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A& EEFWAER (Murphy %, 2018; Zhang 55,
2016; i Ly, 1998; 4L %, 1999; FERiR
4, 2014) ARAEMEREARKSRS, (1) @i
WAL [] Ak A1 T8 S0 A T R TR R AR SRS U R A R AR
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J1, BRI A v s B, A A AR AR [ R Ik IR
PRyt sh, MEIVIRY IR, KRS FY
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HEHE B 37T (Massicotte %, 2015). H—J 1, #

R B EA: 2021-04-15; FENA: 2021-11-09

KA R B AR, HOR BB B S s i SR
JUHOR TR MR KA B, AR T HR B A P
WA, BRI, KRR R &
)N, P, BOD. CODZEE W LL A B . A
MABEY T, s n ks FE, A5
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TH 7K A AE B R DG 1 G B ) 48 % 1 SCIie 3¢ 4000
Zh . AARER 155 NHNA R K AR AT T AT
i, B4 BREE 101 S WA B9 7K AR R A SR D
o TR, BT EEBREAR, THRAX
JEHGE BRI ALK AAR R B 2828 A5 B AL
AT BT ARG TE SR i AL, k55
T HEA H ] 5242 & B H b5 SDG6.6.1 (Sustainable
Development Goals) .

ARSI SCHRAG R A4, T fifk [ N AR K
A AR R B IR AN TS 7 1), O E
GUKAREBI LA FZMSETT 1], E— LIPS
PEREWT; B Jm . FISEKA AR R PR
J& B R R K A A W SR B S R R SR a4

2 KA AR A SR I PR

21 KEEWEBRFRESHAMEESE
F T 1990 E—2020 4F 1) SCHkE, X4 ERKT

500 km?® 3t 348 180 J28 f) 7K A AR K Az A B 28 Je
WFRHEATR R, T 1K A AT 1Y SCI & S
HI 10 24 2Bk KB (B, 20500 L2k
(Woods lake) . #fFHi] (Poyang lake) . %5 AR iH]
(Michigan lake) . K (Taihu) . Z2 KB&H (Lake
Ontario) . EFAW] (Cedar Lake) . TH/EFLELH] (Manitoba
Lake) . #EZF| W] (Victoria Nyanza) . i 2hF|JK
# (Lake Superior) HMDIHN/RE (Lake Baikal) o It
Hb, XF A BRI K A= R A BT 5 18 SR DG B i)
PEATGETT o B, R4 BT 20 B SCHE ] O “Remote
sensing, wetlands, Aquatic vegetation, Macrophytes,
Landsat, Eutrophication, Water quality, GIS, NDVI,
Biomass, Mapping, Change, Hyperspectral, Lakes,
Classification, Submerged aquatic vegetation, MODIS,
UAV, Aquatic plants” . R, W37 7K A= A8 9k 2 ek
FEMBG w2 R B
s AR I SE N TTRE
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Fig. 1 The top 10 lakes and reservoirs in SCI publications on aquatic vegetation and aquatic vegetation remote sensing

2.2 KREEWEB/MERILEAR

A=W L, KA R 4R B 2L A
TS A KA E R K A B G, gk
MW B RO TTKAE B AP REFE A R —
IR R R OK A R AR R S R R ZERE Y
IKAERE R AT AAR 53 AR R FR A . K A A AN [R]
RN A9 DG R Ik S X 7K AR 1 i [0 B S
KA Ay S DN AU S I B BR . A LU
AR, KA T AR KA S 2R B K A
O ETE R R A28 (Hestir 45, 2008;
Underwood &5, 2006; Oyama%, 2015; Zhou %F,
2020). HEK (WNERETE, M A% 5
TR (CANEFEE | AFSRAUKE AR ) B IRE
MR ALK Z b, GRS T AT B KA R

B e, KIS MBS, Hobigk BAT Al
TGS 4 fE (Underwood %, 2006; Hestir &5,
2008; OyamaZ:, 2015), )26 5 %52 55 B
B A B 1) el J2 25 A R A AL S 2052 8 (Zhou 5
2020; Tian%5, 2010); TIKMYISERTIAKT,
HOE J2 SR GG 0 2 i KA —K FA i, | Tk
A SRMSVE R, e ] WA 21 gk B i i (i )
BACTHEOKFTEAEY) , 7E 1350 nm Z J5 JL-F-#i
T0, HOGHEER 1752 55 BE IR DL AR B 1) et )2 28544 A A
WSEZmAL, EZARAGEVIEE | KR, 4R a
W . BIFYIRE . NS BRI B e 2 B K T TR
KRBT T M (Hestir 55, 2008; Zhou 4%,
2018; Tian%, 2010; GiardinoZ¥, 2015; Liang%,
2017; YadavZ%, 2017; VisserZs, 2013), {HAH
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TR S B HR 5 e AR s 2 0 B, HOX 45 i B
Y2 /N 25 5, G v i JBE R S5 1) 5 i) e K
(TianZF, 2010; VisserZF, 2013). [FIEF, &1
Wi AR . KR SE R R L, R
JER B AR L KA K A AR e )2 s e
M ROGIE . RO, M T K A AE B Y8
B 56 J2 JL AR e 22 B AL (Zhou %, 2015, 2020
Pande—Chhetri %, 2014), AR A4 5 F R 6%
RKBEREIGEMZ . B2, FEMESEET, AR
B (K IO R, ) Z (0] i T A 4 ek )2
SER A B SR 2 R, HOGE 22 R W]
W, BTy MZENFERDGIE R RN, HZw
FERUK IR M52, T 2 6 A B X 45
EAEBE EMEAR L, otk otk 24 n il
PERFPRERI 22 5, JFRMBEM 4B A AT AT 1
(Yuan #1 Zhang, 2006 ).
23 KEEHEFHERSLTIE

I T3 e Sl X A 1 /7K P K A g 2
PEAT 43 RN AR A0 W, 2 7K A e R T 1
Bz — AR, ENAMEE S 5 XA [
EORIR(SINNE S a7 N1 NI RS/ % €7 I ok =% L VAo |
T2 KA s R (1), FIHZ Rk
BT, PSR RIK AE A 20 (KA
B FERHARRRTTAKAERE) 1Y TR 1R R R

KB F AR, FEA R AR T . (1) 7EiE
B IR B BERE T TH, ARSI RN
Bf ) RUBE . R0 mUAS 525 08, T oKk AR A g
() TR B I MO RAL B . ARl 23 43 B
4 MODIS (250 m) (Liu %, 2015; Liang %,
2017) . Landsat TM/ETM+/OLI (30 m) (Luo %,
2014; Zhao 5%, 2012; Villa 5§, 2015; Qing %,
2020) . Sentinel-2 MSI (10 m) (Singh %, 2020;
TEEOE %5, 2019) . Quickbird (2.4 m) (Dogan %,
2009; Wolter 2, 2007) . WorldView—2 (2 m)
(Whiteside A1 Bartolo, 2015) ., IKONOS (1 m)
(Sawaya %%, 2003), fHKZ&Z ik TR EE.
Hrr, 1 F Landsat AT B[P HIH | 25 (0] 5 R
AL, R K AR AR 53 25 W I A o AR
A W B AR VR (Zhao 55, 20135 Han 45,
2015; Luo%¥, 2016a, 2020; KAk 25, 2008).
(2) TEIKA MG 18 B R 5T 7 1H, BT AN
MBS DR AR LRk N, M T — &5
PEIOR X A3 AN IS RE A B 5 25, ange 1. Hirpr,
FH T 7 I R KR Bl 5 A R Y R RO TS AR AE
NDVI R fie Ay 33 0 o3 SEAE A8 88 /K Al
i T HOGE Z 2K 52, 5T AN 1)
TR, PR B EAR (1), H
2 B B 1A% 8 b B AT 2 i 21 A ik BRI ] DOl
BB,

®1 ERAMKEEREHERIRIUEH

Table 1 Common spectral index for extracting different aquatic vegetation

B AL AR SR S Sk
F (pxix = PR)/0.114 = (py = py)/0.12 UKAEBE Chen %(2008)
RVI NS TR Ma %(2008)
FAI Prik ~Pr ~ (pwm - pR)-(pNR = pe) (P + Pr) it Liang 4£(2017)
NDVI (o =P/ (Pyiw + Py) HEAR A Han %§(2017)
NDWI (pe = )/ (P + Prn) VOB Oyama %(2015)
PrPe Py PP, MPswm
el rez SRR g s e L BE01T)
SvsI TC1-TC2 STANIEES T3k B TUKAE B Luo %:(2017)
WAVI (Paie = Py) (P *+ Py +0.5) LTHNIG B TUKAE B Villa 5§(2015)
NDAVI (o = P (P + Py) PC2AF M EMEE —F  HERAEMHAEDE  Villa %(2015)
SR Puloim 8433 TC1 AT TC2 4351 2 232 Tk K 5L 4(2016)
BV (b = PP + Clopy = C2opy + 1) WWRIMOALIRER.  spapmpsomor ko 018)
CIVE 0.44-py — 0.88-p + 0.39, + 18.97 S DU AT B IR 4(2016)
SAVI (Pretze = P (PR_ciee + PC) TUKAE B TEBOE 45(2019)
FAVI Pr_cdge TR B TEBOE 45 (2019)
MNDWI (pe = Pswi) (P + Psyir) TERFERAERE  FR5R A (2016)
MAL  pg+pp = (Pswir + (05 = Pswin) X Ay = A (A + Ay) o Qing %£(2020)
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(3) TE/KAEMEREIR P DT BT, BR T —4k
TG (& IRy 2807 v, I 4 2Kk (Pu
2012; Pande-Chhetri 4%, 2014; Han %, 2015;
Villa%s, 2015)  AFMEE 7280k . R o 2Rk
(Jiang'/fg, 2012; Zhao %%, 2012; Luo%%, 2014;
Liang %%, 2017; Hou%, 2018). 1A% & a9/
7 (Whiteside £ Bartolo, 2015; Visser%%, 2013,
2018) 45, A SZFF i HL (Pande~Chhetri 55,
2014) . FE ML A (Husson 55, 2016; Singh 5% ,
2020; f§2 %, 2016; Held %%, 2019) “HLAG2¥42)
TR IE 2 2 YR RE D7 T R K AR ARSI 0 202
Horb, JORR A SE 07k THE R RS T
FIRFME A, — B K AR AR SR fe oy Y 4
FKorik; [WRE, TR TN EEE. 57T
Al HT . AN By 52 W P ) 5 Wi T 8 K 8 22 b g Tk
AR 328 (K2).
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Fig. 2 Literature statistical diagram of classification methods

for mapping aquatic vegetation

(4) FERIEE I, ANFESPERN T A E
JRRORT 7K A A B R 43 2 S HAOHS B 34 AT 36 80% LA
I (Luo %%, 2014), UK #EAH LA KA B F I
A o E A AR A A RS B, BR TIR Aot T
Yok, AR 1 2 LN 814 S 27 T P AR AR O b 5 i
LKA B% B9 F8 T0 RS - (Mobley, 2001) . #ff 5% 3
By, RO — MG DKL Y 35 8 100%, &
[ B RATH SR Z K W RE e, TR AR 4T
Mg BE (YadavZs, 2017; HestirZE, 2008). 49
IKAE B 5 B AR T 20% 1F, OB RRAE 5 /K AR A1
L, fRMERS] (Luos, 2014),

2.4 JKEEHFEE T EE RSN

TR A Al R A R R 25 R i L I I
35 R G0 2R RN A 2 IR 55 ) B I R R R
TR ) AR 2 (i) 43 A AW 000 Ko 90 9 R A R A S f
PEAE AR H % (Spears %, 20165 Ye %5, 2011).

TS FARE e 2 450 . A S EE AR,
FREERDEIE A 22 5, vl m o/ s e AN
25 (8] 43 P B PR 2 22 5, DA S B X
IRAAE RN o 2], H A IR R
N SE B (Underwood %, 2006; Tian %,
2010; Pu%%, 2012; Husson%§, 2016; Visser %%,
2013); (HHE2E Fimue/ N TR IS 2, JC
HOEDUKMER:, H2ERAESZ AR KRR
T W JE P i A =, AR XEF 2ot 15k
AR R L, (UGHE S 20 AR G TS AR
PR ARMEXT K AR M AR, 0 HOR DK AE B A R
HATRE A 25 . SR AR UK AR PP, 71T
BAAR AL (Pfe), Hagzel . AR
NE RS . =T WA R Rl (Wiegleb 1 Brux,
1991; Poerschmann %%, 2015), W EE TA K
ARKFEY, 34 AERKEEER, 4H TTA 2
SHEWRERK, 5SHTNaAZE6 H Mgk, 714Mh
R A B R/ IME, 8—10 H #EAKIRIE, 11 AJF
Wk AW RS, 122 HAERKEEZE (Rogers Fl
Breen, 1983; PRfi%5% 45, 2008), Tifd IR+ 3¢
RIS KRR, 3 AMEyERD, 4—
SAGIHGEAE, 7 A HAY AR R, B
Je A I I W )RR A (W B RS A
If, 2001). PRI, AT S )R] 23 B Y 2 0 A
FEAE AR BUREAS 03 A DT K AR B 25 o) o3 A B Hi SR
JE A A AFREE AT L ()RR, JFIRA
(] 350 7K A A ) B 225 A W, i vk 2 N
TERIN AR A . S5 RWT, 207 6 K it
IR G A T W00 %) 5 ARG 3 T IR 3 65% 22
(Han%%, 2018; Hou%¥, 2018; T3 %%, 2015; #
B A, 2021), (HIZ 7360 AR 3 S AR W] sl AH
AR I AOR 22, KEEEAR (Luo %%, 20175 E
L 2015).

25 KEEHEBUSYHEREN

IR A AT A R T8 43 B4 FAE PR AR K AR K T LA
T, AHECBE AR, AW S A Y A S 5 i
BT AARRHERE . BT, T 208 A
FlIGeK A E YR T FRE . (LAD . &
RUCEE, WP )15 SH0T e —2it 5t . ML
DUKAERE, HEACH B 1 BRI S80I & 5 (8, HDb
ez KA /N, g B R R AR R 2, H
1A & (Byrd 55, 2014; Mutanga %%, 2012;



72 National Remote Sensing Bulletin i & 54k 2022, 26(1)

Luo%¥, 2016b; TuoZE, 2017). 7EiEEBEHEIREAY
I AW A D, R 2SR O 2Ok
o i TR AR, 45 A BRAL S B0 S I A
SN P UM R A, WA Rk A
S AR AR . LAL, RHe S % AL SR
A%, WPu% (2012) I Landsat TM £
FEO-1 AL =i Bda 2 il 17106 % BLA Ve I+ 1Y
UUAKAH B 55 v AR ], IR T 2 o0 A A A 2
T DK B T AR B (LAD 434815 Villa
% (2018) FJH Landsat, Sentinel-2 il Spots 55 4
i, ST ZAfHEP RS, M T K S PR
[ LATL 2 25 50 3 Jak i R A | o H oF A7 Al 3
(VillaZs, 2018); GaoZ% (2017) #:T HJI )G
G T3 — K AR R R S (NWAVD)
TN R IZ A8 BCTE T K A 4 T T TR DL A
48 % (40 NDVI, EVI, NDAVI, WAVI, DVI
), IR Z Y K AR A R AT T
SR T o TEULAKAR B B AR A O T, A
WFoE 25 BB UTK B S B E R C R, 45 A RgTs
B A AR (Yadav %5, 2017; Ma, 2008).
UeAh, IR E| AT LLE Mg E 2 B, AR
KGRI B A g IR s o, anp =)
B = AE LTS5 R, RS, TEABOE R S5 S
B0 ) A i B3 (Kellndorfer 25, 2004) , —
BB 5Y 22 JE T LiDAR Z045 Al Radarsat 5242 /K
A= R B AR S R W, RO
1o BRI TR R 45 5 R A o W B 4R v LA B
KERE . G0 Corti % (2017) FIJHHLEL LIDAR, £
T AR Ve L B RS Costa
(2005) Fil Costa % (2002) AR T 8 ik s AZ 54
PEWOK AE M B A AE R T, IR RET
Radarsat Al JERS—1, K T M7 5 #h - Ji 4 7K A A
PR, SRR ST X K AR AR B )
g PR 12 Al A3 AR Luo 25 (2017) ML #
LiDAR Fl = S B ds , w1 B — R F1 2 47 1
PS5 A i AR RS RN S SR o,
LiDAR B8 fiE 5 Fl i ' 15 504 25 6 J5 i B 1 2 3
A Wy i S YRR i R P B

34 i

(1) 238 ZH R K ETUKMLRNE &0k L 1
RO o M T RIE KA B, DK #OZ
HOK WA R SCHEIEME, E— B FRAFRMT,

LKA P i A 1 22 0 R 35 58 D 35 WA IR s
KA (JanssenF, 2014; Soanas, 2012), A,
XTI T 7K R B A A = B R A s 5 A AR
Al W I AR 25 R G ROK S B B R G
B H H AT OGS I A HER R, A
TSR A A 1 S04 T R IR R A A ) A R
FEWALREIL B 65% Ao Ay, JUHOR AW 22 RN
FREE, H R A RS 4R . SR, DUKAE
BERPRERR 1A TG A 22 A, AR B R X A B
BRLF (ATt ys o SGREE . KR . PLiiR . K.
M KR . PH, R FURRIESE) BESIE
WA AE (b %, 20005 Xiao%:, 2010).
ARG, TEBR T, B S o AR
AL IRER AR IR, & R i B 25 43 B 8080 1
TUK AT Fh B O 2 ISR S R BRE BE s 76 vk
JrTA,  DARRAE R AR 58 A I o 25 B4R R A B
W, G @GR, 2t o % R A AR
T S B DT ACH P AR Wy, SEEI A DO K AT
B ARE A B 5 23 A b FE Wi

(2) i JR 7K A AR 4 2 550 0 T g v RS AR (1) Bisp
W REE . LT, AR AE A
KIESMB A KTT =T, X2 EECE 2 EKE 0
TR A AE B TH AR B AR 3 A S BOT R K B T i R
W, AR s AR, A AR PLE (X
s fh . ARG, Al askilin A 8084
WA O IR T R R A AR IERE B IS . HETAYK
A AR E B WA AR TR, Bz &
P P A T K A R A S SIS D R B S B T
ik BEE BIRRBIR L, ARk 5575 )&
IKAAE A SEUE A e e R 45, ARl
G Z WIAK AR S EO B I T
BIRKEAE =5 (U1 Google Earth Engine 55 ) 37
N, R D BRE A BRI Y 7K A AR B 2 18] 3 A
AW LALSEAEY S BB ™ i, RS T
R g 2 1 RS B2 NS A Y T LT ES S e
%5

(3) /NXIR A i To N L2 A% I 1) K Al Bk
TN o AH PR KA P, /N R ) K A=
T B T 5 32 JE LA (A 52 i i 47 sk sl 2k, oK
AR RE L AR SO AR W B S B BR 4R
FE 28 43 A AR A5 B K AR A L L KU b A
PR A AR R L I H ATz IR TR T
S 23 3 BRI R A0, /N PR ) 7K A AT
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Research progress of aquatic vegetation remote sensing in shallow lakes

LUO Juhua,YANG Jingzhicheng, DUAN Hongtao,LU Lirong,SUN Zhe,XIN Yihao

Key Laboratory of Watershed Geographic Sciences, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences,
Nanjing 210008, China

Abstract: In shallow lakes or reservior, aquatic vegetation plays an important role in purifying water, maintaining the balance of lake
ecosystems, supporting socioeconomic functions and protecting lake ecological environment. However, an excessive amount of
macrophytes, especially floating-leaved vegetation, can have some negative effects on lake ecology. For example, the addition of large
amounts of plant material to the lake bottom can cause lake silting and accelerate lake swamping; the release of pollutants into the lake water
when the plants die and decay can result in water pollution. Therefore, it is very important to map spatiotemporal distribution and their
changes of aquatic vegetation and then to retrieve biochemical parameters such as coverage and biomass for ecological restoration and
management of lakes. Remote sensing techniques have become powerful and effective tools for mapping aquatic vegetation types and their
changes over a large area and a long period. In this paper, with the theme of aquatic vegetation remote sensing, we reviewed and
summarized the major progresses and methods of remote sensing application in aquatic vegetation in shallow lakes by literature review. We
found the research topics in aquatic vegetation remote sensing mainly included hyperspectral analyses, classification and mapping,
parameter inversion, change detection, and so on. We also offered a literature statistical diagram of classification methods for mapping
aquatic vegetation, and found decision tree was the most popular and machine learning was becoming more and more popular in all mapping
methods. Finally, we discussed existing major challenges, potential solutions and future prospects in aquatic vegetation remote sensing,
including developing a multi-parameter method for mapping different species of submerged vegetation, expanding the spatial-temporal scale
of inversion models in parameters in application and making full use of the advantages of UAV (unmanned aerial vehicle) coupled with
hyperspectral and multispectral sensors for mapping and parameter inversion in aquatic vegetation.

Key words: aquatic vegetation, submerged aquatic vegetation, biomass, remote sensing, classification, change detection, shallow lakes,
lake restoration
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