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Abstract: Vegetation and its characteristics are largely controlled by regional landforms and climate. The Qingling-Daba
Mountains are located in a transitional zone between the subtropical and the warm temperate climate in China, where a
complex relationship between vegetation and climate exits. To explore this relationship, we used GIMMS,, (1982—2015),
SPOT VEGTATION (SPOT VEG) (1998—2015), and MODIS (2000—2017) , the DEM, and climate data ( temperature
and precipitation) to quantify the spatiotemporal changes in vegetation in the Shaanxi Province of the mountains. We found

that; (1) NDVI of the GIMMS,, database increased significantly at a rate of 1.4%/10a from 1982 through 2015. For
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1982—2000, NDVI of GIMMS,, was low but highly variable (linear tendency 1.6%/10a, CV = 0.4) by year, whereas a
stable increasing trend appeared after 2000 ( linear tendency 1.7%/10a, CV = 0.2). For 2000—2015, the increasing rate
was 4.1%/10a (CV = 0.04) for NDVI of the SPOT VEG database. For 2000—2015, the increasing rate was 4.5%/10a
(CV = 0.04) for NDVI of the MODIS database. (2) High vegetation coverage was found from MODIS for 2000—2017,
primarily in the mountainous regions (e.g., Qinling Mountains, Micang Mountains, and Shennongjia), whereas low cover
was detected at high altitudes in the west and low altitudes in the east. For the Qinling Mountains, NDVI increased and
decreased with elevation. (3) The increase and decrease of vegetation coverage during 2000—2017 accounted for 96.90%
and 3.10% of the total land area, respectively. Meanwhile, the vegetation cover at low altitude appeared more protected
than that in the high-altitude areas. (4) Annual mean temperature in the study area increased by 0.49°C/10a during
1982—2015, whereas the precipitation showed no significant change. For 2000—2015, we found that vegetation cover
(based on SPOT VEG and climate data) was positively correlated with temperature, but not with precipitation. The
correlation analysis further demonstrated that vegetation cover was more strongly correlated with temperature in the Qingling-
Daba Mountains. In the Qinling Mountains, the correlation was significant between NDVI and temperature in the high-

altitude areas, and between NDVI and precipitation in low-altitude areas.

Key Words: vegetation cover; NDVI; spatial-temporal patterns; climate change; Qingling-Daba Mountains

FEREAE hy ki 2B 2 R G 0 AR, ZE ) A PR RN BB B 3 ol P i 3 FE AR, R IR R KR R HEC R 1Y)
FURAAE WA e R AU s v i« Fon e 1) L sh 728 b 32 L3 A A KIE sh & 2 Em N R Y LR
S S T T IR R K B e ol ELREYT S I — fK R 4 45 28 ( Normalized Difference Vegetation
Index , NDVT) REFE - 5z Bt IX Sslobes s 78 265 5 M bl A BOIRIL , 76 BRI R AR 203z i ALY

A AR, S R GEIE 47 A A BRAS I A T2 BRRAE 1) 8 25 A0k, e HORAE A e sk i b R A (SR oy
SR AU ) S AR B S AR B ES IX, R T R T A BRI B T A A s MR A TS |
R P ot b A 2 R B8y L A2 BN e B T Ll PR P A/ N ) 235 R EL A R 0 1 B B o T R 3 5 5 T Ak 1)
A% RS AR A BRI (SR T b, IR B R A BRAE A 5 RS8R A 20 25 X A A i o ) 48 X 11

ZELI1X (102°24'—112°40"E 1 30°43'—35°29'N) VU475 9 i S AR 2% , AR AR LTI, DUIL LA Ry 220
AR B, TR oA A DU Z RN e R A 12 DX v ] R LA S 194 A AL RORUBE AR VG ) 9 A A B
MO RPN AR R &R X PRI EHE A, LIRS 2R IR AR E T F & N KRS
GEUR 0L AR B AR A A IR A E A S, AR R A A A AR DX RN A 45 i 55 X, 28 L L XA 7
b K L8R 8l 3 fF 5 S A BRAR A9 A5 A B A N 28 22—, R PN 2 3 X O T L AT R i A LR — S
SRUGITOT e O B SE 2R T L X 1982—2003 AFHE B AR NDVI 55400 K B AR S, TA S 28 B 1 X Al
T SR AR T K X S XIS A ST A R, R I AR 8 T 2000—2009 4EZE I
Ly b A 7 5 VR E R MR N, i BURIR 9 IF B PN 2 U A 7 A A R B s A, i PR R ND VI XL EE AR 1
TR, XBSRIEAE Y IFE Y 2000—2015 4T /] 25 14 78 o6 Al 9 A8 Ak 32 522 AR s, Lk R oK 5
SR IR X R 04 1 bR i 28 T R 2 AR AR SR EA T, & B 1978—2006 AR 5T X B 1 FXLA Jiin{EL 1
WAk H 25 ™ 8, 2605 & R IE AR T AR AR MO S RN i IR Bl RN, TG T4 L XA Bl 26
b B8R ) S 98 B Tp TR A B 20 PRI AR AR RK EL LA AR D, HRT AR 28 B X
B 7 i 8 A S B B B R R SRR, R AU — i e B AR 9l 5 AR (LR A T 95T, 4 TR T
M FEAZ B L DX e 7 5 ) 28 AR A ARRAE B X S R 1 g 1o AL o) 3 45 1 A sy S pb Rt i AR 0
5%, BT ASUE ] GIMMS,, (1982—2015 4F) (SPOT VEG (1998—2015 4F) ,MODIS (2000—2017 4F)
3 RPN [RIE 23 23 BR300 NDVI SR 4E | W22 EL 1L X 1982—2017 AFEAR B 35 AT 28 A AL RRAE B L 5 B A g
FIAHSCHEEA TR S, 1 LA IS 1L b (B PE BRI ) S E A5, 2B T AE 978 25 (R 4R R 2 53 T L 5 e R 1

http ; //www.ecologica.cn



9 4 Wit 55 45 . 28 10 L DXORE BT i A 1 B e PR 1 Bk sl 23 A 3

e R R, DU BRSO T 5 R O L R B R 3P S KSR SR AR AR Al
1 HRFESHEFRR

1.1 W5 IXHENL

ZELL X (1) s H I B i SRR AE 6 AME T, ARVEKZY 1000 km, BEAETEZ) 300 km , BT FLL N
30 J3 km®, DAZEIA-JCEL 1Ry S AR A0 2 B 1 XA V- BT i 44 43 /Kt 2 3% [ ma b s i B R IX o
VA (Y DR B A XA X R A 2, ZR 0 iy = kg e Ty i - R K, i e = A R AT SR e 9
R PP, A B8 b 15 2 0 e S AR ), e 34 D) oAy TR ) S5 B b, BRI R, A e e 5 S T 8
T B HA A 0 i KA E B SR T 12—16°C |, A E IR K BT 709—1500 mm, DA b FH 3R %
(0 B 2 2 AR S REVE RS U | 1% X B TR I M2 A W2 R ST G R AR SR

N
A M
Z
g —
ram
Friz o K E
o Ly -SROR %
g —
. E 41
SF o A% A FEE  EHfE/m
o HiH — W - 5271
s 39
L Il | | Il Il
102° 104° 106° 108° 110° 112°E

E1 FELXMEBEMAERHMETEE
Fig.1 Location and topography of Qinling-Daba Mountains

1.2 HdliRiE s w2

SRy TSR T DX 3 A 7 A AR A S A T i Gt SR AR B ML R 25 AR F SR T =B R [ i 4
SRR A R B SE . Horh GIMMS,, V1.0(1982—2015 4F) %4 ok U5 F 56 [ 42 BRAG I 5 A AL 41 ( Global
Inventor Modeling and Mapping Studies, GIMMS) 15 d & W45 [0]43HE % 4 8 km ( https ://ecocast. arc.nsds. gov )
() NDVI %85 4 ; SPOT VEG (1998—2015 4F ) 4l > I T v [ B 27 B B8 U A B8 Bk 2 408 oo 42 it iy 12 H
NDVI H54E (http ://www.resde.cn) , 25 [A] 2035 K 1 km; MODIS (2000—2017 4 ) #5451 55 B [ K i s
iR )R (NASA) 16 d B 2S 18] 733428 250 m MOD13Q1 72, #J ] MRT( MODIS Reprojection Tool ) T
Xt MODIS 4 4 #E 47 BF 4% | 55 3 % WAL 3, $E B NDVI 1%, Ridib = I A8 5 0, GIMMS,, Al
MODIS %#i15% 85 KAl 4 17 MVC ( Maximum Value Composites) ' 1851  NDVI,

SRR T b E R B P PR BR300 h o0 (http : 7/ www. resde. en ) SR v [ 4R B OK B AR F- 38
SRS (AR (B4R , 25 A3 B3R R 1 km,

DEM #5048 ( 25 R143BER R 30 m) IR T B R E B TR HLIN L (5 B b0 B BRBLA R 52 5 (http ./

datamirror.csdb.cn)

http ; //www.ecologica.cn



4 H

&
H

Eild 39 %

1.3 WRITE

K HAEEAT B4 NDVI FIZAE B34 NDVI, Ry 1 b8 018 B E AS B ok i1 22 K 4F 34 NDVI
1T z-score FRUEALAL IR , | FH L M R332 X AEL 9 78 55 A1 PRAR TR RRAE | I3 TR 0 RUBE 0 2 i it 34
SN ZAEAE Y NDVI #EATACEE ) DL IR1A J7 R AR R AR AN [R] X sl b 4 7 5 25 ] AR AL AR AIE | AR 3850 TE 1) 4
EHGE T (NDVI BERT [RIHER MG ) |, BRR S i, f g 2R Ak B $5 (NDVI B[R] HERS m REAIG) , LAk 4
XHE R A i 728 Ak R A S0 5 5 5 2R FHAH DG 3 AV e R W IX Sl e 7 s 728 T XoF A= PR = g o Bz AR
TN KA | SR S AR R AR A S SO T S A R R A 22 5 AR SC A ZR A L Ml (B PE BT PN )
NEE X, B (R 1 AR M) O AR 2R 04 A e 3 A A T LS PR R R4 R 6 BB (<500 m,
500—1000 m,1000—1600 m,1600—2700 m,2700—3200 m,>3200 m) LA WEEAH 1% 78 55 f0 3 B AR TR ERAE

HTASCR T 3 FORIRI B 28 20 BE A AE o BB e 4 AR P P90 7 2, 7 2 2 1 L XA g 7 o R sl
[ 741 (1982—2017 4F ) 4FBRARARRFIE ISR T 3 Fh a3 A BE BB XT 45 P e B 4l o i B AH 36 T AE T X
DX AR B 722 Ak A BIF 5 BF B 5 43 BT AT 4 7 i 5 () 4 A | 2 8] AR Ak (AL 38 R [RITRE 3R T ) AR ik s SR FH v 23 BE R 1Y
MODIS 54l ; 43 M A w8 w28 A %o A B 2R A o) oy Bsf SR FH 0 SO 5 Bt LA AR T) 23 ] 43 B R 1Y SPOT VEG

2 HREHS

2.1 HE# NDVI(GIMMS,, 1050 a017 SPOT VEG o5 015 il MODIS o0y, ) AEBRASLAFAE
FEZELLIX 1982—2017 4F-(GIMMS,, ,.SPOT VEG FI MODIS ##z ) 434 NDVI #E17hruEfLAb 3 | I H AR B
AR HARIRMI TS X R i AR P AR fe R 3 (181 2)
G1982—2015 y=0.0014x+0.567 R>*=0.347 P<0 S2000—2015 y=0.0041x+0.509 R>=0.486 P=0.001

G1982—2000 y=0.0016x+0.570 R2>=0.161 P=0.098 M2000—2017 »=0.0045x+0.537 R>*=0.892 P<0
G2000—2015 y=0.0017x+0.590 R>=0.395 P<0

2~

o GIMMS;g ——a&—— SPOT VEG —a— MODIS
—_—— ?,%‘HEGIMMS3g — - — ZP:SPOT VEG ——— ZPEMODIS
1L
=
WA
nga ok «viiii g @SN NN AKX e
£
Z Té CVa2000—2015= 0.02
Z 2 -1
CVm2000—2015 = 0.05
_2 -

CVs2000—2015= 0.04
CVa195 2000 = 0.04 $2000—2015

-3 ! I I I I I I I I
1984 1988 1992 1996 2000 2004 2008 2012 2016

4FAyr Year

2 1982—2017 FHFE X NDVI T EH
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Fig.3 Spatial distribution (a) and vertical characteristics (b) of NDVI in Qinling-Daba Mountains during 2000—2017
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Table 1 The classification protocol for vegetation coverage changes statistical result in Qinling-Daba Mountains during 2000—2017

2 Iy HbrifE Y/ J5 km? LG A5/ %
Type Classification protocol Area Area percent
B BBk Significant degradation Slope < =0.002 0.09 0.29
HEEIR{E Moderate degradation -0.002 < Slope < —0.001 0.14 0.47
7Rk Mild degradation -0.001< Slope < 0 0.71 2.35
1283 Mild improvement 0 < Slope < 0.001 13.79 45.97
FFEE % Moderate improvement 0.001< Slope < 0.002 13.42 44.73
5 43 Significant improvement Slope > 0.002 1.86 6.19

N BE— PRGBS RO w5 AR LIS, ST 2R 0 M XA (R ¥4 5 2 AP SR AR B 2 O A8 A1 O, 4 2R
SR ANTRIER SR w7 S 1 SR I I e (BN A BT AN TR] (&1 4b) o #E 4K <500 m . 500—1000 m, 1000—
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B AR BN A [0 43 A0 B (B Se ,5d) |, AT 5% DXORE # 7  % =40 PR 8 e A= 9 X604 OC R BT T 48
Ta2(£2) . G5 Eon , WFoE KA B 55 A0 (b 5 R R 22 R EAHSC , SRE/K M IE UM SE A7, 5 1R B I AH 56
PERREIK

2000—2015 4F-%% B4 1L XA B AT o A8 16 55 1 BE 9 7 B0 AH 5C R A 0,22, DX IE AH G 28 BORT 7 AH 56 R AU
7 EL 4000k 88.81% 1 11.19% (1l 5¢,3¢ 2) , BIFERIFGE I B P, W 5% IX AE 9 7 5 A8 AL S5 R BB IEAH G,
TETEA S X B b G RE TE A 56 A4 DI 5 S AR Y 57.12% , 43 A T4 AN FSE IX; wh BE TE A 56 R B TE AH ¢ Fb ]
538 10.61% ,0.58% , F 243 A0 7E K 1L KA LRI AR Z0 45 ZRAR TR ASE R 1) 1 Y A DX, 30 2 b XK 7
TR B AN, A A2 DX A A A ) 32 BB A e R I B P v A R T A e A i N BRSO 4 X
TR/, EZ A A D) AR A padE B PR B AN B AR IX ) 5340 BV b XN %4 A TR Y%
TE ZNE NS Bt 5 R AARC ARG AN 3

FHILZ N A 56 728 A5 K 9 TE SRR DGPR3 AHDC R 40k 0.03, IEAH G5 SR DG (5 LL i)
439K 41.53%F1 58.47% , Her B AT RE IE AR G 1 X35 L 1) R 49.14% , 32243 A A6 WF 5% DX L3 F1 e 0 20 2% b
X, P S R TE A 6 A DX L A9 23 910 R 7.86% FIT 1.66% , =80 T-WF 5 IX PG b 30 iy 2L i 7 ol . 252
PR/ A b DX 30 4l DX A 1, K o0 25 R ™ B R 7K S DT i A e A A 5 S AV R A7 A DG A B £ A
M) XI5k A8 A 34.98% 1 6.55% , = EEHE AEAIF I X AR B3 B Ak K T3¢ v 1) KT BRIV 4 X 33, 3 40, P R
IS Y v TR AR DX B Al 22 B R OC , X B IX B RK S A X 22 A AR K BT TR K o0 08 | Bk 38 Ik R BO'G IR B
FEE ARSI A A

R2 2000—2015 FHRB LXK NDVI 5iRE Bk EX R LIRERERGIT
Table 2 The classification standard for correlation coefficient among NDVI, temperature and precipitation statistical result in Qinling-Daba

Mountains during 2000—2015

AH I ViEEY ) 1EFLEL B/ % Area percent
Correlation Correlation coefficient JEJ¥ temperature FA7K precipitation
#2973 FH X Moderate negative correlation <-03 0.58 6.55

BB fH 5 Mild negative correlation -0.3—0.0 10.61 34.98

fIRBE IEAHSE Mild positive correlation 0.0—0.3 57.12 49.14

i TEHIE Moderate positive correlation 0.3—0.5 26.62 7.68

5 IEAH ¢ Significant positive correlation > 0.5 5.07 1.66

AN [ A e 7 s A A e A R i) o LA B S 1 2 S M (IR e SF) S5 SRR B TR 00 T
15, AR AT 15 SR AR DGt B FR R B DE A5 AR L MR/ T 1600 m B A A NDVI 53 B E 2 R ARG,
A A I A 0 2 PR B, 1000—1600 m VA Y 55 I BEAH OC R B K TR TE 1600—3200 m B, AH G54 0 IE
A ,2700—3200 m B, #H56 REOEA E T, >3200 m BF A6 R 50 Ko 0.35, Hadad 17 &5 KN 90% 1K)
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Fig.5 The change trends of temperature anomaly (a), precipitation anomaly percentage (b); the spatial distribution of correlation
among NDVI with temperature (c¢) and precipitation (d) ; the correlation among NDVI and temperature (e) and precipitation ( f) at
different altitudes in Qinling-Daba Mountains during 2000—2015

w R BAR KR 90% Y A I

A, BRIV R T DX SRR Xt B A A B O SR 5 IR B A I, B VAR B T R, NDVIT 5 7 B AR S
HBE A IE B AR MR AR AR T 2700 m P R SRR SE 1R T 2700 m IS D TE AR OG , RE A DX IR 5 2
RO R AHAS RIS A S E R AR i VA I T o Pl B R 1) B IR = B D - A R A DXl L T 26
T RO AN A T BEL AR, R o 5 AT 2 (8RR S T3 A IR 1 B AR S | LA B A i 7Kk 7 2L
SRAE , 5 oK SR IEARSG , BEAE HEE IR0 T | A S Tl JBE A AR A 2 K 2 s R 2R PR R AR, IR L
TR S IR R

3 it

(1) WFEAE AL -, 1982—2017 4F 3 Fh NDVI 22 B AU 76 %% B0 1l X 3 12 1 35 [ Thid %, 1982—2015 4F
NDVI-GIMMS,, ¥ 3# H 1.4%/10a, H: 1 1982—2000 4= NDVI-GIMMS,, B (A FLIE sl K, 330 0 1.6%/
10a, 4EBR[E1AE 5 R A (CV) 24 0.04,2000 4 J5 NDVI £ H 2 A20E B IR A 35300 1.7%/10a, CV R 0.02;
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9 4 Wit 55 45 . 28 10 L DXORE BT i A 1 B e PR 1 Bk sl 23 A 9

2000—2015 4 NDVI-SPOT VEG 343 4 4.1%/10a,CV #7 0.04;2000—2017 4F NDVI-MODIS 43} 4.5%/10a,
CV H0.05,

(2)Z3 [al534i | ,2000—2017 4F( MODIS %diE ) 25 B4 1L X R A g 3 2 X 2o R Rl #4845
Lyt APAR Y 7 26 DX T2 22 S F 5 DXV 350 9 e 4 DX R AR 3 52 R 40 ™ J IR 4K X 5 BV R T g, 25 0% L b
NDVI 2 Jes s b A8 fh i 3,

(3) Z5 [l 25 4k I ,2000—2017 4 ( MODIS %i#i ) 28 T 1Ly DX 4% 7 56 188 00 A DX sl R sk 20 By X3, 388 T
D R XI5 91 o TR FR Y 96.90% F 3.10% AR 134 X 4k A8 Ak W 38, v AR IX IR A AR AR 5 ZR 0 11 b A TR T 4K
Tofs B i AP DY 7 T 380 R A I | (I ARG A = iR R

(4)1982—2015 4F( SPOT VEG #U4) 25 B4 11 X 10 IR 400 5 2, B 38K 0.49°C /10a, BB AL N A i 2
2000—2015 AEAF 7 X 1 7 15 5 R LLIE AR OO0 32, 2200 A 16 1L b 25 R /K 55 22 i HiL X 5 S5 R8 7K R 1E B A 96
PEIEAE , IEAH I TS A AW SE IX VY AL BB A A A (2 T 521X, A7 A OC 32 28 20 A0 76 7R 3 3 B A /K S 28 8 1
TR DXk 5 Z 0 11 b ol 25 A 1 T v, L 7 5 TR R O R B vh B B B FE AR e A DX kiR R A
T 5 K A G R0 H OE B B A AR X0 R 7K B R

IR AE SRR, 1982—2017 44 [0 1L XA H A o 2 S E H ka5  1982—2000 4FAE #% NDVI 241K HAFEPr
PeBh A ,2000 45 HEE NDVI s BARE i, Hpk sh 82323 A FDy s 48 2 Rl R R AL [ 52w, AE it
FERTBEP I DX ek 3 R 7K 347 L2 398 o 3 ) B ek 28y Sk BH S, (X 2000—2015 AF A7 B 7 35 5 R A K
HEATAI OGO, e PRAE A o5 5 IR BE LA IE ARG 3, SRK R E SR SC A7, HL v TR IX Bl e ol il 3 72 1 B
SRR AR TR X 3K R T R AR, 3 5 DA A ISR 5 SR AR AL 202278 EJE IS R ARR S E FR K, S
AHSEAY DX I A OFAS RAR K i B AR BRG] e B DL R LA 1 e, A B o R 7 25 AR R e
SEVER - (E P AR I 32 0 5 it B A s 1] ROBE R i ) B9 9 (0 e 28 RUBEAS [, AF 26 RO AR AR SR R I 22
S 5 LUK, M AR A A A A i A T A B A ) 25 S O T REAE AR — R T S T AR
{URSE T AERR AERE K S XA 8% NDVI R 5Z0R AR H 5 PR T 500 s 5 o0, AR R W, I AF R A B 7 =5
ARV RS ) B B A R 5 o AR 2 NI 3 e S e ) AR X SRR B IR A AR R
R A SR TR T PR 8 o (X S e 7 26 0, [ 2000 4F S, B 9 IX 4 1 S AR B IR AR B, Ak i
TIFLA 2.54%10°hm?*, 2 4 FELRRBRA AR B AR A 10% 77 M9 3528 b2 A IR & FHdk, ik, #
Ly XA 7 6 A8 X AN [ s B S0 DR B9 i 197 DA B s 43 T AR PR R (RS 2% T4k 45 ) ko v ol 7 5
AISEIA 2 LS TAERYE A2, DU S 4 1T )48 7 28 02 L DXAR 7 i 0 e R 3 5 A R B 25 A e 1 AL
Ry L AR AR S R A i
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