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R G UNI SR WS O I LS e S o T
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AU 7 6 ORI S B S 1) 7K R I A 22 T
PEW) S5 AT = G T 35 Smith 55 (2018) 2K
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Fig. 1 Geographical location and distribution of sampling sites
of Dianchi Lake
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2.2.1 EFHMELIG

2017 4 4 3 F 11 X R 4T 1 PR R A 5
HRAE, WIS T SR (R) FIKEE
Bl o RSSO X A T 72 A SR AR A
FE Rl 5l ke 7 RGE CPS H2 I AR il R &
B A BE AR FR A 50 em K AR I EE £ 1000—
1500 mL A9 Hb R 7K #F i 25 17 52 50 5 00 5 Ao A
(Liu %, 2015; Liu %, 2014); IAh, KRB
AEL L A 3 Jry AR BT 5 L AR e O S AR ) P
CRFEH B0 20194E4 A2 H) B9 104EF AR 52 n:
SEFE AW EEWE (E 1), DUEHTFIUERR ks st

TERZ AR 2% 28 a VR JE I B R T2 SR . 2017 4R IR
BPAMGIN LIRS (N=72) FIEHAS HLR T 2019 4F
4 F 2 HEUZ S 10 M FE S (N=10) 4rAaanfa 1
Fis .

IK AR 228 JE% B S 23R 1 I R FH S5 ] ASD A W] A
77 ASD Field Spec 45 X EF /MR, 2R E
A 51246 EIE, G 350—1050 nm, O
TSP HER R 2 nme R T TR A 4R UK AR B8 K A
158, DD AR B T B S RO 1B B 2 %o i
SEHLAY5Z R, I R K TR DA A3 S
WSEN . KRZEMEGHEE (EER 4,
2004) , VWL J7 7 £ 5 K BH A5 5 1) 1 32 £f
1357, LI 5K T3 A oA 407 A8 R0 JTLAn] 3k G BHO'G 1 22
RSFEIKE (Mobley, 1999). 4F/MFE i H 10 4%
JeiE, MR E BRI AR R R W 5RO, Jf
AT OT- B ) 7 AR AR A OGS . K T R Y
SR A AT

R = Ln = Pulu (1)

wL,lp,
A, RO ISIEE SRS IR PR, LR
AR TN A (1 R SE L 5 p, /K SR R
2GR, T K T T IUE R 2.2%, K
R S m/s B p, BUE N 2.5%, KERTE 10 m/s AT HL
HH2.6%—28% (JEZER 5, 2004); L, K=
MRS LRSI NRSE,; p 2S% R
S, HAE R 30%.

222 JKESH

BTN RAE 1) R BRI AR S5
MH S SR R R a W BRTEYIk
BE . A PRI YR A TCHLE IR YR S K R S
o MR R a W R -0 O TR AT
M (BRFEEE 55, 2006), B 80 °C Y 90%#
FEAET 4 2R a, F 1% MFREh R LA TR, I
FIFH UV2550 43060 BE 110 4 665 nm 1 750 nm &b
MW, SRR E KA R a W (R 1),
WAL, SR R AR e i i S B TR . AL
TR TCHLE R R B (PMESS 4, 2008) . 1%
JKFELE Whatman GF/F JE B it 3g , I8 K RE)
UEFE AT RRE A a8 P ) 5T B LA KRR
PR AT 15 2 BB TE Y v B, SRS dh 2l ug
JEEFE 550 °CF FHAIBE 4 h L& BRA HLE TR YL,
JFFIR PR E 0 TTHLE IR EE , S B s
FTCHLET Y 2 0 v LA 21 LR VR
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Table 1 Statistics of Chla concentration in Dianchi Lake
KR H e KAE/ (pg/l) F/ME/ (pg/L) SEAE/(pg/L) FrifE2E (pug/L) 5 5 AU %

2017/04 (N =33) 107.53 61.86 79.98 10.63 13.29

2017/11 (N =39) 187.01 59.67 88.96 24.88 27.97

2019/04 (N =10) 72.00 29.00 52.00 14.97 28.78

A (N=82) 187.01 29.00 80.84 22.24 27.52
2.3 ERHESHIETAE BAARMBESHE R MR 2R, AT MWER LR EDE
e v K ; 2 il 5 HARRT 42 ad EYS==Ey o Br
ARG I A iy — Bty OO RTSBORRIRT SRR AAS  fir ATEAS

N - . ; R, AR T E = IR EG A G 5

%igaﬁ%}1%§&j;)§’ 2% B HE Sk VB TR M R L R S R E/T%J&4TKE£“’JEULI‘EE, %XTEAH?HW?%IH T’/'fg%

R A BT, B 2.5 nm 19 5GSBS
10 m (1) /5 25 (8] 70 2%, I B [l 400—1000 nm,

PUTHE ST bR, K DNMEHFEAL N TOA 842 -k
17 FLAASH KA IE, B TOA % #2 FE 5 45 0 i

A 32, BRI S H 10 bit, 5 ETE RGTRAGE s T 2 AL A LI LA () 52 )
ST 102458, AR W0 2010454 2, MR TUBOERARARIHTIE A ROE .
x2 EKMEHEAERGRIEEAER
Table 2 Basic spectral information of Orbita hyperspectral imagery
B s Wi W 528U e 280 ﬂi? B s EE i 5 AU T #e %0 fx”\”
nm nm  (W/m?esrepm)  (W/ m?esrepm) 2850 nm nm  (W/m’ssrepm)  (W/m?esrepm) 9050

B1 466 5.0 0.31711 0.00000 6 B17 716 10.0 0.36147 0.00000 3
B2 480 5.0 0.33824 0.00000 6 B18 730 10.0 0.38121 0.00000 3
B3 500 5.0 0.42547 0.00000 6 B19 746 10.0 0.35642 0.00000 3
B4 520 6.0 0.45222 0.00000 6 B20 760 10.0 0.28216 0.00000 3
B5 536 6.0 0.45314 0.00000 6 B21 776 9.0 0.36163 0.00000 3
B6 550 7.0 0.47178 0.00000 6 B22 790 12.0 0.34793 0.00000 3
B7 566 7.0 0.43948 0.00000 6 B23 806 11.0 0.36328 0.00000 3
B8 580 8.0 0.42103 0.00000 6 B24 820 12.0 0.35926 0.00000 3
B9 596 8.0 0.46463 0.00000 5 B25 836 9.0 0.38408 0.00000 3
B10 610 7.0 0.41791 0.00000 5 B26 850 11.0 0.38707 0.00000 3
B11 626 8.0 0.37667 0.00000 5 B27 866 11.0 0.38515 0.00000 3
B12 640 8.0 0.36352 0.00000 5 B28 880 12.0 0.32043 0.00000 4
B13 656 8.0 0.39356 0.00000 4 B29 896 11.0 0.28990 0.00000 5
B14 670 9.0 0.38094 0.00000 4 B30 910 11.0 0.30713 0.00000 5
B15 686 10.0 0.31421 0.00000 4 B31 926 14.0 0.34246 0.00000 6
B16 700 10.0 0.42416 0.00000 3 B32 940 13.0 0.22125 0.00000 8

2.4 BT LE R 59 ZRBRR L S i RS IR AR A, R, (B) 38757 S0 8 J S A 508 W LR

H T R R R R G Fnr g avle POBIIPROS B AL BIA, BURHOR LR

STIRIERS

B, P B A B 0 B ' 1 i R S AR

25 B KK LU 4 1 G TS R A% B0 G T ) o pR IR AR UL IR
R G AR GG R e (Zhang 55, 20215 Li

4, 2015), BEIZE R Pl LT ARHES
(Zheng %%, 2015):

2

2.5 EENSEITAMN

N T VPR SOEARCR . ARWESE IR 3R
PRIF B RIVERE, RARPE RE (R . HTTAR R
72 RMSE  (Root Mean Square Error) FI-F- 34 4t X 5%
22 H 47t MAPE (Mean Absolute Percentage Error) .
Horh, RMSE il MAPE i 3H 5 A XK (Lin 55,
2018):
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(a) The correlation coefficient between band ratio and Chla

concentration
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JERIR S (R*=0.819, p<0.05), M4t Za
WA R AR B A . B, ARWFIEEE A
716 nm F1 595 nm Ab ) 328 S8 1 RAE R4 R a ik
1 B S L EIR 7, AR (716)/R (595) L
BN A AR &, SIS 3 a Vi AR B, ST AH
JOF P EL L AR AR I 2 22 a VR A SRS Sy

R.(716)
R.(595)
Arf, Chla AL AR Z a ¥R EE, R (716) F
R _(595) 435> 716 nm F1 595 nm &b (it B 715210 1%
RS

Chla = 133.96 x ( ) - 44222 (5)
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(b) Development of estimation model of Chla

concentration based on the optimal band ratio
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Fig.2 Development of Chla concentration estimation model based on in—situ spectra
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(B o (HR SDE 5 BR AR DG T R AR
e Be B B DG WA N A7 AR 22 57, SEDE I Bds o

B R R LR R G S R SR, TR
B S S 1 SR 0 O e 0 R AR AR A R T AR AEL KR
FORE R G S AR A5 A B B R A5 B (Zhang
&, 2021) o AR RR U RR R OGS S AR 1Y ik B ik B
(#£2), R.(716) MR _(595) 43 5% R FRK Ho4:
FeiE AR B B17 FIBY, PRI ) FH RK 4 5 6 1% 5
TGRSR B17 F1 BO I8 B S 3003 8% s S e b A7 2
F a VR 18 RSB RN . O T PR A AR
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YEEEAL A A, Horp 23 REs (N =48) T4
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(LA, 2017), FTREr 4R R a vk i 8 ok i T
FREA R -
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Arf, Chla R/REMIKIRMLREK aVEE, B17FIBY
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(a) Model development based on simulated OHS imagery
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(b) Model validation based on simulated OHS imagery
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Fig.3 Development and validation of Chla concentration estimation model based on simulated OHS imagery
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Fig.4 Validation of Chla concentration derived from Orbita

hyperspectral imagery
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(a) Spatial pattern of Chla concentration in Dianchi Lake
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(b) Spatial distribution law of Chla concentration in Dianchi Lake
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Table 3 Comparison with the existing remote sensing retrieval model of chlorophyll-a concentration

BRI A5k /x BORIIE 2 R’ RMSE/( pg/L) MAPE/%
B19/B14 Chla=87.324x+14.981 0.636 8.67 7.54
Gurlin £ (2011)
B16/B14 Chla=55.950x~12.962 0.568 14.48 13.71
Yang %:(2010) (1/B14-1/B16) (1/B20-1/B16) Chla=-0.0009x+86.671 0.005 17.70 14.95
o (1/B15-1/B13)B19 Chla=396.27x+41.133 0.547 11.47 9.33
FFIR4F(2015)
(1/B15-1/B16)B20 Chla=161.77x+46.631 0.681 8.73 7.66
Hiirmi % (2001) (B5-B19)(B6-B19) Chla=—17747x+89.572 0.026 17.68 15.00
FLEE(2009) (1/B15-1/B17)B26 Chla=201.53x+62.919 0.639 8.56 6.97
ERJI4E(2018) (1/B14-1/B16)B20 Chla=110.36x+48.483 0.660 9.24 8.32
(1/B14-1/B16)B21 Chla=111.80x+47.539 0.669 9.09 8.26
Lyu4§(2015)
(1/B14-1/B16) (1/B27-1/B16) Chla=-0.0001x+85.585 0.001 17.63 15.10
AW B17/B9 Chla=126.79x-36.491 0.804 6.99 6.32
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Remote sensing retrieval of chlorophyll-a concentration in Dianchi lake
based on orbita hyperspectral imagery
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Abstract: The chlorophyll-a (Chla) concentration that refers to the content of Chla contained in per unit volume water, is a key indicator
describing the eutrophication degree of lake waters. Accurate quantification of Chla concentration is of great significance for water
environment assessment and water quality monitoring and has become a focus on the study of watercolor remote sensing. Orbita
hyperspectral (OHS) satellite is a new generation of hyperspectral satellites launched by Zhuhai Orbita Aerospace Technology Co., Ltd. in
2018, which covers spectral range of 400~1000 nm and 32 spectral channels with both high spectral and high spatial resolution (2.5 nm and
10 m, respectively), showing great potential for inland water quality monitoring application. However, this satellite has a short operating
period from launch, and the applicability of the generated images needs to be further investigated and validated.

Dianchi Lake, a typical eutrophic plateau lake, was used as the study area for Chla concentration retrieval based on the OHS
hyperspectral imagery. We collected in-situ spectra and Chla concentration from two cruise surveys in Dianchi Lake and acquired the
satellite-ground synchronization data within one day of the OHS satellite overpass. Data from two field campaigns including 72 sampling
sites were used for model calibration and validation, and ground data matched with satellite overpass including 10 sampling sites was used
to further validate the retrieval results after the calibrated model was applied to the OHS imagery. We first utilized all 72 in-situ spectra to
explore the relationship between all possible combinations of band ratio and Chla concentrations to seek the optimal band ratio model.
Immediately after we used the spectral response function of the OHS imagery to resample the in-situ spectra to the band configuration of the
OHS imagery, the OHS-based band ratio model was calibrated using 48 field-measured data according to the optimal band ratio combination
of in-situ spectra, and the remaining 24 data were used to evaluate model accuracy. We further validated the retrieval results using the Chla
concentrations at 10 sampling points synchronized with the OHS image after the OHS-based band ratio model was applied to the OHS
image, and the spatial pattern of Chla concentration in Dianchi Lake was revealed.

The band ratio R (716)/R(595) had the highest correlation with Chla concentration in terms of the in-situ spectra with R*=0.819, and
the corresponding OHS-based band ratio model (B17/B9) was suitable for remote sensing retrieval of Chla concentration in Dianchi Lake
with R? of 0.804, the root-mean-square error (RMSE) of 6.99 ug/L and the mean absolute percentage error (MAPE) of 6.32%. The retrieval
results of the OHS-based band ratio model applied to the OHS image and the spatial pattern of Chla concentration were reasonable with
acceptable errors (RMSE=12.47 pg/L, MAPE=22.53%). The spatial pattern of Chla concentration in Dianchi Lake showed a decreasing
trend from the lakeshore to the center of the lake on April 2, 2019, the northeast and southeast decrease fitted a power function, whereas the
northwest decrease described a linear function. The pixel reflectance of the nearshore waters may be higher than that of the normal waters
due to the land adjacency effect, which may lead to a high concentration of retrieved Chla along the coast. In the OHS imagery of Dianchi
Lake, four nearshore water pixels could be easily influenced by the land adjacency effect, so these four pixels needed to be masked to
eliminate the influence. In addition, compared with the existing Chla concentration retrieval algorithms, the band ratio model (B17/B9)
proposed in this study improved the retrieval accuracy of Chla concentration.

In conclusion, the OHS-based band ratio model works efficiently and reliably for retrieving Chla concentration in Dianchi Lake. OHS
hyperspectral data show great potential in terms of accurate retrieval of Chla concentration for inland waters, providing a new means for
remote sensing monitoring of Chla concentration. However, whether the OHS-based band ratio model developed in this study applies to
other water bodies with different optical properties still needs to be further investigated and tested. In future studies, the performance of the
model will be further examined by collecting more field data in different lakes.

Key words: Orbita hyperspectral imagery, chlorophyll-a, Dianchi Lake, land adjacency effect
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