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Influence of algae vertical profiles on chlorophyll-a retrieval algorithm
in inland lakes: Hydrolight simulation
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Abstract: The Gaussian model was used to describe the algae vertical profiles and analyze the influence of algae vertical
profiles on band ratio algorithm via Hydrolight simulation. It indicated that there was no definite relationship between re-
flectance of water surface and the algae biomass because of different algae vertical profiles. The algae blooms at the wa-
ter surface could lead to the failing of retrieval algorithm. Excluding algal bloom case, there were good correlation be-
tween band ratio algorithm and chlorophyll-a concentration at 0. 25 m water depth or averaged chlorophyll-a concentra-
tions at 0 ~0.25 / 0 ~0.5 m water depth, which is independent on the algae biomass and algae vertical profiles. Com-
prehensive consideration on chlorophyll-a concentration retrieved from remote sensing algorithm and algae vertical pro-
files should be an executable approach to obtain algae biomass of inland lakes.
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Fig. 1  Different algae vertical profiles. (a) Q =
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Fig.2 Relationship of band ratio and chlorophyll-a concentration at different water depth considering different algae vertical profiles
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tion at 0 ~0.25/0 ~0.5 m considering different algae ver-
tical profiles

ET U LT, 1558 80 BB LU B 5 36 1 BT
IKAEFPHEREY B Z B AFE—— MR AR R,
LA TC AR Y B PO (B v S i A R E G BB 2
R HE P R AR i, R 7 B B 2R 3 (7] 20 A
SR OLT , A AT SEBUA A TR SR R AR
BB [0 POTKAE PR R AE YR

3 iTtig

3.1 BXERSHEMIKEMEE a iRERE
R R M

BT, EA R a W AR AR FRE TR
SR S KT R a YREERIAHSC R RIELRY, [
BRI AR K 2 25 F/KIREA 2R a2
AR 53T 8] 3 AR B — X — R R TP, AL T AR
HIFER SRR RZ R R a W OB B RS 1E 0
SR AEFEE T, € B 0 AN [R) 2 ) 0 A5 G5 A X
IKTERHERER a YR SOEAR AL 520, LR 4.

BraE % B ¥ 7 #1812 22 (Root Mean Square Er-
ror, RMSE) F1#EX}1% 2% ( Relative Error, RE) %f H 45
BEHEATVEAL.

M, - dy)?
RMSE = N/}E"=1 : ’ , (3)




670 405 2 K%K 3%

-d,, |
x 100% ,(4)

RE——Z

K ,d, M d, 63‘1“:']%%2‘% : /I‘I%EH%EM%QJE‘JHT
%Ra #{%JE{E%H{&& HAEIE TR B M R B AE, n KR
s BB MR R a WRE/DNT 1 pg/L B, T
d, A d, , Z B 22 R BOR, S B A X iR 22
RE 33K, R, RE B35 R HEBR 2R R a WE(E/)
F 1 ne/L HYIRL.

800 +
d00 [
~ 600 =248 81x*-451.35x+201.9 o
S 500 1o s /
2 ;‘gg [RMSE=43.11 pg/L X
S 300 [RE=114.54%
0 [N=112
0

0 05 10 15 20 25 30
Rm‘)/Rexi
o0l0ug ©20pug a30pg x40pug x50pg ©70 ug +100 pg

B4 AREE AT, BB HE S KE 4K 2
VIR JBE [ B A S A

Fig.4 Relationship of band ratio and chlorophyll-a con-
centration at water surface considering different algae ver-
tical profiles

HEmMY-HREHZEER a RESEKELER
HEZRER® =0.996 4 AL, ) 20 A R ¥ — 5 i
THIAH M R B8 0. 85, ¥ 7 iR 1% 22 RMSE H
0.86 pg/Lf KK 43. 11 png/L, M X% 2 RE H
5.85% $HNE) 114. 54% . 7] V), , 22 W 3 2 5[] 23 A
ST KRR 4R a MR OB

TESE 2 TR e A A BRI, HEBR B2 A
EPFKELLKT 0.5 m &R AL, XT3 Bk LU fE
BEIKERZE0.25 m KB4 a LI KO ~
0.25 m.0 ~0.5 m KIFFEFE A E R E a WREE
Z 8] A S Al — 2 e AT, LS.

5 4 M, BB HE S 0.25 m KIRALIHER R
a¥RELI S 0 ~0.25 m.0 ~0.5 m /KIETE FEHFL
MR a W Z AR E B E 3 E R H1 0.85
K F] 0.99.0. 98, RMSE H 43. 11 pg/L TR
4.23 pg/L.8. 25 pg/L F1 5.25 pg/L, RE M| i
114. 54% /N5 28.44% 23.44% 1% 19.10% . 6]
U, ) B B b AE % BB 30K 1 L I K R R 2
0.25 m bR a LIS 0~0.25m,0 ~0.5 m
IKGEEFEPEYM R a YR, BB s 5K IkR
J20.25 m KIRAFE a YELIK 0 ~0.25m.0 ~
0.5 m KEHEFEN TR a IREEEZ M BA M
ST EERA Y DL K B 2 3 ) 43 A0 G5 R DG 1
e , 7T LA R A% G i I B HU AR A 2 0. 25 m /K IR

200 L¥=31.999x°+16.266x-28.968

R=0.99
RMSE=4.23 g/l
100 | RE=28.44% nell /Q/

N=98

Consl ( Hg/ L)

[ y=04.352x"-121.46x+39.733 /
200 LR=0.98

0-0.15)/( Hg/ L)
(78
[}
(==}

3 RMSE=8.25 pg/L ﬂf
i‘ 100 |l RE=23.44% %
R N=105 g

0 05 10 15 20 25 30

.

| 1=39.019x-5.385 6x-16.035
R=0.99 /m/
RMSE=5.25 pg/L

100 FRE=19.10% o

N=105

o /(ug/L)
L
(==}

Cayeragel0

0 1 1 1

0 05 10 1.5 20 25 3.0
Rl Ress

ol0pg 020 pug 430pg x40pg x50 ug ©70 ug +100 pg

B5 AR SEFET, BERILESREZE0.25 m
AbH4%2E a LI 0 ~0.25 m 0 ~0. 5 m /K % B P
WH-2RR a IWERKER KR

Fig.5 Quantitive analysis on relationship of band ratio
and chlorophyll-a concentration at 0. 25 m or averaged
chlorophyll-a concentration at 0 ~0.25 / 0 ~0.5 m

MHFEE a R EFELIA0~0.25m.0 ~0.5 m KETE
Bl N34 3R a vk BEE S J IS 76 A FH B A1 52
MR a WES R CEBIEEI G ER a IR
SRR, KRR AT DIEER/K T 0. 25 m /KB 4k
JKREEE 0 ~0.25 m 0 ~0.5 m K IRV FE IR A kE.
3.2 BEXREEHHEEIIKERILZBEEAFIE

&5 W I 23 R MR B S AR 7R 2 B 3l i ST
FHETERFE S KA E 22 R MR S R, HE 1T 8 B 3R EL
MR R ARG A T R (R B 9 2T 1) 4 A 4
PR M K K €5 B R 2 ) S A B9 TR B, S 3ok A
WAL S 25 [ A o i e A AR , TR W 7K A i
BRI ST L SF R 2 B M, B A 4 R I T AR 7Y
F S A S P LR R

FEF 1 B RRERE b R 58—
ot K AR EYE Q = 150,200,300, 400,
600 pg LA K0 R — 43 bt o =0.75.1.0.1. 5,
2.0 m MBI R, S0 M T ) 3 — 0 i A T B2k
A W MR B & AR DL A R M ) AN Y — o e 4
FxTF KRR G2 B B AL, ILE 6. & 6
(ay) ~ (ay) % T BE2KTE M) 43 A5 B — B, KRR
e Bt (GBI ST Res B /KBS L, . 47148
B R K,) FEHEEAEY L. 7E 400 ~



6 3

Dy R 4 BERTEI) SM T X N R ITA M-SR R a SO B i BRI 52

671

500 nm HEELFEREIN, h TR O R A Qi EHa
P B AR BB, KA S S5t R AR, 540 ~ 580 nm JE
BRI, ISR R ANEA 2 IS 3R 55 Wl LA K% 240 M Y
YEFATE BUS S 1, 620 ~ 640 nm , [H O 6 W 3K 5
IR, B2 S5 244, 7E 700 nm B 372 f9 2 S5 e
J2 TR R B CR BB AT I, 122 S S5 i 4
H B A 2K B B O AR 6
(a;) KW, HERAEYE/NT 300 pg i, 7 400 ~
550 nm 7 B A, 28 28 AR B 2R 0B ) Y 5 1
WAERT, TATHR ST E LR R K K,y B3 N2 6k
/N, Z IR A2, HB 710 nm [T ST 46 234
i, 320 4x R A 670 nm JEL e BEME RO I, K, 7R

I A BB R e {07 . T 244 2 A A K 300 pg
i, 3% % 2 0 B WOROL % W, K, 7E 440 nm Al
680 nm 4b 34t B BA 3 56 U VA1, L ¥R JRE R, e £
A, I FL7E 1M 7 vk B R O T, 8 1 2 P 7E 600 ~
640 nm &b F) BE JHF RE T N B B ow R B E
WA B BT K, 7E 400 ~700 nm YA, 1B
SRR Rrs S5 BKIRZERE L, RWTB/DN, FATHES
1850 R B K, AWK, {B7E 700 ~800 nm FRIZT K
FIATLT AN BT B, 248 2 A i/ T 300 g B,
WKW R LR Rs L, LR K, B WAR/D,
FoA AT L2 ARG, T 7E #2418 K T 300 g
MR, 2514 Rrs L, W BTt

0.6 2 2
0.5 £ o
{04 £ B
e e
{03 3 5
{02 5 5
0.1 2 p=
0 2 3
8§00 & U
T 0.06 z 0.6.2 T £
= 0.05 = 2405 & = &
= = < = =
F 0.04 = {04 £ 2 E
= 002 £ = i i § = :Q
Z 001 Lol % 001 012 % =
: L . 1 : 1 ) 0 g :f 1 ; g
400 500 600 700 800 400 500 600 700 800 © 400 500 600 700 800 Y
25 : 25 12 8 25 12 8
20 (a) 20k (by) 1.0 % 20t )10 3
~ ~ Y 408 5 o e 108 2
g gh Jos 3 EBY A ) {06 3
o 10 F w10 ¢ 404 § w 0F ~. 10.4 ;2‘
5 5 402 2 5¢ ' oo H02 2
0 0 0o 2 0 e
400 500 600 700 800 400 500 600 700 800 400 500 600 700 800 Y
Alnm Alnm Alnm

—10pg -=-20ug ---30pg -—- 4Opg —o=0lm -—o0=025m---0=05m —Z2,=0m —Z,~05m ---Z, =lm
==50pg - 70pug =100 pg === 150 pg -~ 0=0.75m =-=-¢=lm ——o0=l5m ---Z,=l5m - -Z,=2m - Uniform

=200 pg = 300 pg - 400 pg == 600 g e g=2Mm e Uniform e CV = cv

B 6 AR BESETE [ 70 A7 S5 M 0 K AR R W2 i M GBI S LE Res BSKAESZIE L, B ERM AL K,) IR (a;) ~
(ay) : BRI Y —T , ARBEREY BN RIDEERERL M ; (b)) ~ (by) : FEEREYE Q=50 pg MAH
WE Zpp =0 m, o ZEALRT , AR BESRTE ) 73 A X R EE BRI 5 (¢)) ~ (c3) : BIEBRREYER Q=50 ng SrERE o

=0.5m,Z,, AL, AR BESETE i 70 A5 0 R W62 R PR

Fig. 6 Influence of different algae profiles on the apparent optical properties( AOPs) ( remote-sensing reflectance Rrs, water leav-
ing radiance L,,, diffuse attenuation coefficients of downwelling irradiance K, ). (a,) ~ (a;) the influence of different algae bio-

mass on AOPs with uniform algae vertical profiles; (b,) ~ (b;)

: when algae biomass of unit water column Q =50 pg and the

depth of chlorophyll-a maximum Z_, =0 m, the influence of different algae profiles on AOPs with the variations of o; (c;) ~
(c;) , when algae biomass of unit water column Q =50 pg and the standard deviation ¢ =0.5 m, the influence of different algae

profiles on AOPs with the variations of Z _,,

Bl 6(by) ~ (c;) MEIL/KIEEIREYR Q=
50 g B, S [ B 2 [6] 23 A X T K AR R WL 2 8
(ST EL Res BE/KARSESE L, T ATHRE S8 208

ZFHK,) B . NE Al LI H,400 ~ 700 nm i3
Bl 5 R BRI I8, 7E MY ], KRRV 2 8
P32 AN [7) B R 2R 3 1) A B 52 M B S, 5 3 i 3% —



672 405 2 K%K 3%

SR LG, B A AR R T OKE (B o, Z,,, B
N) , HO R WL 6 2 T8 P Y 5 me R K T AE 700 ~
800 nmEE N, o /N T 0.5 m B{E 7, /NT
0.5 m, BRI/ 10 5 rp EARCRAE S R e BE K AR 3R
TH TS FE B, 25518 Res L, LK Ky FEMCET 6
IELLAMEBEE N BT, B R RBUE R,
M BT A FEE R 5300 =R FESE
RN AR E AT LA AT

4 it

T EHERELA hydrolight Fa &M BB
T BT ) S A0 AR ORI AR R a HR B MR
BRI LA 8 a0 R

(1) PREBREERREREN S Z,,,. 58
T[] 4340 L5 A0 I AR AL R ) S 32 5 e AR ORI B R
HIZE o MK, AR 22 ) 4345 (6] 19 2 780N, o <
0.5 m 2 ¥ 2R3 [ A AU TE E; Z,,, =0 m
0=0.1m=E Z,, =0.5m.0=0.1 m( BpEIEH0H
EFTFKEUKKT 0.5 m A HER) & E T
M4 R a B U SO R R B 1

2) HEBr TR A ET FAKEULKT 0.5 m
IR, L G B L M 2 5K 1A 3R 2 0. 25 m 4bit
HEKakF.0~0.25m.0 ~0.5 m KFEHLFENFH
MR R a WEEZ B RGN TR YR UK
R [m) 3 A0 G0 B RE R 1

(3) T RIEM ;A M, FBET K
AR 3% THT 328 JR SR L ) U B U A B U 5 SR 5 B Tk A
B AE W) BB (B A AE—— X LR &R

5 RE

(1) AW = A B 2L 5 Hydrolight
S AE B A UL DS 2 A0 B D8 2 [1) A S5 LA B A
DL 2 BUE #EAT B 5T, 75 2 B A6 B8 10
B

(2) AR ICRR A T35 S IR R 7 X B 2 )
AESCBREPEAEFT , PR G BEF Sh UL 00 K4 1) 2R BB T4
IR IR 5 B SR 2 1) A 45 4 [ 5K &R AT T A
CIE

(3) A FAAR IS SR o0 A BE SR 2 1) 7 A AR AL X
SRR R BT, T RS, AR BURL Y
UL A @GR LY CDOM # i e [E e 16, Xt
KBS E EFALINAT S KA E R E R 2,
o R B2 AR BE S UL 4 . CDOML DL K 3 [1) 43+ 77 45
RT3 S SRR BN JEE P R WA o E— P BT

Bris

BRI B BA— SR B L = & (ht-
tp: //lake. geodata. cn) , 7E )t 3 7~ BRI

References

[1] GAO Yue-Xiang, ZHANG Yong-Chun. Influences of
hydrometeorologic factor on algae bloom [ J]. Water Sci-
ences and Engineering Technology (18 B &, T 7K F&. /KX
SEEFMEEBLENOEZN KBZE5TEZR),
2006, 2; 10 —11.

[2]Moreno-Ostos E, Cruz-Pizarro L, Basanta A, et al. The in-
fluence of wind-induced mixing on the vertical distribution
of buoyant and sinking phytoplankton species[J]. Aquatic
Ecology. 2009, 43(2) . 271 —284.

[3]Webster I T, Hutchinson P A. Effect of wind on the distri-
bution of phytoplankton cells in lakes revisited[ J]. Limnol-
ogy and Oceanography, 1994, 39(2) ; 365 —373.

[4]ZHU Yong-Chun, CAI Qi-Ming. The dynamic research of
the influence of wind field on the migration of algae in Taihu
Lake[J]. Journal of Lake Sciences ( Rk & ,235)545. X%
XEERAE R W T B R i3 1 =5 WA RE),
1997, 9(2) : 152 —158.

[5] MA Rong-Hua, KONG Fan-Xiang, DUAN Hong-Tao, et
al. Spatio-temporal distribution of cyanobacteria blooms
based on satellite imageries in Lake Taihu, China[ J].
Journal of Lake Sciences ( Ty 5@ 4E , {L %, Br it ¥, 55, &
F B R T I8 BE /K e 25 43 A LR GIR. iR Rl
), 2008, 20(6) ;: 687 —694.

[6] KONG Fan-Xiang, MA Rong-Hua, GAO Jun-Feng, et al.
The theory and practice of prevention, forecast and warning
on cyanobacteria bloom in Lake Taihu[J]. Journal of Lake
Sciences (fLEM , ThoRAE , R R UG , 55 1A B2 K 2 1 T3l
B T 0 T i B Ie 5 S k. SRR EE), 2009, 21
(3): 314 -328.

[7]MA Rong-Hua, TANG Jun-Wu, DUAN Hong-Tao, et al.
Progress in lake water color remote sensing[ J]. Journal of
Lake Sciences( By5ete , JHER, , Brilt % , 55 HTA/K 018 2%
Broc e . #AEEE) , 2009, 21(2) : 143 -158.

[8] HUANG Chang-Chun, LI Yun-Mei, WANG Qiao, et al.
Influence of vertical distribution of water consistuent on the
remote sensing based on hydrodynamics [ J]. Acta Optica
Sinica( EEH , 2 =M, £, % ETFKN I KIEH
SrEGWIBIRGESHF . XFEHER), 2012, 32
(2):29-38.

[9]CAO Wen-Xi. Influence of vertical chlorophyll structure on
water-leaving radiance [ J]. Marine Science Bulletin ( & 3
B MGEEESME B KERE RIS REENE
M. #E¥IEH) , 2000, 19(3): 30 —37.

[10]Stramska M, Stramski D. Effects of a nonuniform vertical
profile of chlorophyll concentration on remote-sensing re-
flectance of the ocean[J]. Applied Optics. 2005, 44(9) ;
1735 —1747.

[11]Lewis M R, Cullen J J, Platt T. Phytoplankton and ther-
mal structure of the upper ocean: consequences of non-uni-
formity in the chlorophyll profile[ J]. Journal of Geophysi-
cal Research. 1983, 88(C4) . 2565 —2570.

[12]Platt T, Sathyendranath S, Caverhill C, et al. Ocean pri-
mary production and available light: further algorithms for



6 LETER TS VR te e N S Ca Ao 673

remote sensing [ J ]. Deep sea research. 1988, 35(6):
855 —-879.

[13]XI Ying, DU Ke-Ping, ZHANG Li-Hua, et al. The influ-
ence of nonuniform vertical profiles of chlorophyll concen-
tration on apparent optical properties[ J]. Spectroscopy and
Spectral Analysis(JE7, kL 36, TR U4, 55, R R IKE
e B AY — 5310 X T 53 )2 KA R 22 1 52 0.
FIEFEHIEDHT) , 2010, 30(2) : 489 —494.

[14]Mobley C D. Light and Water: Radiative transfer in natu-
ral waters[ M]. San Diego: Academic Press, 1994.

[15]Mobley C D, Sundman L K. Hydrolight-ecolight 5 users’
guide[ R]. Sequoia Scientific, Inc. Bellevue, WA ; 2008.

[16]Duan H T, Ma R H, Zhang Y Z, et al. A new three-band
algorithm for estimating chlorophyll concentrations in turbid
inland lakes[ J]. Environmental Research Letters. 2010, 5
(4):1-6.

[17]LI Yun-Mei, WANG Qiao, HUANG Jia-Zhu, et al. The
water optical properties and water color remote sensing in
Lake Taihu[ M]. Beijing: Science Press(Z==##, 47,
BRH, . KMk F iRk EER. Juat: Bl
H hst) , 2010.

[18 ] LI Yun-Liang, ZHANG Yun-Lin, LI Jun-Sheng, et al.
Comparison of chlorophyll a concentration estimation in
Taihu Lake using different methods [ J]. Environmental
Science(F 7 5%, KiB M, R A, 5. ARITT A B R W
M43 a WEEXT LB Y. TRERIS), 2009, 30(3):
680 —686.

[ 19]Hoogenboom H J, Dekker A G, Althuis J A. Simulation of
AVIRIS sensitivity for detecting chlorophyll over coastal
and inland waters [ J]. Remote Sensing of Environment,
1998, 65(3) : 333 —340.

[20] MA Rong-Hua, DAI Jin-Fang. Quantitative estimation of
chlorophyll-a and total suspended matter concentration with
Landsat ETM based on field spectral features of Lake Taihu
[J]. Journal of Lake Sciences ( T 3R 4E, Wi 4R 75. & &
Landsat ETM 5 520 6 3% A6 U R W it 4 R B &
. #ERE), 2005, 17(2) ; 97 —103.

[21]YANG Yu, LI Yun-Mei, WANG Qiao, et al. Retrieval of
chlorophyll-a concentration in the turbid and eutrophic
Taihu Lake[ J]. Journal of Geo-Information Science (1545,
B, £H 5. EEFRMRRBIAKKMN SRR a IRER
B2 . MERAE B RIZF4R) , 2009, 11(5) : 597 -602.

[22]LE Cheng-Feng, LI Yun-Mei, SUN De-Yong, et al. Spa-

tio-temporal distribution of chlorophyll a concentration and

its estimation in Taihu Lake [ J]. Environmental Science
(R, XM, IMER, . KM SR a IRER 2
SR HERRE. RERE), 2008, 29(3): 619 -
625.

[23] LI Fang, XU Jing-Ping, MA Rong-Hua, et al. Chloro-
phyll-a retrieval in inland waters based on a regional three-
band model [ J]. Journal of Remote Sensing (Z=J5, #x 5%
T, DoRe 45, NREKIKH SR o WRE SUE I X L=
W AIRT Y. I EEEIR) , 2011, 15(6) ; 1156 —1170.

[24MA Rong-Hua, DAI Jin-Fang. Chlorophyll-a concentration
estimation with field spectra of water-body near Meiliang
bayou in Taihu lake[ J]. Journal of Remote Sensing( Th3g
4o BRI S A 0 A 98 A TV B S K A
BREWPE. BIRFMR) , 2005, 9(1) : 78 - 86.

[25] DU Cong, WANG Shi-Xin, ZHOU Yi, et al. Remote
chlorophyll a retrieval in Taihu Lake by three-band model
using hyperion hyperspectral data[ J]. Environmental Sci-
ence(FLEE , EHHT, A2, %5 FIH Hyperion &t iS5
1 = e Bk IOE R4 K a YREE. IREERLE) , 2009,
30(10) ;: 2904 —2910.

[26 ]ZHANG Yun-Lin, QIN Bo-Qiang. Quantitative retrieval of
phytoplankton pigment based on water inherent optical
properties in lake Taihu[ J]. Environmental Science ( 5kiz
2R, BT KA E A 62 Rt i R W R A
EWE &R IRER ), 2006, 27 (12): 2439 -
2444.

[27]Gordon H R, Brown O B, Evans R H, et al. A semiana-
lytic radiance model of ocean color[ J]. Journal of Geo-
physical Research, 1988, 93(D9) . 10909 —10924.

[28 JHAN Xiu-Zhen, ZHENG Wei, LIU Cheng, et al. Estima-
tion of chlorophyll-a using MERSI and MODIS images in
Taihu Lake, China[ J]. Geographical Research(¥#75% %)
A, X8, 5F. BT MERSI #1 MODIS ) KK f it 4 K
a RN, HIERE) , 2011, 30(2) : 291 —300.

[29]MA Rong-Hua, DUAN Hong-Tao, TANG Jun-Wu, et al.
Remote sensing of lake water environment[ M ]. Beijing:
Science Press( thoete , Brift i , FE 221K, 45, WA K 3R5E
iR et B2 W Rt) , 2010.

[30]ZHANG Yun-Lin, QIN Bo-Qiang, CHEN Wei-Min, et al.
Analysis on distribution and variation of beam attenuation
coefficient of Taihu Lake’ s water[ J]. Advances in Water
Science (FKIZHR , 2158 , BB R, 55, RIIKMAO L2 2208
RE) o3 A0 K AR AL HRIE. KB 23R ), 2003, 14
(4) . 447 —453.



