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Estimation of wetland plant leaf chlorophyll content based on continuum removal

in the visible domain
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Abstract: Increasing amounts of recycled water are being used in urban wetlands; as such, monitoring the growth of
wetland plants over large areas is of great significance to assessing the restoration and reconstruction of wetlands created by
recycled water. At present, remote—sensing technology is considered an important method for monitoring the growth of plants
on a large scale. In this study, typical wetland plants ( Phragmites australis and Typha angustifolia) growing in the South
Park Wetland of Olympic Park were selected as research subjects. Spectral reflectance was determined at a domain ranging

from 400 to 760 nm to avoid the influence of leaf water on the established model. Chlorophyll content was obtained from data
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sources. Statistical analysis, including correlation and stepwise regression analysis, was conducted to establish chlorophyll
content inversion models with different derivative transformation spectrums at the leaf level for: (i) band depth (BD),
(ii) continuum-removed derivative reflectance (CRDR), (iii) band depth ratio (BDR), and (iv) normalized band
depth index (NBDI). We found that 550 nm to 750 nm, particularly 700 nm to 750 nm (red edge range) , was the key
range to estimate biochemical parameters. Single removal cross-validation results indicated that optimal models of chlorophyll
content inversion in reeds, cattails, and combined samples were BD, CRDR, and NBDI, respectively. Corresponding R’
values were 0.87, 0.83, and 0.81, and the respective RMSE values were 0.16, 0.15, and 0.33, respectively. Kruskal-
Wallis non-parametric tests and multi-way ANOVAs were performed to elucidate the influence of relevant factors individually
and in combination with one another on the regression results of biochemical parameters of plant water. Results showed that
vegetation type (reed, cattail) and data type ( single or mixed species) greatly influenced the inversion model. In contrast,
the spectral derivative transformation ( BD, CRDR, BDR, and CRDR) and the interaction between spectral derivative
transformation and data types did not significantly affect the inversion model. In this study, an estimation model of wetland
plant biochemical parameters was established and functions of related factors in the estimation model were analyzed. Our
results could be used as a scientific basis for non-destructive monitoring of growth in wetland plants. This study also

provided a reference for the use of recycled water in restoration and management.

Key Words: wetland plan; continuum removal ; hyperspectrum; chlorophyll content; visible spectrum
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Table 1 Descriptive statistics of the chlorophyll content measured

EX/E3 Yk AR -1 {H IR/ MH O] EAF XA

Biochemical Specie No. of samples Mean Minimum Maximum CL(95%)

42 Chlorophyll/ ( pg/cm?) P 39 2.72 1.99 3.50 0.147
il 38 1.46 0.82 2.17 0.123
HIF 77 2.10 0.82 3.50 0.171
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Fig.3 Coefficients of correlation relating BD , CRDR,BDR NBDI to contents of chlorophyll from overall data
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Table 2 The evaluation results of chlorophyll content prediction model from different models

ERYE S IR Wb A& Bt/ nm R RMSE
Biochemical Spectral data Species Selected wavebands
I-24# % Chlorophyll BD LES 515,735,505 645,730 0.87 0.16
S 700,740 0.75 0.19
&7 650,745,570 410 0.74 0.38
CRDR E 705,630 0.84 0.18
&l 710,485 600,685 0.83 0.15
HIF 710,580,630 475 0.76 0.37
BDR LE 465 445 515,670,735 0.86 0.17
T i 740,580,685 0.74 0.19
HIf 665,745,635 410 0.78 0.35
NBDI P 545725695720 0.84 0.18
Ei 740,580,685 0.74 0.19
i 635,410,545 640,735 0.81 0.33

BD: Band depth; CRDR: Continuum—removed derivative reflectance; BDR: Normalised band depth ratio; NBDI:; Normalised band depth index
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Table 3 Frequency of wavebands selected by stepwise regression using four sets of spectral data (BD,CRDR.BDR . NBDI) and their relation

with known absorption wavelengths

WBHE A SR Xof Jo7 A= 3L .
- ' VeI BEAIR (+15
Absorption FZM I B/ nm A S 23k )\IL(&FEX% - +f "
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Raos—s20 430 44K a ( Curran, 1989 ; Kumar et al.,2001) 1
460 M4t b ( Curran, 1989 ; Kumar et al.,2001) 2
ENieS 7
it 1063)
Rss0—7s0 570 HERE+A (Penuelas et al., 1994) 4
640 et b ( Curran, 1989 ; Kumar et al.,2001; Curran et al.,2001) 6
660 M4t a ( Curran, 1989 ; Kumar et al.,2001; Curran et al.,2001) 3
( Clevers and Buker, 1991; Curran et al., 1991;
(700—750) M+ A Fillella&Penuelas, 1994 ; Horler et al., 1983 ; Mutanga et al.,in 16
review )
Koy 6
A5 35(29)

TEM 2 R A 45 NI BEA TR, Horb7E 405—520nm 3% BEGGH N 7242 10 S A BRI B, AU 3 4Nk
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ANTE) L A SR P A ST Z2REAS I AE S B0 36 Krushkal-Wallis” #6556 F1 22 B 75 2240 W i+ 4 UK BETEAN 45 41
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Table 4 The results of non-parametric Krushkal-Wallis test and multiple factor variance analysis on the evaluation indicators R? and RMSE for

regression models

- R? RMSE

ANOVA type A P p
OVA type Factors B 4% W e
Rank performance Rank performance

K-W 556 i 0.955  CRDR>(BD NBDI,BDR) 0.955  CRDR<(BD NBDI,BDR)
Krushkal-Wallis test Yifp R 0.019 P STE 0.234 P <E

B 2R 0.304 0.006  F—PFh<GIFP R
ZHF I 2500 g2 R 0.973 0.632
Multiple factor A G TS 0.444 0.000
variance analysis S 2 R R 2 R 0.840 0.258
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0.41 T BRI FH - TR AT D0 S B B S0 38 SO A ) 2 0, AN ASCBE A8 3kt S 7K 4313 3 X6F T [l DS ASE 18 ) 52 i), 40 i 1Y)
[l AR B A IR T
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AN ST
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2% fH4E,
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