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Abstract. Submerged plants play an important role in improving eutrophic water and rebuilding aquatic ecosystem. Using remote
sensing technology, the distribution and growth of submerged plants can be monitored in real time and in large area. The depth from
the water surface to the plant canopy ( WDC) directly affects the accurate remote sensing interpretation of submerged plants in lakes
and rivers. Based on the measured spectral data, the spectral characteristics of submerged aquatic vegetation in Lake Ulansuhai
were analyzed, and the effects of canopy water depth on the reflectance spectra of submerged plants in Lake Ulansuhai were stud-
ied. The retrieval model of canopy water depth of submerged plants in Lake Ulansuhai was established. The results showed that 1)
There is a reflection peak near the 1662 nm and 2223 nm of the short wave infrared of the emergent plants, which is an important
band that distinguishes the emergent plants from the submerged plants and the floating algae. The spectral reflectance of the sub-
merged plants (WDC=0) and the floating algae is very close, but there are obvious differences in the green band (550-690 nm).
Therefore, the spectral characteristics of the green band and the short wave infrared band can be used to distinguish emergent
plants, submerged plants and floating algae. 2) The spectral reflectance of submerged plant community decreased with the increase

of WDC, and it changed most obviously in the range of 700900 nm, and there was a significant negative correlation between the
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spectral reflectance of submerged plant community and WDC near the range of 700735 nm. 3) A single band / band ratio retrieval
model of WDC is established, in which the band ratio retrieval model is better than the single band retrieval model. The R? of the
band retrieval model is more than 0.70, the RMSE<13.70 cm, the MRPE<28% , and the retrieval accuracy is high, which is suit-
able for retrieval of canopy water depth of submerged plants of 10—60 cm. 4) The situ spectral reflectance is integrated into the
Landsat-8 OLI band by using the spectral response function, and the retrieval model of the water depth of OLI is established. A-
mong them, the power function model of band ratio has the best retrieval effect, the R? is 0.49, the RMSE is 18.17 cm, the MRPE
is 40.05% , which can be used for the retrieval of the water depth of the submerged plant canopy in Lake Ulansuhai after accurate
atmospheric correction.

Keywords : Submerged aquatic vegetation; spectral features; water depth; correlation analysis; regression model; Lake Ulansuhai
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Fig.1 Location of Lake Ulansuhai and the sampling sites
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Fig.2 Photos of the emergent plants,submerged plants,floating algae and open water

1.3 ERMGEERETLE

ASCHEF 2018 4E 9 H 2 HAI2019 45 6 H 17 H Ao = 4 55 1) 2 5t Landsat-8 OLI 3245 (4 (hup://
earthexplorer.usgs.gov/ ) . Landsat-8 T & & 51 F 2013 422 A 11 H, w0 16 d, #2382 ~E S, OLI
( Operational Land Image) F1 TIRS ( Thermal Infrared Sensor). OLI A 9 /M B, Horp A (0 ik BE i 20 90 15
m, H4x 8 MU BHKI A2 30 m'™ |9 AN B G e B 43 314 443 nm ( Coastal ) .483 nm( Blue) ,561 nm
(Green) 655 nm(Red) 865 nm(NIR) 1609 nm( SWIR1) .2210 nm( SWIR2) .592 nm( Pan) # 1373 nm( Cir-
rus) . FHT S BRI A BE KA TOKAEY) BF B2, K BREE 52 2% RS 1 1) A0 B IE A7 A PRI AL OLLI
A% RS KRR B AR OE, 76 e ZE R EHEAT WDC ) 3 & . 2% Quinten Vanhellemont & Kevin Rud-
dick ™ SEATER IR IE , LR T -

B4, FIMAR (1) AT RIS AR RS E bR -

Lyoy =M, -DN+A, (1)

R, Loy WRSIZEE (W/ (m® - pm-sr) ), DN {8 08 B4 4% 7052 8 {8, M, ( multiplicative factor, gain ) Sy 1
5 BB(W/(m® - umesr) ) A, (additive factor, offset) Hyfi#% (W/ (m’® - wm-sr) ) , 435 7] A OLI %4k 3k 3c ¢
PR

HWR G ARBUR RT3

e Loy &
Proa =

(2)
F,-cosf,
K, pron WRTZ TR (sr7) 5 d AR SCRALFIR B H LR ES (AU) 5 F o I BOF R SUZ AR IR
FRIEEE (W/ (m’* - pum) ) 560, 0 KBRS A ().



1104 J. Lake Sci. (#ia#%) ,2020,32(4)

KAEFGHE EALR
.~ P(6,,6,,Ap)
P = - 4cos, * cos@w (3)
X, p EHFI TR (se7') 57 2 HGFDGAR B RE (JCBAAL) 5 P2 BRI HIUS HESL pR 555 0, 2 IR TR (°) 5 Ag
SR AT A BH AT SR 1] g B A ()
TN AR R G FAL I G 19 OLT i #1752 K R 19 S . BRIk, IR OLT 54t %) 38k B i o7 oA
B W ST SRS B OLL B I, I Bt ARz S WA (4)
i,le;()l/) : R;@()\j)
R.(A) = 2]7 (4)

> )
LR () (sr) R SEM BB S s F, 267 OLL ¥R 9585 & 3 B0 305 17 bR
1.4 7k
LA RN TSR R , 50T UK R 5 5 3 4 R A R4 22 ) (3% 25 5 BRUTK
T4 5 AR A R VS DX 43 5 F 5 DK AR Vi 5 2 R B 1725 LR
LA2 A% AN 3 T UK CHEESE , 1T 5582 A IR 5 0B e 8% 2 180 P A 43T, B 2 A X f
{1 43 BEANE BELE. ARG HT R % 18 T B R (L ) FIVT B AR & (BRI ) A4 .
143 BB AT 8 141 R 142 TAERSERE L, B 7 00 3 Be/ B B L 5 568 2 K TR 22 1] g ] Y1 4870 g
LIS IR

WDC = ax’ (5)
WDC =a-x+b (6)
o, x=R 58 R /R, a Flb JBIRIBHL.

FF LOOCY ™ Jr i eI B4 o b, FLARM AT - B SEI R — L RE A  HA B I 5
e, F F e/ IR IE I ERE RIS R 2 5 B RS A RE A B , AT EUEVE RNk s iz Rt R kAT
7 — BRI BIBR A 1. XA RS — R AR RIS o A1 b, BUHSER{E A AR 280
1.4.4 FEFAE  RHAYITHRIZRZE (oot mean square error, RUSE) ,EIAH %1% 2% ( mean relative percentage er-
ror, MRPE) L) }% Pearson #f2¢ RELIEAN R EBIRURS B T H AR

(7)
i Kimes = T
MRPE = : x 100% (8)
S 0y T 26,0, 53900 7R A 2 AR 145 30) %) 8 J2 K R R S il 45 381 19 56 2 7K R s e R SR AR B

2 R

2.1 JUkEY SHEKEY IR IFRELNIEE R

3 0 0 IREEDUKA Y (WDC = 0) HEIK AR AR 37 4 2 S D1, i T 1349 ~ 1449 11750 ~ 1979 F1
2350~2500 nm BgMEE& I, AR, A 3A T UL, UMY (WDC = 0) FHEK AR BT B ik ith 4k
B SR RO T ARAE , 7 AT DL (9 88 D BE (480 nm S Ly ) FIZLYEH B (680 nm JgHly) BRI A 44
SiR R IR MAC , TE PSR A , 7 540 ~ 560 nm [FITTE A T WL 1) S S 406 5 7 670~ 720 nm 22 1] J52 S5 3 18 8 e
P B L7 5 P >T00 nm i, O SR A8 SR I T K AR PR LL A1 I BER RS IX

R 2E S R I HEKAE ) TUKAE Y (WDC = 0) FIEE P 33 TE B BL 60212721662 Fil
2223 nm GG R (1E 3B) . [ 4 FIFR 1 ] Lo T HEZKAEH) UK (WDC = 0) FIEPE BERTEX 4 M



ARAT B RF IR B A AR R AR e AT 1105

TEI B AL A S L. T LU Y $E KA A B G 333 , 76 305 2141 R e 21 41 e B 91 L PN /) 12721662 il
2223 nm 2 — AN BH S8 B S0, SCRHE /K AR X 0 T KA ) RN E IR S M B B UKL
ELTAM S S Ee i fe RABHRAE 0.099 LUT, T #E /K A W) A0 AE 0.152 DL I+ 5 317 3 25 Y 3 4140 vei S 3 2R 7
0.070~0.109 Z[f] , X 5 HLAKAE W) B Y61 I BEA 38 X, A Ak Fa 3 L e — 30, T L I 7K A 40 RS 9 8 2K 7 1350
nm 25 GG, BT 0. B ARIT/K ML) BRI 0 B T AR AR AL, {EJ2FE 550~ 690 nm {5LI7
FI R FRAEE T FUUKFEY (WDC=0) i R FRAE, JoHAE 602 nm Lb V77 52 1) UG S (B S fIKh 0.046,
LA A B4 S S SR (B e i AN 31 0.021. T ATE 550~ 690 nm 7732 ALK I (WDC = 0) 1 i il 28 H.
ARG IR E 2 R .

0.30 0.20
(A) —— KR (B) — YUK
025} T (WDC=0)
—— PUKAEY 0.15} —— KA
0201 B ®) (BR117)
S 0.15F S 0.10
< 5
0.10} (©)
(2)
_ 0.05F
0.05 = (d)
0 § = e 0 1 1 I 1 +
400 700 1000 1300 1600 1900 2200 2500 400 700 1000 1300 1600 1900 2200 2500
K /nm P K/mm

3 R)ZTUKMY) RTP R SRR SLIDEE (a) FISFEE1E (b) X 1L
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Tab.1 Measured spectral parameters of surface submerged plants, floating algae and emergent plants
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Fig.8 Comparison of estimated values and measured values of canopy water depth in different months
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