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Comprehenswe Classﬂicatlon Method of Urban Waten by Remote Sensmg Based

on, High- Resolutlon Images /) f, : i) &y ¢ -
YANG Zi-qian*s LI Huai-qing', J Heérng" 13/ Yun-mei' , ZHU Liz‘,‘,"‘“ZHOU Ya-ming®, LI Ling-ling' , BI Shud®
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Abstract, Urban water is

3 Ee
a significant part of the uIban emsystem Therefore, a comprehensive evaluation method of the water
environment was proposed based on domestic high- resolution i images. The relationships between the spectral characteristics and water

Wuxi, Changzhou, and Yangzhou from 2017 to 2019.
An index named the U-FUI (urban Forel-Ule index) suitable for urban water based on GF-2 images was proposed to achieve the

quality parameters of urban water were analyzed based on sampling in Nanjing,

classification of urban water on the basis of the international standard chroma conversion model and the Forel-Ule index. Independent
verification data showed that the recognition accuracy of the classification model could reach 72% . The results indicated that urban
water can be classified into six classes from [ to VI, which represent water colors of blue, light green, dark green, yellow, yellowish
brown, and dark grey, respectively, according to the U-FUL. Among them, the water quality of U-FUI [ water is good, but is rarely
distributed in urban water. The concentrations of chlorophyll-a in U-FUI II-1I water are higher than those of the other classes; the
concentrations of total suspended solids, particularly inorganic suspended solids, of U-FUI IV-V water are higher than those of the
other classes; and the water quality of U-FUI VI water is poor and the water quality parameters are different from those of the other
classes. Meanwhile, the method was successfully applied to the GF-2 image of Nanjing on April 9, 2018. The results showed that the
urban water in Nanjing is mainly composed of U-FUI I -IV water, whereas the distribution of U-FUI I, V, and VI water is lower in
the city. The spatial distribution characteristics were consistent with the results of in-situ sampling in the same period.

Key words :urban water; water color index; GF-2; remote sensing classification; water quality parameters

3T KA R I AR S R G P Y B A A
St I T A R A R T NI R
TIEL K Tl A8 TG %, 38T U 4l A 14 775 G 67 A
WG IN , 3E BOK AR B 55 1 KA S50
REJERT S B A 2 1 3 B — 2 5 0 2 PR ok e 3 il Kk
AP 22 W M 0 T 5t K B VA Ty 2 BB S
AN M0 7 vk B ) 9% ) H ISV I i i 7K BRI 7Y
HEARIE L, T 18 SR AR B A T AR ] 25 WL | 22 1)
M ZEEHE STHE L B —E 2 {/lﬁiﬁi%ﬁl‘:%,ﬁf

SRAME GE I 753 v B AN A AT DA 3l T KA A
3R BEAE A RN SO

BT BTSSR T KRB M) BEAL 2 b B
MR IR A B X Sl T K R HEA T AP R o 42,

I fs HEA . 2020-08-28; f&ITHHA: 2020-11-16

E&WB: IR KIKE G656 8B 8 E KL W
(20177X07302003) ; E% A RFIAEL 450 H (42071299)
PEE®: B T HE(1996 ~ ) 3 BEBF 5 A, EEWIIE )7 1 kK

&/, E-mail ; njnuyzq1996@ 163. com
# JWIE/EH , E-mail ; Heng. Lyu@ njnu. edu. cn



2214 2D 53

B 42 %

LIS BT AL BTN 50 L s A iR
R AR R 38 T 7K e o B SRR AR gy
(BRI VB8 A e B30 3ot 52 4 R 5 35 Py 4
BT T e T4 S L LA 108 T A3k 17 7K 3
BRIRIL. 7K €0 0E K K R 1 B RAAER 7K R [ 22
AT K R I RS TR K G, HLAK MR B
DRI R AT B (R0 R, FE K o 288 1 e
A, HAS (L K PR BUBARG , B A 2 ek I
2 I TS 36 W) , 2 T3 S AR 5 1 K fh
0 HAT FAE ATV Ay 1012

2012 4FRR 2= @ L M i FU (forel-ule) L
iDL B 3 1 21 K (oK P 0 3B SOk
B 75 51 4 R oK VR 160 A R BR BE B 28 B4 CIR
(International Commission on Illumination ) & & & &
o (B AR, AR T T 2 R OB (9 FUIT
(forel-ule index) 7K {48 %, H T AE K A Bl (2 F1 /K
Fifs B BT A BT, FULK (5400 1L
$E R AR B I 25 2 0 375 )8 T D 0 A 5
S 1019 T L T TR A A 1 B e
WL RS B B 02 BT FUL R BN
m@ﬁ@mimgﬁﬁ%§M%ﬁq%g§M'g
W0 . (FOARHE A i P IR K
s KU 51 T R M A 70 e
AL TR B At KR i T

Lo

.ﬂ%ﬁm%i,ﬁ :

— AR

PRLIHE , A SCHDLR FH Rl P o ) €8 P2 B a8 |
THABAE RO R IE2E 57, 2% FUL f8 50
WAKEBER LI F SR =5 (GF-2) B
FRES & AT T3 A AR B4 2 TR T AR L 3B
T AR B IR ER S PR SR BT B 5 k.

1 HREE

L1 BRI SREE A

2017 ~2019 4FAE R 5, Jo 8 H M A4 0 T ik
13T 22U K (A3 4 LR BE T4 B 3 3 %
oK @15 B BT K A SRR 3L 145 4. B
SEAE S SR L R R I SRR SR
R AT NIE 1R,

L T VL9524 P A, AL KT
HuIX (118°22'E ~ 119°14'E,31°14'N ~ 3.3,;35{_?1\;-_’{, 7K
SR AT A B T RERAA 119% WAL, 3k i s DS PRI 45
kmmﬁwwgmé¢Q@ﬁ%@mgﬁyﬁéﬁ
WIRSR B \ & 7S

N T (o T IR o, A A R BT
PR A19°07'E 5119954 E,32°15'N ~ 339252
N). B TP ARSI B 21 735 k(AT BLT
26. 3%, IS4 R WA AT L

N ; N N
33° 8
(=]
o
o
32°
=
ag]
7
=
120° P °03'00" E
5 5
N %0 , T | =
L g irfc\) Fotl N
£y s = Ll
= F4 Z
2
o
2 g 3
8 e[ o
QP - “
3 i‘ _— =5
& I" 0 6 km
- L —m — T I
118°39" 120°18'00" 120°23'30" 119°23'00" 119°28'30" E

1 HARRRERSHRE
Fig. 1 Distribution of sampling points in the study area



51

WIS . ST R AR A T K A R T i

2215

TeB A TR mE &, M A VT = A P D
(119°31'E ~120°36'E,31°07'N ~32°02'N). Jbfrk
YL, BRI, B p Kz i) gt H IS8 i oK
MR T X LA e Kz i) Ay e sl K &R IF
IRV

HNTAL T VLIRS B, TRl b Ak VT = A
SEJF(119°08'E ~ 120°12'E,31°09'N ~32°04'N) . 3§,
X A KN IITAT 000 43 AL , L35 3 5 Fn st it iz
WA KRR RFEE.

1.2 SEEcE

A S 1) S DB 3 ok 5 D S S PN S
ASERIF BRI, B JEAE 2 A e UK R SR A | I 52K T
ik B P A 43 K S 8L i B B (secchi disk
depth, SD) % fi# % ( dissolved oxygen, DO) F14 1k
M R A R S S 30 i L (Y 28 26 B2 D) SR 30
IIEAT B e B KR TR IR PG T R AE AT [l 52 56

RS LR AT i S A
= TR (total suspended matter, TSM) | JCHL & IF
¥ (inorganic suspended matter, ISM) 4 ¥l & 77 ¥
OSM )., M ¢ & a
(chlorophyll a, Chla) . ¥ f# 4 45 HL % ( dissolved
organic carbon, DOC) . &% (total phosphorus, TP) |
S (total nitrogen, TN) 2 & i fb 9y LA S 5URL 4
A @ nl %A PLY (colored dissolved organic
matter, CDOM) Wzt %52 >/ .

SRRk T A ) B K AR B 6, 2% [ PR bR o
o ——27 IR AR BTHHRIE T3 F 3l Ak
SRR D 0 € BE S G 3. i R AR B8 53
3AEE R, KB RPN EESEII G
TIUR IR 5 T X 73 09 225 40, v K 45 28 K SR (1Y
T RGO IS (05 (5 F R B G R 3
(R0 (R, W 2 BT, /14

( organic suspended matter,

kK < 4 > K < 3 > FK < 2 > KB |1 — >
[ | | | .

7035 o 7001 itk 7005 R 7022 s B
i < 5 > Wl
l >

6018 HiH 4 6017 Wit 6016 Hib 6011 bl
o 6 Wik

|
1021 0 1004 b 1002 b 1024 b

B2 KkiEBESR

Fig. 2 Water color classification table

TESEAT AR 5 I W5 7 T 455 (0 B2 )
PRTEFEES LK 1 ~2 m &b, B %R WK A
IR ISE I IE R MR — B 2R, 7 4 ) ) K € 1
TEAMAR BN, 5404 8 kLA BRI IR B
FOR [ 55 (5 B2 7 SR ALK T A, WL
g JETT BE O B, 8 4% -5 D0 ek K A 't 385 T 4 UL 0
JUAAT 5 K C A 52 , T sf 3 T 7K ThT B 522 DX S0 7K T
PP AP A LASE MK S,

RGN R BB A, Bk 2 N (=D =
ARG B RAE L AT K e, 25 ol N B
BRI A 70 B, W 53 2 44 Ll N SRR
BB B SE AT oA A, R R b A
BRI ALK @ 2 5

SEF ARSI AR A B el S [ A e A A%

INFIEFE ) ASD FieldSpec Pro i #5 20 3 4 41 31
FeFeFRm gk M. AE B BR K2 R R HE B
Ja ISR (R).
L, (S, —rxS,) xp,
R, “E0) : (1)
L, NEKERAERE  E,(07) K E T DA S
AR RRBE  r SR RS G R S,
S FIUS, 3531 Ay S T ASCTET o) 7 A | R 25 AR Y AR 1)
A HEAF SR, p, R A 7 R BT S AR A s v Al 1)
R
13w M it 1
Sk SEBRI T K AR 18 SRR, AR IS % 2018
iE4 J19 HW CF-2 S@BIBGUAR A5 E w5 TR il
T3 T K AR EL RS B TR) 55 i T S 0 B8 e

'rr><Sp



2216 57

i

B 42 %

Sl
AR 4 D UBC B, 23 0 W B (0. 45 ~
0.52 pm) ZEPEEE(0.52 ~0.59 wm) £ B (0. 45
~0.69 wm) FAGTLLAMEBL(0. 77 ~0.89 pm). GF-2
S IREEA WG &2 B BRI AL, 535025
BN 1 m W EAHPLAIHER R 4 m 1925615
B, BT B A3 8] 53358 05 i i B it b 08
TR I T KA ) 1 B A A R
GF-2 5 TN RGN WAL HR F ENVI 5. 3 18 8%
AR PRS- 5E B, AL P AR A4 L B B A IE B
FEXARBT R E b R AR IS R UERE S I 1
WPk AR 5% R AL AE L 18 7 =X e 3ok T 7K AR A

[ TR AR IR HC]E--‘.#J%&H&XY;&

PG P 58 R R AR B K A L
2 Bk BERS RRE

2.1 U-FUI K AR (7 48 5L

R SEBKAR B 1 48— B Ak, A5 T [ PR
WRHAZ: 51 25 (CIE) MLE I — EpR S R &5
CIE-XYZ B 5 454 GF-2 34510 3 AT L
JGI B IR E B RARB A [A] I 2228 S0k [ 14 ~ 19 ]
PRI o, A 7RG T IR T K AR B )
A U-FUI( urban forel-ule index) 7K (6,35 %%, AR 4 /K A&
KA A7 R 58 U T 7K AR 1Y) 38 SR 3 9, 43 Ry BTy
K 3 R,

[ CIE@JE fa J

| ARETE

¥ ¥

¥

192° = a<<204°

[ or<a<ior |[ °<
¥

[ 204°==<212° J [ 21 =a=<222° ] [ 222°=a<360° ]

¥ ¥
[ U-FUI 1 J [ U-FUL I J [ U-FULTI U-FUI IV ] [ U-FUI V J [ U-FUI VI J
v v v !
Wi s e ErZHE S ) PRERA IR i‘%s‘ﬁmﬁfﬁ éksﬁﬁlfitﬁ:ﬁ B
AKif ik ﬂ'iﬁi ik ik

N
m b p
ZIRHFJL%FIJFH GF-2 T3 1 63 i )7 ué‘ﬁlH%ﬂ(
(e KRS R, 2 5ot e B R4 oy TR D B 2
xifi%ﬂ&i,Lﬁ#x&fiﬁizm+%%7k@7k1zmﬂjE@
AR o ISR ERA AR (2) 1 58
IS A ASIE W 1E 5 05 5 S0l ot
B aE R RS I 4 iR, 4 A KIEETHE
(25 RIS 1 o B AR 2% RMSE Hy 6. 88°,
SR X 43 iR 2% MAPE 4 2.35% .
A = -41.6b° +358.97b* — 1164b6° +

1714.2b> - 1 086b + 237.06 (2)
Hdr b =a/100.
K5 R T & 2K KRG A o (E 0101

B0, ZE R R W KR R R o (R IR SR
P P 2 (0 K AR 28 B8 A (0 /K AR 2 i 3 R 1 e 3 A8
X LKA K AR B o 3 AR AT U 3l A8 4k, ]
ANTRIZE S KA 722 A3 A B 1 22 S, PRI 23 il
PEHUEEf o Ry 1920, 204° , 212°F01 222°4F K3 5]
I {F, 73 3] & AIE 7K €8, H 3 ¢ 00, 22 1 A 4 R Y 4 28
KA.

LS HRT LA R R SR A KA ) £

Bl 3 g:]: U-FUI 7k@?§¢5lﬁ’]ﬁ?ﬁ7k1$7k@ﬁ-&7‘i *
/Fig. 3 lesslflcdnon method-of ur-ban w_g,tef color based on the U-FUI water color 1ndex

210

FETRGBEARFARE IE J5 )6 B A /(7))

180 - L7 N=91
- RMSE = 6.88°
MAPE = 2.35%
150 - 1 1 1
150 180 210 240

SEFROEHEBUT T SR @I M /()
B4 ETAREWBERSETEXRIERS
HENBER o bR
Fig. 4 Comparison of the chromaticity angle o based

on A correction and hyperspectral integral calculation

FEA o (HATERS HA LK R IR TE 35 22 5%
XS FIZIOKMAOK @ TR K 6 R IFAE T RA
RINEREN , K EORRIE N T HEM BRG],
R — s B (M . {H CIE -y — 48 €0 1 (&1 4345 F R
JE AT DG P e, L rp R IR B A DO e
SRR ESRDEIE (B UK 6) Bk



51

WIS - T R R AR S K A i

BARITE 2217

250

il fa/(®)

204

192

RGmEA fEiEe i e 3t WA ke KAMkBRG
AR 25 _
s BABKEBERENSE | o
Fig. 5 Distribution of the chromgltf'éﬂity angle values in water bodies .wiFh different vy‘fller colors ‘;,-"'- B

B (x,y) = (1/3,1/3) ™. B, A ST 5206
E’J%Eﬁith%ﬁ@-’émyﬁl BAFAE RS 2k (o Kt
KNG B tEL 6 (B SRR, f!-@ﬁéﬁkvffﬁda
TR gmjmmr;mar“m&,,ﬁ\ CIEY )
BRI NI AT At K ki | lilﬂ:tﬁ i’i‘:ﬁﬁ.HS&
CIEY =20/065 S IR BBk T 45 K T K
12|KEF'¥IJEIJtH5I€u£FWﬁ$Eb%'@Fﬁa a E’J{E#U%‘H‘tﬂ/ﬁ\ﬁb
m@mw

EAb , T T A 1 S R A M B S8k 7 7k
PR AT KA A B K Sl e R /IS B 030, R AL

0.035

CIE- ¥ 8L

0.065

FEFR WEER KRG KRE
LN SEE S
6 EIkEKE CIE-Y RIEEX NG

Fig. 6 Distribution of the CIE-Y stimulation values in water

bodies with different water colors

AR B KT, R, Avmﬁf‘%%maeﬁ}fﬁu
J CIE-xy @T“El 2N PO o < 192°Fp R ]
FERRE, i'%ﬁm@ E’a‘@ 5 00 3 i 2 A
2.2 HE ﬁﬁf bl

ARFERIH AL 55 54 /\zmpwﬂm%%mﬁﬂt
PP T U-FUT /K (R B0 300 1 K R R Ay 1

P

PRSI SR TR E R D AT B I,

FEMA(3) FR, 2 1 RGN B 45 5.

WIEFE = N/ Naws x 100%  (3)
T, Vg o AC TGS R 5 T K A5 I — 3
FIRE BB, N e o RS SR BE VAN 1 SR 2R

FEEVEM A a3 1 i, 3T U-FUL K45
BT K AR > G AR IR BE K 72. 22%, SR 1) 53
PR B U-FUL 1T 2% (34 SR (a KR A
GOKR (RS, BER KA ) B TR E B S AR 3 T H
M LR ARG, 31X T R T K R v s 2 i oK o
R - A 0D W NN RSP P N A T S NS
U-FUL BV | V R VIZK A (8 €0 2 IR 28 68 7K
) (0B diE AR X A D, R ke 2 I8 T 2% 28K Bk
IR BB LA SE 3R T U-FUT K (38 500 3T 7k A4k
gk
2.3 EF GF-2 AR K A2 By R 25

B2, 1R 0 3 T U-FULZK €848 %000 3k v 7k

F1 ET U-FUL K BIEHHEHREERS REETN
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