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Table 1 Black and odorous water pollution degree classi-

fication standard

FFAE R b5 (L7 ) BRERR TR
W /cm 25~10%* < 10%
WA/ (mg/L) 0.2~2.0 <0.2

AR LA/ mV ~200~50 <-200
A/ (mg/L) 8.0~15 >15
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Fig.2 Main keyword co-occurrence map
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Fig.3 Color characteristics of GF-2 images of black and odorous water in 2016 and normal water in 2020
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Fig.4 Remote sensing reflectance of black and odorous water and normal water
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Fig.5 Equivalent satellite remote sensing reflectance of black and odorous water and normal water'

PR RGBT W TR R KR . BHORE,
ANV R 2 B SRR S AR R TR R R A R R R
JK TR T WS e B BN B9 01t 1 i £ S O K (R
WA —E ) 22 5 ARG 104 S 88 S AR AR 7T LAY
RO H IR T R B B TR e R R KA
T R IR A Al 1 S BURE A AR (3R BORL ) Fl CDOM
e BE B AN TR A [R] 21 531 Fr) 8 S K P 1 B ) D' 3
TRt 23 A7 i 22 53, A2 EAT 38 SR I (AR 288 JEORS 240 1k s
I, A REH T A7 R SRR — MR ae , 5 2t — 20y
FEWTFE LA Bt 78 Xy e 1 MK AR

3 W AR AKERORAH A BB R
19525 I 43 3 30 12 2 B 5T 38 LK P B 762 1)

35]

HAE U, g ST PR B KA R SR ) R T R )
W S E PR GF & 90 AU Al /N B L TR (an s
ST MRS AR ) IR PR S R O R R
SAG M DU R RO R BRI T AT RE S . HAT, BT R R
IR AR TE SR 43 9 A T 4 RS U8 32 A GF-PMS
#41 \Planet Scope 5, % DA S HIE WK 2. Hr,
A3 2% S o 14 2 [ 7 GF -2 808, H W oK 2 1 25
] 73 B A< HE 0% BKS 40 300 3 T R ROK AR . Wed
SENT E SR W T R GF &R A R AR M 0 I T
FOUKRAEE AR EaE s, 3F GeoEye-1,
WorldView-2 ., SuperView-1, GF-1, GF-2, GF-6.
BJ-2 (DMC3) # 1§ 1 51 2 5K {4 () 1E 5 5 3 18
89.5% LA L IEWI T 20 YR i 70 B RS AR M I R LK

®2 SHEIERESHEILLE

Table 2 Multi-source satellite image parameter comparison table

F5 TR ﬁ@%%@/m\ e EYHE AT T L/ pm 5yt
& 2tk /km /K RE/M BB LB EAR 25 bl o
1 GF-2 PMS 1 4 45 5 =5 0.45~0.52  0.52~0.59  0.63~0.69 0.77~0.89 0.45~0.9 [13.15.19.
32,43-44]
2 GF-1PMS 2 8 60 4 =5 0.45~0.52  0.52~0.59  0.63~0.69 0.77~0.89 0.45~0.9 [12,45-46]
3 GF-6 PMS 2 8 =90 4 =5 0.45~0.52  0.52~0.6 0.63~0.69 0.76~0.89 0.45~0.9 [37,47-48]
4 BJ-2DMC3 0.8 3.2 24 1 =5 0.44~0.51 0.51~0.59 0.6~0.67 0.79~0.91 0.45~0.65 [39,49]
5 7ZY-3 2.1 5.8 50 5 =5 0.45~0.52  0.52~0.59  0.63~0.69 0.77~0.89 0.45~0.8 [49]
6 SuperView-1 0.2 2 12 2 =5 0.45~0.52  0.52~0.59  0.63~0.69 0.77~0.89 0.45~0.89 [39,49]
7 GeoEye-1 041 1.65 152 <3 =5 0.45~0.51 0.51~0.58 0.655~0.69 0.78~0.92 0.45~0.8 [39]
8 WorldView-2 0.46 1.8 16.4 1.1 =5 0.45~0.51 0.51~0.58  0.63~0.69 0.77~0.8950.45~1.04 [39]
9  Planet Scope / 3 24X16 1~2 =5 0.455~0.515  0.5~0.59  0.59~0.67 0.78~0.86 / [14,18]
10 Sentinel-2 / 10 290 5 =5 0.458~0.523 0.543~0.578 0.65~0.68 0.785~0.90 / [50-51]
11 Landsat=8 15 30 185 16 =5 0.45~0.515 0.525~0.6 0.63~0.68 0.845~0.885 0.5~0.68 [52]
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Wi R 21 I 2140 e B

S8 B P Be i A i) B . WorldView — 2 (https: //resources. maxar.com/data— sheets/worldview —2/) ;

Sentinel—2(https: //scihub.copernicus.eu/) ; Landsat— 8 (https: // earthexplorer.usgs.gov/)
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Table 3 Discrimination model for spectral indices of black and odorous water

S ' S SR 5 5K 159 {Ff NE kS SRR L
M Sk
1 Green N, <R, (Green) <N, N,=0; N,=0.019  50% GF-2 B [13]
2 NIR N, <R, (NIR) N,=0.12 35.71%  Planet Scope  #JH  [14]
3 DBWI N, <R, (Green)- R, (Blue) <N, N,=0; N,=0.0036  75% GF-2 M [13]
4 HCI Ny <R, (Red)+R,(NIR)-R,(Blue) N,=0.85 95.37% GF-2/GF-1  dtm  [45]
5  HCI2 N, < R (Red)+ Ry (NIR) - R, (Green) N,=0.87 93.80% GF-2/GF-1 Jumt  [45]
6 BOW (R, (Green)- Ry (Blue))x(R,(Green)- R, (NIR)) <N, N,=0.1 85.7% GF-2 Mat [56]
R, (Green)-R(Red) .
N, < < N.— N.=— 5 0 pl o
7  NDBWI 'SR, (Green)+ R, (Red) - 2 N,=0.06;N,=0.115 100% GF-2 mm  [13]
R, (Green) - R,,(Red)
BOI N, < <N N,=0; N,=0.065 100" SF-2 ot 1
8 ) '~ R,(Blue) + R,.(Green) + R,((Red) : Ni=0; N, =0.065 0% ¢ Wi [15]
9 UBOW N < R,(Green)-R,(Red) <N N —0.04; N,—=0.07 81% GF-2 d [57]
'~ R.(Blue)+ R,(Green) + R, (Red) A ! ! ol
R, (Green) - R (Blue) o _ N . .
10 HI R..(Green)+ R,_(Blue) <N, N,=0.065 57.14%  Planet Scope KN [14]
R, (Blue)+ R, ( Green ) + R, (Red ) - R, (NIR ) N , . .
11 NDBWI R, (Blue)+ R,.(Green)+ R, (Red)+ R, (NIR ) <N, N,=0.45 92.86%  Planet Scope 4 [14]
R, (Green) N A 0 e =
12 BOWI R_(Bluc)+ R (Red) <N, N,=0.65 100% Sentinel-2 "M [58]
13 HCI3 N < Ru(Red) + R, (NIR) - R, (Blue) N, =04 89.05% GF-2/GF-1  Jt3t  [45
"SR.(Red)+ R, (NIR )+ R, (Blue) =Y 054 G = [45]
R, (Red)+R,(NIR)-R,(Green) L
. N, < =0. 5.429 3F-2/GE- 545
14  HCH4 'SR (Red)+ R(NIR)+ R, (Green) N,=0.45 85.42% GF-2/GF-1 dkxt [45]
(R,S(Green)-R,s(B]ue))
(% - 1)
15 WCI N, < <N, N,=0; N,=1 92.86% GF-1 K [12]
(R,S(Red)— R, (Green ))
(% -1g)
R, (Green)-R',(Green)
N, < <N,
R (Red) N,=0.12; GF-2/7Y-3
16 BOCI 87.18% W [19]
(R, (Red)-Ry(Blue))x(rg-ng) N,=0.26 /BI-2/SV-1
R'; (Green) =R, (Blue)+
A - g
R, (Red)-R' (Green)
N, < <N,
R (Red)+R',(Green) N,=0.014;
17 BOIM 87.88% GF-2 MR [59]
(R (Red)- Ry (Blue)) x (g -2g) N,=0.122

R', (Green )=R,(Blue)+ N

R, (Blue) (R (Green) R (Red) R, (NIR) 35l /R i (4% L1 AT 21 20 % B 506385 55T 3R 5 N, N, R B H B0 o i B, =

485 nm,A; = 555 nm, Ay = 660 nm
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Fig.6 The corresponding relationship between black odor degree and water color!
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Table 4 Remote sensing inversion model of typical water

quality parameters
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Table 5 The advantages and disadvantages of urban black and odorous water identification methods
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Reviews of Remote Sensing Monitoring of Urban Black and
Odorous Water

CHEN Zhenghua',LAN Sixiang',ZHANG Jinshui*, ZHANG Wei',
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(1.School of Marine Sciences, Guangxi University, Nanning 530004, China;
2.State Key Laboratory of Remote Sensing Science, Beijing Normal University, Beijing 100875, China;
3.Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China)

Abstract: Black and odorous water is an extreme water pollution phenomenon that is a common problem in
many cities, seriously affecting the well-being and satisfaction of residents. Therefore, addressing the issue of
urban black and odorous water is urgent. Scientifically monitoring the urban black and odorous condition of wa-
ter is the first step in the remediation of black and odorous water, providing accurate targets for subsequent as-
sessment. Compared to traditional ground—based monitoring methods, remote sensing is a more effective way to
discover black and odorous water, allowing for a wider and more rapid identification of black and odorous water
areas and timely comprehensive representation of the spatiotemporal evolution of black and odorous water. This
paper reviews the main research advances in remote sensing monitoring of urban black and odorous water. First,
it briefly introduces the overview of black and odorous water, summarizes the remote sensing feature, and com-
mon data sources for urban black and odorous water. Second, it discusses in detail the methods for remote sens-
ing identification and classification of urban black and odorous water and compares the applicability and advan-
tages and disadvantages of each method. Finally, it summarizes the current status of remote sensing research on
urban black and odorous water and its shortcomings and looks forward to future development directions. The
aim 1s to provide reference and thinking for related research and better decision support for the long—term man-
agement of black and odorous water.

Key words: Black and odorous water; Remote sensing monitoring; Identification and classification; Remote
sensing feature; Data sources



