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Identification of dominant algae in Lake Taihu based on remote sensing reflectance *
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Abstract: Algal blooms occur frequently in the freshwater lakes and reservoirs in China, but the characteristics, hazards, and
treatment methods of different bloom-forming algae species are significantly different, consequently, a critical scientific problem
that must be solved is how to distinguish the reflectance characteristics of different algal species and identify dominant species in
lakes using remote sensing reflectance. Based on laboratory algae culture experiments, the research produced typical cyanobacteria
species (including Microcystis aeruginosa, Pseudanabaena sp. and Aphanizomenon sp.) and green algae species (including Chlo-
rella sp. and Scenedesmus quadricauda) , which are prevalent in eutrophic lakes. Subsequently, the normalized in-situ remote sens-
ing reflectance characteristics of different algal species were analyzed, the DI (difference index) and ADI (algae distinguish in-
dex) were constructed based on spectral differences, and then the algal species identification model was established. Validated by
independent verification data set, the overall recognition accuracy and Kappa coefficient were 77.55% and 0.7178, respectively.
The results of classification algorithm match well with the measured biomass data when applied to the field measured remote sensing

reflectance data set of Lake Taihu. Further model tests based on the OLCI images of Lake Taihu in December 2019 and August
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2020 show that the proportion of cyanobacteria in Lake Taihu is higher than that of green algae in summer and winter, during which
Microcystis displayed obvious advantages and a stronger dominant position in summer than in winter. Furthermore, in terms of sea-
sonal and geographical distributions, the dominant areas of Microcystis were in the northern and southern bays of Lake Taihu in win-
ter, while Pseudoanabaena was in the central area of the lake, and scattered with a tiny fraction of Aphanizomenon and Scenedesmus
quadricauda at the same time; compared to summer, Microcystis was dominant in most areas of Lake Taihu, Pseudoanabaena was
mainly distributed in the center and south of the lake, and the other three species only scattered in a small part of the lake. The de-
velopment of a remote sensing identification model of the main algal species can provide technological assistances to remote sensing
monitoring of the lake environment, as well as algal bloom prediction and prevention.

Keywords: Lake Taihu; remote sensing reflectance; dominant algae species; classification model

UTAER, TR IR AK AT A2 K A, R AR e AL 2 KA TG e K AE RGEZETL, i 23 ELIR BT 2124
M2 K R IR BRI TS oK AR R R ™ AR R R 22— AR UK A
W I U R R, L K AR DU B KT RS O R SR DL/ N ERE R
2, i ULRESE F2 2R /NIRRT B, T U W TS A A K A T i B P RS A A NI B I
FRAS TSR] , KA A Sy 2 0o PR 482 T e o o 0 R £ L0002 7 TR 00 LA i i o 22
Wk E L ORISR T PRBEIE R A SRR R L L B Ak B R AN AR I AL 7
TREERARIE S WAL S RGBSR KA U B H AT B

R ZESE SR T 45 [ 0T RO B 1 AR eI B ik 24, R R Ot
FERERE BT R RO Gk A O A RO AR R TARENE T X e
RABZH I BESE B AL AR AE A DNA SESCBUSESEIR o BE A 28 JERE AR 19 S 8, 5 7 28 R Ay e 2 1R
DB RGE AR o B Y S S AR KA [ A D~ AR 2 R DG A R P S, TR , 986288 Y W0 A
BT RSE J2F FEE R ) (LA . Mahoney ' 78 [E 7 Y625 R 0 (0 S ik b8 S7 1 B 38 10 2 W
SER A . B AR AR DY R 5 e A ZR O D X R K ARSI T8 AT A 3 BT o 35 41
TR TG o BRI AR ) R FH S 0 2 B 5 1 0 2 00 T S (0 b A WO 3 , 434 T )
Pl SO REAE B AS [F] 38 28 1 b o AL W MO , e 2 2B T TR A M 1 o B, IR %6 R E
Hip ' ST IR R RATIRLG , 45 (0 K WCREAE S A0 RS AE R ST RIE S SRR M 7 T 3
Pl 200 GRSk o WETR O e 3 Pl R K AR WA R R R L 8 o A [ K AR
B A IS I [ BRI B RHIE B BE , M 1 T ORI B R 1) 5 K A SR I A AR L i
DA e PURI R, ST SR80 S K A i S S R 0 i M DN, 020 0 T T SR 2 ORI s
Sy AiEtE. Xi T T AR A RB(EOF) KR4 Fh PR W (0 38, O R FH 92 1 4 BR B 37 €5 38 T 12 4
RS KR PSS @ YR JE T 76 7 42 BRI Bl P9 SIS [F) P2 AL 1A 4 6 @ VR . Sun 5
FIH 248 RFRB IR IR G R PR Y WOBOE SRR 4, A5 1 8 280 ULIR W M R IR LS B, ik —
A SRR R BT 15 AT 1 5 R U AL I AR 1) TR A 28 B, S B 1 T 2 00 A A AR R 17 i A A 26
THEAL T o IS 2 i ek AR IROAN [ 33 b £ oA R i L HECS3 2, 2 A7 LR AIF 22 57 R B — 5 I KL
ST BEATHEIRIE Y, RZ R T AR Z A 22 53, %0 T R] 1) A ] S ol ) O 2 R 1k 22 S F 5 52 o
UEA B P Sh o B AL IR T T B MO AR S . B ARSI 687 ~ 728 nm i B (Y FAE ST
SRS TEAT T IR, Xi 0 LUARFR 5 B IR IR G 10 b o 2 S R SO A Sl L BN T — AN
Z BRI BRI T — R TS BOE B TR B A R TR U0 T 0 s 6 SRR ARG 128 SRR B
G305 AR FEAHZT IR IVEREIEAT TIHK . Shen ™ JETA—20 il H2 1 T —F0FI ) MERITS %04z
VUNAR MR EEARPE SR T3 o L EATFEUE WA 38 S B S 3O 1 R AT 3R 28 A SR W AT 9, (E: B W5
RZ R A O, HORHRIZ BT XA R T 2RI 73 S 25 5L, Ak P Bt 8 91 vl B2 T TR SR A0
BEELER P ] YU AR RL A S o IS, R R R OGS AR S 2% XD IER BB T IR R R T
M) SR R A T8 0 SIS ) DRI X, 5 AT DAY o K ) o8 208 B A A PR 8 T i o 28 e TR 531 7 1 9
W

PR, A ST AU A P Bl 9 A B 5 SR S, el S AN ) o oo % S S - i e, 2 20 K W



KA IR T i RS 0 KM S SR o ok 75

SR SR PR A B FRFAE , IR R A TR 0 B B A o SRR 1 T TR RAAR A R W A 4
Fof 142 [8] 73 A3 A

1 BRI %

1.1 AREER
FFF 9 X AT 2 6] AR 28 = Rk AR, 32 T YT = A 91 (30°55740” ~ 31°32758"N, 119°52732" ~ 120°36/
107E) (P 1) ACIRITIR G 8, A0 V098 I3 M, 2 8 100 30 i ) T 2K o 3897 T AR Ry 2339 km? S B4 7K IR
1.9 m, JEARSR KW E B IR bin) 8™ &, e 0 EIA 0 b B SRR KB R R A E B EL S, K
TR T R W R REUE PR AT SE 6 IR, P e, R
431 2019 47 12 A 8 H A1 2020 4F 8 H 16 H 7 KIZEAT T EFANULIN, 15 vk ILFREL 29 >R Z 55K
W, FEBUKFE TR R IHEY Y = .

120°0'0"E
T
\/_’\\ T
*
*
1 x *
*
* . * o : *
* 2 *
* 0 :
400 600 800
) . * K /mm
N K o« x
’\/\/\ S
*
x *
z o =
ol * SRR 13
= * 2
o I 2 . s
o
0 22 km
[ e _
1 / AN

120°0'0"E
& 1 BFE XA B R B IR R s 20T (B Ao 2019 4F 12 J1 8 H K& 2020 4 8 J] 16 H
TEI A BT A S SRR A 29 4538 8RS R A0 )
Fig.1 Location of study area and distribution map of sample sites ( The upper right corner

shows 29 remote sensing reflectance data obtained from field measurements in
Lake Taihu on December 8, 2019 and August 16, 2020)
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Tab.1 Volume ratio of mixed algae experiment

s B ABY ml
S
sk R B AR PR
1 50 100 - - -
2 50 150 - - -
3 50 200 - - -
4 50 - 100 - -
5 50 - 150 - -
6 50 - 200 - -
7 50 - - 100 -
8 50 - - 150 -
9 50 - - 200 -
10 100 50 - - -
11 150 50 - - -
12 200 50 - - -
13 - 50 100 - -
14 - 50 150 - -
15 - 50 200 - -
16 50 - - - 100
17 50 - - - 150
18 50 - - - 200
19 - 100 50 - -
20 - 150 50 - -
21 - 200 50 - -
22 100 - - 50 -
23 150 - - 50 -
24 200 - - 50 -
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Fig.2 Schematic diagram of spectral measurement
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Fig.3 Remote sensing reflectance spectra of different algae species ( The solid line in the figure

represents the remote sensing reflectance after correction (8R,.) , and the dotted line represents the
remote sensing reflectance before correction (R, ). The shaded parts are characteristic bands:

green represent 560 and 590 nm; orange represent 620 nm; red represent 660 and 700 nm)
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Fig.4 Remote sensing reflectance spectra of five algae species before (a) and after (b) normalization
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Fig.5 Schematic of DI and ADI ( The DI schematic diagram takes
Microcystis aeruginosa and Scenedesmus quadricauda as examples)
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Tab.2 Confusion matrix and accuracy evaluation results of algal species identification model
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i SR A 2L B fa INEREE [UIP:Y5
AGES i S A 11 0 0 0 0
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s £ Ji s 0 8 11 0 0
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3 R IR

Tab.3 Misclassified samples of mixed algae
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R SR AR R LL g it JINER [UEp ==Y iiei 2
1 — 100 50 — —
2 - 150 50 — —
3 — 200 50 — —
4 50 100 — — —
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4 BPHN IR U 2

Tab.4 Identification results of field measured data
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Fig.8 Scatter plot of remote sensing reflectance of characteristic bands after OLCI-6S
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6 2017 4 0.5 m /K FEHA Y 5
Tab.6 Algae biomass data in water depth of 0.5 m in 2017

PHAAEDY P A 0y WG ACAS 2R G BRER LB % TR R % Fipl/ %
2017 8 THLI13 1.26 98.11 0.63
2017 8 THLIS 2.34 92.38 5.28
2017 8 THL16 3.89 81.73 14.38
2017 8 THL17 2.32 94.58 3.10
2017 8 THL18 0.00 96.42 3.58
2017 8 THL20 0.10 97.72 2.18
2017 8 THL21 1.98 97.03 0.99
2017 8 THL22 7.68 87.48 4.83
2017 8 THL24 0.36 98.75 0.89
2017 8 THL25 4.14 89.31 6.55
2017 8 THL26 5.50 61.50 33.00
2017 8 THL27 33.93 62.05 4.02
2017 8 THL28 2.44 94.15 3.41
2017 8 THL29 0.14 97.42 2.44
2017 8 THL30 0.41 98.59 1.00
2017 8 THL31 0.46 99.35 0.19
2017 8 THLOO 1.49 91.67 6.85
2017 8 THLOS 0.00 98.35 1.65
2017 8 THLO6 11.59 73.33 15.08
2017 8 THLO7 0.00 99.75 0.25
2017 8 THLOS 0.20 98.62 1.18
2017 8 THLO9 2.88 90.31 6.81
2017 8 THL10 5.66 81.62 12.73
2017 8 THLI11 9.29 50.44 40.27
2017 8 THL12 6.63 80.87 12.50
2017 12 THLOO 1.20 89.43 9.37
2017 12 THLO1 5.37 85.78 8.85
2017 12 THLO3 0.15 99.04 0.81
2017 12 THLO4 0.99 98.24 0.77
2017 12 THLOS 0.08 99.25 0.68
2017 12 THLO6 1.55 95.51 2.94
2017 12 THLO7 0.00 99.23 0.77
2017 12 THLOS 0.13 99.68 0.19
2017 12 THLI3 0.26 99.17 0.57
2017 12 THL14 4.10 90.26 5.64
2017 12 THL32 0.06 99.28 0.66
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Fig.10 Absorption coefficient curve of pigment particles of five algae species

(1, 2 and 3 represent three concentration gradients of the experimental ratio, respectively)
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