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Response of vegetation to climate change and human activity based on NDVI in

the Three-River Headwaters region
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Abstract; Vegetation change trends and the response of different types of vegetation to climate change were analyzed using
spot vegetation Normalized Difference Vegetation Index (NDVI) data from 1998 to 2010, vegetation maps at a scale of
1:1000000 and climate data obtained from 16 weather stations in or near to the Three-River Headwaters region. The
effectiveness of ecological conservation and construction was also assessed by separating the contribution of human activity
from climate factors to vegetation growth. Results show that vegetation in the study area increased in density between 2001
to 2010 at a regional scale and vegetation growth decreased from the southeast to the northwest of the study area. The
contribution of climate change and human activity to vegetation growth was calculated at 79. 32% and 20. 68% ,

respectively, indicating that change in vegetation is mostly influenced by climate change and enhanced by human activity.
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Precipitation as well as temperature has a great impact on vegetation change at the study site. Precipitation and temperature
during spring and autumn, especially in April and October, are the most important to vegetation growth in the alpine area.
The impact of climate change on NDVI differs between vegetation types, with the greatest impact observed in alpine
grassland areas over forest and shrub areas. The NDVI of alpine meadow areas correlates strongly with both precipitation and
temperature. In alpine steppe areas temperature has more influence on NDVI, while precipitation has a stronger relationship
with NDVI in areas of mountain vegetation. Under a changing climate between 2001 to 2010, which promoted vegetation
growth because of the increase in precipitation and temperature, human activity was found to have a positive effect on
vegetation growth as shown from the calculation of a residual value of 0. 0863 between real NDVI and simulated NDVI. This
provides evidence that ecological conservation and construction programs have achieved initial success. The most obvious
effects occur in the east of the Yellow River source region and the two sides of Tongtian River of Yangtze River source
region. In mountain areas such as Tanggula Mountain, Kunlun Mountain and Buqing Mountain, human activity is still
found to have negative effects on vegetation growth. The positive effects of human activity on vegetation decreased between
2001 to 2010, as shown from the negative slope of —0.0039. This indicates that most ecological projects are implemented

with a short-term design and a lack of long-term planning.

Key Words: NDVI; vegetation change; climate change; human activity; the Three-River Headwaters region
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JE 1 K 0 5 S22 38 KR, 2 RS R B2 F R KR4 R SR M E I, ND VI, 55 =K 2 R 8007
ISR 0.42 F10. 48, 5 R R E5 9 0-0. 24 F1-0.13,

%*1 NDVI,, 5SBREZRMNEXRHER

Table 1 Correlation coefficients of NDVI . and climate factors

max
SRR i M 1 FE B ] ieiy FE L Ji ie LLIAE B FEBE A
Climate factors Forest Shrub Alpine meadow Alpine steppe Alpine vegetation All vegetation
4EF%/K Climate factors 0.211*** 0.295 *** 0.653*** 0.495 *** 0.528*** 0.714***
TEREK 0.420*** 0.477 *** 0.610"** 0.647*** 0.545*** 0.690 ***
HRREK 0.043 0.120*** 0.561 *** 0.264 " 0.441 *** 0.621***
FRBREK 0.055 0.208 *** 0.634"** 0.434*** 0.552*** 0.700 ***
ZRfEK -0.074*** 0.096 *** 0.353 """ -0.019 *** 0.463 *** 0.427 ***
P, 0.006 0.140 *** 0.242 7%+ 0.013 *** 0.355*** 0.311°**
Py -0.157 *** -0.029 *** 0.169 *** -0.285 """ 0.367 *** 0.234 "
Py 0.277 *** 0.416*** 0.612"** 0.436** 0.508 *** 0.667 ***
P, 0.345*** 0.484 *** 0.624 "+ 0.684 ** 0.563 *** 0.713 ***
Ps 0.445*** 0.463 *** 0.590 *** 0.458 *** 0.532*** 0.670 ***
P 0.044 0.071*** 0.535"** 0.214*** 0.488 *** 0.617 ***
Py 0.294 *** 0.354*** 0.506 *** 0.322*** 0.297 *** 0.543***
Py -0.088 *** -0.053 *** 0.448 *** 0.079 *** 0.351 """ 0.496 ***
Py 0.023 0.154*** 0.566*** 0.327*** 0.475*** 0.623***
Py 0.085 *** 0.249 *** 0.642 """ 0.645 """ 0.583 *** 0.718 ***
Py -0.026 0.135*** 0.552"** 0.296 *** 0.474 "+ 0.619 ***
Py, 0.054 0.232*"* 0.578 *** 0.387 *** 0.561 *** 0.646 ***
AR -0.116 *** 0.009 0.601 *** 0.594 *** 0.479 *** 0.691***
HERR -0.050 0.116*** 0.626 """ 0.613** 0.494 *** 0.708 ***
L ECw -0. 004 0.086 """ 0.550 *** 0.587 " 0.438 *** 0.641***
KEAR —0.098 *** 0.017 0.603 *** 0.584 " 0.476*** 0.693 ***
KB —0.240 """ -0.131 0.556 """ 0.527*** 0.408 *** 0.648 ***
T, -0.251 """ -0.131"** 0.548 *** 0.502 """ 0.390 *** 0.635 """
Ty -0.217 *** -0.094 *** 0.590 *** 0.566 *** 0.447 *** 0.682 """
Ty -0.196 *** -0.089 *** 0.593 *** 0.600 *** 0.468 “** 0.691 ***
T, 0.063 0.279 *** 0.631*** 0.609 “** 0.492 "~ 0.702***
T; 0.014 0.161 *** 0.612*** 0.605 *** 0.484 *** 0.691 ***
Ty -0.026 0.067 *** 0.567 *** 0.596 *** 0.457 *** 0.659 ***
T, 0.003 0.086 *** 0.531*** 0.587 *** 0.425*** 0.623 "
Ty 0.013 0.106 *** 0.545 " 0.576 *** 0.428 *** 0.635*"*
Ty -0.046 0.049 *** 0.567 *** 0.582*** 0.455*** 0.659 ***
Ty -0.067 *** 0.060 *** 0.606 " 0.582""* 0.471 "~ 0.693 ***
T, -0.156 *** -0.046 *** 0.598 *** 0.547 *** 0.457*** 0.686 ***
Ty, -0.247 *** -0.164"** 0.523 "+ 0.499 *** 0.382 """ 0.617 ***

# % A P< 0,001 ACE Y SRS, P FRRSS (DA FEKE, T,3RRE i A H AR
T BRI Ry B RUBE R A A NDVI AR A | 73531 SR FH A RUBE ) 48 B K CRIAR 25 Ul 221 RUEE RS
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FRKZERE AR H REE 4 HARF 10 H A MR K RARAE S A A8 it @57 NDVI 5 R RIH 7, =
A RUBEASE R 7 25 g B 43R 0. 55,0. 60 F110. 61, H IRUERLHR 5 2 i Bt i, DRI, A6 6o A () A g 2 A8
Sr e S NDVI ARG A 55 m i H SRR oK, ar B 55 140 NDVI REURI RS | 25 Af B 2
RUA [ )7 7 F (A i P<0. 005 7K B E A6 (£ 2) .

F2 ETFREEMGH NDVI ERUEE
Table 2 Simulation models of NDVI based on climate condition

FI i E

2 22 7.
HEp ey R Degee  pffp LACAT
. . Coefficient of . Significance
Vegetation types  Regression models L of freedom F value
determination SN level
(fif2)
B NDVI=-0. 0087P,+0. 0071 P5+0. 00837, -0. 00757, +0. 4309 0.2376 4,3180 201. 277 * ok
TE NDVI=0.0013P,+0. 0012P5+0. 02117, -0. 01267, +0. 3007 0.2772 4 ,24343 1760. 297 ® ok ok
[= k| NDVI=0. 0069P,+0. 0039P,,+0. 00087, +0. 023675 +0. 0612 0.5033 4 ,245238 48944. 250 w %k
T FE L NDVI=0. 0061P,+0. 0068P,,+0. 01587, -0. 020475 +0. 1061 0. 5090 4,94081  19599.920 ® ok ok
=AY NDVI=0. 0056P,+0. 0075P,,+0. 01657, -0. 021675 +0. 1057 0.3585 4,42559 4851. 507 ® ok K

F o w x FoRilad P<0. 005 BEMEACERR:, P,ERE i A H BIREKE, T3R5 i A AR

ML S5 B, = VL U5 R B B o X33 T AR 45 4 9 NDVI, Y B 7E 0. 121—0. 798 Z [H], -3 2y
0.331, 148 NDVI, 55200 NDVI,, 7E %5 [8) 534 - BATIR M A OC 1  AHC R E0R 0. 81,353 P<0.001 7K-F- [k
ARG AEAES R 2 (8] A R/INHESF 5 S50 NDVIL, 584 — 30, SRR IR ST A AR g A= 4 A B S 3 A
2R ) P A% R (R 1) BRIS BRI A 3R BB R R B, B4 OB ND VI, 76 0. 60 LA I+
HYR T R BRI BOE BB NDVI, 7E 0. 50—0. 60 Z[a]; i E ik HE HEE EHE Hib
L[] £ L A A IR DAL T 25 KT, BLEF AR NDVIL, 7E 0. 40—0. 50 Z [8] ; FR 2 B i H 2 B
e B RS EL R AR ER IR 2 BARE R A KA 22, BLEOT S AL ND VI, 7E 0. 30—0. 40 Z |7 ; JH
Wi S | R B PG ERAG 2 B A pR B i 22 | BLECE L NDVIL, 7 0.30 DAR

FERFRIZE I, 30T 10a SRS AR X HE g A= 0 75 S 80 R G 35, B8 NDVIL, B9 fE RN 0. 0086 , K
TEEM NDVL, AR . R ERET , A0A 8 PR R E e R g O SR 0 3 (A
1), BUHEZ M EFRPR KT 0. 012, 42 B 3G 2 B P0E0 FE i hi £ 78 38 Kl IRk 3 B IS 3 Hh X ) 45 451
NDVI,, A0 P A &, [EE ELZR AR TE 0. 010 DL L, 7SR AEALIR B T, AS [R] 2700 A i 9 3 K 34 R
], FLr b R ZE R f) NDVI, BTSSR B AL NDVI, AR (LR R T 0. 015 FER R = FE H LRI
LA, B ARPRATE 0. 005—0. 01 Z [H] 5 AR IE S Hdme 5, B AR/ T 0,005,

2.3 BB SERNRGE T

TR ST ARE BE NDVI, 55 AR AL IR SR RUSLALL A9 AF B NDVIL, =22 [] B4 5% 22 Df il e A A5 A b 5 ik
TPahiskes . THA AR, IT 10a & =TLIRAF- 58224 0. 0863, 2 B ZEE sl % A= A8 3R 858 7= A= 1IE 52 Wil
Az AR ORTE B it O IO K, XA B AR K I STER R 28 20. 68% , WIS AR fL A BT kA 79.32% , MIEL 1
AT R0 f ok B I ) DX v A B T e S AR S R YA SR 1 3 SRR AN, 2 A R T R B R | [R]fE
B OHEA 2R I E M AVERE AR B AR MRS B R iR 2 BRI L e 2 BT IX,
NDVI,,, SCME SEUEZ B 5822 7E 0. 12 DL B, AZEIE ST NDVI B STk #7E 20% LA b ARG RN
B I DX 35 32 B A0 e R bl R A L el 3 R A L bk ) SR S M X, AT B0 FE AR R 2 BT
B RS VS RS B AL IS 2 B ARG DL iR 2 B2k 2 BAg AL B AR LLAR 30 e b X V4R L
B KSR 22 A AR A T AR S , N2 8l 7 =X 2 i, AR A AL FHESHRIBRAS

MABEDEZERIE (& 2) |, ey FE ) AR BAICR B i, S0 58840 NDVI, #95% 224 0. 1158 , %) NDVI () 5 ik
RIK 23. 84% ; iy FE B JFURI RS LU B O 1 A2 L BUAS — 2 1) 1k, N ZETE 3%t NDVI (9 Sk -R e 10% LI E %
PR O de 2, AN BEIR ) A S R D B NDVIL, 195822 9 -0. 0964
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BT 243 BT, 2000 4F LA = VIR B R HLASE 08

A SRR A T B CBUS Bk, (B ST Bl 1E 52 1) 07 v
S R RS, 2001—2010 4E NDVI 5% 22 iy 28 1k &) 06 B NDV Imay

R —-0. 0039, B AT H A St 5OR B = KAk
ML T A8 A 24t E R 30 2 B F 0 BORNA
H B B &2 2025 2 Bl b bt 3, Hog 17 BU o
NDVIL,, 5% 2= (0 &8 1y £ 8%, ol RR Sie B2 R oy r
2 L H Ek B EME AR BRI B R RS
P B, NDVI, 58 25 19 A48 fb &) R 4 x5 K F
0.005, FAHBRBIGETT, A m LLAE B A0 2 Bl 2 & WA ISEEIA) SEERE Rk
ETHEaS NDVI, SRR (LR 0.0014 B Vegetation ypes
FAIPRE 525 Y0 TRt o Ak A E R ) ) B2 RREI#E#E R R NDVL,,, 42§} NDVL,,, & NDVI,,,,
TR R, AR AL BRI WHE R T 0. 005, BEAAF BE
—[%— % E EE"J—FF%H]E &_,_-— Hﬁﬁ %Zy} , 7,;: ’f 43 §+ %E/‘J 2@ X:J, {E /J\ 3": Fig.2 Real NDVI,, , simulated NDVI , , residual of NDVI
0.001 . of different vegetation types
3 #ig5itie

ARSCAERTAMEFE Y SEAE L HEAT T ILAS A ekt 158, N2BR Spot VEGETATION 7= i e 2% 43 & I il
AREUT 2009-01—2010-12 /Y2 f) NDVI £t 72 5e52AR 347 T HO8Fe4 JEREREY I AL IR S5 flAb 3
Xt R FE 7 H ECA EA) 1998-04—2008-12 1] Spot VEGETATION NDVI $dlE #4774 e, Hk, 7E
HEBR AL 1 DX IR 1 | 43 AN [ A 45 ST 40 BT 17 e 9 b DX g A ke A0 2 A A i) 107 AR E , - 8 S AR I Y
NDVI BRI | 5 DL X 8RB AR NDVT W55 40 Eb , B8 40 S50 20 i 1 <0 0 28 %6 il 9 A8 Ak A 3R S bL A
BN B AR R AL R X NDVI B9S2 0, X = VT8 AR 254030 5 (% 0 H /Y SE MR 647 17 i
Al

(1) KIRREE |, =TI HLX 2001—2010 4 8 A 4 52 0 b 3 R gl 6 B 34 S5 /K R 1R 3 BT O
AREE PG, X =YL AR AR LR S A 2R B — EARAE S, AR AR R 53
Zapa R O RIS EE R X NDVI 1Tk L 79. 32% , AR B TTEk Y 21. 68% , FWITE
10a AR ] ROEE I, SARAS (RS2 i b 28 K At g MR 2 SR BRI AL A R A e s T = VT U DX ol 4
A7 ] B SR LR 5 3R BRAT 20 ] 78 5 10 PN (2 AR 0 P o

(2) VL5 X A AB A A5 A% R TR R TR A Y U B A RUBE NDIVIL, S AR K RIAE iR
FIAHIC R0 0. 71 F10. 69 3 2515 RUE L #AE K2/ BRI SRS S K NDVL, S5 HFE IR
IKFHRAR G RBOIAE 0. 71 Zody, SRKZERE K RIRAHIC RN 0. 70 F10. 695 7 R AP i R 2z E K
ZHE—H (4 A 10 A6 SrscFiEd NDVE 5 4 A0 FK S IR SE R BN 0.71 F10.70,
510 A KA RAAHIC R B 0.72 F10. 69,

AEW SRR FELL AR SRS B A = VTR b X R K 5 R 55 R G | KR SR A A K A BR
TR F LD 5, 2000, SEEEIA—BU RN FEZ RGO B AR —FE, KR ar2-F 5 =
TLUR X NDVI 55 E R (5 R, HR RIS XA R A0, Gt/ IMEEA Y IX 3k NDVT 5 K A
B E) 50 B A A OGS 02 LA G DT E it B 0T, Ge i KRR AR ) NDVI 55 B 7K 78 23 (8] 43 A b A AH G 1
PADISAE A 15 BT HEA T NDVI 5 RE/K A SC o0 Bt T BB A7 AE LR [R1R . 38— , A %5 1 NDVI R /K 1145 1]
Z5E, SRR LA BRIE DL T, 35 10 45 18] 25 52k v] BB & S Ml MR AR (W Ge o BT 45 21 0 TRk 5
NDVI Z [al fAHSEME 58 = I8 % SRR KAT PN AR B AN 24 A B B 7K Kot R4 5 Wil P i P 1 2, /R T PR K PR AT
PG M A 28050 T v 2 DX 2 K Ze e, FHAR R K A S e EA TR /K 55 NDVIT 956 R0 # , Ge it 9 2

0.5
0.4
0.3
0.2

0.1

0

Normalized difference vegetation index

-0.1
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FNTCRLFAIK MR AR K R [k A8 B A TR /K 5 NDVI Y SE R 00T, G145 1 252 B R /K 5% i i v
BT, 28 =, WA HERR AR 8 X T4, X345 NDVI 5K B AR S SE 1o Bl 5o 52 21 ekl e 7
X3 NDVI E 520, NDVT 238 i 3T 21 SN B LT (20 7 B ) S S A2 S35 20 A, 1 30 21 A0 BE R K Ak
PR BRI AL DX, A S0 R e 7 i ) DX, 3 K A =3, - 3080 BB R , ND VI (3 258/ 0N , 7™ 3 T AR Bl 7 5 IX.
W NDVI 5K Z A S48, R, HEBR TOAE 947 56 DX 3 nT ARG 382 X6 NDVI RS2, M B %
ST 8 KXo A A A

(3) AN [FIAE A IS R A A5 L Py i o7 AR 1F A 7 2 5 AR08 28 A X v 28 0 i 194 552 Wi 328 378 A 1 Mk b, R E A
1o FE B Y A A B2 K RS Tl e A W B NDIVL, S AR B /K FNAR 2SR B A OC R B3 3118 0. 65 F1 0. 60 ; 2%
R, B FE R A K B2 R KSR NDVI 5 KRR A OE 2B 0.60 LI, 5
FERTJFAEAE JEE S IR AR A B R B R T IK  NDVI 5 IR R K A 5 25043900 0 0.59 F10.49; %
R b 32 5 2R R KR A e e B AHOC R B3 1A 510 0.65 0. 61, 55 LU 8K 3432 B 7K A 5% 1) K
TR, FREE LA RECN 0.53 F10.48; 0 RS R 22 8F BB KA R K, XM
FIVE N A7 RUBE 1 R K B RE MR K T30, B RS R B2 A B K A SR, NDVI, 5 5%
JKAHIRE R EIT 0 0.42 F10. 48, 54 TSR KR B30 -0. 24 #1-0. 13,

(4) TSRS BITE LU , 3T 10a 2K =TI IX A9 2836 St A= S PR R B IE 200, 520 NDVI
5 NDVI,, Z B 5% 254 0. 0863 , & B A= 047 5 AT s AR W20 iR, Az A5 it 1) S Tt 5 SR AR 23 (1]
AR ZE S T AR AR AR VA 3 ST W ) A K S g A R B R, T R L R AR L
Bo] J& B U LL A5 L Ik T s b DX ol K AR AR 2 AN AR A i TR S, AT sl 0 A AR AR AT 3R 30 R
T, ARSI B ER A B HA B Y o FE ) 1) VA B de A, N ZRIE B4 NDVI 9 BTk ik
23. 84% ; MRHLIKARY R e 2% ,NDVI, H95% 220 —-0. 0964 , AZEIE S BEIR J1 BEA R TSI BE . M E] 3l
AT, NZETE SR B (%) TE S0 52 B R R #A 3 2001—2010 4E NDVI, 5% 2% 4 [0 I &1 5 R -0. 0039 , B
A AT H SER AT A A S R RO B KA A AT AL S A B VTR A A R S
i ST BURI E I L FORN W AL e 28R
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