5540 B4 22 1] *E &~ 2 Eild Vol.40,No.22
2020 4F 11 H ACTA ECOLOGICA SINICA Nov.,2020

DOI: 10.5846/stxb202006231633

JEE R, T, BT SRR FE T Sentinel-2A SR T XARAEM 1 SPAD H7 il 18] 2£ 454411, 2020,40( 22 ) :8326- 8335.
Tang P E, Ding J L, Ge X Y, Zhang Z H.SPAD digital mapping of cotton leaves in arid area based on Sentinel-2A image.Acta Ecologica Sinica,2020,40
(22) :8326-8335.

E F Sentinel-2A # & TR XM 5 SPAD 5

BRI TR EME R

1 HER A IR S BRETR 222 B, BB ASY 830046

2 R AN A S H A W E A LEE, SEAST 830046

3 BTSRRI S PR B AR 96 X A T S R, R RSE 830046

FRE R S 3 S AR M 32 S U 1 T B S, Ik 3R i R A S A R IR A e AR BE Ab 2 DR G, BOKE R
BT ER R IEAT S I 2l 25 W I ARl A A Ry TR SR A Gt 8 AT Y % I RS o DN i AE AE IR ME . R T A R
Sentinel-2A 4l , FEALES 24 ST HERR T I FHDEIEE B of GiE P BUMBE T PROSALL 46 54 H A5 (14 A4 W) A8 A 2 3 b 2
FR(FR VG SRS B A, % 2065 F B YA E Y P As S 5 % 3.0 6I5E B ol b5 4om
YIRS A TS B ) o BB TOLE  E T REATAR AT S R AR A R A MBI R, S5 IRERE . (1) 4030
W Bt S 5 10 Bl GBS B L A RS B (RVI) SRR - SPAD {EAHCHER: & r= 0.767, P =0.195; (2) B EER 17 428 &
AT EE B S H T A A B R HE AR (R R A (RVT) A5 4 FRASE R A ) WS B LAT—Cab XAk B RY (1 K5 5 BTk R 42
K5 (3) FRAR Ty G AL FEAB iR B 2100 0k B W o Ay i D0 D B, 6 18 RS 2 T 2 38 o P Y 5 3 s S AL DA o v 5k 4 7 3
Filt 75 S R, TN BE O/ IR B )7 56 3 > BRI 1 > BRI 58 2, o Jr 58 3 BRE BB R i 0.826, B A S 45071
T % 3 MARAENT A SPAD {HEAT FRe b O W BE 7, 1T LUK T 52 XA A 40 1) 24 B2 00 3 B A 0 B, g Al 22 4 Wi, 4 1
KA PR A R SR

S $2) ; Sentinel- 2A ; A BLFEEL; M43 25, PROSAIL #E70 ; BEHL A AR

SPAD digital mapping of cotton leaves in arid area based on Sentinel-2A image
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Abstract: Vegetation leaf chlorophyll is an important parameter for agricultural remote sensing inversion. The change of
Chlorophyll content is intensely associated with the stress degree and physiological changes of vegetation growth environment.
Therefore, it is vital for agricultural safety production to conduct real-time and dynamic detect in vegetation chlorophyll.
Nevertheless, it is difficult to accurately measure space chlorophyll based on traditionally empirical models. In this study,
using high-resolution Sentinel-2A data, three modeling patterns were driven by spectral information, optimal spectral index
and biological covariates based on PROSAIL radiation transmission model within the framework of machine learning
(random forest) (Scheme 1 the consolidation of spectral information and optimally spectral index combination, Scheme 2.
the combination of spectral information and physical model biological covariate, Scheme 3. the merger among spectral

information, optimally spectral index and physical model biological covariate). The chlorophyll content of cotton leaves was
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mapped based on the optimized modeling scheme. The results show that; (1) the correlation between the optimally spectral
index Ratio Vegetation Index ( RVI) with red edge band and the SPAD value of cotton leaves is the highest r=0.767,
P* =0.195. (2) The importance analysis of the 17 constructed variables shows that the construction between the optimally
spectral index Ratio Vegetation Index ( RVI) and the physical model biological covariate LAI-Cab imposes a great
contribution on the precise of the estimated model. (3) The red—edge band is determined as the optimal band when the
vegetation index is constructed by the modeling scheme, which presented main role in constructing vegetation index.
Analyzing the three schemes through model evaluation criteria, the order of prediction accuracy was model scheme 3> model
scheme 1> model scheme 2. The decision coefficient R2 of scheme 3 was the highest at 0.826, which showed model scheme
3 has greater capability in predicting the SPAD value of the cotton leaves. It can provide advanced theory for the inversion of
physiological parameters of crops in arid areas. Moreover, it also supplied scientific data support in detecting agricultural

safety and allocating reasonable water and fertilizer.
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1 #HFESHE

1.1 AR5 HESL

WF9E XA TR R4 B8 FIR X B 7 R A AN (AL 3 gy i B v s BRI 77l ) |, oAb R 6 g
B WA IR A v 3 oy R R R VD T R 2, MR AR ARV ] 44°20'—45°207 N, 85°20'—86°40" E, A5 HIA |
IKSCEA R LA W 50 A0 T B HbA PR 405 P02 VAR R e 1 It 0, ¥ 48 S0 T 9 4K 2 B A 1 M-SR -
B R G , SR F L LR R A EOPE LA e R R e BB B Y AR RR 4—T°C i B
TR 43°C , B A IR AR —42°C |, Z4E BT 150—200 mm , Z4E 4475 & fH A 1500—2100 mm , J& T4l
LN E ey o R o RS W P
1.1.1  HHERHE

WFFE X P R F | R EA KB L a5+ D VPR R e EAR IR A
T T2 AR, K28 e b 3hmifl A LB W KRR E AR A 4 . (B i FAOb A ™
TGS R R (A5 - HEREAE , A HLTRIN, K3 ) S A i AR Xk T s Al A=
FEIEMY . AHFSE FELINAE NS S, AR b - SR AN 1 R

*1 HARRNLTEREY
Table 1 Soil attributes in the study area

Ry HfE L&A +3 )t BE L ¥l
Soil properties Value Unit Soil properties Value Unit
4547 Salt 1.52—3.61 o/kg pH 7.8—8.5

A ML Organic matter 2.76—36.56 o/kg 15 Conductivity 132.5—1368.4 s/ cm
7K43 Moisture 9.30—19.8 %

1.1.2  FEgERAR

AN TR] J5 A A S B A 5 22 S R, T DA AR K R Bt 2 A TS [R] ., B IX PN S SR A 2 B2 A T Fol
FEAEYIRRAE ( Gossypium hirssittum) , B (Corn) iy 3, FARFE MY £ E IR M ER I FAEY W ZEMI ( Red willow ) ¥4
( Populus euphratica) JETE3E (Salsola) )N ( Kalidium foliatum) 5 ,
1.2 iRk
1.2.1 Hi4Ent 7 SPAD fH

S Ak AR R G UE S ORGSR AE 2019 4F 7 A BEATEF AN AT | T E 4 30 ] 3 SRR B i A 3t 5
EEUEA BRI LY 104 AFESOIFRAE . R H AR EREIS A F)AEF= 19 SPAD PR 4% 25 A3, 7E T AN 10
mx10 m PIFETT N, AR P8 (A6 1) 19 A R e (B 47 8 X AR J2 1 B b R R AR 20 A IR L R
By gt R g SPAD A, H8 FA™ 85 20 A0 (i 1 S AR SAEAE S X LA 5 PR A B I 19 SPAD A
1.2.2 A5

I 22 B3 25 FIRR 23 R0 2B R B A8 DU & (1) 4 BR ER BT 5 22 4 W40 A 55 90 10 &L, Sentinel-2A (B T3 2
39 F 2015 - 6 H 23 H 2017 43 H 7 B &SR, SURFERLIZ T B E IR JE 10 5d, ek BERnl ik 10
m'?! HIEBGEARIRA 13 N PR R 6 R B (10,20 .60 m) |, f04% Al WG L0 LT 4h KR L
RO AN BE (6 2) , AR RAERFE] B2 =55 (< 5%) , $EHL 2019 4F 7 J 26 H 28 H M54 (hips://
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scihub.copernicus. eu/dhus/#/home) . B /EH FE W HZARE Sen2Cor FEH T 52 A% 5% B4R 8 & b ARG
1E, FFH SNAP 844l FH =R N AL ( Cubic convolution interpolation ) %) 77 16 X KA IE i B9 % Bk 4728
6] 73 BEAN 10 m BYECRAE, Z 5% A ENVIE 5.1 2 BURBF5E T 1T 9 9% BL (B2 (B3 B4 . B5 \B6 BT .B8a B11 |
B12) SR HAE ArcGIS 10.0 £/ ( Gram—Schmidt Pan Sharpening ) fil & 7 B 5% X P WG 5 52 15 PR il
G, HF BRI DX FHE L IX (subset ) DHREHS SEAREREY

% 2 Sentinel-2A BGEENIESH

Table 2 The spectral parameters of Sentinel-2A image bands

B HB I K /nm B8 /nm 23 6] 3 P /m
Band Center wavelength Band width Spatial resolution
1 2SR Coastal aerosol-B1 443.9 27 60
# Blue-B2 496.9 98 10
255 Green-B3 560.0 45 10
2156 Red-B4 664.5 38 10
FIWELLI Vegetation Red Edge-B5 703.9 19 20
FEHELT 3 Vegetation Red Edge-B6 740.2 18 20
FIWELLI Vegetation Red Edge-B7 782.5 28 20
ILZLA( 5E) NIR-B8 835.1 145 10
PELTHM( %8 ) Narrow NIR-B8a 864.8 33 20
7K7€’5, Water Vapour-B9 945.0 26 60
JHIE LT 5 SWIR-Cirrus-B10 1373.5 75 60
S LTS SWIR-B11 1613.7 143 20
S LT A SWIR-B12 2202.4 242 20

1.3 iEobise sk

AHF5Y %4 Sentinel-2A 514 (B2 B3 B4 B5 .B6 B7 .B8a B11 B12)9 MGitkiz By, Horh 40 & 3 AN2rihii
B AEARAVEYIA AR 20 3R & i A A B AR KR R I T o DRI, AR BT 53 70 A 68 A A B i 00 2 Oy v 1
fith b, 51 ALLh P B AT LU Bl 3 i 21 A B, R 2103 U B 5 3 21 4/ i Bl 3 0030 B 1) D' i o 33 4
TERIE A MG RSB S, HE NDVI,DVI Fl RVI Gk 4850, DL RAE S RYAR AL F SPAD {1 3% 52 v
Sentinel-2A FAZZ LB , T H SHIAEM B SPAD {HAI S, LUHR BBEAG 48 2 & B 1 Fod eIk TR %L,
= 3 fim,

®3I EHEEH
Table 3 Vegetation index
Eaiis ek SR AR SCHR A
Full name Vegetation index Formulas References
IH— LA 6 2L Normalized Vegetation Index NDVI (R,— R;))/(R;+R)) [24]
ZEHAEBEIEEL Difference Vegetation Index DVI R -R [24]
PR AE B 455X Ratio Vegetation Index RVI R/R, [25]

i j %71 Sentinel-2A ) 9 Bt (B2 B3 B4 .B5 .B6 .B7 .BSa B11 B12)

1.4 PROSAIL &5 f& s 7l

PROSAIL #A1 244 PROSPECT 5 SAIL A8 (Y FE 1, © B H AN AR 28 R 48 (CANARPRRIED) ) 5
FAEW A ALY PR SR S 3 0% K PROSPECT B8 iy H A0 Fr S5 SR A0 B 2R 1 Sk SATL AR Ry B A
SH, B A R TR T RRAE B AR S A R BE R T, LI DR TR A SR OGS4, BT A5 B A B 2
RGBSR BB G 1 K AE , 0] DAAR U R AE 9 6 2 SR B AR S A g S o 4
B B R AR, AR — T R RE A BT SR B A S8 R TR AL AR
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AW T FH B G SR AE 490—870 nm Z (8], 7% I BEYE I LAL M2 K DL K T i & m o8
BURS R, H 5 ] s S 2 N AR b 2 R AN BURE TR T A, B TS T i B Ah s
W SCHRAY BE) 2 B0 & LOPEX94 S0 FEAR1E 1Y 36 4 WBBERE .

&4 PROSAIL R SHIZE
Table 4 PROSAIL model parameter settings

HAS & Fien ik HAS & FiEn ik
Input parameter Range Description Input parameter Range Description
Cab 35—80 MR E R (pg/em?) LAI 1—9 A THTFR i 2K
Car 8 FKHAE N/ (pg/em?) Hotspot 0.2 ISP N
Cm 0.04—0.015 FYRE &/ (pg/em?) SZA GRS KRB/ ()
Cw 0.015 KR/ (g/cm?) 0ZA ARk Sk ML R T5 £ ©
ALIA 35—70 S/ ()

Cab. M4 ESH Chlorophyll content; Car; K% N ZE Carotenoids; Cm: T i & Dry matter content; Cw: /K% Water content; ALA ;34 H{ii
ff Average leaf angle; LAIL. M- 85X Leaf area index; SZA . KPFHRTA A Sun zenith angle ; OZA . WL KI5 £ Observation zenith angle

1.5 HRAEM Fr SPAD {8 (AR R A 4

TEAG ARG AL - SPAD {8 (4 S iR | 23l 1k R-3.6.2 ' sample BRAL k-s R4 70% (n=72) i A4 FI
30% (n=32) HEIFEETF ] set.seed PREN[E T 1k OBIEEE .

BEHLARARS 15 (Random forest, RF) Ay —FhAsHT il 5 A 27 ) 3%, J& i Breiman' ™ $2 Hi 8 38 F e S B 43
RAFANA A AT ARG A Z AR R AR B dEROIEITMY, AT LU B 224 55 TR0 25 (DR SRR ) 4 8 Ay i 73
W, EBEHLARAER A S 1o e S A K000 S A I 2 50000 4 ( BV o B0H 45 ) A BB HLREAS , (o FH A 2 1
AL AR R | A — AR TR — N BEAIL 1 | 20 5 X R0 £ 4 5 AR B RN A T AR B AT BE AL, AR e A
OB LB P G R TR . A SRS R-3.6.2 R EEHLARA T BA X #4643 % SPAD {Hik T
T 4328, I 7= A o B AR PR AS T, A ST R AR ) B B 4 25 8 bR bl 3 R RS JE S 80 ( Mean  Decrease
Accuracy ) £

AR SCHG BT AMINAS AR B 2 28 SPAD (B AE SR PR AR ¥ fe il Y S48 40 (DVI .NDVI RVI) , Sentinel- 2A
H 9 AN B (B2 B3 B4 \BS \B6 BT .B8a B11 B12) ,J& T Y HE A A= Yy b A8 & ( mh AN LAL 56 )2 % 7K & LAIL-
Cw JibJZ M4 2 LAL-Cab 8% 7 55 2 feover 6B A RURST fapar) 21t 17 NMHIESE MR B A8 4 2
3FHZ(KS5) 7 R-3.6.2 TR HIBENLAR MR BRI 28X KA M A AR A8 2 7 A B - SPAD Al SRS

£S5 BEAR
Table 5 Modeling scheme
R TT % Model scheme FRES 441 A Characteristic parameter combination
J7% 1 Schemel Sentinel-2A I B+ AH #E R £
J7% 2 Scheme2 Sentinel- 2A B+ TPy HEAT A= My p A it
7% 3 Scheme3 Sentinel- 2A {7 BE+I5cd AE B 20+ 5L T ISR A 4y Bp A

1.6 BIADK PN

AR T VPAG bk 3 Fh S 0 A AU Ak R BEIRC T AR JLAN R BB RIS IR AR 1 43 ) R D R A
( Determination coefficients, R*) 35 #R1%2 (Root mean squared error, RMSE) ,—Z(P:4H & R % ( Concordance
correlation coefficient,p, ) , W58 B UNAE 1 Fios

2 HR545%H

P 2 p AR AEr - SPAD {EA4RIME N 59.02, 48 5 R ECN 0.092, 48 5 ZR K/ IN , P IA Kl g sl 1 /N
b a2 BR  ARAER A SPAD fEAAE AR UG THREIE T AR FE AR LI SETHE AR, B 2
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}:59.02 ,58.66.59.38,SD 434l Ky 5.43 5.25 .5.43, fi it
Al DLREAR R 4r A B
2.1 AL R SPAD {H 5 m G b He B AR OGP

& 3 NARAEA B SPAD {55 Sentinel-2A B (B2,
B3 B4 BS .B6 . B7 .B8a B11 B12) Wi~ FfHL G5 Ik B
(9 2D F5 8 (DVI NDVI RVI) K F&, AIMERAFER r
KN REL R SR SPAD (H 5 Be 4l A 1F | fA ek
i, Z5RERW], DVI NDVI RVI 54§ 4Er 7 SPAD A
e FEAH SC M Y D B 2 A P 7EZ1 30 (Red edge ) B
(B5 .B6) M3 21351 ( Narrow NIR) B¢ B8a b, RVI 5
FiAErt i SPAD {EAHXCAE fe sy ok 0.767, P77 =0.195,
HER kL B8a/B5, NDVI H: r 4 0.720, DVI H. r &
0.692, VEHIZLII B BOXHAR AL M4 26 B m (e 1, 3
BACEEAR N 7 B R X A AE I - SPAD B ¥ HAT B = A
2.2 RRAEAZS R E VAT

AT E 2ok LR T AR JF X2 R O &8
A ) R IR AR o O AR AT, Sl TR 4 BT LR BRAE
SRR L0 B B R DT ERR AR K T 6% , 2L
B S S5 il i e B s G b g g X
WL BRI T £0300 0 B 5 i 2R e 1 B2 AR 5 G Ah = Ze v
RVI 5 LAI-Cab B BTHRIA 2 R 4 S T 10%,
)5 % 3 W E B9 10.22% F1 10.56% , AT WA
PAR B S Yy PR Tk S e R B 0 TRk A 1Y
BONEEHONT 2,
2.3 ARAEMH SPAD {H Al AR R R4 25

A5 6 [ HITE A AL i SPAD A5 A rh |
I IEERCR A, FE3SHR >HRER2, Hh %3
(R*= 0.8258 , RMSE=3.5660,p, = 0.7205) BRI H AL
Ll B — Bl FH o 3t D' i i B ) BRASE Y A ) B AR
A AR RS L T 0.05—0.07 2247, X Ui B+ Sentinel-
2A P B SAHD AR B W BB R AR AT LA B AN AT LA
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Fig.2 Sample statistical analysis chart
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Table 6 SPAD prediction and measured value distribution of cotton leaves

I J5 %8 Model scheme AARLE Modeling set

ISHE4E Validation set

PEAN TR Evaluation index R? RMSE R? RMSE p.

J5% 1 Scheme 1 0.9263 1.8941 0.9007 0.7759 3.4619 0.6899
J7% 2 Scheme 2 0.9215 1.9297 0.8880 0.7643 4.0375 0.6302
J7% 3 Scheme 3 0.9198 1.8669 0.8961 0.8258 3.5660 0.7205

SPAD . M4 Z A X &t Soil and plant analyzer develotment;Rz .U E 281 Determination coefficients ; RMSE ; #] 5 #R 1222 Root mean squared error;p, :

—BUPEA 2 228X Concordance correlation coefficient
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Difference vegetation index
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Ratio vegetation index

B 3 #EMtH SPAD {55 Sentinel-2A (B2 B3 B4 BS .B6 B7.B8a B11 .B12) FIEE ik B4 2 # DVI.NDVI, RVI F#EX RE
Fig.3 Correlation coefficient between SPAD value of cotton leaves and DVI, NDVI, RVI constructed in any two bands of sentinel- 2A
(B2 B3 B4 B5 .B6 B7 .B8a .B11 B12)

B2:# % Blue band; B3: %%)%; Green band; B4: 215 Red band; BS: #H #% £Li/1 Vegetation Red Edge band; B6: i #{£[ /1 Vegetation Red Edge
band ; HE#E£1 31 B7: Vegetation Red Edge band ; B8a: #T£T 41 (% ) Narrow NIR band; B11. 414 SWIR band; B12: S8 £T 7 SWIR band

M1
10 +
5T pvi
0 —
M2 M3
LAI-CW Bl11
10.0
7.5
5.0
25 F
0

B4 BHUITEEEH
Fig.4 The importance of characteristic variables
ML R 1; M2 % 2; M3 5% 3;LAL MU 4L Leaf area index; LAI-Cw : 7&JZ 7K Canopy water content; LAI-Cab &2 M 4£Z Canopy
chlorophyll; feover . M #7835 [ Vegetation coverage ; fapar: Yo 4R 54) Photosynthetically active radiation;

YEPI Fr i SPAD fH S B T VR 2 S AR i 1K, ik 1 A i 2 38 1 AR Ab , XEVE P 1) 8 5%
LW A e e A A F R Y ARBFSELA Sentinel- 2A SR IR K PROSALL #6715 53 i
BTSSR AL B SPAD [ BHF TG BHFST

ARSCKE 3 B BT LG BT 3 2K 6 A SPAD & JE WS INE , B I 6 ] FNAF Y IX N AR
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Fig.5 Correlation and accuracy verification of SPAD predicted value and measured value of cotton leaves
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