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Abstract

There are diverse vegetation covers and climate characteristics in various regions
of China. And there are obvious regional differences in vegetation cover change,
climate change and response of vegetation to climate factors. The study of vegetation
changes and its relationship with climate change in different climate regions can
provide a scientific basis for responding to climate change and formulating plant
protection and ecological environment restoration policies in various regions. Firstly,

based on the land cover data of MODerate-resolution Imaging Spectroradiometer
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(MODIS), the indexes for dividing dry and wet areas in China were determined
according to the distribution of vegetation zones. Secondly, the temporal and spatial
variation characteristics of Normalized Difference Vegetation Index (NDVI) in
different dry and wet areas were analyzed by using vegetation index NDVI. Finally,
the relationship between NDVI and temperature/precipitation was discussed. The
results showed that: (1) 200 mm, 500 mm, and 800 mm annual precipitation contours
in China are consistent with the boundaries of the vegetation zones of barren land and
grassland, grassland and cropland, and grassland/cropland and forest, respectively.
The climate transition zones correspond to the vegetation transition zones. These lines
are reasonable indexes of dry/wet climate zoning. (2) Annual averaged Normalized
Difference Vegetation Index (NDVI) in China decreases from Southeast to Northwest,
from small to large followed by the arid area (0.11), semi-arid area (0.35), semi humid
area (0.57) and humid area (0.68). The NDVI increases significantly in most regions
of China during 1982-2015. Regional averaged NDVI increases significantly in arid
area and semi-arid area with a trend of 0.002/10a and 0.008/10a, respectively, and it
also increases in semi-humid area and humid area, but not significantly. (3) There are
significant positive correlations between annnual averaged temperature and NDVI in
the four dry and wet areas.The annual precipitation are significantly correlate to
NDVI only in arid and semi-arid areas, and there are weak negative correlations
between annual precipitation and NDVI in semi-humid and humid areas. The
temperature explains about 30% of the temporal changes of NDVI in the four dry and

wet areas. The explanation ratios of precipitation to the temporal changes of NDVI



are lower than thoses of temperature. Precipitation explains greatly to the temporal
changes of NDVI in arid areas (18%) and semi-arid areas (20%), and precipitation
mainly affects the growth of vegetation in the northern China. (4) The monthly
average NDVI has a significant increasing trend with the increase of temperature and
precipitation. The increasing rate (0.026/°C) of NDVI in semi-humid area is the
fastest with the increase of temperature. The NDVI in semi-arid area is the most
sensitive to precipitation, and the increasing rate with the increase of precipitation is

0.027/mm.
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155

MR A S RGP EZH G5 (Wuetal, 2018), HAEBR LXK
VIR E A RE BN TP EE MG CFF K4, 2009), A TRAAL
TGS AR (R AR AR L A0 A MM AT EEZE 520 (Nemani et al., 2003), 18
PO EAARI SR A", XIS AR 2 B E A FER 1 (Lawley et al,
20160, BRI, HEHEURKIRC R L R AR HENE . f£URBLE 5
N, WA S AR B K Z TR B SAFALE, 7T DAY R RAAL . fR
AR AR S X AT RR 8 A SR SR BE R A AR

T—ALFE#E FE % NDVI (Normalized Difference Vegetation Index)Xs 4 #% 1) 4=
VIR AEAR BURR, R A AR TR AS BB A 2 [R) 7 A1 %5 B2 ) e AR 4R R BB 2 —
(Pettorelli et al., 2005), LHEYIRE i 704 & 2 AMEAHIS (FMLLRNEE, 1998), J
VRt IR A KRB B S H, W) 32 ST TR R 3h 25 A2 A ARG S A e of
AR A T T IS . H T CA R 2 S ik T 1R s NDVI T 7T 1
ANEIX AL 7 RS s (RilESE, 2004) RAbGLIX (BEEAESE, 2011), =
YLYRIX (Hu et al., 2011). FERGHLIX (Hou et al., 2015) ., 5 #HE X (45 55 45, 2020)
WS IR R X CERUIEAE, 20200 KILedtas (3 F4E, 2021). WEAE UK
W (005, 2022) AERPOE f AR ML S AURIR TSR, EIRDA R T HE
BN XA AR AL IR R LRI 5 o BEARAT — S8 5 17 oo [ XA 4 R RUBE (1)

4
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Fig.1 Spatial distribution of major land cover types in China in 2001 and different dry and wet
climate zoning indexes based on annual precipitation; (a) Arid/Semi-arid regions are divided by
200 or 250 mm, (b) Semi-arid/Semi-humid regions are divided by 400, 450, or 500 mm, (c)
Semi-humid/Humid regions are divided by 800 mm; (d) the most reasonable dividing lines of the
four climatic zones: 200, 500 and 800 mm.
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Fig.2 Spatial distribution of the average of (a) the proportion of major land cover types and (b) the
numbers of land cover types, the variance of (c) the proportion of major land cover types and (d)
the numbers of land cover types during 2001-2015, and () the land cover type changes in 2015

relatively to 2001. (Three black lines are the same as figure 1d)
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Fig.3 Spatial distribution of (a) annual averaged NDVI and (b) NDVI coefficient of variances in
1982-2015. (Three black lines are the same as figure 1d)
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Fig.4 (a) Spatial distribution of the change trends of NDVI during 1982-2015 (Black dots indicate

statistical significance at the 95% level) and (b) Time series of NDVI in different dry and wet
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areas (The right ordinate axis is for the arid area)

F 1 1982~2015 FEPUNTHEX NDVI. i R IK A Ak 34

Table 1 The trends of NDVI, temperature and precipitation in the four dry and wet areas during

1982-2015
FHRIX FFFIX e X M X
NDVI (/10a) 0.002* 0.008" 0.006 0.008
B (°C/10a) 0.46" 0.42" 0.33" 0.29*
F#7K (mm/10a) 7.2 3.8 -4.2 -6.7

# NI RL T 95%I1 ik 2 A I
3.3 AETEX NDVI FISMREEFHRIXR

ST 53 M 285 545 H B K D8 AR PR 26 1) o0 A, Hh L IX A 200 mm, 500 mm
1800 mm 4 [ 7K 52 A5 423 3 6 DU A0 DX 30 I 35 5 1) A 1 S R A o
e, A AU DX IR 2 i AR A AN AR ], 8 A [) e X PR i 7 i A A A A
PRI FHR R . BRI R H AL R AE AN 22 57 2 3 k20 NDVI AR . oK
IR

K 5a f& NDVI S5 A C R B2 (1 o0 A, MWER AT U H, R E RS 4
X4k NDVI AR E 2 BLIEA G, HrbEARm i Fms 5L H . Padb R AR
AR A ML X AR S R EL A 0.6, FEHIET T 95%[ B MR SR s 1 Py 28 At b
X 35 B 75K R A5 D St X NDVI 530 B S DU i %, 1
AR, LGRS Zhang etal. (2021) FLRE LS (2021) FF H A BdE
4t R — 3.

M NDVI 5 FE7KAR O F 50 2% 18] 4347 1 (B 5b) T4, 67 K43 [X 38 NDVI
HEKEIEMRK, FTFREXE NDVI 5FEKEEZE EHR, MR 0.7,
T AL T 42 DXORD 22331 X ) e 5 Hi X NDVIL 5 0K A 9% (P>0.05), 454
1 NDVI 5 KE@H R B Tra KRG, KIAE 1982~2015 (8], JREANH
MRIE X [ NDVI 3 238 na %% (P>0.05), 1K 2/ (P>0.05), [FihiZ
DX 3k 1) NDVI 5K 2 570RH 6 o AR 1020 DX AT I X [k 55 H RS0 AR 5 R
#0398 —0.62 (P<0.05) AF1—0.51 (P<0.05), mJA1M/K S H R 3 52 8% M
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(a) NDVI and temperature (b) NDVI and precipitation
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Fig.5 Spatial distribution of correlation coefficients between NDVI and (a) temperature and (b)
precipitation in 1982-2015. (Black dots indicate statistical significance at the 95% level. Three
black lines are the same as figure 1d)

PO T [X X 20T 28 )4 NDVI 2 5 5 45 25 1B AR G, AR R BU44E 0.54
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1 NDVI ) RN, % XEEM NDVI A RERIER. AATRX. T
X MR K 2 IES (R D, XA XEHFE NDVI MK 282 IEMHR (&
2), FE/K T BT R AT R AE A AR PR DO I XK 5T B
HH, FH NDVI 5K R e5 8 7k

F 21982~2015 4= YA IX XI5 NDVI A5 B 7 I AR 6 REUFI e R 8
Table 2 Correlation coefficients and the coefficients of determination between regional averaged

NDVI and climate factors in the four dry and wet areas in 1982-2015

L FHIX PP RX PR X BiEX

NDVI 5iffE MK RHR 0.61° 0.61" 0.54" 0.56"
RE RER? 0.37 0.37 0.29 0.31

NDVI 5K MK RER 0.42* 0.45* -0.06 -0.19
RE RER? 0.18 0.20 0.004 0.04
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*JRIA I T 95% M ik 2 PERTIG

PUE RBR? F 7R AR 51 AR 5 el B A B R R L], B
PR7r] AERE NDVI B (LR @it % 2 sPifue RER? vl #3, IR 0T LAR
B NDVI BFEIARALH 37% CFRIXD. 37% CETRIX). 29% CEREX ). 31%
GRIE DO, XX NDVI B R iR A 22 AN K, JH7E 30% A Ay,
TR R, IR X RN BEAKK NDVI IR S AL AR R B, 25N
18% (T-FIX). 20% CGETFIX). 0.4% CEEIEX ). 4% GEIEX), MFKIFEE
SO 07 T R R R X A K

43 AT 1) 8 SR 3% WA L R B /K B2 ) DV AR Ak [ 2 B2 DR 7, TRtz T ok
FEALPYA TR X KA B NDVI 5 5 ARSI E | BEK I 2 o bk B AL F R IX
FFRR IR X R X (BRI A4 BER 49 5 0.43. 053, 0.30. 0.34,
Ui % TR X H AR B DR RIS B2 43%. 53%. 30%. 34% [ [H]
Bk & XEAGRRBEVEM (P) $8/0F 0.05, RMEIALFREE, Hikg
REWANR (4 ~ (Do Hp, THRREE, PRRHEK.

FEX. NDVI=0.0032T+6.58x107°p+0.056  (4)
FFEX. NDVI=Z0.0114T+14.23x%107°p+0.186 (5)
SEEX . NDVI=0.0132T—1.89x107°p+0.414 (6)

WEEIX . NDVI=0.0211T—3.14x107°P+0.269 (7)

H T 1999 4F J5 o [ X dohs ol 78 o W AR A (5 2 A0, 2021), R
1982~1998 4FXIl 4 AFEW, 43 Hr 1999~2015 4F AN T I %S A% K FXF NDVI 2%
DTk o [ U9 J7 i B R /K I R B0 ol Rl B i 1°C /B /K B3 o
Imm 51 NDVI (28 ki, BRESRARE/FK 51 NDVI (AR, & E A
B BACR AR, RIhx R REOK IR CAT/AP) RoRfZ
1999~2015 45 1982~1998 4 (HIJE % 17 4F) HIH-FIA R B K & 2 AT
AR DUAS 1 DX B AR s, DU AR (3) ~ (7) W &S & H+
X NDVI B Tk A, e R AR NDVI BTk Co (AL %)
AR N: Co=1- Cr- Cp, HAKMILERINZE 3 PR,
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% 3 R, 1999~2015 4= 55 1982~1998 A LL, T IX IR A 3L N 15.09 C,
S5 NDVI 4011 0.048, FE/KILHETN 191.97 mm, SENDVI # 1 0.013, &1
Tkt NDVI 380 5Twk A 82.76%, [ /K34 insd NDVI BN 5Tk 2% 22.41%,
HAR FE 1% X NDVI I 5T —5.17%. FEAE, P TRX. FEEX.
T DR B AR AR NDVI S I o ik 22 7373 92.73%. 108.20%. 94.30%, 7K
AT NDVI 3850 5 5Tk % 5551 9 —6.06%- 3.28%Fl1 2.59% (& 3). LA 4%
FER LN NDVI AR DTRRZRAE YA TR X B K TR K oTik %, IR 2R
i NDVI AR E AR 2R, KB DTk MR BN B DTk ik R T 52 X >
PP R SE X SE X, " LUE H, R RERE G, KX NDVI AR
PR TR R 2 1B T AR

# 3 WUANFIRXIEE . BT NDVI AL 1) TTmk 3
Table3 Contributions of temperature and precipitation to NDVI in in the four dry and wet

areas

1982-1998 / 1999-2015  AT/C AP/mm ANDVIT ANDVIp ANDVI  C1/% Cel% Col/%

TFHIX 15.09 191.97 0.048 0.013 0.058 8276 2241 —5.17
FFRKX 13.46 —68.25 0.153  —0.010 0.165 9273  —6.06 13.33
YR X 9.98 —230. 34 0.132 0.004 0.122 10820  3.28 —11.48

MR X 8.65 —152.39 0.182 0.005 0.193  94.30 2.59 3.11

TRRRE, PRREK

VA W AU BAAEAS [F) B[R] RUBE b, ARLAROG U8 (1 R A7 7E 25 53 (Linscheid et
al., 20200 o N1 #—BEHEP NDVI 5ARERK R, 008 7 H NDVI 7
S KRS, B &5 A RE EARTRIX NDVI XS %
PRI B CIRBE S BRI Bs ek, BB A8k R -8 22 51T B2 NDVI AR
W T7 IRANEE . 1] 6 AN AT X H 33 A NDVI A #h 4, B SRy
ANIX A NDVI 3B IR B3 I 2 B i % T B X RAR D, K7 e,
BT HIESUN, BEEREZRS I, NDVI Z1LL 0.0026/°CHIE LM (K 6a) .
- FLX LR X ) NDVI 8 TR 3 0 T = 854 s AR LR, 23 7104 0.018/°C
0.026/°C, i X i35 Kk #4 0.01/°C.
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Fig.6 Scatter distribution of monthly averaged NDV1 with monthly averaged temperature in the

(a)Arid, (a) Semi-arid, (a) Semi-humid, and (d) Humid Areas during 1982-2015.

7 R VUADTHEIX A B K EF NDVI % R . T2 X NDVI [ % /K &1
JEL 0.0012/mm [Ze ke in (| 7a) , TR HBFKERNEUE, %
KB Lmm, NDVI F381E 4 0.027 (B 70D, A] DLHERT T 5 X A ol A K
XoF B 7K AR AL i) A9, g A B o AHRE T2 B IX, 2EIRIE X NDVI X Bk R 80k
PERAR, Bl PR3 D0 AE AR 3 24 0.0026/mm (& 7¢) o J29E X [ NDVI [t H B
FKE N K 12218, 1938 0.0003/mm (& 7d) , X K4 Feii, A
IKAZAL I RLAT /N, Bk EL AN & 12 X AR AR A K 1) 32 ZE PR A1 T 1
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Fig.7 Scatter distribution of monthly averaged NDV1 with monthly precipitation in the (a)Arid, (a)
Semi-arid, (2) Semi-humid, and (d) Humid Areas during 1982-2015.

LA 45 RAZ A A [R5 B R AR SR TR Ak, AR 0 A2 A P i A7 A
ZE 5t 1 HAMA O A 2R REEWF ST 45 SRR B 7R ] AN A R T U S P AT
RS, R R T AL D b XA AR ARAZ AL K S AR (Linscheid et al., 2020;
Zhang et al., 2021), G il X B 7 M DXCH TR RS20, 2R A A AE T HBIX,
B e i S 30 S WA BRI 1 7K 3 (RO, T o A A 7 2 S T S, Xt ik —
DU I TS SRR R AR, 25 R8O B R SRR A R AR IR
WEL
4 G5 I

AL SEET o HEER RIS (MODIS) 1L 8 55 504, AR he b iy
o Atfie 17 o0 o B TR X R AR, HOCR A B35 5 NDVI 73 A AN R TR X
I NDVI I S AR RHIE, 5480 T NDVI 5 BRIk & . Bdkgs ian
T

17



(1) HFEXE 200 mm. 500 mm Fl 800 mm 4 &K 258 28 5 S [ R 1 15 1
S REWIE, AT N A P, 200 mm. 500 mm A1 800 mm 4 [
KA LA R TR SARIX P Fa b L A 3 . 2001~2015 4 (8] [ X 48+ b
T8 5 A S5 1 DX 3822 457 b 2 P At VR ) 1 AU 1 A S S b

(2)  PEEF NDVI MAFE F ISR, MNEIRKTCONTRIX (0.1D),
PFERX (0.35), FRIEX (0.57). WRIEX (0.68). 1982~2015 4 H1[E K5y
Xik NDVI REZFFEmMES, XEFE NDVI ETRX., T 7 X555
0.002/10a. 0.008/10a F#Ja % 25 080, 17 2 20 DORIIE I Xt 52 300 L 4 s
#, HHREE,

(3)  PUANTFHEXEFIEE R NDVI #5282 EMAHx, (NVTFREX. FT58
DX AR R /KR NDVI 5 8538 TEAE DG, I DORIRIE X R4 R K 5 NDVI 243085 £
FHOK o IR FEXS P X NDVI I (8] 20 R oAl 2 AN K, 344E 30% A s [
KA NDVI I 8] 38 40 R R F AR FIRLEE , B/ T 5 XA 52 X NDV I [ 32
IR R AT R, 350 18%. 20%, P&k 32 B 25 Jb J7 Hh X Al g O A
(4)  FPI5 NDVI B LRI BE K B3 n i 2 i3 ke s, i X (1
NDVI B K AR (0.026/°C) Fth, T RIXH NDVI X FFK
1%, Bl P K G 2 HAE i % 0.027/mm.

ARG AE FK 254k (200, 500, 800 mm) FIA[FFE M 0 ALV &
s 7 A EPOAS TR AR X R de bR . BAR TR IR, (H2R 5
WA RATR, AR 5T XA A P18 3l AELBE PR R A A PR R
(FSRECERAIIE S-S

AR AR SO 90 45 SR T A5 Hh I X3 RUE b, A0 R e /K B 5 ) A A
HKorAn, ARIX BT RTINS 228, BRI TR I A A AN R Al s 45 22
SRR A 43 AT (K15, B — DRl AR MERE R B R 3 TR, 300 75 4 T 2% R 5 i A5
G AT 5 R 3R IO P o RELR 2 A 2 0 R B L Tl P 9 7 2K B e 55
IKABERL (BEZKD) PRSI ST R ZR L (R0 R A 45 58, A MG X R b P 2 0 El R 2
KA AAEAR R PR, AN TR] - DX 5 WA RE B 4 A P S 2 PR [, B A S i A A
3 AT FRIATLI T LA Bl 5 407 1 F0000 A=A A8 A 0f A KA B S 24 5347 R R T o

WAk, AT T R S A R A AR KRR L BRI G R, bR T AR

18



K74k, BEEER =JbRi ik R BPFEARAE R, RIS LA E
AES TRERRN S, NSRBI s AR RO, B4R AN
SR B A i AR 3R RS2 W AN 5 sk A2 BRI Y AL Ja SN i
AL Bl SR ELAR IR X ISk ? XL A i R — D ik

S Bk
Ali M. 2013. Effects of climate change on vegetation [M]//Climate Change Impacts

on Plant Biomass Growth. Springer Netherlands, 29-49.

Bachelet D, Neilson R P, Lenihan J M, et al. 2001. Climate change effects on
vegetation distribution and carbon budget in the United States [J]. Ecosystems,
4(3): 164-185. doi:10.1007/s10021-001-0002-7

RO, R 1997, wf EFEEAL R 0 5¥EfE R A TG B [9].H0 E
Vb5, 17(2): 107-111. Ci Longjun, Wubo. 1997. Climate type division and the
potential extent determination of desertification in China [J]. Journal of Desert
Research (in Chinese), 17(2): 107-111.

PREIZR. 1974, XTI RIFR bR R @ B3R DT [J]. PUAb R4k H AR R
%, (2): 111-119. Chen Mingrong. 1974. Discussion on the indexes of dry and
wet climate zoning [J]. Journal of Northwest University, Natural Science Edition
(in Chinese), (2): 111-1109.

RikF, FREEIH, YK, 2004, Jb75 ARMUSS R AR 2 Bl 52k L HL 5 %
RFKAR [J] HE 5 EE(E SRS, 20(5): 54-57. Chen Hai, Kang Muyi, Fan
Yida. 2004. Relationship between dynamic change of vegetation and climate
factors in Farming-Pastoral zone of North China [J]. Geography and
Geo-Information Science (in Chinese), 20(5): 54-57.
doi:10.3969/j.issn.1672-0504.2004.05.013

MRk Te, 3, REOR. 2017, = TTIECE R X 2R AR AR &= ).
TS XHuEE, 40(1): 45-53. Chen Fulong, Feng Ping, Wu Zebin. 2017. Changes
of evaporation and impact factors in the plain region in Sangong River Basin [J].
Arid Land Geography (in Chinese), 40(1): 45-53.

SR, SRR, 201, 45 2021, 2001~2010 4 A E X 48 R /7 s AR

Xof it ok B s e B AU FT (3], AR SR EEEE AT, 26(1): 75-90. Han
19



Yunhuan, Ma Zhuguo, Li Mingxing, et al. 2021. Numerical simulation of the
impact of Land Use/Cover Change on land surface process in China from 2001
to 2010 [J]. Climatic and Environmental Research (in Chinese), 26 (1): 75-90.
doi:10.3878/j.issn.1006-9585.2020.20039

Hou W J, Gao J B, Wu S H. 2015. Interannual variations in Growing-Season NDVI
and its correlation with climate variables in the Southwestern Karst Region of
China [J]. Remote sensing, 7(9): 11105-11124. doi:10.3390/rs70911105

Hu M Q, Mao F, Sun H, et al. 2011. Study of normalized difference vegetation index
variation and its correlation with climate factors in the three-river-source region
[J]. International Journal of Applied Earth Observation and Geoinformation,
13(1): 24-33. doi:10.1016/j.jag.2010.06.003

Kelly A E, Goulden M L. 2008. Rapid shifts in plant distribution with recent climate
change [J]. Proceedings of the National Academy of Sciences, 105(33):
11823-11826. doi:10.1073/pnas.0802891105

Lawley V, Lewis M, Clarke K, et al. 2016. Site-based and remote sensing methods for
monitoring indicators of vegetation condition: An Australian Review
[J]- Ecological Indicators, 60(1): 1273-1283. doi:10.1016/j.ecolind.2015.03.021

Li D, Wu S, Liu L, et al. 2018. Vulnerability of the global terrestrial ecosystems to
climate change [J]. Global Change Biology, 24(9),4095-4106.
doi:10.1111/gcb.14327

275, WREL, E, % 2021, 1958~~2018 47k 5 Al ik 2% K MLAE K [ AR AL 4y
TE R F g m R 7o M [J]. Ak S5 3REEA 7T, 26(3): 323-332. Li Xiu, Lang Qi,
Lei Kun, et al. 2021. Variation characteristics of pan evaporation and the
influencing factors in the Yongding River Basin during 1958-2018 [J]. Climatic
and  Environmental Research (in  Chinese), 26 (3): 323-332.
doi:10.3878/j.issn.1006-9585.2020.20108

i, XU, XIMGT:. 2022. 1998-2018 AEIFAG UL /R T AR AR 7 o5 P A 5 AR Ak, A i
S [0).4E#&244R, 42(1): 1-16. Li Jing, Liu Qianlong, Liu Pengyu. 2022.

Spatio-temporal changes and driving forces of fraction of vegetation coverage in

20



Hulunbuir (1998-2018) [J]. Acta Ecologica Sinica (in Chinese), 42(1): 1-16.
doi:10.5846/stxb202003270710

Linscheid N, Estupinan-Suarez L M, Brenning A, et al. 2020. Towards a global
understanding of vegetation—climate dynamics at multiple timescales [J].
Biogeosciences, 17(4): 945-962. doi: 10.5194/bg-17-945-2020

e, SHAEE. 2007, & 45 AP E TR AR XA AL [9]. T 5 X E,
30(1): 7-15. Liu Bo, Ma Zhuguo. 2007. Area change of dry and wet regions in
China in the past 45 years [J]. Arid Land Geography (in Chinese), 30(1): 7-15.
d0i:10.3321/j.issn:1000-6060.2007.01.002

XESE, ZEd, MR, 25 2021, 2000-2015 HEAT.48 54 bl 8 o i 25 A8 fh Ry
HE s R R A [3]. 7K BARFERIF 7T, 28(6): 330-336. Liu Luodan, Li Jing,
Liu Caixia, et al. 2021. Analysis on the characteristics of temporal and spatial
changes and influencing factors of vegetation coverage in the Yangtze River
Economic Belt from 2000 to 2015 [J]. Research of Soil and Water Conservation
(in Chinese), 28(6): 330-336. doi:10.13869/j.cnki.rswc.2021.06.026

BEE, EEU, RITL, & 2011, ARIEZHEGR L X NDVI AL K =X S
AR AN L HO 7 Ak g . [J]. R E PR RR A, 31(2): 283-292. Mao Dehua,
Wang Zongming, Song Kaishan, et al. 2011. The vegetation NDVI variation and
its responses to climate change and LUCC from 1982 to 2006 year in northeast
[J]. China Environmental Science (in Chinese), 31(2): 283-292.

Nemani R R, Keeling C D, Hashimoto H, et al. 2003. Climate-Driven increases in
global terrestrial net primary production from 1982 to 1999 [J]. Science,
300(5625):1560-1563. doi:10.1126/science.1082750

Pettorelli N, Vik J O, Mysterud A, et al. 2005. Using the satellite-derived NDVI to
assess ecological responses to environmental change [J]. Trends in Ecology &
Evolution, 20(9): 503-510.doi:10.1016/j.tree.2005.11.006

VLR, EACHE, 24, 5. 1998. H [ Hh 2 hE il 7 55 A0 b K 5 SR -k R --
HT NOAA B[] /37 55 d5 73 Hr[J]. 14k, 2(3): 204-210. Sun Hongyu,
Wang Changyao, Niu Zheng, et al. 1998. Analysis of the vegetation cover

21



change and the relationship between NDVI and environmental factors by using
NOAA time series data [J]. Journal of Remote Sensing (in Chinese), 2(3):

204-210. doi:10.11834/jrs.19980309

Seddon A, Macias-Fauria M, Long P R, et al. 2016. Sensitivity of global terrestrial

ecosystems to climate variability [J]. Nature, 531, 229-232. doi:

10.1038/nature16986
Stephenson, Nathan L. 1990. Climatic control of vegetation distribution: The role of

the water balance [J]. American Naturalist, 135(5): 649-670. doi:10.1086/285067
Thornthwaite C W. 1948. An approach toward a rational classification of climate [J].
Geographical Review, 38(1): 55-94. doi:10.2307/210739
RN, AP 2000. A 12 R RO SR A v Ui P AR gl P 9], K
SBEE, 24(3): 324-332. Wen Gang, Fu Conghbin. 2000. Definition of climate and
ecological transitional zones with satellite data sets [J]. Chinese Journal of
Chinese), 24(3): 324-332.

Atmospheric Sciences (in

doi:10.3878/j.issn.1006-9895.2000.03.04
FAERR. 1990. WEE.. FIHARIUEIR T RiEassid 0. T2 X HEE, 13(3):
80-86. Wang Yanlu, 1990. The summary concerning arid meteorological targets

to establish, quote and test in China [J]. Arid Land Geography (in Chinese), 13
(3): 80-86.

MG, skAE, ZEmm, 2020, 58 SR B X NDVI SR AR AL rma v [3].
K EARFERF AT, 41(04): 205-209.  Wang Yuging, Zhang Chengfu, Li Xiaohong.
2020. Response of NDVI to climate change in typical steppes of Inner Mongolia
[J]. Research of Soil and Water Conservation (in Chinese), 41(04): 205-209.

Wu C Y, Wang X Y, Wang H J, et al. 2018. Contrasting responses of autumn-leaf
senescence to daytime and night-time warming [J]. Nature Climate Change,

9(2):177-177. doi: 10.1038/s41558-018-0346-z.

W, A, FRERE. 2002, o R AR o 2R 1 AR AR 7S ] 20 AT G A B S —
ZETHLER DA R, 60(2): 181-187. Xie Li, Wen Gang, Fu Congbin,

2002. The response of the vegetation seasonal variability and its spatial pattern to

22



climate variation in China: multi-year average. Acta Meteorologica Sinica (in
Chinese), 60(2): 181-187. doi:10.11676/qxxh2002.022

w5, WL, WA, 5%, 2020, HRUEESHLIXHEME NDVI 38534 K 5%
FHIRAR [J]. KERFFEHR, 40(5): 319-327. Xu Yong, Huang Wenting, Jing
Juanli, et al. 2020. Danamic variation of vegetation cover and its relation with
climate variables in Beijing-Tianjin-Hebei region [J]. Bulletin of Soil and Water
Conservation (in Chinese), 40(5): 319-327.
doi:10.13961/j.cnki.stbctb.2020.05.045

BEer, TokEE, BRTE, 55 2002. 3 50 AR R E R AR S LR T 10 B S)
[J]. HuEE2E4K, 57(6): 655-661. Yang Jianping, Ding Yongjian, Chen Rensheng,
et al. 2002. The interdecadal fluctuation of dry and wet climate boundaries in
China in recent 50 Years [J]. Acta Geographica Sinica (in Chinese), 57(6):
655-661. doi: 10.3321/j.issn:0375-5444.2002.06.004

AR, 2wk, P, 5. 2010. AR BRI A A6 A AR b S BRI FT (3], He
MRl HE R, 29(11): 1326-1332. Yu Li, Li Kerang, Tao Bo, et al. 2010.
Simulating and assessing the adaptability of geographic distribution of
vegetation to climate change in China. Progress in Geography (in Chinese), 29
(11): 1326-1332. doi:10.11820/d1kxjz.2010.11.012

BAEAE, TKAUH, BOROR, 4. 2021.2000 4 LUK A ] DX i A A J HoR = 45 A%
RN, [3]. =R %, 40(2): 292-301.  Zhao Qiangian, Zhang Jingpeng,
Zhao Tianbao, et al. 2021. Vegetation changes and its response to climate change
in China Since 2000 [J] . Plateau Meteorology (in Chinese), 40(2): 292-301.
doi:10.7522/j.issn.1000-0534.2020.00025

SRAEAS, BEY], BUER, 5. 2016, K ETEAURXRIPT TR [J]. T RA AT
FLidtfE, 12(4): 261-267. Zhang Cunjie, Liao Yaoming, Duan Jugi, et al. 2016.
The progresses of Dry-wet climate divisional research in China [J]. Climate
Change Research (in Chinese), 12(4): 261-267.
doi:10.12006/j.issn.1673-1719.2015.191

Zhang D, Geng X, Chen W, et al. 2021. Inconsistency of global vegetation dynamics

23



driven by climate change: Evidences from spatial regression [J]. Remote Sensing,
13(17). doi.org/10.3390/rs13173442

A K, dEH, R4, . 2009. 1982-2003 4F 544 L 78 5 ARk M H AR
ARt B [9).2E 72726 8, 28(9): 1773-1778. Zheng Youfei, Niu Luyan,
Wu Rongjun, et al. 2009. Vegetation cover change in Guizhou of Southwest
China in 1982-2003 in response to climate change [J]. Chinese Journal of
Ecology (in Chinese), 28(9): 1773-1778.

JA T, sk, 1996a. 4 BRARAL Y B RAE-M AL K0T ST O] YR,
38(1): 8-17. Zhou Guangsheng, Zhang Xinshi, 1996a. Study on
climate-vegetation classification for global change in China [J]. Acta Botanica
Sinica (in Chinese), 38(1):8-17.

JATRE, KBTI, 1996b. i ER-HE AR RAIIR ] EWAESFR, 2002):

113-119. Zhou Guangsheng, Zhang Xinshi, 1996b. Study on Chinese
climate-vegetation relationship [J]. Acta Phytoecologica Sinica (in Chinese), 20(2):

113-119.

24



