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Pk R b F BT 15 53 2S 22 S 4 2 XL R LAT R B K
WRBORF W ZIRZ 5 (2014) TA y H T UL
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(S2) WIZIIEALRES MST (Multispectral Instrument)
B 25 KA IE bR R %7 i SR (Surface
Reflectance ), 5T iR R BRI EEC (1)
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NIR - R
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-5 15 R 23 [R) /I [R) 43 R P i) 71 L GEE $tdi 4 4 7k e C
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Sentinel-2/MSI 10m/5d 2018-06—2018-10,2019-06—2019-10 COPERNICUS_S2_SR HF R HT R
Terra 1 Aqua/MODIS 500 m/8 d 2011-01—2019-12 MODIS/006/MCD15A3H TR B
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Fig. 3 Flow chart of MODIS LAT product verification and evaluation (The yellow box represents the data used in this article, the blue

quadrilateral represents the intermediate step, and the green box represents the result of each step)
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I3 M. EPE 2014 4E—2019 4EBUR AT /00T, 2
M Landsat 8 % 5f H >0 201342 A 11 H, Kk
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Table 2 Comparative analysis results of 30 m Landsat 8
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R EE R R*  RMSE [IHXZRRX
2018 AFEH I S 1Y 2018 AE 45 0.93 036  y=0.94x+0.2
2019 4K S 1Y 2019 4E45 0.84 0.7  y=0.84x+0.47
G IFEIE B Y 2018 445 0.92 0.68  y=0.54x+1.82
G IFEIE B Y 2019 445 0.84 071  y=0.89x+0.29
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Ko REJFENW, —2ZFHWREZS, MODIS LAI
25 (8] 43 BE 5 500 m, 17T S0 ECHE SR e RO
EE R e ) VN POE NG
3.2.2 MODIS LAl 5% % 7= @ xftk 54

XT3l f5 MODIS LAI 5 R & J5 £ i 19 500 m
Landsat 8 LAT ZE47 B[] ¢ 51) 2 #8543 B A0 AR 5 1 43
Mr, 58 7 K 8 rn . AILIE H, MODIS#
Landsat 8 fli A T LAL, [Ali}, WalLIFF], MODIS
LALY Landsat 8 LAT A9 AH JCPE 4 SRR 40 1 AH DG
PEA FTHE 28 WHE b i SO0 000 450 B 0 A 5 R E e 46
PUR, BEMETE— & FEE b7 Ik M 26 55 o M o) 56 F
EE iU A



FFHE AR K AE . T TR Ve MODIS T FRRE £50™ i s (819 510RS 1 5890 5 28 fL R AE 5 BT 365
6 6 6
St S5t 5t
4 [ ] 4 [ ] 4 [ ] °
L ° L L
<3t s <3t <3t
2 © 2, 7
1p 1r 1t
0 ) ) ) . ) ) ) & ) ) .
150 190 230 270 310 ?50 190 230 270 310 ?50 190 230 270 310
Day of year Day of year Day of year
(a) 2018 4F34f 5 1 (b) 2018 4F3fj 4 2 (c) 2018 4F3 453
(a) 2018 site 1 (b) 2018 site 2 (c) 2018 site 3
6 6
St 3
°
4t R 4
3 f <3}
® 2y ° 2t °
L [
1t 1t °
[ ]
L s s ' ' ' (] ' L '
950 190 230 270 310 950 190 230 270 310 ?50 190 230 270 310
Day of year Day of year Day of year
(d) 20194F ¥ 51 (e) 2019 4F3k 5 2 () 20194E ¥ 5.3
(d) 2019 site 1 (e) 2019 site 2 () 2019 site 3
6 6 6
5t st 5t
4t 4t 4t e e .
= ° = = NN
SR 23 23t il T
2t . 2t ¢ Br .
1f . 1t & ir,
[ ] N L N ' ' ' L L n
?50 190 230 270 310 950 190 230 270 310 ({50 190 230 270 310
Day of year Day of year Day of year
(g) 2019 4F 35 4 (h) 201943} 45 5 (i) 20194F ¥l 11 6
(g) 2019 site 4 (h) 2019 site 5 (i) 2019 site 6
—— LAINet ®L8 LA30m
K5 &80 EAY 30 m Landsat 8 LAT 5 LAINet LAT i i) 541 [£]
Fig.5 Time series plot of 30 m Landsat 8 LAl and LAINet LAI retrieved from combined data
8 8 8
6 6
3 //”/ 2
°
2 k ° .. ¢ o ... o9 2 L
.o" o ® .o.
" " hd . L » . L !
150 180 210 240 270 150 180 210 240 270 150 180 210 240 270
Day of year Day of year Day of year
(a) 2018 4F3fi A5, 1 (b) 2018 43 1 2 (c) 2018 4F3fi 5 3
(a) 2018 site 1 (b) 2018 site 2 (c) 2018 site 3
8 8 8
[ ] [ ]
6r 6 6
54 S4
o.... °
21 21 o * * ......
° . . . . .
qSO 180 210 240 270 qSO 180 210 240 270 ({50 180 210 240 270
Day of year Day of year Day of year

(d) 20194E3k A 1
(d) 2019 site 1

(e) 2019 4F 3k 45 2
(e) 2019 site 2

(f) 2019 4F3uk 5 3
(f) 2019 site 3



366 National Remote Sensing Bulletin i & 53R 2024, 28(2)
8 8 8
6l ° 6 6
<4 <4t =
= = . = ° .;/-—‘:,\_/\__w
21 21 * .....0'0. 2f g &= St ..°"000.
0 : : : 0 : : : 2. ”. : :
150 180 210 240 270 150 180 210 240 270 150 180 210 240 270
Day of year Day of year Day of year
(g) 2019 4F 3 55 4 (h) 201943 & 5 (i) 2019 4F3 4 6
(g) 2019 site 4 (h) 2019 site 5 (i) 2019 site 6
— LAINet ® MODIS LAI
K6 MODIS LAT 55 LAINet LAT i} [a] 751 %]
Fig. 6 Time series diagram of MODIS LAI and LAINet LAI
5 5 5
4t 4t 4t
3t 3t 3t
32 52 3 2f
1 1t 1k
0r OF or
-1 : : : -1 : : : -1 : : :
150 190 230 270 310 150 190 230 270 310 150 190 230 270 310
Day of year Day of year Day of year
(a) 2018 4F i 1 (b) 2018 4F ¥ 1 2 (c) 2018 4F A5 3
(a) 2018 site 1 (b) 2018 site 2 (c) 2018 site 3
5 5 3
4t 4t 4t
3r 3 3r
52 32 32
1r 1t 1f
oFf 0r or
-1 : : : -1 : : - - : : :
150 190 230 270 310 150 190 230 270 310 150 190 230 270 310
Day of year Day of year Day of year
(d) 20194F 5 £ 1 (e) 2019 4F3}i 5.2 (f) 20194F35 41 3
(d) 2019 site 1 (e) 2019 site 2 (f) 2019 site 3
5 5 5
4t 4t 4
3 3t 3t
52 52 32
Ir A Lt L Ir Ir
of T of of
=1 - . . -1 : : - -1 . - .
150 190 230 270 310 150 190 230 270 310 150 190 230 270 310
Day of year Day of year Day of year
(g) 2019 4F35f s 4 (h) 20194F3} 45 5 (i) 20194F3} &6
(g) 2019 site 4 (h) 2019 site 5 (i) 2019 site 6
+MODIS LAl  oL8 LAI500m —— [ 844

K7 2018.20194FMODIS LAI 5 500 m Landsat 8 AT [] 551 [%]
Fig. 7 Time series diagram of MODIS LAI and 500 m Landsat 8 LAI in 2018 and 2019

FEEIMODIS = i 7EAE KR 5k A A Rl Y
AR AE, IR, ASBIFST 40 2 A4 sk a] B B 435l
PEATAHSEE T, 45 BoR, 20184F4E KFEMODIS
LAI 5 500 m Landsat 8 LAI ) > 0.51, RMSE }y
1.17, #E%ZR>M0.72, RMSE }1.39; 20194F4EK

ZR>40.51, RMSE A 1.14, HI%ZR>40.66, RMSE
7 1.84, MODIS LAL™ i i S A H A K T 5 7%
G RRIE B WO . SOk L, EIE
KR 2, Hd 2019 45 RMSE i 3 1.84,
mETAERKZERN 114,



FEPHE R KA T AR A1) MODIS i T FRA H007™ it 6 18] 1 714 B2 56 0E-5 8 AL R AR S0 A7 367

5
4t ®
o
PY ..\
3 2° o @0
g 8 °
< °
| : .
4 sk ® ®
S ®
= °
%
1 s
T AL A
o ®o
0 -
-1 0 1 53 3 4 5
L8 LAI 500 m
— REMAL  —— 112k e LAI
K8 20184E5 20194 MODIS LAI 5 500 m Landsat 8 LAI
AR AR AT

Fig.8 Correlation analysis diagram of MODIS LAI and 500 m
Landsat 8 LAl in 2018 and 2019

X 56 X MODIS LAI Y 500 m Landsat 8 LAIL s}
(] 7 20 540 4 3R A T AR T AR G PR A B o 25 3R
B9 . RREUEZ R ZH07E 0.1—0.4, R2E AL
K, RMSE K#43E0.75—2.0, Hi KRz hm
Y2 (257 d), 7 UL 500 m Landsat 8 LAT 5
MODIS LATAH &M BRI

3.3 MODIS =& EEE TN

4 5= MODIS LAI B8 5 51 4 7

%t 2011 4F—2019 4 7 >3 5 MODIS LAIj= 5%
PEATE R E AR 1, anlE 10 R 11 frs, 31X

3.31

FLL R R U 1Y 4 9 AE I R] 518 Ak RN H AR
Al , Hi4x b A9 MODIS LAT B 8] 5 371 A2 £k, [&] £
H AR AE DL S 1IEIST (B S 18542 . hups: //pan.
baidu. com/s/ItY AQZZwPfqBcXfeYpnBSog, & B
0714). & 107 .. MODIS LALZEAE K Z=9% 5
U, miEdRAE R R, AR 0.1—0.2
B A NS W R = E A N2 @i il
11 7] A& B MODIS LAT H 28 £k 48 %8 %5 Kk H
WEP AR T (55170—2404d)

0.8 125
06 2.0
1.5,
%04 %
1.0
0.2 los
0 n n I
100 150 200 250 308
Day of year
—e— RMSE —h—RZ

El9  ARIREMODIS #l Landsat 8 LAIZEITHIGHE 5745
Fig. 9 Pixel-by—pixel correlation analysis results of MODIS

and Landsat 8 LAI on different days

A3 IR A AR K 2 5 3 7% 22 MODIS LAIL{E 1153
S RER, ARME 20, HP R R .

HE 120 LIEH, 9k A K ZECV AR
AT, DA I U SR Z I G X T R A 45 i
PIor . Bk, AR S 55 MODIS LATH a7 51 4%
FEAE 10 H R 9 LATAE (b A [R], HA B
SRR, £ RKIESEARKNM s

4 4 4
3t 3t 3t
<2t 2ot <2
1t 1 1t
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
Day of year Day of year Day of year
(a) 20114F (b) 20124 (¢) 20134F
(a) Year 2011 (b) Year 2012 (¢) Year 2013
4 4 4
3t 3t 3t
<2 <2 52
1+ 1 1
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
Day of year Day of year Day of year
(d) 20144 (e) 20154F (f) 20164

(d) Year 2014

(e) Year 2015

(f) Year 2016



368 National Remote Sensing Bulletin i & 53R 2024, 28(2)
4 4 4
3+ 3t 3
3 3 3
1r 1t 1t
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
Day of year Day of year Day of year
(g) 20174E (h) 20184F (i) 20194F
(g) Year 2017 (h) Year 2018 (i) Year 2019
10 %A 1192011 4E—20194F MODIS LA A [a] 541 18]
Fig. 10 2011—2019 MODIS LAI time series diagram of site 1
0.6 0.6 0.6
0.3} 0.3 03+
& & &
B3 5 B
= 0 - 0 - 0
S S S
=031 -0.3 0.3
5 100 200 300 400 %0 100 200 300 400 8 100 200 300 400
Day of year Day of year Day of year
(a) 20114F (b) 20124F (¢) 20134F
(a) Year 2011 (b) Year 2012 (¢) Year 2013
0.6 0.6 0.6
03f 03+ 031
& = =
S = 3
— 0 - 0 —~ 0
5 S S
-03¢} 03¢ -0.3¢}
_0'60 160 260 360 400 _0.60 160 260 360 400 _0.60 I(I)O 260 360 400
Day of year Day of year Day of year
(d) 20144 (e) 20154F (f) 20164
(d) Year 2014 (e) Year 2015 (f) Year 2016
0.6 0.6 0.6
031 0.3 03¢t
5 5 5
S 0 = 0 = 0
z : z
03¢ —0.3 -03¢+
0600 200 300 400 0 100 200 300 400 %0 100 200 300 400
Day of year Day of year Day of year
(g) 20174F (h) 20184F (i) 20194
(g) Year 2017 (h) Year 2018 (i) Year 2019
FITL 3l 80192011 4E—2019 4F- MODIS LAT H AR Ak ] 75 57 /&
Fig. 11 2011—2019 MODIS LAI daily change time series diagram of site 1

3.3.2 MODIS LAI 5 Landsat 8 LAI i [8] = %1 %
iy

XF 2014 4F —2019 4F il 4% X MODIS LAI &5
Landsat 8 LAT (1) G AR SA(E LA K Hi 1 S0 808 32647 T
R P8 S i, S5 RWE 13 s, WA,
2R LALF= S ZE B, AR K ZE I W

Landsat 8 LALJZ 2% $L 1 MODIS LAT 4K 399 i ]
G A4k A —2, HAT LA R A H MODIS LA A
B Al JCHRAERK ZE . 2018 4F 8 H LAUJE ¢
W LA A 5.5, T LEFZKR LALIZ N 3.5, H8
PAHT Landsat 8 LAT 2 7 45 4 5 1l 1) £ 25 51 W) &
BAf, 7 H v A—8 H ) 2 Fh= AR R [ AR



FEPHE R KA T AR A1) MODIS i T FRA H007™ it 6 18] 1 714 B2 56 0E-5 8 AL R AR S0 A7 369

FIARAL, MODIS LAMICAG BB . 168 Landsat 8
FIMODIS RE % R B HE B 52 LAL I [ 8, {3
ARG, TREE N SRS WA,
FIT LASRE Bz il LAT ELS2 A8 AR A5 I

1.5

1.2
5 0.9
0.6

0.3

02011 2012 2013 2014 2015 2016 2017 2018 2019

F4y
SenescenceCVsitel ~— ----- SenescenceCVsite23
——- SenescenceCVsite4 = SenescenceCVsiteS
= SenescenceCVsite67 —— GrowingCVsitel
- GrowingCVsite23 —=- GrowingCVsite4
"""" GrowingCVsite5 e GrowingCVsite67

K12 2011 4E—20194F 7 il i /B K F 5 3 i 2 A S R AUK
Fig. 12 The coefficient of variation of the growing and
senescence stage of the 7 sites from 2011 to 2019

LAI mean
S - D WA L
T

2014 2015 2016 2017 2018 2019 2020
oy
MCD15A3H_ mean - Ground True LAI

— L8LAI_mean

F13  20154E—20194FMODIS Fl Landsat 8 LALRA]F51)7254k,
Fig. 13 2015—2019 MODIS and Landsat 8 LAI time

series change

34 MODISLAIFmE5ENE LAIZR S

35 %F 2018 AE—2019 4 3L 9 3k 25 ) MODIS
GI. CCI 5 MODIS LAT#1LAINet LAI 4T 1 W [a] )

SRS Hr, W, R K Z a2 B B,
ST AR R (55 150—210K) . EKFEE
B (55210240 K ) DL S # A4 K 2= MODIS Gl
CCI 5 MODIS LAI I LAINet LAI fYAHEE 2 R 45
RWE 14, EISHFR3I PR, mE 1400, EA4
K Z=Hi MODIS G5 LAINet LAI A1 MODIS LAI 48
R ABERARAR T . VARAFE A AT, fRBES I A
AR R, RS A A T AR B0 AR
b, ELch A fb 7 3 8% 5 b T O R 3 RE S
BB HIC SR T ok . BRI R LINER 3%
THRRAE BA ok . BARSR UL, 764K i,
LAINet il MODIS LAI 3% 2 2% 5 MODIS GI B4
FHIT BIAESCHE (R 5102 0.68 F10.79) o A K
JEW, BT DG BAT B B AR, mTE (RP=
0.01) /N TJE#E (R?=0.11). KA LIAEH,
fEEKRAERKZEF, HLT LAINet LAI, MODIS
GI 5 MODIS LAI 284k a3 AH I . BiRg5 %R
B, MODIS LAI fig % g i 3] i 2% 25 59 A8 fb 1% Bl
T A% MODIS 33, LAINet X -4 & 28 (k45 g A
O . I 15 A SR 3 38 1 DLk B MODIS CCl1 5
MODIS LAI., LAINet i #H5¢H: 5 MODIS GI B A #
LA, BDA K ZRRT I 5 W3 e AR O,
J& 9 5 MODIS LAI B AH G KT 5 LAINet (1 4H %
PE. BT GLAI CCI ¥ i B A 9 et J22 b 9 ) €2
RoEmAafb, LiRZEIEEKY, MODIS LAL™ 5
Lt LAINet £ 4i8 00 fi8 iz 7 5 )25 0 2% S el ik 78, i
LAINet [ VLI B0 45 B8 22 1) 2 21 568 )2 i 28 B 4 B
RS, A K W R e H A W R
MG, Hu I LAVEA SRRSO, X2
1 i LAINet 5 MODIS Wi 25 5 2 5 ) = 22 A

7 0.20 7
6 {0.15 6
5t lo10 8 57
— 4t |72} — 4+
< {1005 B <
3l g8 A3t
2 10 = 2t
1le 1-0.05 1L
0 - - ~0.10 oL s
150 200 250 300 150 200

Day of year

(a) 20184FuL 5 1
(a) 2018 site 1

Day of year

(b) 2018 4Fuk 5 2
(b) 2018 site 2

0.20 7 0.20
lo1s 6f 10.15
{010 3 3 {0.10 3
— 4+t o %)
{005 B < - foos 3
10 g 2t - o. ‘.. 10 %
1-0.05 1t % 1-0.05
s -0.10 QL - : ~0.10
250 300 150 200 250 300
Day of year

(¢) 20184F L5 3
(c) 2018 site 3



370 National Remote Sensing Bulletin i & 54k 2024, 28(2)
7 0.20 7 0.20 7 0.20
6 . 10.15 6r L. 10.15 g .. 10.15
5 lot0 8 57 L Vi folo 8 S5f 0 vl fo10 3
5 B g4r PR % Q24 e Z
53 10.05 g 53_ 2 . 10.05 g 53_ 5 10.05 g
2 10 = af N A 1° =
1 {-0.05 1t 3 1-0.05 1k 1-0.05
0 : : 0. 0 : : 0. : : ~0.10
150 200 250 3000 10 150 200 250 3000 10 (1)50 200 250 300
Day of year Day of year Day of year
(d) 2019 4F3} 14 1 (e) 2019 4k 45 2 (f) 2019 4F-3f 1.3
(d) 2019 site 1 (e) 2019 site 2 (f) 2019 site 3
7 - 0.20 7 0.20 0.20
61 10.15 6 10.15 10.15
2 {0103 ? {010 B {010 3
=4 {oos & =* {005 B {005 &
55| g 3, - -
1 10 = 2 10 = = 10 =
1t 1-0.05 1 1-0.05 S 1-0.05
0 : L -0.10 0 ; L -0.10 L -0.10
150 200 250 300 150 200 250 300 250 300
Day of year Day of year Day of year
(g) 20194F U} 5 4 (h) 2019 4F-¥i 5.5 (i) 20194F ¥ 14 6
(g) 2019 site 4 (h) 2019 site 5 (i) 2019 site 6
e MODIS LAI — LAINet LAI - MODIS CGI
€14 MODIS GI5 MODIS LAIFI LAINet LAL &) 551 &
Fig. 14 Time series diagram of MODIS GI, MODIS LAI and LAINet LAI
0.3 0.3 03
10.2 10.2 10.2
1018 {01 3 1018
— n = |2, i 2]
3 - L2 3 ' 5
_01 2 1 ~01 2 1 *01 2
v -0.2 1-02 1-02
g [ S— -03 ¥ g 03 ¥ i -03
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
Day of year Day of year Day of year
(a) 2018 4Euh 5 1 (b) 2018 43 5.2 (¢) 2018 43k 53
(a) 2018 site 1 (b) 2018 site 2 (c) 2018 site 3
6 03 6 0.3
5t 102 5 102
4t {01 8 4 1018
= [22] = [72]
ﬁ 3t . 10 A ﬁ 3 10 A
2t 17018 2 1018
1t "'%i;'; {-02 1189 {-02
T 3 s : =i 3
0 30 400 0 100 200 300 400 0 100 200 300 400
Day of year Day of year Day of year

(d) 20194F kA& 1
(d) 2019 site 1

(e) 2019 4F 3l 2
(e) 2019 site 2

(£) 2019 4F3k 5.3
(1) 2019 site 3



FFHE AR K AE . T TR Ve MODIS T FRRE £50™ i s (819 510RS 1 5890 5 28 fL R AE 5 BT 371
6 6 0.3 6 0.3
5r S5t 10.2 5 10.2
al S 4f - 1018 af : o1 8
s RN 1R gt s
. * o g ‘s .
0 100 0 100 200 3'35"“ 200" 0 100 200 300 400"
Day of year Day of year Day of year
(g) 2019 4F3 & 4 (h) 201943k £ 5 (i) 20194k 11 6
(g) 2019 site 4 (h) 2019 site 5 (i) 2019 site 6
* MODIS LAI — LAINet LAI - MODIS CCI
Kl 15 MODIS CCI5 MODIS LAIF LAINet LAT it [i] 751 %]
Fig. 15 Time series diagram of MODIS CCI, MODIS LAI and LAINet LAI
%3 MODIS GI,CCI5 LAINet LAIF1 MODIS LAI 6, LAINet B3 b AT DUOUL I 51 215 3 B i 51 % 1y

HXERSITER
Table 3 Correlation R analysis results between MODIS
GI, CCI and LAINet LAI and MODIS LAI

MODIS GI MODIS CCI
Bl KT EKFE BAME EKE EKE B
i EE KFE O oml Bl KFE
LAINet LAI 0.68 0.01 0.55 0.23 0.02 0.19
MODIS LAI 0.79 0.11 0.69 0.34 0.06 0.25
4 ¥ ow

S5 TR LA 240G (W1 LAT-2200C)
A, FETF ICLR AL A N 45 1) LAINet 3243 1 31 -
SR ML [ SR DL R AL A RE . R
P& AL 2 252 15F (1) 57 27 il T 0 4 1 2 LATINet X 51 F 21
AN TR A ) — A E B, Xt A fa] 5
A1) 1 S S SR ER AL T o AR R . SR, B
FERW, T EE B A RS R R R,
TKIEE M E S LALZ A A9 1IE A G K R Rt Ar
FARLEME (Gitelson %5, 2014) . Rk, 78 Hb 1
LI A 95 E MODIS 7= St B v, %% iR 3 h
TR 752 A 2 S A 0 U U S A %) v 25

BRI K AE FoRA RG], R R
Y T B2 S 2 MODIS LAI 5 LAINet Il 2 77 75 52
vk 22 S0 F B A . LAINet JE 0 5 76 2 8] Bt
A RO RS E, AR DA RS 2 RS 1 R
WEE, HaeFE 252 R pR 2k, Wik, FE
KA, LAINet Jo i 08I 21 6,3 A8 4k 5| 1)
J R4 . 7E LAINet {2 & 88 8503, 9 TR
EHE A IRES L B 2, & T KR
650 nm AT IEE R (Jm ke 4, 2012), i

Al o AR SCHER R B ORI R SR 50 G R
AL LT R, it s 2 %5 (2006) 5 A
JTA] (2006) & it R g S S T oR
ZMPEREY, #ZBF g Z SRl
S, A, MR E R R B R A
B Y 22 5% . FHIERRSE (2008) WEZERH, BiE
K JZE M B N, LA R SR, B
SPRREAL, AT WO R G R IEA AR | R
SURIBEAL, EM R R TWERSFRETE, [
R, WEG 2 (2006) 5 JETA]SE (2006) WL
B BoR, FORM RO 7LD @ 0% B i R
INF 1%, B EREEMN BRI HER, SEPR
W] S R AT AR L T, Ik, 7
HMEX—ZR b, ETEEELRTE LAY
LAINet {X#%, ATREAN SN0 4 Z AR k5 e
75 1o R AR LA B Ry SRR e 7 T T 3 SR 1ot
N 5 A4 B ok 2 R 5 %ok B LAL HAR Ok Ui,
MODIS 7= fify B3 M5 T 21 (0, 5T 21 71 B 1) )2 4
R, Horhar ok B TR BRI B (4
B2 A, 2006), UTLLAMEBOM I R EREE R S
JZEEAE AR . Ik, MODIS LAT 7= & A AAY
RFTHIZE AR, WAL s TR NG
RS B . MODIS 7= Sh 78 Bk AR K5 ), R
=R SN =t WA TR 28 e Sl A X (A =T S o1
Fib A&, iR gk R >, I MODIS
LAVE Sl R, [HJZ, LAINet BXLME I AR
JS I 33 T I 2R R el 1T 5 | R 1) 68 2 o S R i AR Ak
FEIX 71T, Hb IR Y LAT 5 38 805 1Y LALZ (7]
(22 5 0] UH I F P E X LALE X225, BIATE
B FHTE S PAT (Plant Area Index), MG



372 National Remote Sensing Bulletin i & 53R 2024, 28(2)

R AT %0 GLAT (Green leaf area index) (Yu
4 2020)

BT ERTTIE, HEDN S S UL R R 5 AR
ey 24 FERZRAEMREEE (25, 1) pp
RAFAEMR S8 E NS (%) 24k,
Ho X 2o ANHEE A KT, ERFENAK
Wy BT o 0 ) 2 AR A TSR] . 7E AR K ZERii
M T8 EARKSY R SR TR, W
R FEFHE, B, Joig & LAINet it &
MODIS ¥ BEAH X AE B 0 s X A8 fad A 7
AR, RS R AR SO
EIEOLT, Mtk EY RS T FREM, X
Ty oL A A X 5 )2 B S 3 (R U PR B R T ot %
It MODIS &g — & B A il sk R )2
FHE ORI L, 1 LAINet W JC i 7] 4530 ¢
XAHARAL . SR, AR A YR S B BB 05 50 E
WHEM A E5E, HJ, AR RENE E— A0 i I 4 5
g A A TR AR UL 2% 3 R R 5 T T 22 1 R 0 2 56 5
PEAT AR A, WU AR BE B EREZ ISR, A
T AT KT 328 JE 7™ i e T 350 I S5 36 2 1 B oA 3 3
FIEEL, SRR A —A TAE 1) .

TR A, A SCBEA BT A ) 5 5
KRS AR, FEE RS g i L B,
XA R a0, S MODIS R Jo A 5 1
Landsat 8 NDVI B JCE B bR 22 0 AR /N,
0.08—0.18, B4 ) 7 BTt 8/, AR L
BFSR 1o AR, X128 0] S5 PR A 1) X sk, 754K
I TR A 2 [B) 5 0P S5 T 40 B AN [ 08 0 R
XF B UE S S 52 .

5 %45 ©

AWEFE IR T 2 i AE ) MODIS LAL ™
i RS JEE IR P b R MR AT TR, REAS IS
W

(1) 7EBfE] 4 |, MODIS LAIL = & BE % %I
AR B A K RN 3 1 R AR . Bk U, B
R AL Tk 2. HJ&, MODIS LA™
AR ZERSIREL, miEdEE K FERRRE

(2) 5 X T Landsat 8 1 & % H {H L %%,
MODIS LALGSAREAGT I, TCHE =

(3) MODIS LAI 5 LAINet LAI 784 K 2 5 ]
ZEFR, EEUEHE R T FH I T X 225

PRI, AT DA B[] 7 91 LAINet S5 00 %5 48

S5 PR DR IR R B, S MODIS
LAL 7 i 43 BE R — 300 2 2% LAL =, DA X
MODIS LA™ 5 #6478 B 50 0E 5 R e vE A . BF
5% B AT SR R TR i b X MODIS LAL™ i
AP R AL SR RE R S5 ARG, S (i o 18 Rk
REF R PR R R S % . AR
JH LAINet 47 5 Z2 A% 1 S B Y 3% 22 B (A £, DA
WA TR I . AN [EFE) S R B LA ()5 51) 1 T
SRR, SRR IR LALP St (8] 7 91 S S A B &
b TSI 225 BUR 4

2 % 3Lk (References)

Adams IIT W W and Demmig-Adams B. 1994. Carotenoid composi-
tion and down regulation of photosystem II in three conifer spe-
cies during the winter. Physiologia Plantarum, 92(3): 451-458
[DOLI: 10.1111/5.1399-3054.1994.tb08835.x]

Brede B, Gastellu-Etchegorry J P, Lauret N, Baret F, Clevers ] G P W,
Verbesselt J and Herold M. 2018. Monitoring forest phenology
and leaf area index with the autonomous, low-cost transmittance
sensor PASTiS-57. Remote Sensing, 10(7): 1032 [DOI: 10.3390/
rs10071032]

Brown L A, Ogutu B O and Dash J. 2020. Tracking forest biophysical
properties with automated digital repeat photography: a fisheye
perspective using digital hemispherical photography from below
the canopy. Agricultural and Forest Meteorology, 287: 107944
[DOI: 10.1016/j.agrformet.2020.107944]

Chen J M and Black T A. 1992. Defining leaf area index for non-flat
leaves. Plant, Cell and Environment, 15(4): 421-429 [DOI: 10.
1111/4.1365-3040.1992.tb00992.x]

Cohen W B, Maiersperger T K, Yang Z Q, Gower S T, Turner D P,
Ritts W D, Berterretche M and Running S W. 2003. Comparisons
of land cover and LAI estimates derived from ETM+ and MODIS
for four sites in North America: a quality assessment of 2000/
2001 provisional MODIS products. Remote Sensing of Environ-
ment, 88(3): 233-255 [DOI: 10.1016/j.rse.2003.06.006]

Ensminger I, Sveshnikov D, Campbell D A, Funk C, Jansson S, Lloyd
J, Shibistova O and Oquist G. 2004. Intermittent low temperatures
constrain spring recovery of photosynthesis in boreal Scots pine
forests. Global Change Biology, 10(6): 995-1008 [DOI: 10.1111/j.
1365-2486.2004.00781.x]

Fang H L, Wei S S and Liang S L. 2012. Validation of MODIS and
CYCLOPES LAI products using global field measurement data.
Remote Sensing of Environment, 119: 43-54 [DOI: 10.1016/j.rse.
2011.12.006]

FuL Z, QuY H and Wang J D. 2017. Bias analysis and validation
method of the MODIS LAI product. Journal of Remote Sensing,
21(2): 206-217 (fff 3737, JE K %, E4iHh. 2017. MODIS LAI ™



FEPHE R KA T AR A1) MODIS i T FRA H007™ it 6 18] 1 714 B2 56 0E-5 8 AL R AR S0 A7 373

oty LSRG 5 i 2 0 AT . G R, 21(2): 206-217) [DOL: 10.
11834/jrs.20175336]

Gamon J A, Huemmrich K F, Wong C Y S, Ensminger I, Garrity S,
Hollinger D Y, Noormets A and Pefiuelas J. 2016. A remotely
sensed pigment index reveals photosynthetic phenology in ever-
green conifers. Proceedings of the National Academy of Sciences,
113(46): 13087-13092 [DOI: 10.1073/pnas.1606162113]

Gitelson A A, Peng Y, Arkebauer T J and Schepers J. 2014. Relation-
ships between gross primary production, green LAI, and canopy
chlorophyll content in maize: Implications for remote sensing of
primary production. Remote Sensing of Environment, 144: 65-72
[DOLI: 10.1016/j.rse.2014.01.004]

Hu S Y and Zhang W C. 2005. A quality assessment of MODIS LAI
product in Heihe and Hanjiang river basins. Remote Sensing In-
formation, (4): 22-27 (W />5%, 3K J7 5 . 2005. SR IA] F BV 30 I
MODIS M-I FBHEEU™ i B A . B EME B, (4): 22-27) [DOL:
10.3969/j.issn.1000-3177.2005.04.007]

Jia S Z, Ma M G and Yu W P. 2014. Validation of the LAI product in
Heihe River Basin. Remote Sensing Technology and Application,
29(6): 1037-1045 (5, DI, F3C4E. 2014, BT il LAI
T i LS R A B0 F 5T R R 5 R, 29(6): 1037-1045)
[DOI: 10.11873/j.issn.1004-0323.2014.6.1037]

Kanemasu E T. 1974. Seasonal canopy reflectance patterns of wheat,
sorghum, and soybean. Remote Sensing of Environment, 3(1): 43-
47 [DOI: 10.1016/0034-4257(74)90037-6]

Oquist G and Huner N P A. 2003. Photosynthesis of overwintering ev-
ergreen plants. Annual Review of Plant Biology, 54: 329-355
[DOL: 10.1146/ANNUREV.ARPLANT.54.072402.115741]

Ottander C, Campbell D and Oquist G. 1995. Seasonal changes in pho-
tosystem II organisation and pigment composition in Pinus sylves-
tris. Planta, 197(1): 176-183 [DOI: 10.1007/BF00239954]

QuYH,HanWC,FuLZ,LiCR, SongJL, Zhou HM, BoY C and
Wang J D. 2014. LAINet - A wireless sensor network for conifer-
ous forest leaf area index measurement: design, algorithm and val-
idation. Computers and Electronics in Agriculture, 108: 200-208
[DOLI: 10.1016/j.compag.2014.08.003]

Qu Y H, Wang J D, Dong J and Jiang F B. 2012. Design and experi-
ment of crop structural parameters automatic measurement sys-
tem. Transactions of the CSAE, 28(2): 160-165 (i K &, 14 Hl,
Hifd, RO 2012, RAEYIEIZ GBS H Sl REBot S
IRE . Al TRE2E40, 28(2): 160-165) [DOT: 10.3969/.issn.1002-
6819.2012.02.028]

Sun C X, Liu L' Y and Guan L L. 2013. Validation of the GLASS LAI
products in Xilinhot grassland. Remote Sensing Technology and
Application, 28(6): 949-954 (FM=HE, X K =, JeHkHE . 2013. Y
55T B MRS B B J5 GLASS LALF™ il (1 BL 95 P A 36 . 38 B AR
5510, 28(6): 949-954)

Tan B, Hu J N, Zhang P, Huang D, Shabanov N, Weiss M, Knyazikhin
Y and Myneni R B. 2005. Validation of moderate resolution imag-

ing spectroradiometer leaf area index product in croplands of Al-

pilles, France. Journal of Geophysical Research: Atmospheres,
110(D1): DO1107 [DOI: 10.1029/2004JD004860]

Tang Y L, Huang J F, Wang X Z and Cai S H. 2008. Study on hyper
spectral characteristics of corn leaves and their correlation to chro-
lophyll and carotenoid. Journal of Maize Sciences, 16(2): 71-76
(FEAERK, BEALIE, 5, 44110k 2008, F KM Rt FR 1k
LG agR EWE DRI ATTE . B KRB, 16(2):
71-76)

Xie R Z, Zhou S L, Wang J H and Jiang H R. 2006. Comparison of the
leaf hyperspectral reflectance and absorptance in relation to the
leaf pigment contents in corn plants. Journal of Maize Sciences,
14(3): 70-73 (32, SRR, E 4248, 951 5% . 2006, T KM
G SR R 5 R B I OE R LR BT . KRR,
14(3): 70-73) [DOI: 10.13597/j.cnki.maize.science.2006.03.021]

Xu X J, DuH Q, Zhou G M and Li P H. 2016. Method for improve-
ment of MODIS leaf area index products based on pixel-to-pixel
correlations. European Journal of Remote Sensing, 49(1): 57-72
[DOI: 10.5721/EuJRS20164904]

Yang F, LiZ W, Bao Y H, Li X Y, Zhang B H and Xin X P. 2016. Com-
paration of different LAI products in hulunber meadow steppe.
Transactions of the Chinese Society of Agricultural Engineering,
32(S1): 153-160 (B, ZEHRIE, 40 17, ZE0E 5, SALIE, 0%
. 2016, A [ TR S50 5 it 18 A DL 2 T ) 5 Y 7
FARTEE . 4l TAR2E4R, 32(S1): 153-160) [DOI: 10.11975/j.issn.
1002-6819.2016.21.022]

Yang W Z, Tan B, Huang D, Rautiainen M, Shabanov N V, Wang Y,
Privette J L, Huemmrich K F, Fensholt R, Sandholt I, Weiss M,
Ahl D E, Gower S T, Nemani R R, Knyazikhin Y and Myneni R
B. 2006. MODIS leaf area index products: from validation to al-
gorithm improvement. IEEE Transactions on Geoscience and Re-
mote Sensing, 44(7): 1885-1898 [DOIL: 10.1109/TGRS. 2006.
871215]

Yu L H, Shang J L, Cheng Z Q, Gao Z B, Wang Z X, Tian L, Wang D
T, Che T, Jin R, Liu J G, Dong T F and Qu Y H. 2020. Assess-
ment of cornfield LAI retrieved from multi-source satellite data
using continuous field LAI measurements based on a wireless sensor
network. Remote Sensing, 12(20): 3304 [DOI: 10.3390/rs12203304]

Zhou S L, Xie R Z, Jiang H R and Wang J H. 2006. Selection of the
wavelengths of peak values in analyzing leaf water status by us-
ing leaf reflectance, transmittance and absorptance in corn plants.
Transactions of the Chinese Society of Agricultural Engineering,
22(5): 28-31 (AR, fHi 2, i, £L24E . 2006, RN 3 i
S A AR BT K R 7K 35 I AR B 4 Al
TAREFAR, 22(5): 28-31) [DOL: 10.3321/j.issn:1002-6819.2006.05.007]

Zhu X C, Yuan G F, Yi X B and Du T. 2014. Leaf area index inversion
of riparian forest in the lower basin of Tarim River based on Land-
sat 8 OLI images. Arid Land Geography, 37(6): 1248-1256 (444
R EE, S/, #2014, 3ET Landsat 8 OLISZ ARG B
AR i I R AR T AR RO . T R XL T, 37(6): 1248-
1256) [DOI: 10.13826/j.cnki.cn65-1103/x.2014.06.019]



374 National Remote Sensing Bulletin i £ %4k 2024, 28(2)

Time-series accuracy validation and variation characteristic
analysis of MODIS leaf—area index products for crop in the
middle reaches of the Heihe River

WANG Dantong, QU Yonghua

1. Beijing Normal University, State Key Laboratory of Remote Sensing Science, Beijing 100875, China;
2. Beijing Engineering Research Center for Global Land Remote Sensing Products/Institute of Remote Sensing Science and
Engineering, Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China

Abstract: Leaf-Area Index (LAI) is an important canopy structural parameter that accounts for the qualities of the growth state of
vegetation. MODIS LAI product is one of the most commonly used remote-sensing LAI products in the world. However, the quality of
MODIS LAI products varies with different situations because of variations in surface heterogeneity, data quality, and model accuracy,
among others. The LAINet instrument, which is based on the wireless sensor network, can automatically obtain the LAI measured data with
more intensive time frequency. It can provide strong support for the validation of satellite remote-sensing LAI products.

This article aims to validate the accuracy and evaluate the stability of MCD15A3H LAI products (Colletion 6) with time-series ground-
observation data. The specific objectives include the following: (1) generation of reference products that meet MODIS LAI product
validation based on ground network observation time-series data, (2) validation of accuracy of MODIS LAI products based on reference
products, (3) evaluation of the time-series stability of MODIS LAI products, and (4) analysis of the reasons for the difference between the
MODIS LAI product and the measured LAI.

This work adopts an indirect comparison method, that is, establishing an empirical regression model based on time-series ground-
measured LAI and high-spatial-resolution satellite remote-sensing vegetation index to obtain a high-spatial-resolution satellite remote-
sensing LAI reference map. The resolution of the reference map is upscaled to the same resolution as those of MODIS LAI products. Finally,
we validate the accuracy and evaluate the stability of MODIS LAI products with the upscaled satellite remote-sensing LAI image.

Results show that compared with the reference true value of Landsat 8, the quality of the growing stage (RMSE,; =1.17, RMSE,; =
1.14) is better than that of the senescence stage (RMSE,,,;=1.39, RMSE,;,,=1.84), and MODIS LAI is generally underestimated to Landsat
LAI, especially in the late growing stage. MODIS LAI products can portray the seasonal characteristics in the vegetation growth and falling
stages in time series, but the instability in the early period of growth is stronger than that in the later period. The difference in observation
methods is the main reason for the underestimation of MODIS LAI, that is, the LAI value of the remote-sensing sensor is affected by the
decrease in chlorophyll in the late growing season because the sensor observes from the space platform in the downward direction.
Conversely, the LAINet instrument observes from the bottom of the canopy in the upward direction, which is primarily affected by the
canopy-gap fraction. However, it is insensitive to changes in the pigment of leaves.

The accuracy validation and stability evaluation results of MODIS LAI products show that the time-series LAI can be retrieved using
ground-based data and satellite remote-sensing data. However, considering the difference between the observation objects and algorithm
principles of MODIS LAI and LAINet LAI is necessary when using the late-growing-season data of corn crops.
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