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Fig. 3 Spatial distribution map of multi—time scale energy proportion of vegetation and dominant time scale spatial distribution map
based on MODIS NDVI from 2001 to 2020
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Fig. 4  Analysis of vegetation characteristics in different spatial ranges and different types of land cover type
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Fig 5  Spatial distribution of correlation coefficients between
global vegetation annual scale amplitude values and peak
vegetation growth values calculated based on MODIS
NDVI from 2001 to 2020
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from 2001 to 2020
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Fig. 7 Coupling relationship between annual scale phase and vegetation phenological parameters in time domain (SOS,PEAK EOS)
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Fig 8 Spatial distribution of amplitude trend changes of global continental surface vegetation at different time scales
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Fig.9 Linear regression between trend of amplitude specific time scale and trend of annual average NDVI

FOW, AT 45 3R W] A BROCHR 7 IX il ¢
A 04 A A I TR ARAIE S Y AR RUBE 31 (78.4%)
X B XA B B A B 2 M R IR R Y R A
T ZE BB 43 T 5 A T 52 DXl 9 26 4 32 2l A B
REFS (16.1%) . HPEKBENREFESFHX
W (5%), BEASEA 208 24K FR M
23 (8] 3 A — 3, a4 Xl 32 AR v e AT b X D)
BN IX, I H 5 — 2855 LBl T 1E
2R = A DA TR ) Ak < A Y XS AR W)
(Julien 11 Sobrino, 2009). 4F PR i HLE KA H
SR MO ER A3 T AR B M X, an Ao i 2R
HORRIAR . S A 2R F L IX L R S % It R AR
M IX S5, X Xl — A B A 2 M AR K
B, MRAERAER R —E i A K G 3, PRIt
HH 2t I P PRAE AT PN RUBE Isf ) RUBE BB o LH 2R
T H A ] RUOBE A RETE . Linscheid % (2020) 4§
X NDVIT 5, ER S I ] RUEE R Hh 4F 5 5
ik (71%), FeARAEIL T4 (23.5°N) Ak,
J IR 7 32 G A1 TR BT 55 DI 2R P I 1Y 9 43

DX, T RIRG 32 B A ORI, . B ARAEHX
X5 AR SCAT B B A [ RE BE B o e s ) A 4 )
FARRF—EL

42 SESHSEREMZRNXEE

VA 2 38 42 0] P e B ot 20 23 1 i i (R 3R
INAE R AR IO E A E SR S, ARG R KR
FELBE A9 P e B ARRAIE T AR R A R A B A K BAT A
[Fi) P19 0 5 (0 R AR 57 {8 P R AR 2R A 7 b 4 o3 S Fn A K
JE B ) 8 € (Malamiri A1 Khormizi, 2020; Azzali
I Menenti, 2000; LeeZE, 2020). A XiH—HER
ARV AF IR EE R A8 48R i ) A4 400 i 2 802 Tl /Y
KFR, G 3R WA B A1 R ik W (i R R K 2
WA A F2 AR AL BR R 445 B b DR 5 T S X A7
TERFERG R HR, TEWREN 14FE RE
AEASE (B 55 B ) 381 A% 48 0 40 100 2 57 1 )L 1) 2
AU R — A 7 26 X R Ay, Ho
WA (PEAK) 54 NOEE AR AL (AR G BE AR XT
ARGF o 31X 3 WA 28 S8 1) A R E I W R A 57 A7 ] s
[ 3 S A5 2 80 KRB TE AR A8 I 451 T A g



FEFRRR 45 R TR e TURL UL 1Y 4 BRIt A Bl 22 6 1) RUBE AR 23 47 1369

ME—BR PR, TR TR T ik LM 2
S e R/ P R IR SN

43 ZHERENATHEKERENES

S BREGFAMI B E 28 ORIk S B H B {4
MAS LRI G O A 2] Z ERUE, U0 Chen 5§ (2019)
i F T ARFE B (LAD) A AR Bt =42 —
0+ o I RUEAE SR, AS B 5% (1) - HiE 7R AF .
SR, 25 R B RE B s A AE AN [ Bf [a] RUBE e 3 e 1)
5, KRR MR etk (LIS E0W
EEMESCHE A K 2 BIHAERME) AR FRAYAE
T AT i) RUBEAR & A T — B0 B KRR E . A
A RAEIE 73X — A58 PR, AR R
JE S G K R Rl R A T X (P<0.05)
I 16.46% ., 29.9%. 20.54%, TitEXIMEA 42.7%
Y DX S B, BV W] s [R) RUBE b A A Bl A
A AL A TT AN BE 58 4 5 B[R] RUBE b 9 R AR AR 3 A
(AR DoEN

XFF A BRAR AT S AR S B E X, A
64.5% Y X AT B A ROEE S Ak i i B, 19.7% 11
DX BRAT F AT N RUBE AR, TS 5 A 15.8% 1Y X AT
B ROBE fife B o A BRI N AR A3 T 5 A f T 5 XA
PR PR RE 2 3 R, s g
FPGHE, 3 4 XA B 1 AE 4 AT AR PR RO R AIE
AR AR o T T SRR 2 T R DR B A I ] S8
FARAE Y R AR C B 8 s R R K
IX — B 5 R AR PR RURE i SR AR E — 2
Ul Fensholt % (2012) J&F NDVIEHEWF 58 % W 1
SECET R X, AR A R R 3R R R
IKFRLSR A F 085 X8, SREERRA G (5
EIRTRIX 66%) .

HWRK, w2t B2 Uds T e ERAY 5
LEEHIX (>50°N), FET AVHRR Fl Landsat i T2
WIS ) A s, RORFHE KSRl E R T
YA VE R IE SR i e, AR 0 S W Tt
(JuFIMasek, 2016)., PARFEILIEFHLIX (25°N—
50°N), H20004ELIK, 291400 552 B
I BER L LS (P<0.10), X —&Rfbia3i otk
73X I A Bk i T AR A —2F (Chen %,
2019) . AMFFRAEIEER P E A EHX, W
BB L0 R A b AR RUEE I [ R BT — 3
FIER I RAIE X e Xk A YT DAL 7 ZR AR
AR R I ARRITR AR R 32, AR A
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JE RN, R A RUBE Bh AR R G 5

FEXT 42 BRAR 23656 3 T4 R % v ] B L IXC
(Chen%, 2019), FEAEAENNE BB TR
e I, R AR Sk T e E 2
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1575 Ak RN 2856 BI 52 0 B AS W IR, ol 3 A e
10 452 AR S A0 0 4R IE A5 3 1k i 22 119 S2HIE 32
Fi, AR DA Z B[] RURE B AR 4T3 & 303 i Ak 1 SRR AE
BRI —ME . Xt — Ui, 7E Bkl
B PN 6 R (73 0 L AR e o) e S S A
B AN A [a] R sh A R fiF VR 22 S b

44 MRARERFKEE

P S NS A 2 oL A it AT AL B B SRR A
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U, ARSCBA X E AL e 5 AT L AL B,
B R — 7 T 25 M b PR B 0] RE I AR U1
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BT NDVI B [E] 7 51 R AE T AW sh B4R 1E, (EA
IFi) Py 4 45 ) I ) e S B0 SRAE A 1k BN SR B
FAE—EZES (XI5, 2024; hEdE, 2024),
DAL L AN [ A e J% ™ it 15 1) 1) 22 i [) RUBE B0 A5
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Revealing global terrestrial vegetation dynamic across timescales based on
long time series satellite observations
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Abstract: As an important part of the terrestrial ecosystem, vegetation exerts a profound influence on global climate variation. Accurately
characterizing vegetation dynamics is crucial for capturing and predicting changes in ecosystem structure and function in the context of
global warming. On the basis of existing long-time series and multisource vegetation remote sensing products, this study uses the spectrum
analysis method to characterize the spatial pattern of global continental surface vegetation on timescales and analyzes the dynamic trend
characteristics of vegetation from the perspective of multiple timescales.

Using long-term, multi-source remote sensing vegetation products, this study decomposes vegetation dynamics into three key
timescales: interannual, annual, and intra-annual through by using spectral analysis. The amplitude obtained from Fourier analysis is used to
characterize the spatial pattern of vegetation dynamics, and the phase value is used to evaluate the coupling relationship with phenological
parameters. In addition, the temporal trend of vegetation indices is evaluated to explore its relationship with the observed “global greening”
phenomenon.

(1) Vegetation growth dynamics in most areas of the global land surface (78.4%) are largely dominated by the annual scale. The areas
dominated by the intra-annual scale account for 16.1% and are mostly distributed in tropical areas. Areas dominated by the interannual scale
constitute the smallest proportion (5.5%) and are mostly located in semiarid shrublands. (2) A significant correlation exists between the
annual scale amplitude of vegetation and the peak value of vegetation growth. This correlation is mostly distributed in regions with more
significant characteristics of vegetation seasonal growth. Only 28.19% of the global vegetation cover areas exhibited a significant positive
correlation between the phase values at the annual scale and the phenological parameters in the time domain (P<0.1). Among these, the
correlation between the peak vegetation period and annual-scale phase values is the strongest. (3) The amplitude temporal trend of the
vegetation index on multiple timescales (Low frequency, Middle frequency, High frequency) exhibits a large-scale growth trend, which is
generally consistent with the phenomenon of “global vegetation greening” (i.e., increasing annual mean vegetation index values). However,
the trend characteristics exhibit considerable spatial heterogeneity across scales. Notably, amplitude dynamics at the three scales explain
only 66% of the annual mean dynamic characteristics, highlighting the temporal scale dependence of the “global vegetation greening”
phenomenon.

This study employs spectral analysis to conduct a multi-temporal scale analysis of global vegetation dynamics, offering a novel
perspective for related research. The findings contribute significantly to a deeper scientific understanding of global vegetation greening and
its response mechanisms within broader ecosystem functions.
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