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Hyperspectral quantitative models for Chlorophyll-a of Chlorella vulgaris and Microcys-
tis aeruginosa

GAO Yan, ZHOU Feng, ZHANG Shucai, ZHANG Wei, WANG Xuejun
(MOE Laboratory of Earth Surface Processes, College of Environmental Sciences, Peking University, Beijing
100871, P. R China)

Abstract: Based on hyperspectral remote sensing measurement for Chlorella vulgaris and Microcystis aeruginosa,
this in situ experiment addressed the hyperspectral characteristics of Chlorella vulgaris and Microcystis aeruginosa
and determined their optimal hyperspectral quantitative models of chlorophyll-a ( Chl-a) estimation. The study
demonstrated that; (1) The optimal hyperspectral quantitative model of Chlorella vulgaris was Chl-a = 174. 6 +
1138292 (R, ) “+2.3(10°[ (Ry) 17 (p <0.01) , and the suitability order of corresponding methods was speciral
ratio > single band > reflectance first-derivative; the optimal hyperspectral quantitative model of Microcystis
aeruginosa was Chl-a = 5299164 (R,;) """ (p <0.01), and the suitability order of corresponding methods was
single band > reflectance first-derivative > spectral ratio; (2) According to hyperspectral characteristics of Chlo-
rella vulgaris, two reflectance crests were around 540 nm and 700 nm and their locations moved right while Chl-a
concentrations increased. For Microcystis aeruginos, three reflectance wave crests were around 530 nm, 660 nm and
700 nm while two troughs were near 610 nm and 680 nm; (3) Compared with results of previous outdoor resear-
ches, the Microcystis aeruginos reflectance with wavelength between 400 nm and 500 nm was relatively bigger, as
for suspended substance and CDOM didnt exist in this indoor experiment.
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reflectance first-derivative
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Fig. 1 Hyperspectral characters of Chlorella vulgaris  Fig.2 Hyperspectral characters of Microcystis aeruginosa

2.2 B BREEEE

ZINER B AV S S A A LA B R 6 R (S X Chl-a YR B R B B SR XA Y Pearson 12 5
B 3 FE 4 it , 76 400 nm BT AT 730 nm (19 5 BEAE LB 25 (0 AH DG 9T AT LR FH BRI BE
ST Chl-a g RARAL. o/ NEREE RN S 2 5 43 501 #F 403 nm F1 757 nm &b Pearson #H¢ R E (4 X%HE)
K. (0% B S BF MG 38 %S S HEELASRER , /NERSEE AT LA 741 nm b @37 Chl-a 5 A5,

AW HRAT 5 R EIE X (—IoZet R, IR sREL N BRI pRECRTHE BeR 550 I iU A,
H T REAR T P R B (R ) (F A R 0 5 PR (sig. ) XHULE 0 BE 47 0BT, 3148 1 H Sy SPSS12.0. A4
BEERICEORE , /INBR AR 2 5% 35 43 1) R FH W o BIORN 7 eR BRI A AR LR AT (I 5 RN 6) , B
mr,

JINERE : Chl-a = —226 — 198033R,,, —25944697 (R, )* (R* =0.586,d.f. =13,F =9.216,sig. =0.003) ()

Hil S AR . Chl-a =5299164 (R, ) ™" (R =0.876,d.f. =14,F =98.62,sig. =0.000) (2)



264

J. Lake Sci. (38 #+5) ,2007,19(3)

0.8 1
- —f,'frhhm'ffr: vulgaris . o5 —— Micoey stis aeruginosa
. e [0( Chlorella vulgaris) . sl { M rocir dils atogROR)
0.4 0.6
04
0.2 &
B = 02
= 0 s
& 4 . 50
£ 0 & 0
= -0.2
-0.4 04
-0.6 -0.6
-0.8 -0.8
-1 - -1 T
1 (nm) IS (nm)
P 3 /NEREER RS Chl-a ¥R | P 4 2t 3R R (HS Chl-a YR |
WRE AR R BBL A AR S WPE F AR R BB A AR S
Fig. 3 Pearson’ s correlation between R Fig. 4 Pearson’s correlation between R
and Chl-a of Chlorella vulgaris and Chl-a of Microcystis aeruginosa
200 o Observed 200F o ().}WH'VH(*
— Linear ° — Linear
,,,,,,,,,, Logarithmic ° e LOGA nlh'ml(-
e Quadratic T S | Quadratic
-+ Power ° -~ Power
150 = Exponential 150 7 Exponential

100

Chl-a

50 1

]
=100
(&}

00.:0})[5 04(;02 0.0.025 0.603 0.()'035 0.(;04 0.0})45 0 0.&)2 ’ 0.(;03 OA(‘)O4 OA(I)()S ()41';06
R741nm R757nm
5 /NERE Chl-a Y 505 B Pl 6 SMERIM R Chl-a YR B
(741 nm) HIZAU5 (757 nm) M5

Fig.5 Curve fitting for Chl-a of Chlorella
vulgaris (403 nm)

2.3 BRIt EEEERE

Fig. 6 Curve fitting for Chl-a of

Microcystis aeruginosa (757 nm)

PATER) %4 Chl-a BF5E AR Chl-a #5255 50 R 7 5] 69 B ARRAIE , %A T ¢ BE LU (EDR 2 3R Chl-

a WRFEAF KL DAMGHOKR Chl-a WS 55 Chl-a S I B 9¢ i 08 1R (9 22 55010 bl /Rl A ) Ak ol 26 9 1
650 — 700 nm BRI A I AU B A A (07 A7 AE AR , AR SR T 2040 R B RAB S 2008 R e/ MELZ [H]
(4 FUAE R L AMRFAE O R S5 21069 e R 22 18] 1 FUARL, 73 1 sz He 5 /N R AR 2R (33 8 1) Chl-a 1)
SEROCHR. BT FIE 8 RUITEHAE R KT 1.5 ZJ5  WREEBES R A58 1R X SE A B .

X F/INER i, B ACR A T L Rl EE R 004 25 SR A B AL (71 7 ] 8, R 43514 0. 476 Fi
0.462) , Bt LA/NEREEANIE BLR HEBE LU 5 TS T S Tl e 8 , PRl LU AR AG D05 25 1 B LA R AEL (1 9
10) , HARSERAT



B BEOIREFAGEHREENEHRE Chl-a H ST TR

R,./R

min

R
. Chl-a=15. 677[ﬂ]
* R,

4. 1544

(R*=0.757, d.f. =14, F=43.52, sig. =0.000)

265

(3)

Ry/Rero: Chi-a=1.4361exp[ 2. 7094 ( Ry,/Rero) ] (R> =0.769, d. f. =14, F =46.51, sig. =0.000) (4)

200 0 Observed

— Linear
= Logarithmic
------ Quadratic
- Power
- Exponential o

150

200

150

O Obscrved
— Linear
.......... Logarithnic
..... Quadratic
<+ Power

- Exponential

¥
=100
< A
50
ST 150 T.60 T.70 T.80 130 1.40 150 1.60 1.70
Max/Min R702/R663
& 7 /NEKEE Chl-a (1435 B HLIE & 8 /NBk 3 Chl-a f135 Bt HLIE
(R Ryi) BHEALS (Ropn/Resy ) HEA
Fig. 7 Curve fitting for Chl-a of Chlorella Fig. 8 Curve fitting for Chl-a of Microcystis
vulgaris (Rmax/Rmin) aeruginosa (R702/R663)
2001 o Observed 200 o Observed
— Linear ) o — Linear o/
I“ngm*llh'rm(' ,,,,,,,,, Logarithmic fo)
AAAA Quadratic -+ Quadratic o
pl)\‘\‘?‘l‘ . ““in(»-r 3
150 = Exponential 1500 . Exp:ﬁwnlial o
[e]
o
i ¥
=100 —=100F
© S
50 50F
0 1 1 1 1 1 1 (\ i 1 1 1 1
1.075 1.10 1.125 1.15 1.175 1.20 771.00 1.05 1.10 1.15 1.20
Max/Min R702/R679

& 9 FR%E ISR Chl-a 1Y B LU

(R,./R,:) &G
Fig. 9 Curve fitting for Chl-a of Chlorella

/R

max

vulgaris (R
2.4 —MYsTEESEE

1 10 42k Gl 3 Chl-a 1) BE LU AE

( R7()2/R679 ) HEH é£ ?U\%

Fig. 10 Curve fitting for Chl-a of Microcystis

aeruginosa (R,y,/ Ry )

S S 11— BRI 53 ALk BB T L2 2 R 4 e 02 0 2 1 85 5 DBl R P S B AT s e

BRFE A D B B A FR M 3

)2

W) R BAER , DA T 26 S B P P B A1 AR U S B 11 785 e 3
RAE I B OB (TR 1.6 nm) | POHOGHE AR B9 — B i R(A,) , AT AL AR -



266

J. Lake Sci. (#1:6#5),2007,19(3)

R()\I)/z dx

dR(A) _ R(Au) = R(A.)

(5)

/\i+l - AH

Hod Ay A A RARSR . R ARSI R A /INER S N R SR e B — i 43 6T (500 — 800 nm ) WA
11 FIRE 12 s  ABRE A9 R(A,) {E 54351 Chl-a ¥ B ) Pearson AHICHE M UNIE] 13 FIE 14 7.

0.0006
0.0004
0.0004
0.0002
0.0002
&= 0.0000
= 0.0000 P
3 5 £.0.0002
£-0,0002"
3 ¥
7 ot =-0.0004
-0.0006 -0.0006
-0.0008 -0.0008
-0.0010 -0.0010

S (nm)

B LT /NEREE— B oo

Fig. 11 First-derivative spectrum of Chlorella vulgaris

T (nm)

Pl 12 4] 2 ol 38— oy ol o e i

Fig. 12 First-derivative spectrum of Microcysiis aeruginosa

0.9 09
0.7 0.7
0.5 0.5
0.3 0.3
% o Z o
E-ms 6 700 lj;‘-n.]_: ) 700 sy
-0.3 _-0_3
-0.5 -0.5
-0.7 -0.7
-0.9

I (nm})

Pl 13 /hekiEE RS Chl-a ¥R EE RASCE
Fig. 13 Pearson’ s correlation between R

and Chl-a of Chlorella vulgaris

-0.9

1S (nm)

Pl 14 SLRiEESE R {15 Chl-a ¥R JERARSCNE
Fig. 14 Pearson’s correlation between R’ and

Chl-a of Microcystis aeruginosa

X /INBR R 2 2t s | . Pearson A OCHE S 7E 687 — 727 nm Z [R5 A B3, Horb/Neke AH 5C R B0y ek
B2 F 703 nm, >4 0. 851 (& 13) , T 4l £ il 208 i A 26 R B0 B KA 692 nm, 4y 0. 8667 (& 14) , k45 R 5
S HMIFFE HCHGE B, (KB4 9 690 =700 nm 2 fi] ) 012100 i JEHIFS2 T 690 - 700 nm & #EE I 4E —Hriik
ATGE AR AE S B A SCAT SR Ab Rl 43507 703 nm F1 692 nm AT RIS, 45 LI TS &R Ik
Mk (& 15)  JEEE A& R AL EZ (K 16).

JNERPE : Chl-a = 174. 6 + 1138292 (R, ) +2.3 x 10°[ (R,) ]?

(R*=0.752, d.f =13, F=19.75, sig. =0.000) (6)
SRS . Chl-a = 198 +772482 (Ry,)” ( R*=0.751, d.f =13, F=42.29, sig. =0.000) (7)



B RE L DRERASKE RN SKE Chla kT TR 267

200F o Observed ra 200F o Observed /
— Linear 0 — Linear o 4
----- Quadratic (}/‘. oo Quadratic
------- Exponential 7 - Exponential
150 150
o
N S
=100 —~100
© =}
50 50
C 1 1 1 1 1 L () 1 1 1 1 1
-2.00E-4 -1.50E-4 -1.00E-4 -5.00E-5-2.71E-20 5.00E-5 —2.00E-4 -1.50E-4 -1.00E-4 =5.00E-5 =2.71E-=20
(R703nm)' (R692nm)’
15 /NBREE Chl-a 19— &L & 16 HiLk i B Chl-a 19— MZ UG
Fig. 15 Curve fitting of Chlorella vulgaris Fig. 16 Curve fitting of Microcystis aeruginosa
based on first-derivative based on first-derivative

2.5 EEEBILLE

AgER , 13A 3 ROk Z RIAFE T B 2 5. LS R I REAR AT R AL (RY ) KA, /NER B 1 B
SE BEASIUR E T7 1 0 — B (703 nm ), R B Beidk (403 nm) | 1735 B ARV AN T8 L 5 100 X 1 4 ¢
PhEBE , e AT RE T A 2 B BEE (757 nm)  HUCR P B MU (Rogy/ Repo )  FEHUIE — B ik
53 (692 nm) AHZZ BT, 0] LAPESER FH— B ik 2 SR - Chi-a = 198 +772482 (R, )

3 &g

(1) 32 2 P9 S 58 RN 7 vk LBk, 43 B 738 A /N BRIV S S B e 1 B £ Chl-a (=5 B i S AR AR
3B Chl-a =174.6 + 1138292 (Roy3) “+2.3 x 10°[ (Ryps ) 12 (—BM485) Fl Chi-a = 5299164 (R,g,) 7™
(PR BER) . (B2 SRR (8, 4 40 S 3 8 8 T LR JH — B s 20 25 0 8 78 B < Chl-a = 198 + 772482
(Rgon) © BN BFAMK AR A BEFOGIE 4> B PR T — 5 MBS IS

(2) N SCIEARE S F , /NBRIEAE 540 nm F1 700 nm BRHUT7ELE B 2 (0 ERAE I 6, AV B Bl Chl-a ¥ 1
KT I J5 i 25, ELAE 540 nm i BeAb , 2 557 2 B e 2 38 i i B KR, 1 700 nm &b U R 474 525 XoF T4 5
T , HOGTEAE 530 nm 660 nm A1 700 nm [T AEAE 3 NHR A FFAE IV , 7€ 610 nm 1 680 nm [} 3 177 B
WABEA. M2 T ,660 nm 2 K50 F/INeR 3 AR G i 0 8 RS IE D B 5 AR RAMIFIT AN W] 1 2 « S 4
TR EELE 400 — 500 nm Z [A](1 R EIFAE, 2 P % AE 5 SSS0b i 2 i), Sl B S B AR, RIS, 7 LA
Jo RS2 58 T A A 2 %ot 3 9 40 R/ NI 8 2 5 RS 9 Y63 A8 AL A 7 S SR AN BRSO 1T i — 2B IR R,

(3) TR NI, AW PRI T /NEREE R S 4 8 B2 10 45 A ROGIERRAE. SR AN iR A i
ZoK A, BT LA B — 25 T R IR A BRI 1% 43 B8 K Chl-a 2503 BRI HTST.

St B b T R4 245 8] R4 Aquafluor FHX R RSP BAFRAREADFRATEHEBE L E£E R
¥R @RI T

4 SE 3k

[1] Gitelson A, Garbuzov G, Szilagyi F et al. Quantitative remote sensing methods for real-time monitoring of
inland waters quality. International Journal of Remote Sensing, 1993, 14. 1269 —1295.

[2] Hoogenboom H J, Dekker A G, Althuis I J A. Simulation of AVIRIS Sensitivity for detecting chlorophyll o-
ver coastal and inland waters. Remote Sensing of Environment, 1998, 6:333 —340.



268 J. Lake Sci. (#1:6#5),2007,19(3)

[3] Rundquitst D C, Han L, Schalles J F et al. Remote measurement of algal chlorophyll in surface waters: the
case for the first derivative of reflectance near 690 nm. Photogrammetric Engineering and Remote Sensing,
1996, 6. 195 -200.

[4] Quibell G. The effect of suspended sediment on reflectance from freshwater algae. International Journal of

Remote Sensing, 1991, 12.177 - 182.

(5] g/, T+ Bk, ERED. WRIKRBEZENT 4 R E 5 ROBDLIERRE R C R, TR, 2000, 4:41
-45.

(6] R ff, /k #, T rZE%. RIBMER S RN T2 M2 s aig]. S 6 SRy,
2004, 20. 27 -30.

[7] George D G, Malthus T J. Using a compact airborne spectrographic imager to monitor phytoplankton biomass
in a series of lakes in north Wales. Science of the Total Environment, 2001, 26.:215 —226.

[8] Fraser R N. Hyperspectral remote sensing of turbidity and chlorophyll a among Nebraska Sand Hills lakes.
International Journal of Remote Sensing, 1998, 191579 - 1589.

[9] Flink P, Lindell T, Ostlund C. Statistical analysis of hyperspectral data from two Swedish lakes. Science of
the Total Environment, 2001, 26 :155 —169.

[10] Pulliainen J, Kallio K, Eloheino K et al. A semi-operative approach to lake water quality retrieval form re-
mote sensing data. Science of the Total Environment, 2001, 26.79 -93.

[11] Thiemann S, Kaufmann H. Lake water quality monitoring using hyperspectral airborne data(a semlempirical
multisensor and multitemporal approach for the Mecklenburg Lake District, Germany. Remote Sensing of En-
vironment , 2002, 81. 228 -237.

[12] Liu D, Zhang Y, Zhang B et al. Effects of sensor noise in spectral measurements on chlorophyll-a retrieval in
Nanhu Lake of Changchun, China. Journal of Electromagnetic Waves and Applications, 2006, 20. 547

-557.

[13] Vos R J, Hakvoort J H M, Jordans R W J et al. Multiplatform optical monitoring of eutrophication in tempo-

rally and spatially variable lakes. Science of the Total Environment, 2003, 312, 221 —243.

DallOlmo G, Gitelson A, Rundquist D C et al. Assessing the potential of SeaWiF'S and MODIS for estima-

ting chlorophyll concentration in turbid productive waters using red and near-infrared bands. Remote Sensing

of Environment, 2005, 96 176 —187.
[15] 2548, % i, E2%E%. SERIsEY 2R o 5 DGERIEM R, BnEE, 2002,14;

[14

[

228 —234.

[16] Brityg, 3k A, RIFIE. BT ER o RE G E SR AIRTST. SREER, 2006, 27 503 -
507.

[17] fE2rif & B, 2 MaE. 3L T i S 63k i R WK A & 8 SR KA 3. Bia k2%, 2006,18
(3): 343 -348.

[ 18] Kutser T, Metsamaa L, Strombeck N et al. Monitoring cyanobacterial blooms by satellite remote sensing. Es-
tuarine, Coastal and Shelf Science , 2006, 67 . 303 —312.

[19] wsm L, 5 M. oG E N . Jb st w5580 Hh ik, 2000.

[20] XsA, N, Tt BR. BSOS KO E R AF B BWIFE. L0805 =K 4, 2002, 21
213 -217.

[21] Yahel G, Post A F, Fabricius K et al. Phytoplankton distribution and grazing near coral reefs. Limnology
and Oceanography, 1998, 43 . 551 —563.

[22] Tittel J, Zippel B, Geller W et al. Relationships between plankton community structure and plankton size
distribution in lakes of Northern Germany. Limnology and Oceanography, 1998, 43. 1119 - 1132.

(23] AHM. #IA SRR ARG, JbaT . EERERR 1 R, 1990.



