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Fig. 1 Landsat 8 OLI images of three test areas (RGB: 543)
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Table 2 Water types and the number of training samples

in each test area
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Fig.2 Water-enhanced images of each test area by the three indices
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Fig.3 Histograms of water-enhanced images of three test areas
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Table 3 Statistics of the three index images in each test
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Table 4 Accuracy assessment for water feature extraction

area by the three indices using 0 threshold in test areas
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Fig.4 Comparison of water extraction results of the three water indices in some test areas using 0 threshold

(Landsat 8 images)

MNDWI o| MNDWI o
WI2015 o WI2015| °| MNDWI 0
Band11 ° Bandé) °
Band12 o Band4! ° AWEI o MNDWI| °| Band6| o
Band8al o Band7| 0 MNDWI ° Band7| o Band? i
WI2015 0 Band11 °
e o o

AL s . Band6| Band6 AWEI
Band6| © Band3al ° Band? Band5| ° WI015, 0
Band7) -¢ e ° Bands|o AWEI o Bands|-o
Band8| ¢ AWEI o
Bandslo Bands o Band4| o Band4 ° Bandd| ©
Band3|° WI2015 o Band2|e Band2fe Band3|o
Band2[° Band2|°

Band3|e Band3|o Band2|o
Band4{° Band3|°

T T T T T T T T T T T T T T T T T T T T
0 1000 2000 3000 0 40 80 120 0 1000 1500 0 20 40 & 0 1000 2000 3000 4 000
Gini Gini Gini Gini Gini
(a) FEMIS2A (b) AEEFHS2A (c) FEMLS (d) PfeFHHLS (e) BRI HLS

E5 SXBRXAARHMERRNGniiERsHmiFE

Fig.5 Ranking of all feature bands by Gini coefficient in the test areas
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Table 5 Variable importance of 13 feature bands ranked

by Gini coefficients of random forest based on S2A images
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GinifH Gini {8 N

{43 43 i g
AWEI 469.75 6 80.81 9 7.5 7
MNDWI 3318.19 1 133.23 1 1 1
WI2015 945.87 5 71.43 11 8 8
Band2 0.55 12 0.00 13 12.5 13
Band 3 4.30 11 0.00 12 11.5 12
Band 4 0.37 13 97.35 3 8 9
Band 5 16.97 10 75.26 10 10 11
Band 6 264.31 7 103.53 2 4.5 4
Band 7 220.35 8 94.58 4 6 6
Band 8 43.68 9 81.06 8 8.5 10
Band 8a 1547.88 4 90.71 7 5.5 5
Band 11 2495.78 2 92.94 5 3.5 2
Band 12 1972.52 3 90.88 6 4.5 3
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b % B 5 R R R B e, P 0 e ik i 4 G ok 3
S K AR B, H TG S 0 BOE LA R 1 AN
FEVE T MNDWI R HIFR 1 09 15— £6 Fo AR R A A,
HAE R EAE-1~1 Z 6], T A RAE KR (5 B 2
[ X EE o I3 A, 3k 34~ F5 Bt i AR R 3 1 ik
ZLAMIE B, R, B AT A i R AR A AT DL A A
A AU B AR TR Z B R E . BT MNDWI H A
F OB 5P 4 A 1k B (1.566 ~ 1.651 pm) |, 1M
WI2015 FI AW ET W) #5 i 75 2 {5 11 3] 55 35 21 5 2 9%
Bt (2.107 ~ 2.294 pm) , K it , MND W # fiff 2 [
S e T el DLIAE SPOT 546 A H

X6 L8E

|SE=A

WL hh 2 P B TR AR

BS2A T L8 1Y 2 5[] A0 5 AR 1 B BUAICR T 7
3 Tl 7K PR 48 B0 A M M X 18 S AR 14 K A4 ST 44 42 B
K BN 91.36 %, Kappa & Uk 0.816, 1 S2A 1 °F-
K PR HE BOKS 1 ok 88.84 %, Kappa R 50N 0.774 , 3
T L8R, 1EIRAC AT &, L8 Y 3 P K A 45 #h i) F- 14
FRIBORS B [RIRE B2 05 T S2A (£ 4) o 1 iUX A 22 5 10
J A 2 SR S2A HRAEJE 1Y 20 m & [R] A3 B R R T
L8 30 m 4y ## 3 , M R HH O BI(E H sh42 5, i A &
e FH o BB I, S2A $2 O K A5 B v i 43 1 B
b (E B E I I R BE 0 R R . M Gini 48
oy BB R 3Fh K MR8 B fE L8 1T 4 E
HEF M 2.67, W iF T S2A 19 5.33, X FEEH N
S2A AR 26Nk B T L8R, AT 2 4L
B (6.7 . 8a ik B )y EAEHEF L AF T AWEL
M WI2015 (£ 5), AT i i W12015 Al AWET /K 4
T8 BUAE S2A AR T I B B TR .
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(1) A O (59 14 5 0 45 B M Bt 3445 $i b ] LA
ARAT B IR B Eqﬂ MNDWI 7 3 4~ 52 5 [X /K
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Table 6 Variable importance of 9 feature bands ranked by Gini coefficients of random forest based on L8 images

B VLB A L - WA T
Gini fii A Ginif T Ginif T

AWEI 1274.94 2 57.93 6 1794.62 4 4 5
MNDWI 1211.03 3 72.03 2 4603.92 1 2 1
WI2015 1559.79 1 75.74 1 1419.84 5 2.33 2
Band 2 4.31 8 0.00 8 0.56 9 8.33 8
Band 3 0.83 9 0.00 9 0.75 8 8.67 9
Band 4 34.20 7 56.56 7 85.09 7 7 7
Band 5 243.71 6 60.42 5 520.97 6 5.67 6
Band 6 487.96 4 60.97 4 3619.08 2 3.33 3
Band 7 376.42 5 71.84 3 2432.77 3 3.67 4
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Comparison of Remote Sensing Water Indices based on Objective
Threshold Value and the Random Forest Gini Coefficient

Wang Yifan"?, Xu Hangiu"’
(1.College of Environment and Resources, Key Laboratory of Spatial Data Mining & Information Sharing of
Ministry of Education, Fuzhou 350116, China;
2.Institute of Remote Sensing Information Engineering, Fujian Provincial Key Laboratory of Remote Sensing
of Soil Erosion, Fuzhou University, Fuzhou 350116, China)

Abstract: This study used Sentinel-2A and l.andsat=8 images of Fuzhou in Fujian, Nima in Tibet, China and
French Island in Australia to assess the performance of three commonly-used water indices, i.e., Modified Nor-
malized Difference Water Index (MNDWI) , Automated Water Extraction Index (AWEIL, and AWEL,,) and
Water Index 2015 (WI2015). The objective threshold value, i.e., O threshold, and random forest importance
assessment method (Gini coefficient) were adopted to do the comparison with different water types (river,
lake, and ocean). Among the water enhanced images of the three indices, MNDW I-enhanced water image has
the highest contrast and rich information, whereas AWEI and WI2015 have relatively low contrast and are less
informative. Accuracy validation shows that the water features extracted by the three indices all have high accu-
racy. Nevertheless, the average overall accuracy of MNDWTI in the three areas is slightly higher than that of
W12015 and AWEI, which are 91.83 %, 91.16 % and 90.07 %, respectively. In addition, MNDWI can detect
small water bodies and remove mountain slope shadows more effectively than the other two indices. The impor-
tance assessment revealed by the Gini coefficient of random forest further shows that MNDWTI has the strongest
importance in the separation of water with non-water features, especially shown in Sentinel-2A images, while
WI12015 and AWEI have a relatively lower importance.

Key words: Water index ; Random forest; Gini coefficient ; Sentinel-2A ; Landsat—8 ; Assessment



