J. Lake Sci.(#ia#+%),2016, 28(3): 635-644
DOI 10. 18307/2016. 0320
© 2016 by Journal of Lake Sciences

E TR AR MAR R B KK £ EHHE RS BRI

2L FR FEA L FaY . F B 5 T
(LTI P I oy, 9 5 210036)

(2 3N T RS W i, R0 215004)

(3 B BTS2 1 100 Hb B A58 280 0 a0 80 %, Bt 210023)
(4:FERURE A Rl 2225 B, B 5t 210046)

B RAREREE R K (Y B B2 4, LB R B A A5 25 B9 2 25 2R 0 1 At , R R e e AR e K A A
BEHZS (B4 A0 TR ITIY A B TR B A 25 R 094597. LA Landsat 8 £ GHENR AR SRR R, ) 545 Ko &
QAR TT A L AR AS T, 5 A BEHLAR AR (RF) AL, SRR I K AR AR B 0 25 )40 A 45 SR W« (1) i sk ok e 3 Ml
YRREAR AR A58 A of 25 R A5 53 2280, NDVI NDWIF SR S35 505 55 T 1X 43 FF MK SN K AR 4 | 77 A R 7K
FE 5 (2) 2L E 1000 FRAIZERFN 4 A5 F1 95 25 B9 BEHLAE LI, RE 40 245 B 48 AR R 00 /N T 6% , 1R 4> T2 SR,
MNDWI F| NDVI S AEAS 500 5 (3) 38 B TEA AT , 35 T RF BRURAF 19 2014 45 7 A /K A48 bl 25 TR 24 306. 0
m* 32K 1y 88. 56% (Kappa %N 0. 88) , TSN 1R A B A AN RT 0 , LATTA AT R Ry 3, W5 o K A A
?E%% TR ALY 84. 9% .
KR KM BRI  FFF 25 5 ; Landsat 8; i

Remote sensing information extraction of aquatic vegetation in Lake Taihu based on Ran-
dom Forest Model

SHI Hao', LI Xuwen', NIU Zhichun', LI Jiying’, LI Yang® & LI Ning***

(1; Jiangsu Environmental Monitoring Center, Nanjing 210036, P.R.China)

(2. Suzhou Environmental Monitoring Center, Suzhou 215004, P.R.China)

(3: Key Laboratory of VGE, Ministry of Education, Nanjing Normal University, Nanjing 210023, P.R.China)
(4. School of Life Science, Nanjing University, Nanjing 210046, P.R.China)

Abstract: Aquatic vegetation is a vital component of the ecosystem of Lake Taihu. Assessment of its distribution and abundance by
using remote sensing techniques is important for the protection of Lake Taihu as the information serves as an excellent indicator of a-
quatic environmental quality. In this research, to extract spatial distribution of the different aquatic vegetation types in Lake Taihu,
we took Landsat 8 multi-spectral images as the main data source and applied them with Random Forest Model on the basis of multi-
ple characteristic variables, which were constructed by the method of spectral index and image transformation. The results show
(a) By analyzing and comparing statistics mean, standard deviation and variable coefficient obtained from different training sam-
ples, we found NDVI, NDWIF and SR were better characteristic variables for distinguishing open water and floating-leaf vegetation ,
submerged vegetation and emergent vegetation than others. (b) Under the condition of 1000 classification trees with 4 random vari-
ables in split node, the out-of-bag error of Random Forest Model was below 6%. The error of model was mainly affected by SR,
MNDVI and NDVI. (c¢) According to validation analysis, the overall accuracy classification of image based on Random Forest Mod-

el was about 88. 56% with a high Kappa index of 0. 88. The total area of aquatic vegetation was about 306. 0 km? in July of 2014,
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in which floating-leaf vegetation and emergent vegetation accounted for 84.9% and were mainly distributed in the eastern and
southern parts of Lake Taihu.

Keywords: Aquatic vegetation; Random Forest Model; characteristic variables; Landsat 8; Lake Taihu
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Fig.1 Distribution of field survey points of aquatic vegetation in Lake Taihu
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Tab.1 The list of remote sensing image characteristic variables

FAl EiER a4 TR 2~k
H—1b 85 Normalized Difference Vegetation Index NDVI (Ryig—Ryea )/ (Ryig *Rpeq)
Normalized Difference Water Index NDWI (Ryig ~Rswir )/ ( Ryig Rswir)
Normalized Difference Water Index of McFeeters NDWIF (Rreen =Ryir )/ (Ripeen +RN1R )
Modified Normalized Difference Water Index MNDWI (Rireen=Rswir )/ (R reon TRswir )
a5 Average Reflectance of Band2, Band3 and Band4 ~ AVE234 (Rpjye R ireen +Riea ) /3
ERIEEE 4 Simple Ratio SR Ry.a/ Ryir
Simple Ratio for Water Clarity SRWC Ryea/ Ripye
TR AR R Principal Componentl PC1
P A Tasseled Cap ( Brightness) TC(B)
Tasseled Cap( Greenness) TC(G)
Tasseled Cap( Wetness) TC(W)
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Fig.2 The structure scheme of Random Forest Model
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Tab.2 The statistical parameters of characteristic variables of aquatic vegetation types
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E bRdE P okl bR P okl bR 5 E i P
NDVI  -0.27 0.08 -30 -0.14 0.08 -57 0.53 0.07 13 0. 69 0.09 13
NDWI 0.21 0.09 43 0.27 0.15 56 0.34 0.04 12 0.35 0.05 14
NDWIF 0.39 0.08 21 0.29 0.11 38 -0.39 0.06 -15  -0.56 0.11 -20
MNDWI  0.55 0.88 160 0.51 0.18 35 -0.05 0.07 -140  -0.27 0.14 -52
AVE234  994.84  96.02 10 616.44 167.85 27 895.42 177.95 20  843.09 281.72 33
SR 1.76 0.23 13 1.34 0.22 16 0.31 0.06 19 0.19 0.07 37
SRWC 0.93 0.07 8 0.79 0.08 10 1.12 0.10 9 1. 14 0.19 17
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TC(W) 62.55 133.70 214 11.83  121.25 1025 -2257.46 730.30 -32 -3752.56 959.30 -26
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Fig.3 The calculation results based on spectral index and image transformation
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Fig.6 The probability of aquatic vegetation types in Lake Taihu in July of 2014
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Tab.3 Accuracy assessment on RF-based classification

E3i] FFHK 3k iR R T AT HEK AT A1t H oK e
FF ik 58, 1001 36 0 0 1037 97%
YUK #E 133 1000 54 0 1187 84%
T AR 0 13 1012 151 1176 86%
KB 4 3 125 1008 1140 88%
it 1138 1052 1191 1159 4021 —
Tl RS 88% 95% 85% 87% — —

« SAOKS B = 88. 56% , Kappa Z %1 =0. 88.
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Fig.7 The distribution of aquatic vegetation types in Lake Taihu in July of 2014
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