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Abstract; Vegetation, an important component of terrestrial ecosystems, tells the story of the ecological response to climate
change. In the context of climate change, vegetation changes have directly affected substance exchanges and energy balance
of regional land — atmosphere interaction processes. Additionally, in China, the vegetation activity of varied terrestrial
ecosystems has responded to global climate change in significantly different ways. As a vital remote sensing indicator, the
normalized difference vegetation index ( NDVI) reflects vegetation growth and coverage, and time series analysis can

describe the temporal evolution and spatial variability of vegetation very well. Thus, studying the spatiotemporal variation of
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NDVI in terrestrial ecosystems not only reveals the response of vegetation in those ecosystems to climate change, but can
provide a scientific basis for action on climate change and ecological considerations in an increasingly urbanized country like
China. Based on the Global Inventory Modeling and Mapping Studies ( GIMMS) NDVI3g dataset for 1982—2012, and the
macro structure data of the Chinese terrestrial ecosystem, this study utilized one—dimensional linear regression, ensemble
empirical mode decomposition (EEMD) , and correlation analysis to examine spatiotemporal variation in the NDVI of each
terrestrial ecosystem in China. It also analyzed the relationship between NDVI and climate events over a recent 30-year
period. The results show that the average normalized difference vegetation index ( ANDVI) and maximum normalized
difference vegetation index (MNDVI) increased (0.0029/10 a, P<0.05 and 0.0076/10 a, P<0.01, respectively) over the
same period. These phenomena indicate the activity of vegetation strengthened in China. In addition, owing to its sensitivity
to water—thermal factors, MNDVI can be a useful supplement for monitoring vegetation change. Furthermore, the areas with
significant increases in vegetation activities were mainly the farmland and forest ecosystems in the eastern monsoon region,
and the areas with significant decreases in vegetation activities were mainly the forests in Northeast China and the desert
ecosystem in Northwest China. With ANDVI and MNDVI showing linear trends at different significance levels, the NDVIs of
the farmland, forest, grassland, and water and wetland ecosystems showed a general upward trend with large fluctuations,
while the NDVI of the desert ecosystem decreased, with obvious vegetation degradation. However, EEMD detected an
inflection point among the trends in the five ecosystems that was distinct from the linear trend. This occurred in the 1990s
and early 21" century when the NDVI trend shifted from increasing to decreasing. The decomposed results indicated that the
NDVT of the ecosystems had oscillation characteristics on an inter-annual (1.9—7.6 years) and an inter-decadal ( 10.7—
22.2 years) scales, with the former being statistically more prominent. The increasing spatial heterogeneity of the NDVI of
different terrestrial ecosystems also showed inter-annual periods of 2.1—2.7 years, with increasing regional differences in
vegetation activity. Furthermore, the short period-pulsation of the air-sea system from the El Nifio—Southern Oscillation and
solar activity influenced vegetation activity via climatic factors, which was evidently related to the oscillation characteristics

in all ecosystems.

Key Words: terrestrial ecosystem; NDVI; ensemble empirical mode decomposition; spatiotemporal variation; oscillation

period ; residual trend
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PESTHT 7 A B T 1 E A2 NDVIL P I R AR (L S 5T, 45 Z W AE PR B0He (9 R Ze P ipl sl R 1k, 85l
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be/silso/ datafiles ) % Afi i) H K FH AR FHUF ) 28 C R 13 > H st 0P, AR 1982—
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] 1= X3 ANDVI 2 b3 A 44.69% (1) X 38088 11 5% b 2 MK s 2 AT 40.69% 1 [ 1 X 38 ANDVI
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S-SR B AE S AN P A Bl DX A S R Rk 3 EOR M | SR R A M | A PR P S R R M
X {9 ANDVI FlEA K H FRSEAWN I R, X5 FiRHIX NDVI AJREERA &, IR i R 2
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(P<0.01) , Jayifs it X B4 A AE 0.0240/10a , 156 B 1 86 11 [X A 4FEF- A8 Bl 16 sh7e 3458 ; b ok, b & s & K 1Ry
HRHLIX ) ANDVI ARG AN S (0 LT E S i e,

N
A
ANDVI#34/10a ! ANDVI-FR 3 or /
M <-0.008 R A TR N
[ -0.008—0 W T
1 0—0.008 ) 8 FREAEAR B3 )
I 0.008—0.016 . - ég‘i;ﬂi e
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= > 0.024 Lo R L Lo
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Fig.1 Trend and significance test of ANDVI(a,b) and MDNVI(c,d)
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[+ X5 MNDVI 5 TR, Hodhid 5% W& MoK XY 17 39.27% . ZsTE] BB B 25 T R I
FE AL VAT A S R G AT P 52 1y v S P 0 | v B ZK SR b R LR 5 M 10 B 3k 2 b DX A S AR A
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I BRI T R R IR DR 5 AR b O D 4 A ST AR B IS Bh AR S X 5 AR b i X AR
NDVI TR 3#— 3 B A e A B K SN AR LT | 3R 43 55 7T B2 8 T 1h B 35 T A CT Jeiqe B AE S R BE 1)
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IRER T KX (A FHRNFRAMRAE 25 R B8, 10 PG b b DX 8 i A 25 R G AR SRR X A R T sl ) 8 350 553
2.2 AElfHAE S RS R NDVI &t et sapr

hES AR ARG A T BRAR O R AR A IS AR AR 5 1 AR A8 R S8 ANDVI
MNDVI 5% 55 B2 RMAE B RS, 20 51 0.5297 F1 0.8437 , Fie i E 25 R G, 4351 9 0.0789 F10.1543, £k 1k
() R BETRE AR RGN, SAES RGN S BRI BT, & HAES RGN
B i F 1R  ANDVI 4405 4 0.0061/10a( P<0.01) ,MNDVI i5%] 0.0162/10a( P<0.05) , X 55 15 BUAR UL ) o [
ANV AE R AN AT Ty IR — S AT 30a H E AL R 25 A R AR IR KRR COL YR B TR
MAAS R FRMAE S RS ANDVI MNDVI 25 AR E R EE R _ETF a3 (B ANDVI 30 H T 4858 1 23 8]
2250 RACHL X R AE S RS ANDVI B35 TR, 1 R 7 W HGH R A S R G009 ANDVI 8 25 BT X 5 7%
WRAEZS R G BIR /028 A1 A 8 SR R — 354 MNDVI A i 35 1 T, AF B A bl 4 34 ) 2540 0 1] B 5 51
LA O, TR RS CO, MBI T AR HE T ARMORE 1 41 P o e e i T A 3, R AR S RS0 ANDVI
2 FF+(0.0022/10a,P<0.05) ,MNDVI #% i 3% | F+(0.0067/10a, P<0.01) , . B & [ %5 b | 2F 4y i 8 0
X5 R AR AR IR 4 R — B, R R A W R AT 30a (78 AR S AEAE B B, (R AR AR L
e, KR SIBHAES RGN NDVI{E2 3 IRASF B, NDVI 28 {6 3 285 T 1 HiAf 4 22 4k, B T3 30a
T I M A TR FR R 45 0 A S A A T R A 25 A AR R ) rh K A 1 Bl 2R RS | A2 i i A S R M
5 BRI AE i 3N, B NDVI FHsr . Tl AE B RS 5T 4 KA B RGEMIRAA , ANDVI F1 MNDVI #B4k T
N REE 5 T E P H 25 E AT AL BRR i m &

R1 EEtESRSIE 30 £ ANDVI.MNDVI R4 ERTLias
Table 1 Basic statistics of ANDVI and MNDVI in different terrestrial ecosystems and their trends in recent 30 years

ANDVI MNDVI

A R R TR LA AR LR AL IR

Types of ecosystem Area ¥fE J% Amplitude & B il J#%  Amplitude  EH M

w Y proportion/ % Average  Variance of variation/ Trends  Significant ~ Average  Variance of variation/ Trends  Significant
(/10a) (/10a)

A¢Hl Farmland 18.81 0.4177 0.0163 0.0061 -7t % 0.7473 0.0188 0.0162 7t

FRAR Forest 23.64 0.5297  0.0168  0.0053 ETt 0.8437  0.0143  0.0086 LTt o

Fih Grassland 31.56 0.2437 0.0264  0.0022 7t 0.4703 0.0741 0.0067 7t * %

TR 5N

Kik i 3.77 0.2731 0.0281  0.0010 LTt 0.5315  0.0861  0.0096 LTt *

Water and wetland

£ I Desert 13.5 0.0789  0.0043  -0.0002 T ok 0.1543  0.0231  -0.0006 T

w NRPGELT 5% BEMERE a1 B E R

B 2a T A FRARAE A S RGN ANDVI L ETH 3 R HAES RS ETHEIT AL 70.69% ,
PRMAN R A S R G0 1 68.69% 1 63.49% , SR, L FHE TG, A& HE | ZRAMORN B 1l AR 28 2R 48 o0 A 39.
86% 27.31% 1 27.19% WG It T 5% B B PERG S, vl WL, 24 A R 4 ANDVI T 30a i) EFASFIHAERE
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R Ak, X HIAE TR IR SR AR RGEH) MNDVIL A 64.29% S TCR N L THEH
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= 0 | | = 0 EHH| i e s ]

DE FLE FOE GLE  WWE DE
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B2 ®EAZEL ANDVI(a)Fl MNDVI(b) RE TG E R L5

Fig.2 Area proportion of different trends on ANDVI and MNDVI in different terrestrial ecosystems
FLE, & M4 A FSE farmland ecosystem; FOE, ZRMkA: 2R SE forest ecosystem; GLE, BHbA: 2R SE grassland ecosystem; WWE, 7K A5 15 1Ak
A Z Y5 water and wetland ecosystem; DE, FEWAEZS RS desert ecosystem. 1 AR B E FRE, . W TR, I, FHERARZE V. FFHEAR R
.,V W3 LA VI REE LT

2.3 RIAIEHAEZS RS NDVI IS RRE R At 3

XFAT 30a [ 45 i AR A5 R GE R NDVI BHA] 51 A7 4 A 2 B0 AS 40 M, 24 T 45 31 8 AN A FEB S iR B4
it (IMF) 2 1 M58 22 505 (RSE) |, 73k (IMF1—IMF3/4 ) 5 AR A4 7 048 75 RRE B 48 P4 2235 1R 2R
KU shE 8 M5 i (IMF4/5—IMFS ) AERR ARARPR ORI W 0% s A3 (% 2) . [RIE, A e s g 45 A 3
B, KB [R5 3 5 35 IMF S A B S

F2 1982—2012 EAREMMES RS NDVI FHI &S EHFHEH
Table 2 Mean period of each intrinsic mode function of NDVI in different terrestrial ecosystems during 1982—2012

HBRGHA! Types of ecosystem

AAEREAS REL

Intrinsic mode function piaii] FON il TR 51 4 Sl
Farmland Forest Grassland Water and wetland Desert

4 2.0% 1.9* / / /

5 3.8" 53" 3.6 3.3" 2.7

6 7.1% 6.9"* 6.8° 6.8"" 5.3
7 10.7* 11.7 10.3 10.9 9.6%

8 35.3 36.7 222" 37.8 21.9

* R P<0.05, ** FW P<0.01;/ 8 W% IMF AELA AR R 09 JE 30

AT R IR PE IR A4 Bk Sl AT ShTalE A T Rl M A 25 2R 58, 5 BURL B 30 ml REAT A A PR AL
RS R GRS P F ) (35 2) A 8 PR 5 (18] 3) R R IR ZS R GEHY IMF S35 BR 1 IMF8 b, 1
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Fig.4 Linear trends and residual standard error on NDVI of every terrestrial ecosystem
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Table 3 Mean period of each intrinsic mode function on spatial heterogeneity of Chinese different ecosystems during 1982—2012

HEB R G Types of ecosystem

AAERS s - ‘ —
Intrinsic mode function A PN D KM 1R Jie R
Farmland Forest Grassland Water and wetland Desert

4 / / 2.1%* 2.1%* /
5 2.1 3.0 53" 43" 3.6""
6 5.3%" 5.3*" 7.1%" 7.1 5.3*"

7 10.7 10.7 " 10.7 10.7 11.9
8 16.7 29.8 32.3 21.9 30.2""

# R P<0.05, # = £ P<0.01;/FIIZ IMF REAHUT R A9 JE 1)
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Fig.5 Linear trends and residual standard error on spatial heterogeneity of every terrestrial ecosystem
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Table 4 Correlations of the Intrinsic Mode Function between NDVI of each ecosystem and ENSO and sunspot

Sl JA e FUSN i, KR T B
Climate events Periods/a Farmland Forest Grassland Water and wetland Desert
ENSO 2.1 -0.0888 -0.1634*" / / /
5.3 / -0.1306* / / 0.0167
7.1 -0.3147** -0.5455** -0.0701 -0.2529 ** /
KPHF sunspot 11 -0.2837 ** -0.4439 " -0.4038 ** -0.1761** -0.3180 **

ENSO, JE/R JEi#-F J5 #%3h El Nifio-Southern Oscillation; * 2 #H5 (P<0.05) , # = # i FHAHK(P<0.01) 3/ R IZ LSRG A BA MR E
1 JE

3 #ig

T 1982—2012 41 GIMMS NDVI3g Al [ i A 25 R Ge o0 A 5t AL H— oo bE e A LR
ST EFIAE SOG4 F- B, WF9 T3 30a B 45 i i AE S R 48 NDVI BB 25 AR fRRHAE , 91255387 T NDVI 28 fb s
SEFFROCR T BAR I T LA S5 E

(1) R 30a >k NDVI FZLL_EF-8 3, ANDVI 19 B FHiE 5 4 0.0029/10a( P<0.05) , MNDVI [ I 7t
FER 0.0076/10a( P<0.01) , FEH T 20 I 2 3 5 A9 DX 32 282 40 M 7E AR R X i A L R AR MR AE R R 458, i
R R X R T AL TR AR S R G AR IERARIX

(2) NEPEFFIER R 4545 ANDVI I MNDVI A2 {b #3025 A T 25 5 (H AR AR, b R K 4
S ARG R NDVI SR Z AR UE 1Y B, bR R R E SR 3l i AR S R GR NDVI 2
TR PR

(3)5 KAB RGP 3 ELAEAE 1.9—7.6a WAEPREIH I S FEIER 10.7a 22.2a ARACER & 1 1
FRIE, For 1.9—7.6a MYAEBRJE AR 3k LU 2, AR ARSI A0 S 2 PR A A 22 . SRR TR 454k
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