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Distribution of sample points in study region
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Fig. 2 The measured water reflectance spectra
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Fig. 3 Total absorption coefficient eliminated pure water
(a): QAA algorithm; (b): IIMIW algorithm
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Table 1 Steps of Lee quasi-analytical algorithm

B AR LG /N2 Ik
0 Trs =R, /(0.52+1. 7R, 2o Bk
. 50 )2 1 e 1/2 ~ .
1 2O = ;,0+[(;,,>2;4;,1; W =0.089 5, g1 =0.125 A HT
. Fes (443) + 7, (490)
2 a(io) =y (Ag) 101 14613660469, | leog(r ()5 r.—>(667)r (667)) Ao =555 ESL 07N
rs CAo e (490) s
3 by (R0) :Mibh\h‘(k())a Ao =555 kiR
y(/h))
4 Y :2.0{171‘2@@[70. 9ﬂ} } » Ao =555 L
7rs (X0)
v
5 by (D) =) (557 20 =555 B ik
G 2O :[1—#(/1)]I:/)(I,X;/I)Jr/}bp(/\)] Sy
/l
F2 MHEQAAHZAEGIR
Table 2 Steps of advanced quasi-analytical algorithm
0 T =R../(0.524+1. TR, 2B bk
— y )2 o 1/2
1 oy _ gr>+[(g<)>2;4gllh(l)] . 20=0.089 5, g1=0.125 S
2 alio) =a.(A0) s Ao =812 EZY R0
3 brp (X0) :M_bhw(lo)v Ao =2812 B IRES
1—=u(A0)
4 y :2.0{1*1.Zexp|:—0. qﬂ} } . 2 =812 Gtk
res (A0)
v
5 by (V) :/)b],mm(%) FoRe(A0) s p=10, 20 =812 o4
6 2l :[17,1</1>][Zb(\}()w+/;h.,</1>] e

B R K LA E R 3R o K I LR R 35 0 K A b B2 55 258 45 K M S e 8 B8ORS 1) BB R B E R Lo 200 20 Bl p HER R
B AR o HSBWBL; o RKIR SR B bu, W BUR PG 10 BT R B v ALK W HOE R EG Y S BUR Y S 1 BT R B
AR 11 28 Il A 2

Note: R, is the remote sensing reflectnace above water surface; ry is the remote sensing reflectance below water surface; 4 is a variable to

describe the relationship between the remote sensing reflectance below water surface with total absorption and backscattering coefficients
of water column; go and g1 and p are empirical coefficients; A is wavelength; A¢ is the reference wavelength band; a is the total absorp-
tion coefficient of water column; by, is the backscatter coefficient of the suspended particles; by, is the backscatter coefficient of the pure

water; Y is a attenuation index to characterize the attenuation of backscatter coefficient with the wavelength for the particles
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Fig. 4 Inherent optical quantity retrieved by improved QAA algorithm

(a): Absorption coefficient of phytoplankton; (b): Absorption coefficient eliminated pure water

5 KRREERBURBEERAGHHEXRR
(a) s WA a YR BE AR U ALY SO BR s (b) o 803 ) k2 R 39 s 40 /A R e % 4
Fig. 5 Correlation coefficient of concentration of water quality & combination of absorption coefficient band
(a): Concentration of Chlorophyll-a &. absorption coefficient of phytoplankton;

(b) ; Concentration of suspended solids &. absorption coefficient eliminated pure water

E6 WMURHMEMKRILESKRKELER TS H
Ca) s VRUFAE Y)W R BRI 3 a WRBE 5 (b) o S 4 7K VR e 2R AR B V7 W ok
Fig. 6 Linear regression analysis of optimal band ratio between absorption coefficient & concentration of quality parameters

(a): Absorption coefficient of phytoplankton & concentration of Chlorophyll-a;

(b): Absorption coefficient of eliminated pure water & concentration of Suspended Solids
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HIPeE ZEC Ry 0. 64, HLA B0 A2 M AH 2 s 7 AR iR
2 RMSE W 1. 76,

ap (726)
ay, (678)

A, (Chlra) 2R F a WKL L a, 9 i U R I R 2

B 7)1 R R W B R AR LN (4) . LA ER
PERBCR 20,71, BAEGRMLMEAT M B R R
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c¢(Chl-a) = 8.717 X — 3.068 (3)

Ay (734)
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RSB P IX HRE a MY R B Sy A, el 7 R
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ZH89.2%,

& 7Ca) SR a Ve P AR 1R 1 b A T ZE JL R AL AR
135 LA R P 2 38 43 A T o gt I L T P AR A BRI R 404 Y
Brto BB A, AR a VR B IR Y X A Hr E Sk T R

c(SS) = 66.05 X —62.8 D

SRR . P R W . BRI X I, i L AR R ) 2 K i R K ek
R T LR E a W B W1 1] 0 3B T R AR Y R e, A
T T8 DI 2R R a WM T T AR X, X 5 TR B A
B R 526 B W TE R K S5 K AR A A A A
FEA F R b I 4K TUIE M M 20 R a R R T il &
i) epC AR NG R A T ELIR b K E SRR a YR B AT
TFAKM,

B7 BAEBEREKRSHRESHE
(a): MR a WBESM A s (b)« BIRWIRBE 47

Concentration distribution of water quality parameters

Fig. 7
retrieved using hyperspectral date
(a): Distribution of Chlorophyll-aconcentration;

(b): Distribution of suspended solid sconcentration

x3I MERakRSERFEMSZNT L
Table 3 Comparison of retrieved and measured water

quality parameters of Chlorophyll-a

B i‘?ﬂ!’]fﬁf Fi{ﬁﬁ:
(mg+*m 3) (mg * m™?)
72 0. 480 0. 430
73 4. 660 5. 400
74 35. 900 39. 100
75 21. 600 23.500
S AR R R 22/ 0% 9.2

X BIRYIK SRR G e R S A R, A S
M 2 i B R 25 R 4 HLoR B @AY 4 A K TR AR L 56
R IEATXE A BT, 5 R AR 4 iR, 4 A KE SR OF 3R
WFEN9.4%,

7 (b Hp R I ) 4R M ST 4 R 0 A R S B DL R A
s o T DY JE T RO A o e AN R i 2
B K 3L 3 DL B R S i &5 5. LRI, 7R AN IR e v A i
B> BAR YIRS, 3 P AR A K R A F R L B
BKZRVEE . mAi KB (h#BD . BWE, K&, N8
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KiEKR . BHEWRBEIFYWRE RS M. P s, M
F Y5 FWET . AR I (PGB K R IR R

x4 BEVWKRSEREMSENTEE
Table 4 Comparison of retrieved and measured water

quality parameter of suspended solids

- SR/ S A/
# -1
.- (mg+ L 1) (mg+ L 1)
72 6. 000 4. 670
73 21. 000 25. 220
74 42.000 51.740
75 27.000 23. 440
SRR IR 22/ Y 9.4

R 25 im0 D 3 B0 S Y 7K 2 45015 ThT KRR AR JB
BERXTLE . MR a KB S 45 R AR LRI L. Sk
J3E {6 A FL A S I 1 2 5 AR R 22 A H— B T M R A
SRH 4 AT AL TR . AR T S RO 3 RO R 2P AR ERIX
S SRR RN AS R RCEF . 4 R RS E 6 R A S
B X SRR AL S B AR 5 R S A R S ELAE L Y
B AE . $ 0 TSR R . TSR a MR TR )R
SR AT 3BT s A 5 T S T T R 52 B iz AT DA
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Retrieval of Water Quality Parameters of Urban River Network Using
Hyperspectral Date Based on Inherent Optical Parameters
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Abstract The water radiative transfer mechanism is the theoretical basis of water spectral characteristic analysis. The inherent
optical parameters of water due to the composition of the water is independent of the surface light field of water. The semi-em-
pirical algorithm based on statistics can be used to retrieve water quality parameters in some specified areas. However, that is
lacking in physical meaning. It was of great significance for the study of the spectral characteristics of turbid water in inland cit-
ies to study the model to retrieve the water quality parameters of urban river network based on inherent optical parameters using
hyperspectral data. The study was based on the analysis algorithm of bio-optical model. Taking the consideration of the charac-
teristics of inland type II water of urban river network such as complexity of optical characteristics, strong heterogeneity of spa-
tial distribution, small water and large fluidity. The paper came up with an improved QAA algorithm suitable for water of inland
urban river network to obtain the inherent optical parameters of water. The improvements included the following two aspects:
adjustment of the backscattering estimation model and optimization of the reference band. By calculating inherent optical parame-
ters, such as the coefficient of total absorption of the reference band, the coefficient of backscattering particles. etc. . coefficient
of phytoplankton absorption was obtained and coefficient of pure water absorption was eliminated in this paper. A linear regres-
sion analysis was carried out on the optimal ratio of coefficient of phytoplankton absorption and concentration of chlorophyll-a to
build a model to retrieve water quality of chlorophyll-a concentration. A linear regression analysis was also carried out to elimi-
nate the optimal band ratio of coefficient of pure water absorption and concentration of suspended solids. And a model to retrieve
suspended solids concentration for water quality was built. Aiming at type Il water bodies of inland river network and taking the
typical river network of Jiaxing City as the research area, regional aeronautical hyperspectral data, ground quasi-synchronous
measurement data of water sampling data and spectral data above the water surface were collected; the QAA algorithm and
IIMIW algorithm were used to retrieve the inherent optical parameters of the measured water spectral data. With the two algo-
rithms compared and the characteristics of urban river network was taken into consideration, the improved QAA algorithm was
put forward. The retrieval of the inherent optical parameters of the water in the study area was achieved by using improved QAA
algorithm. Based on the inherent optical parameters of water obtained by the inversion, quantitative inversion model of chloro-
phyll-a concentration and suspended solids concentration were established. The determining coefficients R* of the inversion model
were 0. 64 and 0. 71, respectively. The retrieved results were validated and analyzed using the actual measured sample data of
four ground samples acquired at the same time in the area by the aircrafts which obtained aviation hyperspectral data. Comparing
the retrieved values of water quality parameters of concentration with the measured values, the average relative errors of re-
trieved values for chlorophyll-a and suspended solids were 9. 2% and 9. 4% respectively. The table of distribution of chlorophyll-
a and suspended solids obtained from the retrieval was also consistent with the characteristics and actual conditions of the urban

river network. That provided methods and model references for urban river network water quality monitoring.

Keywords Urban river network; Hyperspectral; Inhevent optical parameters; Improvequasi-analytical algorithm (QAA); Re-

trieval of water quality
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