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A novel algorithm to estimate POC concentrations in Chaohu Lake, China

WU Jing-Hui'*, DUAN Hong-Tao'*, ZHANG Yu-Chao', MA Rong-Hua'
(1. State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology,
Chinese Academy of Sciences, Nanjing 210008 ,China;
2. University of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: Based on in situ data from Chaohu Lake, a novel algorithm was developed to estimate POC
concentrations in eutrophic lakes. This two-step algorithm examined changes in absorption a,, (665 )
and associated to POC concentrations though a measured relationship between a,, (665) POC deter-
mined in extensive measurements in this large eutrophic lake. Two different a,, (665) algorithms were
explored. While both provided good estimates of POC concentrations, Gons algorithm (RMSE_, =
21.90% ) was superior to that of Simis (RMSE_, =23.81% ). This approach was developed for medi-
um-spectral resolution satellite senors, such as MERIS or Sentinel 3-OLCI. The application of this ap-
proach will provide new insights to our understanding of the aquatic carbon cycle in inland waters.
Key words: particulate organic carbon(POC) , chlorophyll, aquatic carbon cycle, pigments absorption,
bio-optical algorithm
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ARG EAS [F] B SR Al SRR T 28Kk Y POC 43
it 7 EEN A QR T AR a FUFOR e
JFE g POC i Bk s @2 T [ A e i b v s Bt
POC JZ 3 A “ A8 Skt s O B4 vy 18 S S o
R Wk B 5 POC ¥k B 22 [A] 1Y 22 36 ¢ &
2T @ T AN 226 77 1 45 Sk 1l POC ik
Ji g L SR T R R A A 1T kA0t
ST PEY A I S AR Ak, R T 2RK AR POC Bk
X F R R A A R 5 24 1 11 KR I AN 58
SEHITY.

H T 1T 38K 4K POC A5 4 /0, H 222 [ 4%
W EEA KT PRSI K AR DT T TAE AW
NIFFIR. A58 LS B SR — SR X, 3=
BT HK M POC Wk S 40 3 B TRk 3 55
KA Z B R, 454 POC AR L 2H A% M
H5A YGRS RNER  IRA T POC 5K {4 &
AN FEZ M NAE R R, 20 & —Fh A
G BE Bl M, I o] i 31 MERIS 4% 8% 45 5%
Sentinel 3-OLCI f&J&#% I 1) Bl & 5 #2146 K & POC
W 1 IR R A
1 #RFFE
1.1 HxRKX

HH(117°16'54" ~ 117°51'46"E, 31°25'28" ~
31°43'28"N) , fii T LA T, JB K UL R A2 Rk
Z M FLZY 769. 55 km?, 2T 4R H K IR K A (&
D). $IE SRS SR, LI LS R R 2
FPG 08 5 P H7K R 2. 69 m, Fe KK IR 3.77 m, V-8
KA 8.37 m, K& 20.7 x10° m®'"* . HAET, L7k
WAESIEDEAL, 5B IR B, K R
MR TR E W B R E W —.
F1 EMIBEKESHRE

1.2 HHEIRENFN4bIE
1.2.1 RFEATiE

O3 2T 4 X SR A B 3R 2K AR, 2013 AR 3L
F3EMK:5S A 11 ~14 3.9 A4 H.9 A 16-17
H, HoRAE 81 MTRUFE SUKFE, T2 = 5345 75
b, [] 20 I 7K A e S S i L i 1) 3 R B2
S, DA SGE B JE R XU ) S5 K R TR S50
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Fig.1 Spatial distribution of sampling points in Chaohu Lake

1.2.2 SHNE

TKAK 3% 3% 2§t E (remote sensing reflectance ,
R) ] ASD 2% W) AR 7 4 R 18 b1 56 15X Field
Spec 931 (B K 350 ~ 1 050 nm ) 47 7K T ' 1 I
5 5 A O R BRI A HS-6 J5 i HUSHC E. FH 4
JEIEEE T (UV-2600 ) T 5 A5 2115 BORE ) W R 2K
a, AR W R B a, PRI (R R
FE a,,. RIFRE D B TRY , SR F PR A
Ly C T I E HH4R 2R o . POC ¥ 2 I
KHPRE D H GF/F 7E S 34 LL 450°C Ky5E 4 h
JE R BEOKRE  J B TR R T 12 h DIBR B R P )
TeHLR. FRALSS R TEHEAE h 60°C T 24 h, FRE

Table 1 Bio-optical properties of water samples in Chaohu Lake

H 20130511 20130904 20130916 &it
FESEH 42 14 13 69
Range ( Min-Max ) 1.35~8.45 2.58 ~7.7 2.44 ~4.46 1.35~13.65
POC/(mg/L)
Mean =+ stdev 2.94 +1.59 4.11 £1.41 3.32+0.60 3.50 +1.86
ge ( Min-M: .18 ~ 1. 44 ~1.2 .65 ~1.3 .18 ~3.13
a,(440)/(1/m) Range ( Min-Max ) 0.18 00 0 7 0.65 8 0.18
i Mean = stdev 0.47 £0.19 0.71 £0.23 0.93 £0.19 0.72 +0.39
Range ( Min-Max ) 10 ~58 - 20 ~58 10 ~204
SPM/ (mg/L)
Mean =+ stdev 33.14 £12.87 - 34.25 +10. 64 56.91 +£38.61
Range ( Min-Max) 2 ~40 - 11 ~44 2~117
SPIM/ (mg/L)
Mean = stdev 17.55+9.45 - 28.29 +9.78 28.57 £19.98
Range ( Min-Max ) 10.13 ~89.87 22.74 ~83.45 20.11 ~56.12 10. 13 ~100. 54
Chla/(png/L)
Mean + stdev 22.73 £15.10 40.7 £19. 14 33.19 £11.19 17.54 £29.68
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JEELRE L TCER ST (EA3000) I Bk 1Y E 43 7%
B 2SR RE A POC He i
1.2.3 #HIR&EIEE

RO B T2 B AR A R M5, 255 R
RIURZE WK AR 55 W RE 5 LS e B AT T A1
POC H5 AU 53 Hr Hh A3 RUORE 55k 69 A4, Horbr 49 A~
(292/3) FFHEAL, HA 20 MHFRUE(E ).
1.2.4 #EEEEEM

TE XA TR Ak SR RN S DA A T AH M AT s
FTHITIRE a =Y-X, AAHXTRZE B = (Y,-X,) /X,
FIATEM LA YA HE A5 - 27 AR 1R 22 RMSE (a 1Y
BIorad) XS B AR 22 (B I T AR P X bRt
22 MNB (B BYBEAR-YMA ) FbR iS4 7 il 25 NRMS
(B WtRAE2E) . Hivh , MNB ff it (0 2 R G iR 22,
1M NRMS 2EAl B AL 15 2%
1.3 Gons #1 Simis &% 43

Gons FlI Simis 525X & B F= 40 N bl K A4 77
e R 0 2% W e B HL e R i 9 ) 0 L A
Gons FiLE 1 AR Y 7E 665 nm 17 B (I
a,, (665) L M-4¢ & Simis 7E Gons 395 1 KAl
LA TBIERE Ty RAGE R AR W [E] Y
FE L BIEH Ty =0.68, FK 85| AMEIE N THI PR 7
MY ZEAE 665 nm FASHE SR> .

2 R

2.1 POC 5kBSHMXR

-4 % Chla SPM Fll CDOM ¥k J 1 b Sl 36 ik
Yo, RS AR G = L, 48 POC 5
XEHMRR(WFE D). {58, @i POC 5 &7
P e (N =55,p <0.000 1) AL (18] 2a) , K
B . POC 11 SPM AH 3¢ — i (r =0. 445 8) 5 SPIM
KEKFE(r=0.262 8) ,{H5 SPOM & F A XS EL 4
(r=0.395 8), Pl POC 3= Z 574 ML UK 45 .
7 SPM 5 SPOM #3435 (r =0. 853 3), 5 SPIM
FHOCHEARXT AR (r =0. 616 1) , 3% 8 75 LW /K 44

K2 EWMFTEKBSEREZ BEAXESH

TEEFE, BRI &, WO 2 SPOM
E&.

B2 (a) 3 POC 5 B 77wk B AH P, (b) 2 POC
5 DOC Fil a, (440) #H G

Fig.2 The correlation of POC concentrations with (a) sus-
pended matters and (b) DOC & a,(440)

Xf POC 5 DOC 2 [H] i A 56 HE 4T 43 #r (4]
2b) , B4k POC (4 7=k 5 DOC [ Bl S 5 1 1Y
EHER™ Hl T POC KIEAZ, H DOC 9751k
INZ L RN E M, i 2 LT AL R (r
=0.0353,N=69,p <0.1). B4, POC 5 ag(440)
(9 ZIMREE (r =0. 133 1,N=69,p <0.2).

JE AT 5L 2013 ARSEERIN AR A T AT, K
B POC 5442 a WeJiE 2 1] 52 50 1 ) 8 10 4k 1 R
KRR (r=0.7232,N=69,p <0.000 1) ( WA
3a) s Bk 40H7 & B, POC Yk 5 TR (4 R T,

Table 2 Pearson correlation coefficients among biogeochemical variables in Chaohu Lake

POC Chla SPM SPOM SPIM a, (440) a,;, (440) a,(440)
POC 1
Chla 0.723 2 1
SPM 0.445 8 0.106 0 1
SPOM 0.395 8 0.102 4 0.8533
SPIM 0.262 8 0.051 1 0.616 1 0.1152 1
a,(440) 0.133 1 0.240 7 0.338 1 0.264 8 0.244 5 1
a,, (440) 0.672 3 0.679 9 0.399 6 0.440 5 0.097 6 0.269 9 1
a,(440) 0.287 6 0.067 6 0.7819 0.648 1 0.5114 0.180 0 0.1617 1
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B3 #i(a)POC 5L Chla ¥ a,, (665) ,(b)Chla 5
a,, (665) BIAHFAE

Fig.3 Comparison of the correlation of (a) measured POC
with measured Chla concentrations and a,, (665) (b) meas-

ured Chla concentrations with measured a,, (665)

W a,, (665) HI XK R H (r=0.704 4, N =69,p <
0.000 1) 1M 5 7% B WL a, (440) BYAHCHE2E (r =
0.287 6,N=69,p <0.3). X FE i T HWIKIEEE
FALE, B R E 5, POC R BRI TR
W) K FOR A, AR A A A ML E R POC 4
SBT3 AR 4R R o S H i 5 POC
PRI FR AT L2 o O A7 28 28 TR B 531k ()
$2 0 POC YR EE. R4 3 a VR EE , VLK B v, 3
FTEET, R, vl A2k H %57 Gons Al Simis 55
T ST A B 0 R A I PR AR ) (0 R UL a,
(A) 5 POC MR BE( G &, #y 3 POC ¥k B I i 53005,
PR ARG
2.2 POC &kt
2.2.1 HEESHRE

BEHE A A Gons B 3L 50 (1) A1 Simis 834 X
(2) 1, K a,, (665 ) 52N 4 LAY Iz i 45 SR OC
ZIT AP (F 4) : Gons B Simis B L E &
B IE R =0.576 4 1 R® =0.614 9, & A& 1)
a,, (665 ) (X LM a,, (665 ) 45 5 ik i (1% 7] fig

FEAERZEM AT : (1) B F Gons Fl Simis & ik
B T 709 nm I B (PRI P W ASCCT- LA, DA
a,, (665 ) 2 iy 23 28 WG A, HE Al £ 38 TR 002
i) Z2 W% AT, 3X A BT 3 ay, (665) A 43R Wk B2 (1)
BT ARAL 5 (2) X7 CDOM A1 ¥ 28 By e i
1) 208 AT B2 T3 ay, (665) 1w il (3) TN Bl
KRG R IR % 2, RS %, € K K Gons
A1 Simis BIEALIEH T p Ay VL KAE I A T2
FITFSI0, N Hers EE  T S  Eop e

I S E G, XTI RIS p Ry HEA TR
T, NIBIEN p =2.232,y =0.601 (& 5). KIE)5
Gons 5.7 Il Simis B354 5 a,, (665) 5520 a,,
(665) KA 0 30, Uiz R BT BN R =0.786
1 R* =0.685 ,RMSE__ 535k 37. 88% F1127.13% .
2.2.2 EEME

FIIHTE 49 4 FE S8 5 OB S B A AL IE 2
B, 43 A5 205X POC ) Gons AT Simis 83k, Horf
(E6):

Gons 57 : POC =5.4933 x a,, (665) +0.722 9

(R*=0.786, N=49, p <0.000 1) (1)
Simis %% : POC =4.448 xa,, (665) +1.172'5
(R*=0.656, N=49, p<0.000 1) .(2)

MIETT 3R 22 5 B Gons A1 Simis %] ay,
(665) 45 RAN] , Gons SR FEAH X 5. Bk
ke, A AT R T A R e B SR A K 4 ( Chla <
100pg/L,POC <20 mg/L).

2.2.3 (RBIIEEFNFE EIEMY

BERE AR S AN 2 i o4 1/3 (20 4N) $dis
NIRRT IGUE, & B 2 A7 3438 FH F 5L K
A, Hor . Gons Bk 2% R =0.735 6, MNB =
7.06% , NRMS = 21. 16% , RMSE,, = 21. 90% ( [
7a); Simis By E 2 R* = 0. 672, MNB =
7.74% ,NRMS = 22. 97% , RMSE,, = 23. 81% ( [
Th) . PG VE A SRE A B B R B B SR T
7 , Gons Bk 1 SR ACR ZLL T Simis L.

SIHT T A 2E S, EEFEFJE : (1) Gons 7%
FIFHAEEC p XFAKAER b, 78T 2T AN B 8 BEAT T
AREIE 5 (2) Simis Fyk il i R y L 665 nm I
BOCHEE AR €8, 2% 10 5 T WS AT AR S5 00 A A ) B AL
B 75 & b, 7E 665 nm F1 705 nm A—HEE iR 2,
M by, 75 a,, (A) RE P A B R P, S e
i B = 1 Gons F35 TSI /K /& POC J2 .

2.3 58FEENRR
POC HyBFFY H AT 2 4R e R 12Kk, K
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4 SIS IR a,, (665) 15 5K Ke E 4 T 3 a,
(665) A4k () Gons 53k, (b) Simis 5572

Fig.4 Relationships between measured a,, (665) and esti-
mated a,,(665) from uncorrected (a) Gons, (b) Simis al-
gorithms

FEKAR POC AR5 32 202 i 2 SOHAT A=, SN
AR s PIBESINAAE 1L 280K, Mo IR 24 bR T
IR B S 0 S R A1, Sk A IR 4 5 A B K AR
JEEFRP I, HRA B R Tk, A S B A A
)RR POC 1A HE 17 550 10, & A0SR 5 i 458
Z, TCE T W RSN KR POC K (32 3) . 7R
b, 5 POC R B AP AR BOC R (H W)
J AU S PR 2R 52 4%, b, (590) 5 Chila Y FEAH G
PEEe 22, 5 SPM Al SPIM AR SEPE IR AN BA &, R G 78
LIS R IR A IA e DL S ) O R B AT
T TN T B S P B2 A R U, AR B JCvE T Rk

S B SN R ay, (665) Y54 IE J5 B AL I a,
(665) FIAH XM (a) Gons Bk, (b) Simis 51k

Fig.5 Relationships between measured a,, (665) and esti-
mated a,, (665) from corrected (a) Gons, (b) Simis algo-
rithms

1A, IR i 2 T LAAE AR MY Gons 11 Simis 5
LA a, (665) fE5 POC W, % 1 T N ik
PRI ZRADE 25, BETT T CDOM I Jig UL /Y 52
M , DR MRS R

#£3 POC EEMEFAE 2013 £ EHBEIBNER
Table 3 POC algorithms and results when applied to Cha-
ohu Lake data in 2013

Rk Fikk R

Bkl POC =2.740 5b,, (590)°.728 6
by, (590) R*=0.1,N =69,P=0.000 |

B2 POC =0.443 4 x (R, (490)/R (555)) ~+3%
R, Radio

Stramski et al.

1999,2008
Allison et al. ,

R?=0.48 N=69,P=0.078 3 2010a
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6 BT POC i 45 % (a) Gons; (b) Simis
Fig.6 (a) Gons and (b) Simis algorithms estimated a,
(665) inverted POC

ik Fiks R

Log(POC) = —19.2 X N* +61.7 xN* =23.7 x N +2.817 2

ﬁ‘f 3 N=(R.(555) ~R.(443))/(R,(555) +R_(443)) S“"ﬂ‘;‘ogl' :
R2=0.50,N=69,P <0.000 1
k4 POC=5.153xa,(665) +0.9056(p=232)  Gons et al.
Gons R? = 0.786,N=49,P <0.000 | 19,2002
ks POC =4.026 2 xa,,(665) +1.247(y=0.601)  Simis et al. ,
Simis R*=0.656, N=49, P <0.000 1 2005a
3 g

XTI T POC 5K S HZ B R RFAT T
5T, M Gons 1 Simis LM & T —FP i 5 771k
WA POC ¥ AR SA0A . 7R A S AR 5 (0 1%
PR, Al i Gons 1 Simis B IRAGEY a,, (665) K
[ i# POC ¥ B, M B IE S M IT R E 25, W
RMSE,, 7] 43 %135 % 21. 90% Fi1 23. 81% ; Gons %
AHXT T Simis 595 AT LA SE G- b S 3 POC (13 B2, 4
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i POC () vERf Ik

Fig.7 Validation of the result of (a) Gons and (b) Simis
algorithms
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