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Abstract: Chlorophyll- a (Chl-a) is an important indicator to evaluate water quality security. The accurate
estimation of its concentration is of major significance to aquaculture development, aquatic ecosystem sustainability,
and human drinking water safety. With the enhancement of the spatial and spectral resolution of earth-observed
satellite sensor, remote sensing technology is exerting a growing important effect on monitoring the spatiotemporal
changes of water quality in rivers. In this study, we synchronously measured water spectrum and collected water
samples along the upper and middle reaches of the Kaidu River and around some small lakes in the Bayanbulak
Wetland. Chlorophyll-a concentration and turbidity were measured for each sample in the laboratory. Based on
the water reflectance spectrum and measured chlorophyll-a, we initially performed the sensitivity analysis of
spectrum band to the concentration of chlorophyll- a, and then established various spectral index models,
including band differences, ratios, and difference- sum ratios. Then Chl- a=4.50 mg/m’ was proposed as a
hierarchical threshold for dividing waters samples into two groups and 11 empirical and semi- analytical
chlorophyll-a retrieval models after calibration were applied to all sample datasets and the two separate datasets
with relatively high and low chlorophyll- a concentrations to evaluate their accuracy. The optimal linear
relationship between the independent variable (D3B) of three- band semi- analytical model and chlorophyll-a
determined that D3B=-0.051 could be regarded as an indicator to classify waters with different chlorophyll-a
concentrations. According to the performance of all the models, we ultimately selected the D3B model for high
chlorophyll-a concentration waters and the blue- green band ratio model for low chlorophyll-a concentration
waters, resulting in the hierarchical retrieval algorithm OC,-D3B. Its accuracy (R’=0.96, RMSE=0.32 mg/m’,
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MAE=0.24 mg/m’, and MRE=5.71%) was greatly improved compared with other single algorithms. Finally, we
analyzed the spatial distribution and seasonal pattern of chlorophyll-a concentration in Bayanbulak Wetland
using Sentinel-2 images from 2016 to 2019. The results indicate that the chlorophyll-a concentration in lake was
higher than that in river, and the highest chlorophyll-a concentration usually appeared in summer, followed by
spring and autumn, while the lowest chlorophyll-a concentration occurred in winter. Based on observational data
from the Bayanbulak meteorological station, we further analyzed the effects of three environmental factors of
temperature, precipitation, and sunshine duration on the chlorophyll-a concentration in the wetland river. The
results show that the correlation coefficient between temperature and chlorophyll-a concentration reached 0.88,
which was much higher than the other two factors. Thus, it seems that temperature was the main factor affecting
chlorophyll-a concentration to some extent. In addition, this study could provide technical support for water
environmental protection and water resource regulation in Bayanbulak.

Key words: remote sensing; spectrum analysis; wetland river; model evaluation; chlorophyll-a retrieval; spatio-
temporal distribution; meteorological factor; Bayanbulak
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Fig. 1 Sampling point location in the Bayanbulak wetland grassland in Xinjiang
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Tab. 1 Descriptive statistics of the concentration of water constituents in July 2018

INGE S S o ME BRME FEME P2 GETE RAEEL
M52 a/(mg/m’) AR 2.53 8.72 429 1.65 0.39 38
T 2.78 8.06 4.16 1.37 0.33 12
WA 2.53 8.72 5.33 1.98 0.37 13
B3 2.67 5.24 3.37 0.67 0.20 13
MEENTU) JEXEN 2.57 93.42 34.23 26.56 0.78 38
Tt 433 93.42 49.54 29.81 0.60 12
W 2.57 44.71 25.77 13.92 0.54 13
S 2.89 75.38 28.56 16.36 0.57 13




2066

Bk 5 BB

2020 4F

A, B R B, 5 2 AW SOV P55 S 5 3t
I, HAE 455 nm 2247 TR BEE — AN/ NI ST
WU B 3 kgl B RSP RAEIE AN, £ 550~580 nm 2
T T2 o e oy 52 it 6, 3 45 7 P A 470 200 A R A 77
LTSS AR T €8 28 WS AT 6™, 2L Be 3ol
LT AN B B K o 1 WSOV FH Rk 34 5 (' i
TR A TR R, 700 nm Z B K i B, 18 IR S
— AL F0.04 s’

{HASTE R MY, Chl-a 7E 675 nm 2= A7 A A 3R I
YEAT, I NAP F1 CDOM By iedse s , BRI i Chl-a ¥
V& B KA 2 3 6T 23 7 B I BE AR TE B Chl-a WU
W, I3 (4 700 nm 22 A7 Y B S 06 2 R TR R A
I FIRMOK FRYGRE G | 32 B & HEF T A AR F T ™=
PSSR, B FIWK AR RS A M R E
BOGRERRAE 0 X HE 2(a) (& 2(0) LT HE NG
T K, T Chl-a>4.50 mg/m’ /KA HT, 675 nm &b 5
PRAA 2 1Y Chl-a WU H 700nm 4b HY #E Chl-a ¢
W | T 7E Chl-a<4.50 mg/m’ f{) 7K M Hh 3% 2 A4 BE Ak
B B SRR, 32 P AR Chl-a KA,
LT A B ol s e a2 LA 2 43 ) 5% i K
3 Chl-a W R GHE 5 PERE ™,

2.3 EEREERILSEIE

AR ST 1 18 SR AR A R B 2 A BRI
Sentinel-2 £ 41 “V, 1 Bk 25 J&) ESA W 5= 5046 b0
(https://scihub.copernicus.eu/) & i . Sentinel-2
2 PR LT AR 2 A 1 2B 2, A AT AR LA
2140 B R L1 A 1 13 A 3 B 206 35 4% 3 g
(Multi-Spectral Instrument, MSI) , MSI H.A5 3 fiZ

AU 23 18] 43 B3R (10,20 F1160 m) , EARE R T A
U B, SRR 554 290 km o BN L (4 317 JE 4
10 d, 2 5 T3 B WG] — DXt , 07 JR AT 4
F|5d, F#M Sentinel-2 L1C H AR C 45 LA
A LE RN S 28 A, S AR BBORS B 19 7K A4 S 5 3, ol
H ESA B 7 &A1 B R AR E L 6 Sen2Cor(2.8
FBO T BRI, IR 1 (RS TE R 5 6S AR L Al
A I T3 A TR ELA 58 8 1) — B

R 3 B R85 TR 2 X6 b YT 3 K AR Chl-a (852
i), AR SR T F T XN I S A e 4
i (84°08'56"E, 40°01'58"N) i) 2016—2019 4F3% H
ORI AR, A 45 SR R KRN R, s v [
KRG R84 0 (http://data.cma.en/) K 7 o A
5 A -4 Chl-a ¥ JE BEAT%F L, 45 DL E R 25U AL
PR H SR A KR H SR H BRI

3 Chl-asZ il ik

3.1 AR

AHFERY) Chl-a 7390 S 5 1 FEALHE 245
T, BIKAR RSE R SR (1813) . 150, o pr
2 th BRI A 1 K7 5 A K RE Chil-a ¥k 3 22 [1H]
ARG OC R, B 5 AT 7K A4 Chl-a W B AR X = 1%
X3k 2 R A R T, 9 A ST K AR ST bR if 5
UNEIR S SR ik COICIEE BRI EZS e R
Jo B 11 R 36 2 3 AT A 13 FH T[] Chl-a ik B2
GRS 25 R )0 e B 3 il 15 P 218
TR PRI | S IR Chl-a He B8 1) A BE B3

TSR /(s1'%)

12
Chl-a < 4.5 mg/m® Chl-a > 4.5 mg/m®
N=10
10
S
1 8
&= 6
&
3
4
2]
2
T T T T T 1 0 T T T T T
400 500 600 700 800 900 400 500 600 700 800 900
P /nm P /nm
(a) Chl-a < 4.5mgm>Gi%EHEE (b) Chl-a > 4.5mg/m>EiEEHELE

K12 A RORAE AR PR IE B4 26

Fig. 2 Remote sensing reflectance above water surface of valid samples
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Tab.2 Brief descriptions of the 11 types of Chl-a retrieval
algorithms used in this study
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Chi-a=10"
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(cg e R+ ey R +0,R ¢, RY)
Chl-a=10
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Tab.3 The optimal fitting equation between reflectance and Chl-a concentration based on regression analysis
AL ] HAs AT big

X1 x=R,(537) y=3.2765x"-0.3799x +3.1175 0.56

X2 x=(R,(537) - R,(428)) (R, (537) + R,(428)) y=14.681x> + 17.266x +8.1809 0.48

X3 x=R,(537)/R,(678) y=8.5277x> - 0.2788x +3.3603 0.36

X4 x=(R,(537) - R,(678)) /(R,(537) +R,(678)) y=8.6092x" + 14.272x +9.3707 0.34

X5 x=(R,,(384) ~ R, (385))*100 y=75435x>+1063.9x +6.896 0.63

X6 x=R,(689)/R,(613) y=107.82x" - 166.85x +67.757 0.82

X7 x=(R,,(625) - R,(624)) /(R,(625) + R, (624)) x 100 y=105.97x>+45.711x+8.2691 0.73
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D3B/34H Chl-afi/Mi Chl-afit K1H Chl-a 4 b2 S AL RAE AL
D3B<-0.051 2.53 4.25 3.40 0.50 0.15 24
D3B>-0.051 2.67 8.72 6.05 1.73 0.28 12
Chl-a4}4H D3B f5e/ M D3B f KA D3B ¥ il 22 R E S R UL
Chl-a <4.50 mg/m’ -0.092 -0.041 -0.072 0.014 -0.19 26
Chl-a> 4.50 mg/m’ -0.047 0.026 -0.014 0.023 -1.69 10
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Fig. 14 The variation trend of Chl-a concentration with meteorological factors and correlation analysis
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