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Spatiotemporal Patterns of Crop Phenology Based on LAI Time Series in
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Abstract: [Purposes]Crop phenology is a kind of growth and development law formed by crops
to adapt to changes around them. With remote sensing methods to monitor crop phenology for a long
time series, the spatial distribution and variation characteristics of crop planting system and key pheno-

logical periods in cultivated land in the North China Plain can be obtained, which is of great signifi-
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cance for better understanding and simulating the variation characteristics of agricultural ecosystems.
[Methods] This research was carried out on the basis of the 8-day time series data of Leaf area index
(LAT) of Global LAnd Surface Satellite (GLASS) from 2001 to 2021. First, the Savizky-Golay (S-G)
filtering method was used to reconstruct LAI data, and the farming system was distinguished by the
quadratic difference method according to the reconstructed 1LAT data. Then, the extracted phenologi-
cal data mask was used to obtain crop phenological parameters in regions with one cropping system
and two cropping system. Finally, the spatiotemporal distribution characteristics were analyzed.[Re-
sults] The results show that from 2001 to 2021, the research area was dominated by two cropping sys-
tems a year, and the lower the latitude, the more complex the cropping system was. The crops in the
northern part of the study area were mainly one cropping a year, those in the southern part were main-
ly two cropping a year, and those in the central part were a mix of one cropping a year and two crop-
ping a year. From the perspective of time, the key phenological periods of crops in northern China
have not changed much in the past 21 years, while those in central and southern China with two crops
a year have changed a lot. From the perspective of spatial and temporal distribution characteristics, the
seedling stage of crops in the one-ripening area is gradually delayed from north to south, the heading
stage is later in the central area, and that of the northern and southern areas are earlier, and the maturi-
ty stage is gradually advanced from north to south, with a difference of about 10 to 30 days. The spa-
tial distribution characteristics of the key phenological stages of crop in the two—cropping area showed
the trend of early in the south, late in the north, early in the southwest, and late in the southeast, and
the difference was about 10~40 days. The temporal and spatial distribution characteristics of key phe-
nological periods of crops in the study area are influenced by latitude, climate, planting system, and
natural resources.

Keywords: North China Plain; crop phenology; planting system; Global LAnd Surface Satellite
Leaf area index (GLASS LLAI) data
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Fig.5 Spectral curves of cultivated land samples pre and post the calculation with slope maximum method
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Fig.6  Spatial distribution maps of cultivated land planting system in the North China Plain
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Fig.9 Temporal and spatial distribution maps of crop phenology of single cropping

176~190 d iz ¥ 26 &8 (b ey KT L H R Gl
e LA E) MARE X CEHE THE 181~
216 d, 22 7 1E 10~20 do il 30 0 B2 5 1 i 0
A3 A I DL — B, AR B 208~230 d i I #] 221~
248 d, 2 7E 13~18 d, Aty 248~270 d 3 I 21
271~310d, 22 SF7E 23~40 d, ] WLAE — F AR o6
SHE) A ) 23 3 AT RRAE S A B A R
AR, 21 4F 1) L L X, st DL —4E —
B Ay 2 11 b X AR 1 ) G ) i AR AR K v
IV 08 L — 4 1 20 o 32 A el X AR Ak . e 3T

IR B IR AR AR ) O A W A 191 Ak A W L 2001—
2012 4F fa) 8 i 176~190 d #E38 2] 191~216 d,
R 1 208~230 d #E 3R #] 230~250 d, B #A ]
248~290 d #EIR #| 271~320 d, B WL 4R — 4 A &
Ao 2012—2021 45 [a] H 7 390 Al A 00 R0 B2 39 43 )
T & 181~200 d.221~240 d F1 271~310 d, & ¥
R 10~20d.
2.4.4 BT R XBEDED ST

FEUAE AL TR 2001—2021 4F 3% 4F 56 i 9 1 1)
RECE I AR A KA KRB 12 firs .



678 KJF B TR 2% 2% i

o557 &

N

A

— AR/
B 40~55

56~70

~71~85
I 86~105
B 106~120

0250500 1000km
————t———

N

A

— AW R/

BN96~100
E100~110

110~120

120~130
N 130~140
I 140~152

0250500 1000km
et eet—t—]|

N

0250500 1000km
]

10 —FWMAHNE-SFSRIENVRPHE=S5HE

Fig.10  Temporal and spatial distribution maps of crop phenology in the first season of annual double cropping

M 12Ca-D AT, 21 4R ], A J0 S R A AE Y1 9
e 2 E R s . BACRE 4R — 2
Hb DX e VR BT A B R R KRR R R
150~164 d,218~223 d 1 283~289 d, Hi 1¥j I % Al
0. 24 d/a, i1 38 31 R ug 220 30 S5 A ]t 5 — 4 7 22 o
b DS — ZE AR A 1 0l A R B K R
HEAE A7T~T78 d . 112~125 d F1 137~148 d, 43 5] #E 38
0.1d/a 217 0.09 d/a fHfER 0. 06 d/a, 3 A AE
Py HE BT A A R KR R AR AE 179~189 d

220~229 d F1270~281 d, 43 5 438 0. 09 d/a R
0.08 d/a FMHEHT 0. 06 d/a. A FMAFFHX—H4
B, 0 — 4 W 2 5 — R AE W) 2002 4 T
FEHT 2 44 d, 2016 4F Ry A AR 10 IR & 128 ds
FEMMAAX —BHRMLEET B EA, E %
AAEY) 2012 4F 0 10 ¥ 30 Al AR B 4R 5~15 d, 2003
SRR B B E MR B 280d 2 )5 . A 2010 4F 4
A B B — A — 2 T R T & 152 d,
Pt I 5 2 IR 5~20 d.



5 3 3]

iU AF BT LAT (] 1) B A2 P R AR W 0 A6 300 ek 2 A Jm F 679

20057 %

2002 gy | N

A

—AEFHAZ= W/
B 176-~180
181~190

0 191~200
B 201216

0250500 1000 km
ey

N

A

—AEW R R/

[ 208~220

[221~230
[ 231~240
B 241~248

0250500 1000km
————t—t—t—t—

N

A

— AP ZE
248~260
261~270
271~280

281~290

[291~300
Em301~310
mm311~320

0250500 1000km
=

Bl —EWMRAHNE_SRIEVVERRZS%HE

Fig.11 Temporal and spatial distribution maps of crop phenology in the second season of annual double cropping

M 12 G-D AT, — 45— B R W) AR KT AE
122~138 K, IEK T 0. 26 d/a; —4F 9 20 il i [X 55 —
RS R AEYE R 67~91 d f188~98d,
B LRAE AR IA W S T ERIEY
AR T 0. 16 d/a.

3 itk
HIF 50 X PN Fof e o 38 2 %, VF 22 M DX 77 7 T A
B B AR 5 5 T I 2 Al 7 22 xR AR AR

il £ 5 S5 T, 8 75 AP . Al AR T R R OG0 i 2 8K
(14 $1 B8 SL 1T I F 22 R Pk o Bk %) b R ) B
55 A T b, DX ) B B B 1 9K b BHL RS 35 K A OG
A, &5 G AN [R) b DX o B 3 B 1 4K b B PR B 3
A TS 0 7 1543 X AR BOAR A ) S B ) 1 S B
Pk — 2B 5T 0 5 1)

— AR A — B RAE Y 2002 45 F1 2005 4F 1 H
B 2016 47 (4 4l R 09 5 At 4 493 235 18] 3 A5 46 =y A3
B 255 T B ARAEY) 2012 4F H 1 10 A u



680 KJE BT K% %4 %57 &
—AE—ACRAEY L - — A AR A R —AE— HCRAE A
164
= 160 © 222F 288
K156 %220_ = 286
Kisa H<218_ §284

148001 2004 2007 2010 2013 2016 2019
ERi)
(@
— AR — AR A

1
20012004 2007 2010

4y
(b)

— AR PR SE — AR A B A

282

1 1 1 1 1 1
20132016 2019 2001 2004 2007 2010 2013 2016 2019

4y
(©)
— AR PR — TR AR A

%

22001 2004 2007 2010 2013 2016 2019
A4y
(d)

— AR AR A

1 1 1 1 1
2001 2004 2007 2010 2013 2016 2019

4y

(e)
— AR GE = RAEY IR

1 1 1 1
2001 2004 2007 2010 2013 2016 2019
4

()
— 4 G A AR

280
=

R 276

Ko

2001 2004 2007 2010 2013 2016 2019
Ay
(g)
—AE—HUREY R

1
2001 2004 2007 2010

4y
(h)

—AEPIRE — TR AR

2001 2004 2007 2010 2013 2016 2019
Ay
@
—AEPIRGE R AR AR

20132016 2019

136}
= 1321
& 128
1244
12 1 1 1 1 1 1 1 65 1 1 1
2001 2004 2007 2010 2013 2016 2019 2001 2004 2007 2010
Ay
G)

2003 AF- 9 5L 5 F A AR 03 16 B E] Y 51 483 2

A 25 52010 4F 2 AR K R 2 AR F 2SR
e, o B R R A TR D e, 2 e
ARl B2 s B2 AT 003 0 16 0T I 235 43 A R AE 5 A
A R 2R I — R R R, &
R RS Y 22 5 R i T AR RO B AR A
PR (R B S TS0 KRR 5 B K B4R 5O 5
A, BT K A 455 W s 0 I S R AR R e L (H
AR B 2R A 75 R, Bl AR 1 52 ) AT R 23 e
BB (A5 — S R 1 ) O A B0 0 I S Ay A
FREA AL, Z RS MR EERG A%
JEXT A A 0 S B 46 3 ke A B TR) ) R ) AR SCIE
KNEHEE .

it
HETF GLASS i I #5 50 L AT il )52 91 404 4o 46

AU JEOBF b ol A o) R R 2 AL T S T ) A s
OIATRE SR EAT TR . DRRAE R INE .

4

G
()
(a1 AR AR % B W 15 R B G- DR AR 2 K 4
B 12 RIEMWIERHRE ST
Fig.12  Statistics of crop phenological days

1 1
20132016 2019

2001 2004 2007 2010 2013 2016 2019
4

U]

1)2001—2021 4 BF 5% IX DL — 4F 1 224 il B A 1hil
JE R 3, — AV A R M T AR — A — B B b T
FR 3. 85 4% , FLAT £ Ji F {15 o A ) B 0k 42 2% 1) i 23
G AR

2)F 5 X A6 A4 A 9 DL — 4 — 2kl ok 3 F
DA — 45 P 3 S =, v 3 Sy — A — A R — A T 2
il TR 5 DX o DA [R] 4 B2 SR, 21 4 [a] Jb 4 b X A&
VE W) O B A 1 A8 A AN R, v 5 R g 8 LA — 4 7 2
il B X AR K o A ZS [ Ar A R R R, —
AR — ) b XA AR P A AL 1 T AR
T30 52 B vl 0 e X R b A R S M X 5 LAY
B, AT S BN L 1) R B R T R, 22
Z7E 10~30 do — 4 P 2T b XA R ) 0% B 49 4o 11
25 8] 43 A7 R A R A 52 B0 R R B ERR P e
R HIR S, 25 47 10~40d.

)W T X P AR AR ) 5% B 0 i 03 1) 28 A A AR Ak
RRAE 52 B 45 B S A R RE R B B AR R TR AR I R
F14 e [7) 5 )



5% 3 4

ik UR A BT LATEA] R 51 i) AR 301 DR A 1 1 40 301 Ik 23 4% JR F 52

681

EAROR UL, A SCHR BTS2 AT DO AEF AR SGHE P 5l RO A2 25 R GE R AL AL ARAE
AT ARl S B B AR A0, T G i B A A S0 A

S 3Lk :
[1] XM EGE, B2, BT . 2R TED Y Uit R 1T]. %4, 2020,75(1) : 14-24.

[3]

[4]

[10]

[11]

[12]

[15]

[16]

[17]

[18]

LIU Y J,GE Q S,DAIJ H.Research progress in crop phenology under global climate change[J].ACTA Geographica Sinica,
2020,75(1):14-24.
Wi 23, FRPE, FLAE SR A5 O 20 4F 3 [ EL B 4 o Al s IR S F 7 [T o B Al BE 95 X 4, 2020, 41€6) - 7-14.
Tao J B,Guo Y,Kong X B, et al.Spatial patterns of cropland phenology at country level of China since 2000[ J].Chinese Journal
of Agricultural Resources and Regional Planning,2020,41(6) : 7-14.
AR M, 5 B, 55 BT IR A A B0t A I st DXV W W M /R S B 1 S AR R R (] AR 2SI, 2009, 29
(11):6216-6226.
LIZ G,YANG P,ZHOU Q B, et al.Research on spatiotemporal pattern of crop phenological characteristics and cropping sys-
tem in North China based on NDVT time series data[ J].ACTA Ecologica Sinica, 2009,29(11) :6216-6226.
SR 2R KR R R Sk e (7). 3B A4, 2013, 17C1D)  1-16.
XIA C F,L1J,LIU Q H.Review of advances in vegetation phenology monitoring by remote sensing[ J].Journal of Remote Sens-
ing,2013,17(1)>:1-16.
SR SR T, XM, S ) IR e A i K DA o 69 TR AT SR LD ] AR AR 241, 2004 1D £ 155-159.
ZHANG F,WU B F,LIU C L, et al. Methods of monitoring crop phonological stages using time series of vegetation indicator
[J].Transactions of the CSAE,2004(1):155-159.
RGBT 2 R BB SR AN 1 8 I T i R AR W A b o L R SC SR W M D) A5 I R PSS LD L K« T DR Sl K, 2016.
WL JE T Sentinel——2 FLARBR N P KCdis 894 HF T 5 4 1 e (5 SR B D ] 500 A kol K2, 2023
FEBIL . HE T RE AR A W A W 7 7 B B A AEAL A TR R (D ] K U R R, 2012.
T, E R VG 53,45 . 2003—2019 4F L1 AR 48 & /N 22 SC R W IS0 ) 2 4 0 (7). 2R A5 2240, 2021, 41€19) : 7785-7795.
ZHAO Y J,WANG X L,HOU X Y, et al. Spatio—temporal characteristics of key phenology of winter wheat in Shandong
fromprovince 2003 to 2019[J].ACTA Ecologica Sinica, 2021,41(19):7785-7795.
2L SRR B RFAR LA T O B AR A U ND VIR B K Wy e 00 R R I [0 ] Rl TR 24 L 2019, 35(14) ¢
159-165.
LIY,ZHANG C C,LUO W R, et al.Summer maize phenology monitoring based on normalized difference vegetation index re-
constructed with improved maximum value composite [ J]. Transactions of the Chinese Society of Agricultural Engineering,
2019,35(14) :159-165.
lel A L Bl A, s JBB. BE F GEE A MODIS ND VT F# 9 75 580 55 Je A<V 9 0 B3 LT ). P p DR 2 2 4t CH AR B3 O
2023,45(4) :55-64.
YAN J Z,ZHANG M,ZHANG S Y.Information extraction of main crops in eastern Qinghai province based on GEE platform
and MODIS NDVT time series[ J].Journal of Southwest University (Natural Science Edition),2023,45(4) :55-64.
ZERERR, AR, WS A, 4F BT I A5 RS 9 ND VTR 22 JCH AR TR 26 /N2 W5 I b g 82 T LD ] ORJRUHE TR 22 4f, 2019, 50
(1):69-75.
LISL,LID C,HAN Q J,et al.Application of NDVI time-series generation technique based on spatia-temporal fusion in win-
ter wheat monitoring[ J].Journal of Taiyuan University of Technology,2019,50(1):69-75.
ZHAO Y,FENG J,LUO L, et al.Monitoring cropping intensity dynamics across the North China Plain from 1982 to 2018 us-
ing GLASS LAI products[J].Journal of Remote Sensing,2021(13):1-21.
XIANG Y, XIAO Z Q,LIANG S L, et al.Validation of Global LAnd Surface Satellite( GLLASS)leaf area index product[J].
Journal of Remote Sensing,2014,18(3) :573-596.
ZHAO X, LIANG S, LIU S, et al. The global land surface satellite (GLLASS) remote sensing data processing system and
products[J].Journal of Remote Sensing,2013,5(5) : 2436-2450.
ZHANG Y,DORE A,MA L, et al. Agricultural ammonia emissions inventory and spatial distribution in the North China Plain
[J1.Environmental Pollution, 2009, 158(2) : 490-501.
GUO R,LIN Z,MO X, et al.Responses of crop yield and water use efficiency to climate change in the North China Plain[J].
Agricultural Water Management, 2010,97(8) :1185-1194.
LUO Y C,ZHANG Z,CHEN Y, et al.ChinaCropPhenlkm: a high-resolution crop phenological dataset for three staple crops
in China during 2000—2015 based on leaf area index (LLAD) products[ J].Earth System Science Data, 2020,12(1):197-214.



682

b NI R N S 3 5 57 %

[19]

[25]

BN, 8 A e, ok, S . IS N AL Savitzky—Golay 38 3% 5 # MODIS A #% 36 20 8] 77 51 [T 23 R} 24, 2020, 45(4) ¢
105-116.

HU S S,HUANG C X,YANG B, et al.Reconstruction of MODIS vegetation index time series by adaptive weighted Savitzky—
Golay filter[ J].Science of Surveying and Mapping, 2020,45(4) : 105-116.

TETE WG B e SR TR B A b RV A I A o A AR AR RRAE S BT LD P 2R S ARl 2B iz, 2015, 23(9)
1199-1209.

WANG H Y, PAN X P,LUO J M, et al. Using remote sensing to analyze spatiotemporal variations in crop planting in the
North China Plain[ J].Chinese Journal of Eco-Agriculture, 2015,23(9): 1199-1209.

EMG T M 2L, AR AR R T ] B AR R L R B £ ) BRI Bk B B[] Al TR 224, 2017, 332D
207-215.

WANG P X,XUN L,LIL,et al.Extraction of planting areas of main crops based on fourier transformed characteristics of time
series leaf area index products[ J]. Transactions of the Chinese Society of Agricultural Engineering,2017,33(21):207-215.
LIY,GUAN K Y,SCHNITKEY G D, et al.Excessive rainfall leads to maize yield loss of a comparable magnitude to extreme
drought in the United States[J].Global change biology,2019,25(7) :2325-2337.

Wk 4, SHRE S VRGE 45 AR AL IXIT 65 a UM A AL R FL S AH O TR 7 G R A3 B [ ] i B I K27 22 4 C A AR R4 RO, 2021,
45(3):314-324.

CHEN Y J,MA S L,XU J,et al.Analysis on climate change and related factors in North China in recent 65 years[ J].Journal of
Hebei Normal University(Natural Science),2021,45(3):314-324.

MM, B VTS 20 20 SR AR AL Hl DX A /DN A2 W 0 W 0 R I 25 4% SRy 23 A [0 ] i 22 5 25 () b LA 6, 2021, 4410 :52-55,61.
YAN X F,ZHONG J P.Analysis of winter wheat phenological phase monitoring and spatio—temporal pattern in North China at
the end of the 20th century[ J].Geomatics & Spatial Information Technology,2021,44(1):52-55,61.

BN BRI FRIRL , 4 2010 4515 P AN TR S B0 v R R A [T, R, 2011, 37(4) :446-453.

JIA X L,CHEN L J,GONG Z S, et al. Anomalies of ocean and atmospheric circulation in 2010and their impacts on climate in
China[ J].Meteorological Monthly,2011,37(4) : 446-453.

HAQIQI T, GROGAN D S,HERTELT W, et al. Quantifying the impacts of compound extremes on agriculture[ J].Hydrology
and Earth System Sciences, 2021,25(2) : 551-564.

o B X B RO



