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Remote estimation of leaf gross primary productivity
based on hyperspectral data

SHAO Peipei, CHAI Ruhui, LIN Zhiheng, FANG Shenghui”

(School of Remote Sensing and Information Engineering, Wuhan University, Wuhan 430079, China)

Abstract Aiming to establish leaf Gross Primary Productivity inversion model based on hyperspectral Vegetation
Indices, the hyperspectral reflectance and light intensity (PAR;,) of rape and wheat leaves in the experimental field of
Wuhan University in Hubei Province were taken as data sources. Seven vegetation indices were respectively multiplied
by PAR;, to get GPP. Linear and non-linear regression model was constructed and validated. The results showed that:
1) Considering the physiological characteristics of rape, it was necessary to establish a sub-growth model. SR model
was the best during the flowering stage,and the model and verification’s R* were 0.80 and 0.82,and RMSE was no
more than 2. 85 g/(m? « d). During pod phase, Clejeqe and MTCI were the preferred model, in the model and
verification, R? were 0.82 and 0.72,and the RMSE was less than 3.91 g/(m* « d). As for the full stage, Clegeqe and
MTCI were also the preferred model, R? reached to 0.80 and RMSE was less than 3.67 g/(m? + d).2) In wheat,NDVI
model was the best,with R? of 0.59 and RMSE of 2.80 g/(m? « d). In the prediction set R? was 0.67 and RMSE was
3.39 g/(m? « d). The results showed that Clgese and MTCI were not sensitive to the two crops. R* was ranged from
0.72 to 0.73,indicating that Cl.eqeqge @and MTCI could be used for the unified GPP inversion in wheat and rape.

Keywords hyper-spectrum; vegetation index; gross primary productivity; rape; wheat; regression model
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Table 1 Formula of vegetation index
LRI E IR AR SCHK
Vegetation index Formula Reference
H— LA B35 BL(NDVD Contr ™ prea) / Conr = prea) [20]
9 R R B AR A (EVI2) 2.5 X (og — prea )/ (1 prag +2. 4 X pred) [21]
25 BEA — U AE B 75 B (GNDVD Corso — 03500/ Corso T 03500 [22]
LEH R AR (Clyeen) ok / Pereen — 1 [23]
Ve AE B 46 2 (SR oxir/ Pred [24]
MERIS Jii #hs i 4 22 45 % (MTCD — predede) / (prededge + prea) [25]
2L 2R R (Clcd cage) oxi/ Prededge — 1 [23]
1.3.3 A M E B AT
2 HREOM

¥ GPP 5 PAR,, X VI HE47 #5643 #7 . i
5 GPP A M g 1) el 4 i 50l A7 2k A e 2 0
A T 43 50 FH 4 7 AR R 22 RMSE S04 i Fn szl
(E AT B0 0E 1 5 foc e ST D . i 3 A RE A K
90,48 AFE S EUHE FH R A, 24 A TR E s 46
WIRE S AE R 48,32 A HEAE, 16 AN 56 U 5 I L 10k
SR 36,20 ASHERLL 16 AN IIE . /N RE B
A4, 28 SEEELL 16 D IRIE.

2.1 HM3EMH GPP BRit#EEHE

N T RFEA R A T WIS 7 GPP 2R A
E S AR EAlIE S & IS AR IR N CIE s A€
HAFISE ) L SR )5 F] SPSS # 4 %) A 7] 4 5 k47
Ti2E03 Mo o3 M BUAS TR AR 7 00 R s i GPP
AW 2 5 (10K ) o R 43 S 46 191 9E2R
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FEI N AL SR L T e 7 b R B A4S BB A R
0. 74~0. 81, H: i EVI2.NDVI, SR I CI,geqp
AR L. R ¥k ) 0. 78, RMSE ¥ A # i
3.33 g/(m” « d); 86 UF % 1, NDVI B8 R* U A
0.61,RMSE i85 4.0 g/(m* « ), 0fi EVI2, SR
FI Clcq cage W 22 BE R 47, Xt A6 30 36 % EVI2, SR F
Cledeage #E 57 B9 M 5 GPP 18 45 789 1 O £ gk 455 0

JERIA B R L & 48 OB 5 O 22 AN
Ko HH Clgeae A1 MTCI R 8 B 4, R* 357 0. 84,
RMSE #<C2. 5 g/(m* « d); B 3iF 4 11, Clig e Hl
MTCI.EVI2 23 R 4, P 9 R I 2L HF Clleacaee AN
MTCI #57 f9 iF - GPP sz 3 A5 78 4 Sy A 36k A5 7
A R OR F . Clawe - MTCL fl EVI2 {5 4% 84
U, @ B R 1k %) 0. 80, RMSE ¥ < 3.67
g/(m* « D FFARIET OB ER Cledege MTCI
B TRURS B B 25, X 5 Peng 255 16 56 )2 KRB 1 WF 5%
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Table 2 GPP model of rape leaves

i 391 LERIEERA B w1 A A

HFEE Training set & HF4E Prediction set

Growth stage V1 Optimal regression model R2 RMSE R2 RMSE
EVI2 y=0.075 3x+2.394 9 0.81" 2.82 0.76" 2.70

NDVI  y=—4E—052>40.071 32+1.9207  0.80" 2.84 0.61" 41.43

SR y=0.008 0x+3.180 5 0. 80" 2.85 0.82" 2.28

£ 3] ClLd cdge y=0.537 6271 0.78" 3.33 0.74" 2. 84
MTCI y=0.402 227! 0.77" 4,42 0.69" 3.74

GNDVI  y=—0.000 22°+0.136 4x+1.2955 0.76" 6.27 0.45" 5.56

Clyeen y=—3E—052"+0.046 82+0.824 3  0.74" 3.46 0.69" 2.99

GNDVI y=0.077 34! 0.85" 3.02 0.71" 3.95

Cledeage  y=—0.000 22> 40,135 6x+0.116 4 0,84 2.21 0.72" 3.91

MTCI ~ y=—0.000 12> 40.089 0x+0.316 4  0.84" 2.24 0.72" 3.28

&) EVI2 y=0.052 723 0.84" 2.97 0.73" 3.73
NDVI y=0.037 12" 0.84" 2.99 0.68" 3.18

SR y=0.005 32517 0.84" 3.12 0.70" 3.99

Clyreen y=0.028 8% 5 0.84" 3.13 0.69" 4.21

Clieg edge y=0.236 32%%2° 0.80" 3. 64 0.66" 3.86

MTCI y=0.168 22%55°? 0.80" 3.67 0. 65" 3.92

EVI2 y=0.099 72%%0° 0.79" 3.32 0.65" 3.83

B NDVI  y=—9E—052>40.090 3x—0.704 3  0.78" 3.22 0.61" 4.27
SR y=0.016 02%7 0.77" 3.40 0.66" 3.77

GNDVI y=0.150 72%%5 0.77" 3.63 0.65" 3.84

Clyreen y=0.058 72%%01 0.77" 3.83 0.66" 3. 84

TE oo 7R 0. 01 2K XU I 25 A0 5C

Note: ** indicates significant correlation at P<C0. 01 level (double side).



%8l

HRARIR S . JE T i i it S g A 7 GPP

113

S A LU AR A Sl A, A 4E RMSE B
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Ciganda Z" 2558, 1F i Chl 1T B Clu e T 519
). Chl= (37. 904 + 1 353. 700 X Cleguqee)/1 000,
%3 4 2 AEF I GPPLChl il PAR,, 2 {5 . 4£ 1]
PAR, 20 JE WY 1. 23 £, Chl 37 UAH 25, 46 ]
GPP 250 32 F 10 B 1. 88 %, 136 B 78 #H L) A9 i &
Sy A MO IR AE R S e GPP AR 97 31 36 L 0
B SN | AR EAR L R SE  HE ih  R)
A /N T L B 4 s S0 400 B R T R
A BT,

307 (a) ° 307 (b) A
sk ® (£ 1 Flower = o5kv= 0.236 30862
. O Y] Pod I ¢ R>=0.80
g B2 A
\:;/o 15 ° o a: = 15 A
[=m Q5
S 10 P RHa 10}
A Z 5
5t HT o5r
0 O L L L L J 0 ! L 1 L J
0 50 100 150 200 250 0 50 100 150 200 250
CI, , xPAR CI_,, xPAR
ved edge’ in red edgs in
(D)= B W R Model of different stages; (b) 4 ] ZE 4% Model of full stages
1 MEMFH GPP-Clyw. X PAR,, E1&
Fig.1 GPP-ClL.j s X PAR;, model of rape leaves
*3 AEEFHMEMNF GPP.ChlPAR, ¥ fH
Table 3 Average GPP,Chl and PAR,, of rape leaves at different stages
B J1 GPP/ A JeB A BRI
38 X 4 3 i s vk B Chl/ )
(g/(m* « d)) i PAR,,/(mol/(m* + d))
Growth ) (g/m*)
Average gross primary Average photosynthetically
stage o Average chlorophyll ) -
productivity active radiation
i 16. 94 0. 48 347.72
SR 1 9.02 0.43 282.92

2.2 MEMR GPP SRiEEMHE

4 RN GPP R G S5 5 e A ik A AR
B B 37 1 PAR,, X VI (1] 5 55 0K B 24 811K,
Hrt SR\ Cl,,e, Bl GNDVT 37 (14 455 0K BE 32415, R
fEH T/ M i GPP Jz i ; EVI2, NDVI, MTCI,
CIercdgc@i*ﬁﬂ R* M %F 4% & » ¥ #E 0. 57 ~0. 60,
RMSE W ARXT 8/ . WIS TIELE F K . NDVI A ()

T P R 4F . BA B RO IR RMSE;
EVI2 MTCI, Cl e B T R IR Z . R* 2 0. 58 ~
0.60,RMSE ¥ A #if 3.7 g/(m* « d), H 2K
NDVT #5544 8 5 50 0F , T000 R B BT A A58
SR EH WM . B /N B GPP AT DL BE B
EVI2 NDVI,MTCI, CI, . B A 3 17 00 , NDVI
B AL AR
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Table 4  GPP model of wheat leaves
i 95 8 e | e
Training set(n=28) Prediction set(n=16)
\%! Optimal regression model
R* RMSE R* RMSE

EVI2 y=0.838 9187 0.60" 2. 86 0.58" 3.53
NDVI y=0.072 9x+4.462 3 0.59™ 2.80 0.67" 3.39
MTCI y=0.042 9x+6.667 8 0.58™ 2.83 0.59™ 3.68
Clred cde y=0.052 8x+6.958 2 0.57" 2.85 0.59™ 3.59
Clyreen y=0.009 5x+7.869 8 0.51" 3.07 0.58" 3.95
SR y=4E—072"+0. 002 8x+8.396 9 0.44™ 3.26 0.53™ 3.70
GNDVI y=9E—05x*+0. 150 5x+6.470 1 0. 36 3.49 0. 37 4,37

e % £ 0. 01 7K BUM) Gk 35 AH G

Note: ** indicates significant correlation at P<C0. 01 level (double side).

y=0.073x+ 4.462 3
R*=0.59

100 150 200 250 300
NDVIXPAR,

PP/ (g/(md))
Measured GPP
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y=1.313x-0.872 1
R*=0.67

NN
=
T T

10
5¢ AL
A
0 L 1 A )
5 10 15 20 25
GPPTHNE/ (g/(m?d))
Predicted GPP

2 INEMF GPP-NDVIX PAR,, &1 516 F
Fig. 2 GPP-NDVIXPAR,, model and prediction of wheat leaves
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BRI R Cluwe . EVIZ.MTCI #1 NDVI
BORL, ] 3 % 2 FioAE Bk T A B A A R AT L AR
FHAE EVI2 A1 NDVT AR v, 3 58 5086 500 A 48
NIRRT A R B T4
() HE B 8 B Clicd cawe £1 MTCL WU X6 /N 22 FIMSE 2 Fib
L 25 750 25 S5 3R B UK O A B B X AR
BE—R, MBI IHE S RN R T
GPP . PAR;, Fl 5 1% 43 500 BUB {8, 11 58 41 % Bt (Red s
660~680 nm) . 4 i1 (RE, 710 ~ 780 nm) . iff £T 4}
(NIR,750~780 nm) Fll b & 4 Fh4E 9 35 % i ¥ (4
(£ 5. WEEA/NE M 092 GPP i RUAHSE (2
MM PAR, ZIJE /N0 2. 1A% R S Tk VI K3
T2 /NZE RIS 2 A5 B RLG ROR e b .
T Cligeee = NIR/RE — 1, 3 Bt 50 ok 19 /N £

Clicacaee HMISRE 2. 2 %5 5 [FIAE  BE T L0l B BT
MTCI, f1 F MTCI=(NIR—RE)/(RE+Red) ,2 fil
9% (NIR—RE) KB % . H/NEZ (RE+Red) 29 K
WS 1/2, 5 MTCT W R B 2 R, HE
Z N NDVI Fit EVI2 0 22 51 A K, i LKL 3 rh
IR,

T BGUE Cliagege A1 MTCI #5555t 2 Ff A 9k
F GPP #E 47 R 2405 B 4 K 2 ok 9 0 A 2K
P — A AL, A L 2 PR W R S A ARORS B O
WA MW/, 2 FA e BRI R IR Hy
0.72~0.73, Peng 25" 78 56 2 )R UE W Clu e Xt
K T K AN B, 3l T 2 bR B 48— .
AT — 2 B AE i R R Cliageee A1 MTCI X
AN RN SR 2 o Bk 25 5O B B Cllageae
M MTCIA] L F /N 2 Flh 3k i GPP (1 4 —
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S 15} 15t
& 10 © y=00155w+ 18313 & jof
o R*=0.58 o ©0y=00385123
5 T R =070
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301 30
y= 0,090 809512 S y =0.250 4x0%23
251 R =0.73 - . 25 F R*=0.61 o [oX
= = o5
= 20F = 20t OOQ)__ &)
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O ili3% Rape @ /]\3% Wheat
B3 3EfM/NEZEMRIE VIXPAR, Ri&E GPP
Fig. 3 GPP inversion of preferred VIXPAR;, in rape and wheat
£S5 MEFMMEXRLEESI
Table 5 Statistics of spectral information of rape and wheat
V2 ¥l average
Crap GPP PAR;, Red RE NIR MTCI  Cligeaqgee NDVI EVI2
Ml 12.19 317.38 0.117 0.372 0. 485 0. 231 0.303 0.522 0. 500
INFE 13.02 148.17 0.028 0.216 0. 366 0.566 0.692 0. 636 0.515
30 y =—-6E-05x’+ 0.078 8x-0.073 2 30 y=0.090 8x"%!2 ~
R*=0.72 R*=0.73
25
& &
8 2
= =
% e

(

500 0 100 200 300 400
I, PAR MTCIXPAR

red edgex in

B 4 jh3Ef/NELSIDEE GPP-LIE VIXPAR, B
Fig. 4 GPP inversion of preferred VIXPAR;, in both rape and wheat

N
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F A3 BT o T TR I 52 R /N 222 Fofo A A0 g T A5 A AT

AHIEZE LS R/ 22 i R s Sy B A 43 5 XFE A BT A5 B DL S
7 R B AR 5 O S A U B PAR,, Y 3fe B i it 1) PATHISRE AE FRRE A M0 s DAAE I 3 S SR ot
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BEw T AR WAL, B R EVI2 SR Fl Cla g
HAL I i GPP i i AR AE S A AR, R B3k
#] 0. 78, RMSE <3, 33 g/(m* « d); 32 5 1 vk £
Cliqeage #1 MTCI AE 0 % £ Y, R® 3K 3] 0. 84,
RMSE<C2.5 g/(m’ « d); 4= 9 36 5 3% F 20 11 I B
() Cliegeee » MTCT Sy I 26 2 AL, 8B R Gk 5|
0.80,RMSE ¥J<3.67 g/(m* « d),

2) /N B GPP Al KL $: EVI2 . NDVI,
MTCI, CLegeap M F P 2 B 7, R? Sk 0. 58 ~0. 60,
RMSE #/<3.4 g/(m? « d); H i NDVI i il 4 &%
I W4 R*=0.67,RMSE=3.39 g/(m’ » d),

3) T 21 31 i B iR AR B 48 2L Clicaeaee A1 MTCI
X /N RN SR 2 Floms Bk 25 5 A SO I T DL R
/NZE RN S i GPP W% — i, Rl 0. 72 ~
0. 7351 EVI2 F1 NDVT £ 5 rf A [a] 45 4 0 H 30 81
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PRI 77 T GPP 3 Bk T % I8 5 3 A
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B 8 BOTC 0 R A 5T B IR AE M A R R T
GPP-PAR,, X VI B BYAE 30 =5 F/INZZ v i 38 1 R
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PET 5 IF XTI SR /IN A2 1) B i A5 AU R A7 X6F B 4 T L 4R
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W Fr GPP I X i 352 /) 22 A8 4 26 AU SO Y 45
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WIS X R S5 B AE S — 25 5 iF .
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