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Estimating the chlorophyll content of Kandelia candel based on hyper-spectral

remote sensing in the Min River Estuarine wetland
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Abstract: Kandelia candel is widely distributed in tropical and subtropical region, and plays a key role in maintaining
wetland function. Chlorophyll content is necessary for studying productivity and photosynthesis of vegetation, which can also
indicates the healthy condition of vegetation living in a stressed environment. Remote sensing techniques offer timely, up-to-
date, and relatively accurate information such as biomass, leaf area index and chlorophyll content of wetland vegetation.
Although plenty research efforts on estimating chlorophyll content from spectral reflectance measurements have been mainly
focused on forest and crop ecosystems. However, very limited work has been done at wetland vegetation. The aim of this
study was to estimate the chlorophyll content of K. candel based on hyper-speciral remote sensing data. This study was
carried out in the Min River Estuary, which is one of the most important estuarine wetlands in Southeast China. The
laboratory spectral reflectance of K. candel leaves (front and back) was determined by ASD FieldSpec2500 in April, 2013
and July, 2013, and the leaf chlorophyll content (two dimensional) was measured simultaneously. Thirteen parameters

including visible ratios (NPCI and PRI1) , visible/NIR ratios (NDVI, Lic2, TCARI, MCRAI and PSSRa) and red edge
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reflectance-ratio (Vogl, Vog2, Vog3, GM, Catter2 and CI) indices, were used to establish the estimation models. The
results showed that the reflectance of leaf back was higher than that of leaf front, especially more obvious in green band and
part of the near infrared band (1450—2450 nm). The correlation coefficients between chlorophyll content and most of the
parameters were higher when selecting area instead of quality as dimension. And the most of the parameters calculated by
leaf front reflectance had higher correlation coefficient with chlorophyll content than that of leaf back. Besides, we also
observed that Vogl, Vog2 and Vog3 not only had higher correlation coefficient with chlorophyll content, but were also
slightly affected by leaf growth phase and structure. The limitations of using NDVI for estimation of chlorophyll content had
been reported in the literature, and NDVI also had lower correlation coefficient with chlorophyll content of K. candel leaves.
Consequently, TCARI, Vogl, Vog2 and Vog3 calculated by leaf front reflectance and the chlorophyll content in per unit
area were selected to establish the estimation and validation models. The root means square error ( RMSE) of estimation
models ranged from 4.93 wg/cm’ to 10.24 wg/cm’, while it ranged from 4.17 pg/cm’® to 9.56 pg/cm” in validation models.
These results indicated that TCARI, Vogl, Vog2 and Vog3 were the most useful parameters to estimate the chlorophyll
content of K. candel during different growth periods. In addition, GM, Carter2, PSSRb generally had higher correlation
coefficient with chlorophyll content when they were calculated by leaf back reflectance, which indicated that we should
consider using leaf back reflectance when we choose GM, Carter2, PSSRb to estimate chlorophyll content of K. candel
leaves. To some extent, it can be concluded that remote sensing technology could play a vital role in the chlorophyll content

retrieval of K. candel by laboratory spectral reflectance.

Key Words: chlorophyll; hyper-spectral ; Kandelia candel; Min River Estuary
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Table 1 Hyper-spectral parameters definition

SRR A ik SRR A SCHK
Calculation formula References Calculation formula References
NDVI=(R;74-Rgs7)/ (Ry74+Rgs7) [1, 4] Vog3 =R,/ R [1, 13]
MCARI=[ (R0=Rg70) —0.2X(R00=Rss0) 1X(Ry90/Re70) [1, 4] GM=R50/ Ry [14]
PSSRa=Rygy/ Ry [15] Cater2 =R s/ R [16]
Lie2= (Rgoo~Rego )/ (Rgoo +Reso ) [17] CI= (RezsXRe90 ) / ( Regs XRigs) [1, 4]
TCART=3[ (Rsp0=Rez0) =0.2X (Ry00=Rs50) X (Re00/ Re0) [18] NPCI=(Rego~Ruzp) / (Rgo+Razo ) [19]
Vogl=(R;3,~R747)/(Ry15—Rppg) [1,13] PRI1=(Rs3—Rs79)/ (Rs3; +Rs7) [20]
Vog2=(Ry3y=Ryy7 )/ (Ry5=Rip) [1,13]
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Fig.1 The spectral characteristics of leaf front and leaf back of K. candel
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Table 2 The correlation coefficient between chlorophyll content and hyper-spectral parameters

IETE G Spectral reflectance of leaf front

S TG Spectral reflectance of leaf back

iﬂi ijier 4¢3 Chlorophyll/  HH4t3 Chlorophyll/ 4¢3 Chlorophyll/ 4¢3 Chlorophyll/
(ng/em?) (meg/g) (ng/em”) (mg/g)
2013-04-20 Vogl 0.83" 0.65"" 0.81"" 0.597"
(n=73) Vog2 0.83"" 0.64"* 0.80"" 0.58°"
Vog3 0.82"" 0.66"" 0.79"" 0.53""
TCARI -0.79*" -0.68 " -0.57"" -0.447"
GM 0.69"" 056" 0.73"" 0.46""
Carter2 -0.65"" -0.55" -0.71* -0.47"
PRI 0.64"" 0.69"" 0.64"" 055"
MCARI -0.64"" -0.53* -0.54"" -0.40"*
PSSRb 0.48"" 0437 0.64"" 0417
cI -0.45*" -0.42* -0.45" -0.38"
NPCI -0.45"" ~0.46 " -0.39" -0.30"*
NDVI 0.44"" 037" 0.46"" 0.30""
Lic2 043" 036" 0417 0.27°
2013-07-20 Vogl 0.94"" 0.79** 0.86"" 0.70""
(n=47) Vog2 0.94"" 0.80"" 0.84"" 0.68""
Vog3 0.89"" 0.73** 0.86"" 0.75""
TCARI -0.90 " -0.79" -0.62"" -0.44""
GM 0.68"" 0.47° 0.84"" 0.73""
Carter2 -0.48 " -0.33" -0.84"" -0.76 "
PRI 0.59* 0.66"" 0.37"" 0.447"
MCARI -0.82"" -0.75" -0.36" -0.12
PSSRb 0.33" 0.13 0.87"" 076"
cI -0.22 -0.10 -0.69"" -0.72%*
NPCI -0.30" -0.24 -0.06 0.03
NDVI 0.08 ~-0.06 075" 0.79**
Lic2 0.07 -0.07 0.69"" 0.77""

# % P<0.01, * P<0.05
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Table 3 Chlorophyll content estimation model and its validation

4 Z 5 AR Estimation model/ (pg/cm?)

BriERAl

15§ [] Validation Model
Time SR HELTRY Iitg 2
MSE 2 MSE
Parameter Model Equation 4 RMS r RMS
2013-04-20 TCARIT etk y=-142.76x + 97.198 0.63 9.58 0.66 8.08
(T =57, V =16) X4 y=-37.884In(x) + 6.593 0.62 9.65 0.62 8.69
EiER y=125.06¢ 3% 0.72 9.66 0.64 9.56
Vogl 2t y=84.753x—14.45 0.68 8.86 0.84 6.78
X4 y=75.259In(x) + 70.942 0.70 8.57 0.84 6.86
BAL y=13.987¢"%% 0.61 10.00 0.82 8.26
Vog2 2 y=217.51x-32.079 0.67 9.00 0.85 7.37
POEAe y=93.148In(x) + 141.01 0.69 8.80 0.85 7.10
iR y=10.225¢*% 0.59 9.94 0.83 8.28
Vog3 etk y=86.408x—64.928 0.65 9.22 0.85 7.37
POEAe y=123.96In(x) + 15.032 0.66 9.16 0.86 5.46
eI y=4.764e" 714 0.64 10.24 0.82 7.18
2013-07-20 TCARI E24da y=-188.52x + 103.71 0.81 6.47 0.84 6.06
(T=35, V=12) X y=-43.987In(x) -6.71 0.86 5.67 0.83 7.29
iR y=123.49¢™326% 0.83 5.85 0.85 6.39
Vogl etk y=118.02x—49.883 0.87 5.37 0.90 4.73
POEAe y=106.66In(x) + 68.634 0.85 5.72 0.91 4.36
eI R4 y=8.83e>02!7 0.87 5.14 0.87 5.99
Vog2 etk y=301.74x—74.293 0.88 5.27 0.91 4.46
XTER y=131.03In(x) + 166.92 0.86 5.59 0.92 4.17
eI y=5.812¢% 161 0.88 4.93 0.88 5.67
Vog3 etk y=142.32x-147.1 0.78 6.94 0.83 6.73
X y=207.04In(x)-17.215 0.78 6.98 0.84 6.62
EiR e y=1.707>4%% 0.78 7.15 0.79 7.55
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Fig.2 The best chlorophyll content estimation model based on Vogl
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Fig.3 Validation of models for chlorophyll content estimation based on Vogl
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