN Huijuan, et al. Spatio-
temporal Variations of Temperature and Precipitation in Mis.
Hengduan Region during 1960 —2008 [J]. 2010, 65(5): 563 —
579]

BAO G, QIN Z H, BAO Y H, et al. NDVI-based long-term
vegetation dynamics and its response to climatic change in the
Mongolian Plateau [ J]. Remote Sensing, 2014, 6 (9) . 8337 —
8358.

XU Fei, JIA Yangwen, PENG Hui, et al. Temperature and
precipitation trends and their links with elevation in the Hengduan
Mountain region, China [J]. Climate Research, 2018, 75(2):
163 - 180.



55

BB L DX 8 2 1 e A8 A R E e

679

[36]

ICHIT K, KAWABATA A, YAMAGUCHI Y. Global correlation
analysis for NDVI and climatic variables and NDVI trends: 1982 —

1990 [J]. International Journal of Remote Sensing, 2002, 23

Zhihui, BAO Gang, YIN Shan, et al.

Vegetation changes in
Otindag sand country during 2000 - 2014 [J]. Acta Prataculturae

Sinica, 2016, 25(1) : 33 —46]

(18): 3873 -3878. [41] Z=mete, LB, o[BS RAH 28 70 NDVI 8 2578 46 5 IR
[37] sk, R 2% K, FAF, 45, 3L 30 4F R IT & DL JR # X i i AE Wi 7K 728 Ak B SO Zr AT [T ] A A A2 A5 %4, 2000, 24 (3) :
WA A XS AR A B e N [T ], Hb PR 2% 4R ,2011,66 (1) .47 - 379 - 382. [ LI Xiaobing, SHI Peijun. Sensitivity analysis of
58. [ ZHANG Geli, XU Xingliang, ZHOU Caiping, et al. variation in NDVI, temperature and precipitation in typical
Response of vegetation changes to climatic variations in Hulun Buir vegetation types across China [J]. Acta Phytoecologica Sinica,
Grassland in past 30 years [ J]. Acta Geographica Sinica, 2011, 2000, 24(3): 379 -382]
66(1):47 -58] [42] ZHU Z, PIAO S, MYNENI R B, et al. Greening of the Earth and
[38] phHaFy , SRME. 1982 —2006 44 b 4 ¥k 28 55 2% 1k e H 5 S fi 28 its drivers [ J]. Nature Climate Change, 2016, 6(8) . 182.
KR [T]. ASAHBE¥HR,2012,21(1):7 - 12. [ SUN [43] LONG S P, AINSWORTH E A, LEAKEY A D B, et al. Food for
Yanling, GUO Peng. Variation of vegetation coverage and its thought: lower-than-expected crop yield stimulation with rising CO,
relationship with climate change in north China from 1982 to 2006 concentrations [ J]. Science, 2006, 312(5782) ; 1918 - 1921.
[J]. Ecology and Environmental Sciences, 2012, 21(1): 7 - (447 SA52, gk, SEAPSC, &5, b [ SR L A gl 3 B M T I
12] AEF H B E[J]. ASRZE, 2018, 40(1): 12 -16. [HU
[39] &y, Fidh, XIES 4. 2000 - 2012 4ER RN HUR L B 5 X Shi, ZHAO Ruxin, JIA Yangwen, et al. The characteristic of
el pgma e e &[], 4l ML 2% 4Rk ,2016,47 (4) :162 - vegetation vertical zonality and the influential factors in typical
172. [ MA Long, WANG Jingru, LIU Tingxi, et al. Response mountains in China [ J]. Chinese Journal of Nature, 2018, 40
relationship between vegetation and climate factors in Horqin Sandy (1):12-16]
Land from 2000 to 2012 [J]. Journal of Agricultural Machinery, [45] 40505, F RA. o E PR E B 0 DX 8855 A3 55 ) PR320 58

[40]

2016, 47(4) : 162 - 172]
TN, AR, ER L, AE. 2000 - 2014 45 456 5K T Vb ke 4 2
5T [J]. Bk A 4, 2016,25 (1):33 - 46. [ YUAN

[J]. WA, 2018, 40(4) : 719 —-728. [JIN Fangfang, XIN
Liangjie. Spatial distribution and impact factors of farmland

abandonment [ J]. Resources Science, 2018, 40(4) ;: 719 —728 |

Detecting Changes and Causes of Vegetation Greenness
in Hengduan Mountains Region, China

HU Shi', ZHAN Chesheng' , ZHAO Ruxin’, LIU Liangmeizi "

(1. Key Laboratory of Water Cycle and Related Land Surface Processes, Institute of Geographic Sciences
and Natural Resources Research, CAS, Beijing 100101, China; 2. Beijing Normal University, College of Water
Sciences, Beijing 100875, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract. Attributing variation of vegetation greenness to climate change and human activities is important,
because it provide fundamental information for ecosystem management. The Hengduan Mountains is an essential
ecological barrier for southwestern China, and exerts profound influences on the climate and ecological environment
of Midwestern China. Based on the Normalized Difference Vegetation Index ( NDVI) data, the spatial-temporal
variation of vegetation greenness from 2001 to 2016 was detected in Hengduan Mountains Region. With the aid of
partial correlation analysis and multiple correlation analysis, NDVI variation was attributed to climate change and
human activities. Results showed that regional averaged annual NDVI increased from 2001 to 2016, with an
averaged increasing rate of 4.4 x 10 *a~

Except for summer, the seasonal averaged NDVI showed increasing

trend. The highest increasing rate was found in winter, followed by those in spring and autumn. Below 4000 m,
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averaged annual NDVI ranged from 0.45 to 0.55, with interannual change rate between =0.001 - a~', indicating
there was slight difference in interannual variation of NDVI along altitude. Above the altitude of 4000 m, annual
NDVI decreased with the altitude, whereas the interannual increasing rate of NDVI increased with altitude. The
partial correlation analysis and multiple correlation analysis showed that NDVI variation principally controlled by the
variation of precipitation and temperature in 16% areas of Hengduan Mountains Region, whereas human activities,
such as carbon dioxide enrichment and land use change, were the dominant factors impact NDVI variation in most
study area. This study can provide scientific reference for ecological protection and sustainable development in

Hengduan Mountains Region.

Key words: Hengduan Mountains Region; partial correlation analysis; multiple correlation analysis; NDVI
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