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Abstract: Objectives: The accurate estimation of leaf chlorophyll content of jujube can not only reflect its
growth and nutritional status, but also provide scientific basis for field management. We aim to evaluate the
potential of Sentinel-2A data for estimating soil plant analysis development (SPAD) values of jujube leaves

during leaf spreading, fruit setting stage and fruit ripening stage. Methods: Five traditional vegetation indi-
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ces related to chlorophyll content were selected, and based on the framework of five traditional vegetation
indices, ten bands of Sentinel-2A data were used to improve the traditional vegetation indices, and five
spectral indices were constructed for three growth periods respectively. The correlation between the con-
structed spectral index and the measured SPAD value was analyzed, and the optimal spectral index was
screened by the correlation coefficient. Based on the optimal spectral index, multiple linear stepped-regres-
sion model (MLSR), support vector machine regression model (SVR) and random forest regression model
(RFR) were used to establish SPAD estimation models. The coefficient of determination R* and root mean
square error (RMSE) were used as model evaluation indexes, and the optimal model for estimating the
SPAD value of jujube leaves was screened out through model evaluation. Results: The results show that
the five optimal spectral indices optimized at three growth stages are mainly composed of red band, red—edge
band and near—infrared band, and the five optimal spectral indices at fruit ripening stage have the highest
correlation with SPAD value, all of which pass the significance level test of 0.01, and the absolute values
of correlation coefficients are all greater than 0.37. The accuracy of estimation models established at different
growth stages is different, and the accuracy of estimation at fruit setting stage is the worst. The estimation
accuracy of leafl spreading stage and fruit ripening stage varies according to the models. The accuracy of
fruit ripening stage is the highest based on MLSR and SVR, while the accuracy of leaf spreading stage is
the highest based on RFR. The RFR model of leaf spreading stage is the best model among all the estima-
tion models, R* and RMSE are 0.90 and 1.04, respectively. Among the three regression models, MLSR,
SVR and RFR, the estimation results of MLLSR and SVR are similar, and RFR is the best estimation model,
and the best estimation model has strong universality under different vegetation cover scenarios. Conclu-
sions: The above results show that Sentinel-2A data is suitable for SPAD estimation of jujube leaves, and
the RFR model at leaf spreading stage can be used as the optimal model for SPAD estimation of jujube
leaves. The results can provide an important reference for the study of estimating SPAD value of jujube
based on Sentinel-2A data.

Key words: Sentinel-2A ; jujube tree leaves; different growth stages; SPAD value

AN E ) S KA R Z — AP T A IR 5 A e Ty ik R 4 A 2 R
L, HC o AR R R 9806 L YL AR ASCHE B, 3 S AR AN ST A v 20, i HL i 58 BRAR
oK, S AR g B 58 SR O (6 R 25 A (L, 3 Yo JC A I PR, R P B R R AT DX AR
e R R R SR R R RS 2 3R 8 Al 0 I I 2R R A A B
FLBOE AR VIO, A 2k (A ) A2 FB.

Y SCBE R bR R 5 AR 3 R A OGO AR, AN AR DR ZGY ZHT
22 AR S AR S M ) i) 4 B A A R AR ML A BB T AU AR RE S f2 1R Y

T B A B AR i i g R i RN AL RE S e K (0 A BT AR B H RIS b . 5 T8 AL
FCE FRARDE i H A R A H JE] 4SRRI R 2 AR L, TR SR 6E S0 30K I FRAVE U A L S 4
R - W, A Rl Hb A (Landsat) ETMA+/
e gt w2 3 0 O A DA N AR 2 D 4 OLI™™ & 43 — 5 i 43 3 3 A% O 135 A
O CEERT I R AU RO 2, HL A 4 %) (moderate-resolution imaging spectroradiometer,
PR A B SRR MODIS)™ (SPOT! (HJ_CCD' 48 T8 i dfi it
%, H A SPAD-502 F-R¢ it 2 24X, BB DL JC 4 A7 K T FRAE W w T AR AR RE M g R S A
(149 J7 2 UE B 25 JURE 1) i R A R i 2 R (soll 5 bR Bl TR s A F L B 23 (8] J5) T 2015 4F
plant analysis development, SPAD) "', {H fifi 4 z{ & E I EE 25 (Sentinel-2) A B2 HLAT 5 5 A4 Bsf 1]
- £ 2R S0 5 T AR BIR L 5 N T R A AR P PER(5 d) A ] 43 HEAR T 5K 10 m, B A e 9%
Bodn 0y 15 22, TAE 8 8K, M DS B0 K RUEE i 4 Xf Ah it BE % Bl AR W OC Bl AR B R f%%:k
0 ORGSR R A R AR 52 A Y A B2 0K A0 A e I R T AT RE
P | B B S B, B0z N TR AR B S R Sentinel-ZA%%%Xﬂhﬁ?ﬂiﬁﬂﬂﬁ@ﬂ"]élﬂlﬁ&,



1372 ROBK 2 4 (fF B A D

2025 -7 H

BTz TR R B S RO R R AR A
7 SR A A BRSO T AR T B R RO .
SCHRL18]H) A Sentinel-2A A9 B B Bz i R A0 i)
Y 17 RO B FE BOR R A T R R AR Y
A A6 T B B, SCk [ 19 )0 A fe /s = 3fe [l
U 16 A 9 48 IE B T Sentinel-2A 345 7 4
AN I R T ) E A PE . SCRR[20]
JL F Sentinel-2A & H T % M- 48 & 8T = A HE
Bl A8 B, IF AR A /N i HEAT TR E T RN ME B

SRIM , B A W55 W, Hl bk A 20 2 500G B 5
2 A A T X B A A R B 5 Y
AR N T W4 22 (0 20 5 A b, EL oA 25 4 A
A 25 3 5 A S TR 0 A R AT R K e R
YA AR A RIS P S R L2 L
B GRS R A R T — PR, A
It Sentinel-2A i &1 %t K 76 &/ &2 S5 REEAE D)
S A —EE TN, TSR,
Sentinel-2A ¥ ¥ fig 75 52 B ALK 1 5 SPAD {H )
WERR AL A i — 2 R . LAk, B f#H Sen-
tinel-2A B4 #4) A7 S0 w2 2 4000 4 AR 8K
Z A P K A A E R — R
R RUAG J3E AZ B3, LAk 530 A5 50 25 7 AR S 6 4% 14 RN
FEHE 2SR T AT, A1 RR DR [ A A 30 8RR
BRHEMNES Tk AEE ALK i SPAD
EREDR =N eI

L, A 3C B 7E 3R R FlFH Sentinel-2A B4 A
BRI i SPAD {H W3 71 . % F Sentinel-2A
B | o BB R 0 Al SR R B 3 A4 O A
A F WL B BOUAS [R]) A F YOG 4 2, IR IT RN TR
S+ KT AR A SPAD A 9 56 & L 45 4 Se
FEA B , ¥ 8 5L T Sentinel-2A S48 i AR 1 -
SPAD B Al S AR R 58 1 455 700OKG J32 Lb 458 A A 35
A SPAD A 1 d5c PR AR I o i DAl + 4
AR (1 5 ) LA Sk A AR A B S R
AL Ty k48 5

1 BESHE

1.1 HREMHR

W 5% XA o [ 98 4 B R F IR X
BB ST IR M 95 B A o 4 0 B R AR AR X
Ja B R R Bl M S T B AU, B =R IEZ W,
A FIEY IR 22 R AE IR 11.8 °CL 4R
S XA G R BE Sl 56 %6, o R S b 189~193 do #4
I6 L R A2 R KA TR E AR B R D

P AE R TEEM AR, RA“HEA
T — SRR
1.2 FHSPFEHEFMSPADENE

T —4F T A A 24 0k 180 d, He b i - 20
AR 5 A0, 7 F 0y B & AL 5 V5 A AL
2R RGBT, B 10 A F A 3EA 58 PR
Wi U, BEFE /N AR T 2021 4R 5 .7 R0
HHEAT T 3R S R A SR AR XoF 0 A i o i
A2 Ok B I SR A A BB RN B . ZE RS IX
YEFE LA AL F MY 601 10 m X10 m K/ AE b
(UL D) AR ot fOR A A AT D 3, )
TR GPSIL R AM A A bR, X T
LR e N T S i N N s | 92 R
TR 43 ) 6 ML 2 K B kv, R H A
SPAD-502 F-Ff it 4 2 AU i B /7 i+ 19 SPAD
(=R NG R TSI A S o S DR o s gl 5t
W4 6 ¢, BT A I S Y908 AF o 2 3R B 1Y
SPAD {H , i 5 .0 5 T4 4~ 5 89 SPAD {1
AR S MEAE R iz e M A 1) SPAD (B . e 26,
SANE T W3R E 60 4 SPAD {8 % .

A = z . WA
Vb -

G A RS BL R DAL I ]
Fig. 1 Geographical Location of the Study Area and
Spatial Distribution of Sampling Points

1.3 HGHBIRNEHLE

i H Sentinel-2A 4 3K B 57 X A 5215 .
Sentinel-2A TR T — & 20615 UG AL, iR 58
%290 km, W N 5 d, B RG0S 13400
BE, i a5 1) Ay BER AT 3K 10 meo A v R BOR R
G YRR EE H I 9 A Sentinel-2A %8
i, B i AR B 343500 R 2021-05-05C & i) |
2021-07-19 (A F 4 ) A1 2021-10-17 (204 ) | H
TAFE 2R LICHEBR A FL2AHFEE . L2A
WG RS WAL B 7= &, DR R )
110 Be A BURAIT 98 X 5Y 5 1 L1C g4 & it
JUARTHRE A 1EAH R 28 % 56 7 b AR SRS IE B 2 1R
FIH B 25 18] J5) & A 19 Sen2cor2.09.00 47 4 X
L1C AR HEAT 58 5 78 A Rl RS T A5 FAL 34



%550 &5 7

T A5 R Sentinel-2 A B 4k A W) A4 & WL H 1F B SPAD B 1373

Sentinel-2A BE4L & 3 FP A [\ 1 23 0] 43 FE R
(10 m .20 m A1 60 m ), 2 T H i& BAE 5 4 1 K
/NHEFTVCBE , B SNAP 514444 BT A7 Uik B 8 R A
£ 10 m 1Y 28 [ 43 P, 2 J5 f L% 40 il EN VIR
RS2, B 5 78 ENVI 5.3 o 58 Bl i B A il #4859
WA, HF 360 m Ay IEBE RS 10m
e 25 B K, R Ik i B Sentinel-2A U4 1) 10 4>
e B (il e BE B2 BRI BE B3 AL BE B4 L0301
Bt B5 ZL34 2 By B6 (4130 3% BL B7 T L0458 %
Bt B8 T 4T 418 P B BSA i Bk 4T 4 19k Bt B11.
M2 W B Bl2) S SR, MBS
Sentinel-2A B g JE 17 VC Fe ), 2 2 3 F 4 GPS H
JE AN A (] A8 B -1 GPS 2 A7 14 A dr 5 31] Sen-
tinel-2A S A% b, 7EFE b B0 3 HEAT LU X, 2 A
XN BAZ TG, N TR IERE R 22 -
14 XigEfEHEE

O T HARE A A b S W AR A 2R ROIR T 2
g e B S O i AR Y e AT B
FEMELAS b Bl T SR S s R A m A )
AH DG 4 R AE Bl 5 B, A0 45 LU (B A B 4 2L (ratio
vegetation index, RVI)"* 2% {H #H #% 45 5 (differen-
ce vegetation index, DVI) " 4 —fk 22 {F 48 ¥ 48
. (normalized difference vegetation index, ND-
VD) A 8 R w48 U (soil adjusted vegeta-
tion index, SAVI)2H1HE £k ¥ 48 #% 45 %1 (non-linear
vegetation index, NLI)"*', 3£F RVI.DVI . ND-
VI.SAVIHINLI 5 F Ui 5 4 15 BOHE L, 5 2 B
i 10 4> Sentinel-2A % B 1 75 20 & 14 12 Ot % 48
B, B A BUOHE B2 R 2L 100 Fo % 48 45
R HE B AR HORE SPAD (B 55 Ry 5088 ) ' 135 48 B, B
A A A A O6IE 48 80 SPAD {H #E 47 A1
NE SR BT, F I AH 3¢ 2 B0 B 12 42 BURH 5C JR 30
R B i B2 A v A 1 O 1 R, 2O 48 PR
N EAOCIEFE R
1.5 REEBMESKHIE

K HITE 34 A 7 10 3 19 5 o5 p Ol 3 48
B, A3 ol i BT iz b TSI R 0 0635 AR T ME L R
HAE R B Az &, 8 B A 520 AR LAY A
SPAD B 1 g R 22 5 4y A A B0 4i 46, 3l 3 R-
4.1.2 5 A% P Y createDataPartition p& ¢ %1 43 80 %
(n=48) I FEA A A AL, 2000 (n=12) I FEAR
VE Ry 56 TE 420 R 3k rp 1) 808 5 H set.seed pR K
& 7 , Bl H Caret 43 77 JF & Fl T SPAD {8 1l
) 2 oo 2 P & B [l 3 A B (multiple linear
stepwise-regression model, MLSR) | 32 4§ ] & #L

[m] IS 455 71 (support vector regression model, SVR)
1 BE AL AR A ] )5 8L AY (random forest regression
model, RFR) .

K FH U SE ZR 80 R AN Y J7 AR 4% 22 (root mean
square error, RMSE) Xf [a] I % #1 f 5 SPAD {i
R 1 R R (15 /IR < &l w1 o = o R
5t J22 5 B AR, X R Sentinel-2A 2T 1Y I 4t 3
REHE TG L, B IERNR G %ot -84 oTxt
AR I R SPAD A Al 5 25 5 0] B 3 B — 2 (1 52
Wi, F1| F Sentinel-2A S AR A IC — 4 R 1155
() # #% 7 T ¥ (fractional vegetation cover, FVC)
AT B AR AR ) 1R 22 AR Ak

2 RO

2.1 EHRMF SPAD E L 4HE

TR e 1A | Ak SR I 3 B 60 S R
ARSI SPAD A S THRFAE Q& 2 TR, 34 AR I
R I i SPAD B A8 4635 [l oy 22.24~43.53,
A TR A B WA - B SPAD {H 22 A8k, HBEE
A H SRR, DLAR R S S 4 5, SPAD {H 2
J6 38 K JE /N 1 8 A ks A 1 U0 BE 4 0
20.27% .18.00% o

50
45k Max=43.53
2k Max=37.36 Max=38 55
R 35
% Min=35.80
&30t
25| Min=28.36
Min=24.24
20+
CV=5.86 CV=4.80 CV=9.57
SD=1.97 SD=1.94 SD=3.17
15 1 1 1
Jee Ak SR ARG
(n=60) (n=60) (n=60)

i Max i RAE Min i /IME,CV AR 5 R SD bR .
B2 AR R SPAD R TS 1T
Fig. 2 Descriptive Statistics of SPAD Value in the

Leaves of Jujube Trees

AN E W SPAD fH 9 FRAE 22 5 02 R
0 2] B ) AR I 5 A R DR AR W7 AR Ak T L
00 O T R A A K B B 0 R e e A VR
PEATE SR R R R i SPAD (B 2 5
R T R 52, SPAD R I T i, 7 A8 S 4
K B B AR 5 DA SR 2 Y 3R W e R
LR R W B R R R



1374 ROBK 2 4 (fF B A D

2025 -7 H

1M SPAD fH 5yl /)N e 35 o Jee i 07 | Al 2R 300 R i 22
Wy SPAD {8 742 5+ & ¥ 53 %l 2 5.86 20 .4.80%
9.57% , % F 2B T 4%~10% = Ia] , 248 F 1k
B
2.2 EHIH SPAD B 53t i% & & REFMES T
2l AN [\ A= F AR e SPAD 5 Ot
J S FRARAE 2R, 3 TR, R 3 2 A
1, AR RS B T R 2 I A R AL AR 1 AR Ak
FRAE , 76 AT WL 250 21 40 I B B 9 (B2~B8.,
BSA UK Bt ) , S ZRF L3, I 78 3 20 A0 I B
PRV, B U 20 A i Be(B11 A B12 i B ), e ot
AR TRE

035
0.30
0.251
=020F

1

0.15

010k —o— J£ I JISPADIH J433.59

) —o— AL FLHISPAD 440.40

—o— R ISPADAE 433.13

005 1 1 1 1 1 1 1 1 1 1

B2 B3 B4 B5 B6 B7 B8 BSA Bll BI2
it
K3 3AEF W1 SPAD A5 561 I 4T % A48 AL Rk
Fig.3 Variation Characteristics of Average SPAD
Values and Spectral Reflectance in 3 Growth Stages

of Jujube

16 7] L GTE B P (B2~B4 P B ), N JE - &
A S RO % R G R B SPAD i (4 3 K i ek
N AR SR Y S S R B SPAD B 8 /)
WU /N o FE 2T 3 D BT 4T A Dk B Y BN
(B5~B8 . B8A I Bt ), J& i1 2 Ak L 4] 19 1 5 %
Bl SPAD B Y 35 A8 fb AN K, T Al SR 0 28 Al A 0
(14 B2 5 3% Bl SPAD {EL 9 0 /)N 1 K s i /)~ , 2 BH A
Z1 1R 2140k B N, O 5 52 5 8 x4k SR
F LA SPAD B A48 b Bk SR . Ak AL
AU B R BT 20 0 R £ A0 U B i
P9 AE LI B 52, AHL I B 23R ) JR i 0 A Ak L 1Y
SPAD {HAS LB M UK . X B8R i FAE AT o
TN, RIS SR IOE T RS RN 2
A MR SR W G E RO R
BE A BRI, DR R I 30 28 A SR 30 S A O 3 I B R
I3 Rl B, B A it R R R R AT
[ #2114 = S 88 i, BR A 2 88 X T DL S g
Wi, AL A SR 1A 2 B 0 B B R BRAIR . TE L0

W B RN 2141 B Bl N, SR B I 32 32 it e 4
JHL 45 48] (%) 52 ), W 4 3R o v 0 I 40 M 5 A A2
e, — MRS A o T AR I L AN I B
S5 A7 R B S KR S R AR R, TR #E B11 ORI
B12 Y Bt s 5 R 2000 T B
23 mMAAEIBHIRK

Bl 402 344 & W 1ok ik H8 25 SPAD
B 1 R DG 22 B0 B 00 3 21 (0 0K & B AH G 3
R AR ARG . Hy BT 4 AT AL, )P R 4 A SR RN AR
P Sentinel-2A KR 19 10 4~k BE A #E A9 O 1% 48
B, 5 SPAD A0 56 P 5 i A9 6 3% 48 50 38
LI BE LD BE T T AN B S SR . ot
HH G 2 B W | e 2 AR I Joe A D' 1% 4 AR Dk B 4
ANFE 1R . Sentinel-2A B % A [ 28 7 3
B B SPAD {E (1 808 BER R . k3 5 R
R B A G A B2 BL B,
SPAD {H #H ¢ 2 #0 & 5 ) & RV A C Rl
0.27, HEx NLIZk, ¥y3@ &F 1 0.05 #y i 3 K P4
5 5 A S 5 BhOR 8 S0 I T8 B I B AL G 340 BT
I B8 B, LGS H5 505 SPAD {H 1 AH ¢ R 8K
B KT 0.20; B2 5 Fp AR 2% 63 15 #05 SPAD
AR R B KT 0.37, H 5@ i 7 0.01 /Y 2
EHOK TR H B A A AR, RVI.DVI,
NDVI.SAVT 4 F i 38 %1% 45 B I Be 40 & 4 BS
B8P B, 1 NLIE A B4 Fl BS % B .
24 ETEMAERBNEERBILESH

BT B 3 E WGBS 8 B v 45 AL L
S H WY S otk de S0 B AR B 52
W SPAD {8 2 Kl 28 5, 43 %1 & F§ MLSR .SVR }
RER 3 [] )5 488 70 g 37 2R it i SPAD {4l 8%
R TR SRt B v, Ol 1 G A AR 5 LA RN R BB
A%, % SVR HI RER F| FH W A% 48 2 1 617 5
B, Hoh, SVR A 9 e& B0k = Bk,
BN IES] 2B (cost) S (gamma) K &
Z 4 (epsilon) o J& M-I A1 AL 243 cost . gamma .ep-
silon 34> Z Bl AL 25 S #  100,0.01.,0.1, A6 2R
BI04 10,0.01.,0.1, RFR H R BUORS 5 B2 T 2
TS B BHE () R T U250 00 R AE L (e
2ot Z WA, A 3N A F B m R
4, R Y 0, R 400, A8 S IH AW B e S
51 50 A1 000, 34~A B A [R] 452 7R i) A A i
F SPAD {EAG 3 25 A0 & 5 i .

FH P& 5 A] 1, % [ — AR 5 vk O R AR 7
BE T A A A Sl (0 A TR R O 2, R I A R A
ST B0 Ak K B DR R R i 5 . ELR M, T MILSR



550 BEE T F A ZE4E R Sentinel -2 A B 5 A 5 [ £ & WA 1 - SPAD {E 1375

AHIE BB AHIE R HL LIPS AHIE R HL
0.26 0.26 0.26 0.26
0.13 D HO.IS d 0.13 d 0.13
-0.13 I0A13 -0.13 -0.13
-0.26 £ [ -0.26 £ LR . L RS

(a) RVI 5 (b)DVI 5 (¢)NDVI 5 (d) SAVI 5

FHOG R AHOG R %L AHOC R %L AHOG R %L
0.20 0.22 o m 0.24 0.24
0.10 ¢ 011 | b o
| o
-0.10 -0.11 '

-0.20 ' : ) -0.24

() NLI_S (HRVI_T (®) DVL7 (h)NDVI_7
LIPS LIPS LIPS
0.24 020
0.12 0.12
0 | B
-0.12 ~0.04
-0.24 012
(i) SAVI_7 ()NLL_7 () RVI_10
K 2% HI2R 25 MK 25

0.40 0.40

M0.20

1
(n) SAVI_10

o JRS5. 7T 10 B AR A i, N RVI SR 5 A M RV,
4 ekt s S SPAD {E ARG R U6 FF
Fig.4 Matrix of Spectral Index Correlation Coefficients with SPAD Value

R1 SHAEBEHREMNRRAGRERER
Tablel Extraction Results of the Optimal Band

-3 > A 40T 5 3T RER LAY, 3428 75 004 304
JEE L g« R I 300 > ol 3 > s SR

Combination of 5 Spectral Indices S [ — 2 25 30 69 7R [ 204 05 o L REFR B 80 £

g W R BB gk MU MLSR I SVR KU £ 5 45

BHC Rue g Ru g Reo pas BOWARL BUAHEF MLSRHISVRBOU 7

RVI  0.27* B2, B4 0.22 B7,B8 —042% B5, BS 2 0H  E AR A A UE SR i, R RMSE 119 22

DVI  0.26* B2, B4 0.23 B7,B8  0.38%* B5, B8 {EL Y0 B 38 /N 1, 2 09 A5 7R %) Ay BKS B

NDVI  0.26* B2, B4 0.23 B7,B8  040%* B5, BS FAL: 55 F RFR RS0 | 76 4% 25 75 0 (10 4 4 A

SAVI  0.26% B2, B4 0.23 B7.BS  0.40% B5, BS HEAE R R2H 85 T MLSR A1 SVR KL | 4 B4 i

RFR #)F # R* 5 MLSR Hl SVR A1 L , 43 51 2

NLI —0.20 B2, B4 0.20 B7, B8 0.37** B4, B8
VE R R A K T8 0.01, 3R A G R B B K .

" ’ ” ’ MLSR H1 SVR ) 4.98 1 fl 4.94 1% , % 3iF 4 h 1
R* & MLSR BB ) 2.28 1% , J& SVR 15 Bl (1) 2.64

max

R 0.05, Ry R B KA 56 R AL

HTSVR A AL, 33 I ol 28 RS B e s, 8
W2, A LAl SRS BE S5 AR 5 0T 7E 2 T RFR (4
R e PO 7 R AR SR I, L RP I RMISE 3%
BHZE S, HU A B A SR A SRS AT R 3
MEFM PR 2. 2 BRTR, 3T MLSR M SVR
RIS, 3A™ A6 T 3 9 Ay S8 B2 WP oy« s > e

¥, H RMSE 76 %% 245 & 1 i 2 185 4 RN 30 Tk 48 b 4l
R T — 9550, R RFR B B A 55 1Y
EEE X SPAD H A4 B 8 J1 3k .

R E L3N AEF B, R RER ALY Y
R* 5 K, RMSE 8%, H: R* il RMSE 43 5% 24 0.90
FL.04, SEE 5 BUMEZPE G 3L 1140, H



1376 BK =4 R B R MO 202547 H
38 44— -
R*=0.16 R*=0.13 40 R?=0.23
36 RMSE=1.79 RMSE=1.86 RMSE=2.66
R=0.14 42r R =013 . % 36| R2=023
E RMSE=1.85 E E RMSE=3.37
= 34— = 40 = . -
Eé" . Eé,' ;ED: 32 o @, .'.
e BEllex e & & .
» 32 +—v 17 . o n
= . — 38 = 28
= . = =
30+ -
LIS qegy] 24 AR
28 30 32 34 36 38 36 38 40 42 44 24 28 32 36 40
MLSRSZ I MLSR Sl MLSR Sl {E
38 - 44—
R2=0.16 R=0.14 401 R*=0.23
RMSE=1.72 RMSE=1.80 . RMSE=2.80
3 Rz 2 R=0.13 T 36| R2=0.18
& | RMSE=2.14 1w 2O RMSE=2.74
§ 34 < L . E{ . ‘e
I ® aglee L =32 2 . -
& 32 S nh &
o . %28
30 1
oy 3O gop] 240 ° AR
28 30 32 34 36 38 36 38 40 42 44 24 28 32 36 40
SVRSEMIE SVRSZ P SVRSZIIE
3 44
Rt ” ﬁzﬁg':s: 01 -9
36 RMSE=1.0 » SE=1.! RMSE=1.55
R2=0.55 > 421 Re=g.21 > 361R*=0.37
i:—“j 34 RMSE=1.10 E RMSE=L7L o i:—'j RMSE=2.22
= g 40 = 32
& 32 5 24
E ~ 38 E 28
30 -
oy 30 Ay 24 AR
28 30 32 34 36 38 36 38 40 42 44 24 28 32 36 40
RERSE RFRSZIME RERSME
(a) JE I (b) AL 1A () HLHHH
o HEMIAE o IRIFSE

KIS 3AAF WA [l LR AR o - SPAD (Bl 88 45
Fig.5 Estimation Results of SPAD Value of Jujube Leaves with Different Modeling Methods in 3 Growth Periods Growth

0 UE A L R B T R Y LA ROR (R7=0.56,
RMSE=1.11) , & W # R0 K§ 3 45 4, W] A Ay A A3
MR SPAD {E Al 5 A fe RS
25 EMEELERAMSHT
FIRAG IC i RT3 T 3 A WA K
AR (180 4> ) 1) A Bk 7 35 i ok S WA AR vp 39 1 e
0L o B 6(a) G T 1 J2 A 7 4 o 7 55 8 Ao A
Bl , A 84440 WAL 3 MfEFVC KT
70% 3 BBl H 58 4l A 35 (FVC=100%)
MREA b7 AR 14.44 %, 0] DR Z5UREAR Y40 5
H—E W gE R, AR A B iR
BT 3R H W R AR (REFR B AD) (19 4 57 45
R G TR FVC R A #0764 B4 Fn 5 ik
E g iR 2 (B 6(b)). B TFFVC/AT
60 %0 MYFEA & H g, R 7R GE 1157 2 46 36 2 2%
WK FVCTE 20 % ~60% Yo N REAR & IF. W
P 6(b) a] 1, A ) hl b 7 55 BT i P ASE AR 17 4 5
1R 25 M 22 B/ AR AR T Ol 0.88~1.36 , 3% W 44 4
(AR Y BB A% FE — 8 AR L IR T S
EHFARFVC 75,

26 EFRMEEH SPAD A &I E

ik bR B R, R RER B Ay 3
A F W SPAD (B Al 58 00 S AL AY PR 6 T i
0 A RF R 5880 #E 47 F 5% X SPAD {H 18 &% i 1]
ERWME 7~ . B 7R BF5E IX SPAD {H
Al 5905 Bl A 30~36, 15 52 Ml SR A B s e 1 T R
k2305 (28.36~37.36) o« M5 [H] 43 #ii K B, BF 5%
X SPADH A V5 1] 4% 32 7 56 98, 74 3 A1 Hp 3 X35
A K AT g, 27 X e A SPAD {8 3% i i
I o S by o] Ak B PG R R R AR b A A R AR
rp, Rl A i A R 45 ) R 4F, PR O P R R
HE SPAD {42 5, 1 A 5% DX AR 356 3 4 2 el Sk B
DA T e oA [ S N = R T 7 S B = L
TR BN BT oK it 5 T 4R
WA A, B SPAD (B RIS , 51k B 45 R 85— 3.

3 e

WA RS SR E RO E R ES D)
FHOG A AR A T G R b . SPAD fH



%550 &5 7

T A5 P Sentinel -2 A B4 Al A 6] A= & 1 4B i - SPAD 1377

30
26.67
25+ 23.89
< 20 19.44
N
o
1 15 14.44
£
"
0k
778
T 333333

oLo_0 oseose

D O DD P DO OO DS
“@*\ ,»t(%,@p bg)‘ 6«5@)0 ,\u’(\@’% o,t(q ®
FVCiti /%

(a) FEAHE 5 5 LA

FVCiEE/%

P L R 25 RN S Ak SR 2 R
(b) iR %

6 SN A AR A il L RN () B 5 BE T A R 25 T
Fig.6 FVC of Measured Sample Points and Analysis of Estimation Error Under Different FVC

ol IS
PTG
L2l

0 9km

SPADIH

0 30 31 32 33 34 35 36

7 R R SPAD {EAR 545 8] 43 4
Fig.7 Estimation of Spatial Distribution of SPAD Value in Jujube Leaves

RE 05 R AE I R 5 5 1 AH X /N A AR B
Yy SPAD (B X F ) 4 3 s 00 = £ 5 A AT o
T X RSP Sentinel-2A #4% h BUIE IR, 18
1ok O BAT R Bl T8 BOR AG TR [ A 0 AR
F SPAD {8 , ¥ 9% Sentinel-2A %5 ¥ 75 il 2 2 ) -
Fr SPAD % 71 . Sentinel-2A #(4i A £
B ROLIEEEGEE S U TR &
b A 4 AE PR 2 500G B30 A il e R TR A L (MO
DIS Landsat 55 ) , H: B [i1] 43 5 5 1 %5 (] 43 R A5
B 7RG S SR Y A S BORS AN Ak
PRt TR RE

2130 W B 5 A w0 45 Bl A 3 2 808 U0 A
K, Sentinel-2A F¢ A 1 3 A Xt AE B A K OBR 1 4x¢
FEUR LR R AEE A RSB A A B
KRR 1. CHR[28 18K A Sentinel-2A Fl &
G375 Al B b A R A E 5 B 41 i Dk
B AT AR AR HL 1 A2 W A8 D A8 Y B v R U A

RS BE ., SCHR[ 7] & PR 3L T Sentinel-2A 21371 3 B
14 B 48 B0 5 R S SR 3R B AR DG PR AR L O IE
W] T Sentinel-2A % 45 19 21 i % B 6 Ak v H i
HEME . SCHR[29] 78 3 T Sentinel-2A 4 119 +
EL X LR 2 YN AT g SPAD (B YAl b & B, 7EHY
12 AR B AT £05h 2 5 B R B AL
JEBLH T e Ak R SPAD A B PERE . BR4r i ik B
A, Sentinel-2A [ £1 5 B AT 21 40k B X A % 2E
P25 B o U . SCik [ 18] 3% B Sentinel-2A
LG RO PAR IR A2 E  BRAR ¥ A= SR i P A LR A
B8 Sy HUR, B OGP TR BB KO STk [ 30]
FiIH Sentinel-2A 4 5 21 B bR 5 G0 B & B, 213
5 L1 BRI 21 A0 I B A U
AR OB 3 B Sentinel-2A $ 4 19 10 4> 3 BE W BT
A AT OGS 48 BOR HE, I 38 2ok R DG 3R B B
T S5 O G I e KR, WF ST A5 R R WD O 1R Y S AR
T B B 4l B L 4n i Dl BT AT AR B S



1378 ERONEE S S P2 X8

2025 -7 H

B pe a3 WY S U B XA i i SPAD {E B AT
BB R R X 5 _E R F ] Sentinel-2A A A B 4=
HSHMF IR AL — 8 A, AR S0 & B Sen-
tinel-2A 1Y W % B 7E J'& i1 SPAD {8 9 15 0] v Jre
B TR o I W 5E 45 SR AT R Rl FH Sentinel-
2A A AT AN TR AR R 0 B SPAD i A6 5
SR s 3 B B AR B

PLEG - I AR e b o m Ak 5 T Ac B, B
RE A R0 IR 78 1 0 A% R G 4 1 26 ) B, 4 T2 B
T M w AR S 4O 5 . SCHRE31 141 MLSR
A RF R A A A 81T B Ak el i) il T RELAG 4, 45 41
F U] RFR AR B A7 B8 5 (0 . SCik [ 32 1R
RFR F1 SVR B AU 44 8 T 3 5 568 J2 b 10 B4 B0
BB, 25 K W] RER ARG B 45 AL T SVR,
T A S SR i T R RS B W . SCk [ 3317
FH 1 o0 — S A5 A & /N3 SPAD Y & B, RFR
BRI B T 5 1 24 2T BE 7, T 45 A T
2P T B A . MILSR %5 K13 i i A 5] A 2 5
A g, [ s S0 B AN °E U B, BB A AR e L 4R Pk
[F] R 5 SVR ASE Y B 458 4 i e /INRE AR | 4 00 M
S [n) L, AL A ) AR B AT R Y2 AR 2E 2T R T
RFR A F| F] bootsrap B R AE ik, 4 & Z R
SRR 11 TR 245 SR R AT 45, DA A5 S e ¢ T &5
T 55 LA 0 o G P T MR R A R 1 T
K Y AR SCH T MLSR.SVR J RFR 3 7
A i SPAD {EAl A AL, 45 R LW RER #E4
FLA O 0 Al SRR B, IS A R SPAD fH
i

) G 3% B8 0 R o U B i AT AR PR B AR 2
PEAL A A R S PR BOR MG A R R E WA
R IR AR R 0 I B B Ok B 4 R
A5 e 0 R L — , T B 4 R IR T TR 2K S A0 5 ) B
A FH RN B, S OB RORS 2 PR, A S AR
TE 1Y 5 F b % 1 SR R A [P AR A (RFR #5578 ) 3k
TRt i SPAD A 5 fE R R FE B 4IRS T
BRG] R i M S B TR AL BEORS EE r
A ) A TR A AN [) A o B b o HLA BRI
35 1

SR, A SCATI AR AE — 28 Jmy IR . 38 B 52 180
T3 B S R X R R R A R S A
LAy e J2 A B8 R I, 34 R 2 FRADOGIE(E B
Xof A Bk A P S R BOROPE Y RV AR SO Y
Al S A5 HRY BE A 0 B 3 S sg ) 1 el 2 4
A 0 SR S 0] A 8 SR A i A AT Rk — B ST .
I Ah , F ] Sentinel-2A iz BE @A, o0 5 8 H ok

NDE T, ) E R R 7 10K 20 m B B EE R AR
10 m, B 5 G 2R RE T R Y8t — 3
P B S MR G R E . B TET
— B AR v R P AR PR R AR A R R
Bl s 1, 2 — 20 4 e AR 1) i RORS B

4 % iE

AR 3C DL AR e it 1 Ak S e i A o
WF 58 4 %, 3 Sentinel-2A $ 15 0 ¥y 1 6 3 45 %%,
G54 LM AR SPAD {E, 1) AH ¢ 22 $08 P4 %
i % f5 M8 6 3 8 A0, I BE T SR O i s kL BE R
MLSR .SVR & RFR 3 F [u] 5 45 7Y 4 37 A 0 -
SPAD Al FALAY 15 4

D3 ANAERT BN, EW 0 SPAD A 22 b
il by 22.24~43.53, H 52 534 K 8/ 28 1L
B BE Ay R 20.27 % . 18.00% . FE W] L%
0[P, e it ) 2 A R AR i O3 S S S B
SPAD {8 34 Jin i A%, A 510 2 il # B SPAD
(ELWB /N T /DN o A 2T 30 FIGT 20 41 3 B3 T P, &
B 3 B2 Gt S5 Ak 5 & BV 1Y) SPAD B A%
b 55 SRR T 78 ST 21 A0 B S R P o i i & A
S A RURR

2) P35 i T8 B0 4 S A B, TR o 4R IO
i 6T 45 B0y i B2 i B4 I B4, 5 SPAD {8
F A 6 PE B 19 2 RV, BB NLIAN , YT 1
0.05 114 8 35 P 7K 746 56 5 Ak SR 109 000 3 11 6 3% 4 4L
¥ B7 1 B8 i Be#y i, 5 SAPD A 1 AH ¢ R 5K
B KT 0.205 B 29 8 3% 1 RVI.DVI.NDVI,
SAVT 4 Bl 45 £ iy I B4l 4 4 B5 F1 B8, NLI
)4 B4 F1 B8, fe (OGS 48 £t 7 0.01 /9
PR B, A G R RO R OGS R B0 RV AH
KEBH—0.42,

3) 3 F 85 i 6% 4 HORn 3 B [l I A5 L A 1
A I R SPAD E Al A R 25 S 43 B Al g 2T
MLSR #l SVR B | 34 A= & 8 19 Ak 530KS 13 0
o BB > R > Ak B LT RER AR £
ARG WY g o R 3 > ) > A R 22
XF HE 3 Ak A ) MLSR FIl SVR Al 55K B2 55k
FRAARL, RER Al 550K B2 5 &, o Jig i 01 11 RFR A5
RUAG RO B AL, A i i SPAD {H S AR A 57
B, R*F RMSE 43 7 24 0.90 1 1.04, H Xt A [A]
B FVC 5t AR 083 1 .

Z £ x #

[1] XU M, CHEN Q S, KONG X B, et al. Heavy



%550 &5 7

T A5 P Sentinel -2 A B4 Al A 6] A= & 1 4B i - SPAD

1379

[2]

[3]

[4]

[5]

[7]

[8]

Metal Contamination and Risk Assessment in Winter
Jujube (Ziziphus Jujuba Mill. Cv. Dongzao) [J].
Food and Chemical Toxicology,2023,174: 113645.
ZHUO P, LTI Y X, WANG B S, et al. Analysis
and Experimental Study on Vibration Response
Characteristics of Mechanical Harvesting of Jujube
[J]. Computers and Electronics in Agriculture,
2022, 203: 107446.

BAI T C, ZHANG N N, MERCATORIS B, et
al. Jujube Yield Prediction Method Combining Land-
sat 8 Vegetation Index and the Phenological Length
[J]. Computers and Electronics in Agriculture,
2019, 162: 1011-1027.

LIU Y, HATOU K J, AIHARA T, et al. A Ro-
bust Vegetation Index Based on Different UAV
RGB Images to Estimate SPAD Values of Naked
Barley Leaves[ J]. Remote Sensing,2021,13(4) : 686.
TR, SRR, RES BT RSN AT B IR A A
P2 2 s [T]. BR324 (5 BR R
2015, 40(3): 296-302.

FANG Shenghui, LE Yuan, LIANG Qi. Retrieval
of Chlorophyll Content Using Continuous Wavelet
Analysis Across a Range of Vegetation Species[J].
Geomatics and Information Science of Wuhan Uni-
versity, 2015, 40(3): 296-302.

ZE R, RO, B, SF L Tl DR RS 2 gy
Ak K SPAD mioti oA R (1], SRR (F
BRI, 2016, 41(9): 1168-1175.

QIN Zhanfei, CHANG Qingrui, SHEN lJian, et al.
Red Edge Characteristics and SPAD Estimation
Model Using Hyperspectral Data for Rice in Ningxia
Irrigation Zone[ J|. Geomatics and Information Scien-
ce of Wuhan University, 2016, 41(9): 1168-1175.

CLEVERS J, KOOISTRA L, VAN DEN
BRANDE M. Using Sentinel-2 Data for Retrieving
LAT and Leaf and Canopy Chlorophyll Content of a
Potato Cropl[J]. Remote Sensing, 2017, 9(5): 405.
W, R, KRR, & T EOLIGER X
Kt Jr SPAD L FRBERIBESELT]. fEPIA K, 2019
(3): 126-131.

DONG Zhe, YANG Wude, ZHANG Meijun, et
al. Estimation Models of Maize Leaf SPAD Value
Based on Hyperspectral Remote Sensing[J]. Crops,
2019(3): 126-131.

DG, RIFIL, KBS, 4% . 2T AT 0L /3L 2050 %
ST B R T AR R A A s IR g
5064 Br, 2011, 31(2): 371.

TANG Xuguang, SONG Kaishan, LIU Dianwei,
et al. Comparison of Methods for Estimating Soy-

bean Chlorophyll Content Based on Visual/near In-

[10]

[11]

[12]

[14]

[15]

frared Reflection Spectral J]. Spectroscopy and Spec-
tral Analysis, 2011, 31(2): 371.

JR G, R, Sk oe, AF L JE AL 6% 1R IR
S A /NE SPADE[T]. A4l TR %4k, 2020, 36
(20): 125-133.

ZHOU Mingu, SHAO Guomin, ZHANG Liyuan,
et al. Inversion of SPAD Value of Winter Wheat by
Multispectral Remote Sensing of Unmanned Aerial
Vehicles[J]. Transactions of the Chinese Society of
Agricultural Engineering, 2020, 36(20): 125-133.
XU, TR, S, &L T IR AIGE B R AE
PR A CHSHOHETT IR [T]. Rl TR,
2018, 34(24): 60-71.

LIU Zhong, WAN Wei, HUANG Jinyu, et al.
Progress on Key Parameters Inversion of Crop
Growth Based on Unmanned Aerial Vehicle Remote
Sensing [J].
Agricultural Engineering, 2018, 34(24): 60-71.
VAL, ZFRME, BT, . ZNE ARG AE L
ARSI R A AT LT it 5% g
#r, 2010, 30(1): 192-196.

SUN Hong, LI Minzan, ZHAO Yong, et al. The

Transactions of the Chinese Society of

Spectral Characteristics and Chlorophyll Content at
Winter Wheat Growth Stages[J]. Spectroscopy and
Spectral Analysis, 2010, 30(1): 192-196.

MER, £/06, KWEE, 5. 5T Landsat 8 12 &
B0 AN PROSATL ff 41 % i 152 780 Jz 8 - 1l B 45 4
[1]. FRXHIL, 2016, 39 (05): 1096-1103.

DU Yuzhang, JIANG Xiaoguang, ZHANG Yuze,
et al. Retrieving Leaf Area Index Using PROSAIL
Radiative Transfer Model Based on Landsat 8 Image
[J]. Arid Land Geography, 2016, 39 (5) : 1096~
1103.

TEERK, 2K, Bk B, % . 3T GF-145 Landsat-
S Z i SR TR LATSUE e [T]. ARl T
P24, 2015, 31(9): 173-179.

JIA Yuqiu, LI Bing, CHENG Yongzheng, et al.
Comparison Between GF-1 Images and Landsat-8
Images in Monitoring Maize LAI[J]. Transactions
of the Chinese Society of Agricultural Engineering,
2015, 31(9): 173-179.

FERE . 2T MODO9 7™ fify 1 7K i - 11 BLA Kl A i 2
B R EAIR T]. AR, 2006,
17(8): 1453-1458.

CHENG Qian. Estimation Models of Rice LLAI and
Chlorophyll Content Based on MODO9[J]. Chinese
Jouwrnal of Applied Ecology, 2006, 17 (8) : 1453~
1458.

SOUDANI K, FRANCOIS C, LE MAIRE G, et
al. Comparative Analysis of IKONOS, SPOT, and



1380

BOBR 2 (R

ISR Y

2025 -7 H

[17]

[19]

[20]

[21]

[24]

ETM+ Data for Leaf Area Index Estimation in
Temperate Coniferous and Deciduous Forest Stands
[J]. Remote Sensing of Environment, 2006, 102 (1/
2): 161-175.

EWE, AR, KRBT, AL T HI-CCD %ds
B AL AR ARSI B/ 2 T AR BOR LT ] ROl
T2, 2016, 32(3): 149-154.

WANG Liai, ZHOU Xudong, ZHU Xinkai, et al.
Inverting Wheat Leaf Area Index Based on HI-CCD
Remote Sensing Data and Random Forest Algorithm
[J]. Transactions of the Chinese Society of Agricul-
tural Engineering, 2016, 32(3): 149-154.

SRk A . BT Sentinel-2 2Ot il B 19 A 4E - 1T AL
& BOM F[T]. Al TR 2R, 2019, 35 (16) -
189-197.

YT Qiuxiang. Remote Estimation of Cotton LAI Using
Sentinel-2 Multispectral Data [J]. Transactions of
the Chinese Society of Agricultural Engineering,
2019, 35(16): 189-197.

CUIB,ZHAO Q J,HUANG W J, et al. Leaf Chlo-
rophyll Content Retrieval of Wheat by Simulated
RapidEye, Sentinel-2 and EnMAP Data [J]. Jour-
nal of Integrative Agriculture, 2019, 18 (6) : 1230~
1245.

QIAN B X, YEH C, HUANG W J, etal. A Senti-
nel-2-Based Triangular Vegetation Index for Chloro-
phyll Content Estimation[J]. Agricultural and Forest
Meteorology, 2022, 322: 109000.

LI D,CHENJ M,ZHANG X, et al. Improved Esti-
mation of Leaf Chlorophyll Content of Row Crops
from Canopy Reflectance Spectra Through Minimizing
Canopy Structural Effects and Optimizing Off-Noon
Observation Time [J]. Remote Sensing of Environ-
ment, 2020, 248. 111985.

ek, BE, BT, & BRRIORS A Itk
28 26 1 TE LA /N ZE R H [T ], el T 72
2E4, 2021, 37(20): 71-80.

XU Yunfei, CHENG Qi, WEI Xiangping, et al.
Monitoring of Winter Wheat Growth Under UAV
Using Variation Coefficient Method and Optimized
Neural Network[J]. Transactions of the Chinese So-
ciety of Agricultural Engineering, 2021, 37 (20) :
71-80.

ISSA S, DAHY B, SALEOUS N, et al. Carbon
Stock Assessment of Date Palm Using Remote
Sensing Coupled with Field-Based Measurements in
Abu Dhabi (United Arab Emirates) [J]. International
Jouwrnal of Remote Sensing, 2019, 40 (19) : 7561~
7580.

WARE, MER, WKL, . 454 Sentinel-2 1%

[26]

[28]

[29]

HVRS A O e A5 AL 42 OR TR IX [T]. Rl T/ 2%
%, 2021, 37(9): 110-119.

ZHANG Dongyan, YANG Yuying, HUANG Lin-
sheng, et al. Extraction of Soybean Planting Areas
Combining Sentinel-2 Images and Optimized Fea-
ture Model [J]. Transactions of the Chinese Society
of Agricultural Engineering ,2021,37(9): 110-119.
B, RN BRE 558 s KR
i A A 5 LT). B R R %, 2004, 26 (4)
153-159.

LI Miaomiao, WU Bingfang, YAN Changzhen, et
al. Estimation of Vegetation Fraction in the Upper
Basin of Miyun Reservoir by Remote Sensing [J].
Resources Science, 2004, 26(4): 153-159.

o mUHR, T, SESLJL, 45 NE MM QTL K
HSWRER AR, Z2REY ¥, 2014, 34(9) .
1185-1190.

RU Jingna, YU Yang, DONG Fanfan, et al. Analy-
sis of QTL for Heading Date and Interaction Effects
with Environments in Wheat[ J]. Journal of Triticeae
Crops, 2014, 34(9): 1185-1190.

JeAE L nk IR, FRAE T, m i, 4F . GWLS-
SVR LAY LA R I 2 R A ST ] Ot
556140, 2021, 41(6): 1730-1736.

NIGELA Tuerxun, SULEI Naibi, GAO Jian, et al.
Chlorophyll Content Estimation of Jujube Leaves
Based on GWLS-SVR Model[J]. Spectroscopy and
Spectral Analysis, 2021, 41(6): 1730-1736.
M, IME, A, % BEE GF-6 Al Sentinel-
2L P B AR AR S [T]. AR AR,
2021, 41(20) : 8222-8236.

JIANG Fugen, SUN Hua, LI Chengjie, et al. Re-
trieving the Forest Aboveground Biomass by Com-
bining the Red Edge Bands of Sentinel-2 and GF-6
[J]. Acta Ecologica Sinica, 2021, 41 (20) : 8222~
8236.

JUGE TR, BRI T, AF . JET Sentinel-2 4 )
TR SR G AT TRK
5T, 2019, 36(4): 924-934.

GU Feng, DING Jianli, GE Xiangyu, et al. Estima-
tion of Chlorophyll Content of Typical Oasis Vegeta-
tion in Arid Area Based on Sentinel-2 Data[J]. Arid
Zone Research, 2019, 36(4): 924-934.

AT, O, BN, 4. FIT] Sentinel-2 &
A3 9 5 Y 2D MO’ 2 R A R [T]L B R
=4, 2022, 26(6): 1206-1219.

ZHEN lJianing, JIANG Xiapeng, ZHAO Demeli, et
al. Retrieving Canopy Nitrogen Content of Man-
grove Forests from Sentinel-2 Super—Resolution Re-

construction Datal[ J]. National Remote Sensing Bul-



%550 &5 7

T A5 P Sentinel -2 A B4 Al A 6] A= & 1 4B i - SPAD

1381

[31]

[32]

[33]

letin, 2022, 26(6): 1206-1219.

ZHANG Y M, TA N, GUO S, et al. Combining
Spectral and Textural Information from UAV RGB
Images for Leaf Area Index Monitoring in Kiwifruit
Orchard[J]. Remote Sensing, 2022, 14(5) : 1063.
BEIRI, RVGAE, BBt —, 4. BT SVM 5 RF [
PR LATE G A M T]. St 50658 4,
2016, 36(3): 800-805.

HAN Zhaoying, ZHU Xicun, FANG Xianyi, et al.
Hyperspectral Estimation of Apple Tree Canopy
LLAI Based on SVM and RF Regression[J]. Spec-
troscopy and Spectral Analysis, 2016, 36 (3) :
800-805.

EME, £, X, FL T RS T EHE
14/ Z2 it Jr SPAD i 38 A F (1], ARl LA
i, 2015, 46(9) : 273-281.

LI Fenling, WANG Li, LIU Jing, et al. Remote
Sensing Estimation of SPAD Value for Wheat Leaf
Based on GF-1 Datal[J]. Transactions of the Chi-
nese Society for Agricultural Machinery, 2015, 46
(9): 273-281.

[34]

[35]

[36]

[37]

BREIMAN L. Random Forests [J].
Learning, 2001, 45(1): 5-32.

LG, b, B/, 45 R G 1 e B0 A
PSR R A I R E R [T]. ik S
S 4 AT, 2015, 35(4): 975.

JIANG Hailing, YANG Hang, CHEN Xiaoping, et

al. Research on Accuracy and Stability of Inversing

Machine

Vegetation Chlorophyll Content by Spectral Index
Method [J]. Spectroscopy and Spectral Analysis,
2015, 35(4): 975.

YU K, LENZ-WIEDEMANN V, CHEN X P, et
al. Estimating Leaf Chlorophyll of Barley at Different
Growth Stages Using Spectral Indices to Reduce
Soil Background and Canopy Structure Effects[J].
ISPRS Journal of Photogrammetry and Remote
Sensing, 2014, 97 58-77.

ZHANG M,SU W, FU Y, etal. Super-Resolution
Enhancement of Sentinel-2A Image for Retrieving
AT and Chlorophyll Content of Summer Corn[J].
European Jowrnal of Agronomy, 2019, 111 (C) :
125938.

B A S LA e B e S S e ST CE S KNS R U S

(351369 1)

[49]

tional Network [J]. European Jowrnal of Remote
Sensing, 2021, 54(supl): 141-155.

HE K, ZHANG X, REN S, et al. Deep Residual
Learning for Image Recognition[ C ]//IEEE Conferen-
ce on Computer Vision and Pattern Recognition,
Las Vegas, USA, 2016.

SUN H, LI S, ZHENG X, et al. Remote Sensing
Scene Classification by Gated Bidirectional Network
[J]. IEEE Transactions on Geoscience and Remote
Sensing, 2019, 58(1): 82-96.
AL B e, L BT 2 U 2 W
PERL G OL ¥ & R R 5oy 2R 1] e T,
2022, 51(2): 260-273.

YU Tianwei, ZHENG Enrang, SHEN Junge, et al.
Optical Remote Sensing Image Scene Classification
Based on Multi-level Cross—Layer Bilinear Fusion
[J]. Acta Photonica Sinica, 2022, 51(2): 260-273.

[51]

SHAFAEY M A, SALEM M A M, EBEID HM,
et al. Comparison of CNNs for Remote Sensing
Scene Classification [C]//The 13th International
Conference on Computer Engineering and Systems,
New York, USA, 2018.

SZEGEDY C, VANHOUCKE V, IOFFE S, et
al. Rethinking the Inception Architecture for Com-
puter Vision [C]// IEEE Conference on Computer
Vision and Pattern Recognition, Las Vegas, USA,
2016.

GUO Y, JIJ, LU X, et al. Global-Local Attention
Network for Aerial Scene Classification [J]. IEEE
Access, 2019, 7: 67200-67212.

GUO D, XIA Y, LUO X. Scene Classification of
Remote Sensing Images Based on Saliency Dual At~
tention Residual Network[J]. IEEE Access, 2020,
8: 6344-6357.



