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Abstract

Aims This study demonstrates the consistencies and discrepancies of correlations between climate factors and
normalized difference vegetation index (NDVI) in the Protected Zones for Ecological Functions (EFPZs) in China,
which provide useful information for monitoring in subsequent studies of vegetation dynamics.

Methods Based on the MODIS NDVI data and the grid data for monthly precipitation and temperatures from
2000 to 2015, the dynamics of NDVI and correlations with climatic factors were examined across 46 EFPZs at
two spatial scales, by individual EFPZs and the pixels, using linear tendency and partial correlation methods. In
accordance to the analyses, the EFPZs were categorized into different types of climatic influences.

Important findings The overall NDVI across the EFPZs showed an increasing trend, with the average linear
slope of 0.045-a'. Pixel scale analysis showed that NDVI increased significantly in the central regions and the
northeast of China. Partial correlation coefficients between NDVI and precipitation in the EFPZs varied between
—0.30 to 0.72, and were positive for 32 of the EFPZs. Partial correlation between NDVI and air temperature ranged
from —0.36 to 0.92, with positive correlations in 39 of the EFPZs. In 50.6% of the pixels, NDVI was positively
correlated with precipitation, mainly in northeast and northwest China. In 64.6% of the pixels, NDVI was
positively correlated with temperatures, mainly in the northeastern and the northern edge of the Qingzang Plateau.
Strong temperature-precipitation driving is the main type of climatic influences on NDVI changes across the
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EFPZs, accounting for 38.7% of the total, with temperature driving type being secondary, accounting for 27.3%;
non-climatic driving type accounts for 17.6%. Our results show the NDVI in EFPZs are significantly correlated
with climatic factors concerning precipitation and temperatures, and that NDVI dynamics in 82.4% of the areas are
driven by climate factors. Studying the changes in NDVI and the responses of NDVI to climate factors is very
important for understanding the dynamics of vegetation in EFPZs under climate warming.

Key words ecological function protected zone (EFPZ); normalized difference vegetation index (NDVI); climatic
factors; partial correlation analysis; climate driving type zone
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Fig. 1 Map of the Protected Zones for Ecological Functions in China. Ecological function zones of windbreak and sand fixation
type: 1, Tarim River basin; 2, Altun desert grassland; 3, Horqin Sandy Land; 4, Sandy land of the northern foot of Yinshan Mountain
and Ongqin Daga; 5, Heihe River basin ecological function protection area; 6, Mau Us sandy land. Ecological function zones of flood
regulation and storage: 7, Songnen Plain wetland; 8, Sanjiang Plain wetland; 9, Dongting Lake area; 10, Poyang Lake area; 11, Flood
storage area along Huaihe River; 12, Water source area of east route of south-north water transfer project. Ecological functional zones
of water conservation: 13, Tianshan Mountain; 14, Da Hinggan Mountains; 15, Changbai Mountain; 16, Northwest Yunnan; 17,
Source regions of Pearl River (Located in Yunnan); 18, Central mountain area of Hainan Island; 19, Water conservation of the upper
eaches of Xin’an River; 20, Altai Mountain; 21, Source of Yarlung Zangbo River; 22, Source regions of Huaihe River; 23, Source
regions of Yangtze River; 24, Source regions of Yellow River; 25, Zoigé-Maqu; 26, Qinling Mountain; 27, Water source area of the
middle route of south-north water transfer project; 28, Source regions of west Liaohe River; 29, water conservation of Beijing and
Tianjin; 30, Nanling Mountain; 31, Source regions of Dongjiang of Jiangxi Province. Ecological function zones of soil and water
conservation: 32, Taihang Mountain; 33, Three Gorges Reservoir area; 34, Dongchuan of Yunnan province; 35, Southwest karst; 36,
Dabie Mountain; 37, Loess Plateau. Ecological function zones of species resources: 38, West section of Ili and Tianshan Mountain; 39,
Liaohe Delta wetland; 40, Limestone in Southwest Guangxi; 41, Xishuangbanna; 42, Wuling Mountain; 43, Yellow River Delta
wetland; 44, South of Hengduan Mountain; 45, Southeast Xizang mountain; 46, Minshan and Qionglai Mountain.

(V2.0)(http://data.cma.cn/). ZEAEELTEH2 474 1.3 EESRFHERMES

AN K G ki 1 B K R BORHRT R A BRE7 i R K410 H 4F SAR 3518 5 48 43 19 82 1A )
B (GTOPO30) ¥ 23 HRAF A~ iy b [ Bt RAENDVIAS AL %, R RHRUE S FE M IIHX R
B s AR, SR AR A E AT A5 A Y A 1S R 56 I W NDVI AR AR A R 34 (1) S 25 1 o BRI
o ARIER T HBEKEMA PSR EEAR TR RIFE ) 7 R AE AR A . B T-201 556k

& ¥ g oy A BE, B K AR R AR AL 2 b v SR
BASEEREY X 55 km x 5 kmfgEWNSIN4 2000-201444-10 A - FB{EHEAT 047
B, 3 BIFR B A5 BIME 70 25 km A% W (G2 K F H NDVI -5 A1 [7) 3 A8 S5 R 1 i AH o

X SRR R /NTF25 km®) 2 (B R EIRINDVI . [ B S S R T F 56 R I PE R ANSR R . 1% H
AR S B, IRIENDVIFBIME, MIBRIERDE (6 204 92000-20154E4-10 H #dfs, Hrhsr 22010
X IS o 25 FE R 0 ROBEMS AT NGt i) AF10 3 F20114F10 B 3, P A B2 N105. (Al
Aett, ASCRAAESIDIGE S XAGuHF2sm o FreHERR M R R 2 B AR S48, it 2
B AEAH AR T RBEEAT b @ 5ocfE HINDVI B — S RE R IR R (H GBI,
& omAnper 815 2] 5 X AE . 2016). fhAHR REHEA XN

DOI: 10.17521/cjpe.2019.0096



4 M)A Z2AR Chinese Journal of Plant Ecology 2021, 45 (*): 00-00

M — Il
M.z = e (1)

T Ja=a-rl)
K, 1y I Bl RSy, BRExbz, BE
V5 Z2 RIS AL 1y o A B2 52 x5y
ORI R, A, B RENDVI, y. Z8m R A
WK RS 5000 2 PR TSR R, B8

IR AN
I
t=— 22 n-m-1 )

Ja-rg )

R, 1 9 RS RX S A8 By e £l [ 2 Bz 1
R U L A REASE, A0 105; Ay
BEAHL, ALHmA2.

S FH Y NDVI 5540 [7) A6 016 DR 7 52 4 96 R 8
A WK LI NDVI B 25 2 B0, S 50 28
/I

oy = 1= (=12)A-12 ) 3)
R, ry WAL REXS AR Ry, 2% R,
A XSy 2 [ LA 2 R, Ty WA
X5 78 R 2fE i 128 By 2 P8 00 RAH 35 2 4«
AN RM B E R AFR LK, HGRiHE
ARR:

2

I —m-
F o " 2 ! @)
e

K, re  WE AR R EL, nFEARSL, A CHnN105;
miy H AR RN, A mA2,
1.4 NDVIZHIEzH 5 X

S IR AN 2835 B NDVI G £ B R 17 .
Hh, A PR D 2 B K R ARG AR e 7 o5 B
BIEA . XINDVIZSAL AT S5 R T 5K 3 4 X, T
Al — T ENDVIHE XS R A fis: . 255

F1 AR BNDV ZAL IR B) /3 43 X HE

PUEWF 72 (5 v 2%, 2001; E5m%%, 2017; 545,
2018), MRIGENDVISBE/K . A5 1R A 5% & 2 K
S SR OR3P T ) ) W oA U3 A T SR B (R T
a3 X o AR SO R AR A DM B KPR B
0.01, LARHBEK. S FE T 5 NDVIZ AL AR 1 B
BIEGEED.

2 RIS

2.1 BEKINSEBEETL

MAr X B (G oA T RINACE YY), K54
X A B KR AR AR WE E AR, B K E 7,
A g (7) KITIRQ23) A IR (24) &34 7
X AR E N % (p < 0.01), 6 MAESTIfEN X
S EZEBINMEE P < 0.05), HA37A5 XK
EAL . HPRRIRTTH, BRILE SR (17) &
IR T (25) A& L H(30) . AR LR B (44) AR
Ll =Tk 1L (46) 58 5N AR S D e 29 X 20 25 3 n 1
EHp < 0.01), 12MESTEES X 2 5B INE
#(p < 0.05), HAR29M7r XKW E N (E2). 8
FRUERRIOR, LI 2SR AN B 7K 38 k0 21 55 3 K
F(p < 0.05)1) X B BIRIE(S). KITIHER23). &
TTIRQ24)~ #5 /K 35-75 #h (25) AR L - TR 0ok 111 (46) 5554
431X

GICRE /AR B, BRI ik 2148 3 K1
TR B TR 122, 1%, 32 B4 A 78 AR AL A e Ak (B
3A). Horbum i 0.01 5 2 A 56 O T AR 24 o5 i 7 XA
HRL16.7%, FB A EAACE BRI HL(7) KV
(23). FEIPHQ4) S IX; IL0.05 53 A I T
Mi515.4%, FEEPAMAERICKIRRICIHLGE) =11
FIREH8) . RMI5(14), THILHI HIRFE(S)-
R - (25) WL -TR0k L (46)55 73 X DL K 3% -

Tablel Zoning rules for drivers of normalized difference vegetation index (NDVI) changes

NDVIZAL IR 5] ] 1 NDVIZ AL Gk 5K 1 HEN Rule
NDVI changes driving factor NDVI change driving type
I'NDvI-PT I'NDvi-T.P "NDVI-PT
SRR T SIRFFKIRIREH L T+P]"  Strong temperature-precipitation driving type [t] > toor [t|>toor  F>Foor
Climate facts .
et factor F#/KIKZNEIP  Precipitation driving type [t|>toor  F>Foo
RN HT  Temperature driving type [t] > toor F> Foor
PRI KB Y[ T+P]  Weak temperature-precipitation driving type [t < toor || < toor F>Foo

JESURZE T Non-climate factor  JEMRETIKZNTINC  Non-climatic driving type

F < Foo

T, il P, F&7Ke rnowier, NDVILG FEK (A 5% AR 2 AR50 raowre, NDVIS (i AH % LR Z K SE:; rvovier, NDVISlR-F4 K AR SR P 225 1k

T, temperature; P, precipitation. I'npwi-pr, t-test significance of the partial correlations between NDVI and precipitation; I'npvi.rp, t-test significance of the partial
correlations between NDVI and temperature; I'npyipr, F-test significance of the multiple correlations between NDVI and temperature-precipitation.
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temperature (NDVI-T/P). See Fig. 1 for numbering of Protected Zones for Ecological Functions (EFPZs).
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Fig. 7 Spatial pattern of partial correlations between normalized difference vegetation index (NDVI) and climate factors at pixel
scale. A, Precipitation. B, Air temperature. See Fig. 1 for numbering of Protected Zones for Ecological Functions (EFPZs).
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Fig. 8 Zoning of driving types in normalized difference vegetation index (NDVI) changes at pixel scale. A, Multiple correlations
between NDVI and climatic factors. B, Driving type zone. See Fig. 1 for numbering of Protected Zones for Ecological Functions
(EFPZs). See Table 1 for driving type of climatic influences on NDVI changes.
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type of climatic influences on NDVI changes.
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