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Abstract; In this study, we used NDVI time-series datasets to investigate the variations in the starting dates of first growing
season ( SGS) in China’s cropland over the past 20 years. To do so, a smoothing algorithm based on an asymmetric
Gaussian function was first performed on the NDVI time-series data to minimize the effects of anomalous values caused by
atmospheric haze and cloud contamination. The SGS of cropland was then estimated from three smoothed NVDI time-series
dataset for early 1980s, 1990s and 2000s, respectively. The resulting three datasets were overlaid together to calculate the
SGS variations for the period from early 1980s to early 1990s and for the period from early 1990s to early 2000s. The results
show that the SGS in China’s cropland becomes progressively later as moving northward from the South of China, in good
accordance with the temperature and precipitation gradients in China. The SGS of China’s cropland varies considerably with

location and investigation period, and its general trend is characterized by a significant advance in these two periods. This
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study supported the conclusions from previous studies that the SGS has advanced over the past two decades at the middle
and high latitudes in the northern hemisphere. Several factors can profoundly influence cropland phenological status, such
as climate change, soils and human activities. How to discriminate the impacts of biophysical forces and anthropogenic

drivers on phenological events of cultivation remains a great challenge for further studies.

Key Words: NDVI time-series; cropland ; starting dates of growing season (SGS) ; spatio-temporal variation

MR R T AES A ZE T PR AR R I R (L2 AR R R o R, Py b T B
pigs, CARAELHRUREMAEFNXRR, AR SESREARNIUESE, FUT THRIUREL
ISP LA BRI . R, M E R B 2N A B EM R RS Z—, RS T2
BRASAL M AR SR BR A S AR S S h BAA EEAR A o (G RSB 5T LA T8 R SO0
3, ST PR RS A% K ORI SCEE B B0 47 A AR B A8 A R R 100 o 30k el i T SO0 ) 5 % 38 BT
R I A BN IR BB ST, HL45 AR F RS — B Y sl R B, TS A BV ROE i
VEAER , B R BN % B T 2 LI A 0 R 0 DX IR B I A S 3R Bt T 5k, Hose iR T 1% 4
AR KA R BR , FT AZER KR B BB ST 3ME BE 25 RGO IR R i 25 A8 46 A
FAZBHARREGE B, ENIMRZ %0 R dekskp Y RE RIS R
FRH DA R BN X IR A B HE A TN ARAR S SRR 1% LA AT T SR . ER, X BB ST
LR X R ARG B AT . BAAWA R E N E ] ERG R REAIX  H &
JF S KR A A B st AT TSR 2 (B, BRTR B — >4 B R B B R AR B 5T, B4
BTt 2 R B See g TR B (IN& /N OKAE) #EAT , LA RASBERA TR A [R] K Uk AR S R GE ) BUA
WRFHE . ARG BADCREY ARSI | H F) B3 RAEY & B R AR SRS B EAR YR , R 2
R MR B AESREMTOEEFE ™, 2 EREZ T RRE R Y% XA L5 A E
BPERULENE A SCHH A e 2 SRR , 7 2 B RUBE B AT T 582 25 20a 31 AR I B 3t 40y fik 4 o 25 284k
FHIE
1 BES5HE
1.1 Bk

WF5E R FH 1) 18 B B 1% 7 NOAA/AVHRR NDVI B[] J3 51 $ 4% , 8% M 3 E GIMMS ( Global Inventory
Monitoring and Modeling Studies) T /£ 4H R %5 T 2% (http://glef. umiacs. umd. edu/data/gimms/index. shtml) ,
GIMMS $(3fz 7 5] 2 Fi I il F AT IA RORBR = VKRS K BH R BE A S T B B K & s (MVC) A, B
[ [ B % 15d, z5 6] 73 HE 2 g 8 km x 8 km, J5AE = 56 K GIMMS NDVI %45 Jit & ik S 45 R R B, # A
GIMMS NDVI i [i] i 51 it 26 K R 433k A B SR LB B0 Y o ASBFSTge I T 3 el 1 A
% 12 H {7 NDVI $3% , Bl 1982 ~ 1984 4E 1991 ~ 1993 FF11 2001 ~2003 4, /3 H4LFE 20 42 80 4E4L4) .90 4E
R 21 #2203 E B R SR KF, LR AT BT i 25 20a - ROl B st ) 5 28 Al X X 322 57
FHIE

WF5E 5 A Y 2000 45 Hp [ L3 ] B Sk B B R IR EERFE 1 km WS BURSE , ZBE R B E R 2
[ 53 B340 30 m f) Landsat TM/ETM + %8z , 4 R A T2 B EEARRERIE R 1:10 7 L3 1 R i
RS o ABFFOR | km 25 B HEF A L RIS R LR S 2 8 km, 2 55 NDVI $b2s 6] 53 A
VCRL, SR 5 I HC A B 2 S i 4 I st T i) NDVI BHE AT o040 O T /NSO R, F) T B B4
B, KRR NDVI SR 20 7 OB TS5 1) — ki
1.2 NDVI i Fp eV ab 38 05 vk

M EIRBE i AR —4F 24 /NIAR ) NDVI B8z , LA ] S8 AL n HEF TR 00 e e B8 1R T B st g

http ://www. ecologica. cn



43 RICK 4 3d % 20 F P EHE R TR AR =21 1779

JC NDVI 4R NEEHRHIE . BB KAE G U BETHBR B 20 & R UFIK B BE AR S i T8, (s R RSF )
W P S T3 SRR K, 15575 NDVI B 5t 2 SR U R A R 3 3 22 4k, - 2215 22 (bl HOR Bl B, R T H 4%
FT &SRR E BRI, B, L3 — 25X NDVI B 58 #6170 7 25 bR, 3887 i B[] 1)
T2k, AT AR TR E Ak b A K b 2

A FE R BB T8 7 s R AR PR P R AT R B A s 77 . MR R — R IR AL LA B 4
JRPVE R, BARE RIEMEANE B, (15 80 NDVI 28 i] DAL HiR NDVI B 55088 o 52 2% 1 Ffl
A

5%, iR NDVI B P 50E , R — A9 3h 85 0 3R 7 50308 0 48 (B FR 1L 5 X6 T 43 (BRI (B 22 18] )
NDVI B 5 888 AT PR ARG, (15 B AL 006 R BB H 38 NDVI R8s ) B sg iz, Rifaa 2
KN

f(2) =f(t5e1,05,a,,0,a5) =c¢; +e,8(85a,,,a5) (1)
exp[ - (t a‘) ],t >a,

a,

eXp[ _ (al 't)aS] J<a,

ay

(2)

g(t;a,, 0 ,a5) =

K, ¢, Fl o, I E SRR FIIRIB R IESE g (150, , 00, a5) R T BRER, Horb, o, SR X0 L A ] 25 5 ¢ e {5
BTERPLESE, SH a, T a8 BREU S A 1300 1 52 BE AT BE , R DL , S8 0, T as P8 BREH 2 202
AT FEBE RN . XS] LB AL R B0 BAR B

SRIG , R R4 & oA B0H S B (R L& BR B, R B HE bR OT A K2R R 0 ) NDVI AR fhad B2, fRj Bk
Ui, BARILA B K& R B ELA MBI AFE N AZE & I R . BARBLE R ECH

F(t)z{a(t)ﬁ(t) +[1-a(t) 1fc(2) 1, <t <t¢ (3)
B()fc(2) +[1-B(1) 1fe(t) ,tc <t <tg

K, (1, tp ] X [E] 2 NDVI BN ALIXE] £ (1) ofe (2) ofx (2) 53R (1, 15 ] K IE] A 225 L H ) W B
BB AEFT L RS RS, o (1) F1 B(1) AALTFL0,1] Z R BT U REL .
1.3 #fh A K IR U H AR A ik

I B ARLA 1S B NDVI -3 28 Sk 7 % E #F # NDVI (948 Y 3 4b454E , B NDVI ZE4E N & — A4
BB TR — (RS — PR R Bh B i . XFPEh SR R ARIL T HE b/ EY M A K A2, B B FR ¥ L
T A M Y R S . R, R A 2 Y NDVI A N s 28 Ak 28 7T LA R BOHE b 1 Se B 1 , an A=
KEMRG A MRS, REMIIT R, —F 2 RAFAEG E Z A4, 53R E Y XIS —
ENTERBINREMERKZ AN, BEHETREN, RES RIS % 20a B4 T BELL™ £
BRI A S —ERE L RBERE A KB R A2, B, 8 T 8 FX Fhb bR ) B AR
AT H P 13AE A AT 5 2R B R, A BT E B SE /M 3k E#E 30 — AR K ZE AR 45 A i 25 AR TR AR AE .

BT NDVI B3 508 S BOR i A K 2R 1R 309 1 % F i & NDVI BE I, BPARE 1156 2 ¥ NDVI {E 5§,
HRMSHERBEE KRB %R, X4 NDVIEE T 5 — BER, Ha A KR BT 16 ;
NDVI {8 & F U BIE R, 7T LA A A KB R TT 4R . NDVI B {E B3R VR R 8, HOE B T/ K 38R i 4 e 1
BT, A% T AR SO K R BRI A 5% B AR RE B, R R 3R AR [) X33 AR [ A 4 26 784 f) NDVI AR
6], i 8 — i A2 B R BB SR EUY NDVI B{E2 + 7 BXESCR AT e . R, AR5 R T 05 — R B {E
P A BUE PR SR E IR E Ak AR K Z R 16 1, BN AE#E PB4 A= K i NDVI 4k b B, e SCRE B B/ ME
Sf KAB S B/ IMEL TR BE S 1) 20% B [a] s ok AR KR ZE P IR I . % 3h 7S BI{EIE W) B Jonsson 53R HY,
Btk 2 A 7E T BIER E R sh A8k, S AR AR 0 NDVI Z45 A5 {0 i B B 3 A0 ¢, THBR T AR i 485
FEMEERMNEN . B, ZTECEMNAT2RME KR, BUE TREHE 5, i Jonsson %177 F

http ://www. ecologica. cn



1780 B ¥ R 29 &

FA 10% (183 (SR H T B A KB O R 1 424 , Heumann 45 1 Y 20% A BIELRF ST T A Y K Rt e B
T FH SRR 0 1578 AL ARAE , Beck 255 A 25% B BRI T 62K 3R 0 46 B FR) 250 i RS 3F 2 % 9
TR, TR, RO0R™ 5 20% MshAS BIEIRI T 3 E AL X (AT R E A
TRARILZRAE ) BB , FEFF AR R T 20% MzhA B E TN TR E R0 X (RHE SR L
LA HEMAE AL TH UK ASETE B X HE X 8) Mg It 2T 7 80k, BUS TSR, T
X2k Y ANK A ST, BRATER G 4% T 20% [ BIME , /AT RESD T B (LA 5 RN 6 BRI B 45 R R 22

L3R T, 20 5 M A5 2 20 42 80 A-AUHD 90 AL 21 24 3R E B 5 — A KR 46,
THRAGE] 3 NI P A R AR, IF M2 8] A AR s AR5, X IR AN 4 0 B4~ J2 I, 2 —
AT T 20 22 80 AEAUHIZ 90 AEALHIA 20 HH4E 90 4RI E 21 AW BB BL i I E S AR — A KT
LG h AL S AN 1A% S o
2 H#RESH
2.1 NDVI i %7 ¥ A BHAOR

IS P X B v 7 R B & T 1, 3PARR 42 20 42 80 R4 .90 R0 A0 21 HE22H04F 3 NI Y
NDVI i Fp B8 2647 1 -1 AL 28, 45 2T T 30 B At W e S B i B ko %o ELF- YRR B9 NDVI i £k
AT LA H (18 1) - ET NDVI i [E] 731 i 2 A 1R ™ Z AR R I 3l , B0 T Ik 18] e 51 20 A7 LA PRI 5 7
JEEA ) NDVI g2 /45 T J50A HZ A TR, T B 2B — e THRMEJE , X i AL A 2 B 9 2 o [
FEAE 1 AT AR B, 3 —4F— 2l DX St b ) NDVI i SR 78 4F 3 58 Bl — IMIESA B S 12, — 4 P3| IX
BRSE P MBS 21t -1 ARG B9 NDVI i8] 77 31 b 24 FH T3 A st 0 1 00 A

—+— SE-3 1 Before smoothing  —— SE3} i After smoothing
240 - a  —AE—HR X 400 b AETHAMIXIE
One annual growing season ! Two annual growing season

230
220

220

210 200

200 180
190

180

NDVI

160

170 140

160
150

140 I I I I I I | J 100 I I I I I I I J
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

ik (15d 6B 197)

Time (15 days composite)

120

Bl 1 NDVI i [ 7 515508 - v b BERT S L

Fig.1 Comparison between before and after smoothing of NDVI time-series data
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Fig. 2 The starting dates of first growing season in China’s cropland for three periods and their average
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Fig. 3 Variations in the starting dates of China’s cropland for the periods of 1980s ~1990s and 1990s ~2000s

F— WL T X S AR S (2, 763d % 20a B R, 3 B A R 0 A AR ORI B A 22
SE(E 4) o MR ERGBIL . L8 BT R ANTLIRSE A T BB 3t A Rk i S 7 AR PO B AR 2 B AR
E RIS #EHY,20a [A4RAT KLY 15 ~30d, =FF.) AR 09I L AR P44 | IR X B AR KR 1A 3
TEid % 20a $RFTAE 15d, {HIX L6 X IR B 3t AR 72 3 A~ i (8] B BE 2 B — B2 e . RRIER,
YR K T BN VLA DX I i ) A R S AR X R, SR I [ AN 30d. IS AR AR v,
BRPY I R LV BN LT VEEIR R R IR TL  H R AP AR T A B IR X B A KGR 1R I TE B
AN ] B B R B S B e, AR~ 20a X1, 5 26 CSmplt 3t 4 A RS 4 39 20 1 (AR ATERAEIR ) LR 83K

LRI AALEA B2 BB A A

27

1 H
P =0 I 0 Y | N N = T

4 %-E

-4

%i?_:l

TH —3

CETHL
O
x —
i O
BM 1
i
Pt
"X
Wit
wigm |

MR O
Hifk b
ViR |
JE
WL [

3
Hifg

—ar -
e
W D
I 3
z

AR IR AL
Variations in the starting dates of growing season (15d)
I

B4 RERFEEBIHE—E KRG

Fig. 4 Variations in the starting dates of first growing season in different provinces of China over the past 20 years
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