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Decision tree model of extracting blue-green algal blooms information based on Landsat
TM/ETM + imagery in Lake Taihu
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Abstract. A decision tree model (KTNI) based on the K-T transformation and Normalized Difference Vegetation Index ( NDVI)
was developed to extract the blue-green algal blooms information in the lakes using 9 Landsat TM/ETM + images. This paper com-
pared the KTNI with the single-band threshold value method and the multi-band threshold value methods (RVI, DVI, NDVI) in
accuracy of extracting the blue-green algal blooms information, and then validated the KTNI using two observed images of the Lake
Taihu and one image of the Lake Chaohu. The results showed that the KTNI can mask the water body automatically and separate
the blue-green algal blooms from the land vegetation and aquatic plants effectively. Model thresholds and their ranges were deter-
mined based on the TM images; the lower limits of the Brightness, Greenness and NDVI were 0.191, —0.007 and -0.054, re-
spectively, and Wetness ranged from 0.07 to 0.15. For the upper limits, the Brightness was from 0.3 to 0.7, Greenness was from
0.2 100.5, and Weiness was from 0. 1 to 0. 3. The decision tree model and threshold values can be used as the reference for remote
sensing monitoring on the blue-green algal blooms in lakes.

Keywords : Blue-green algal blooms; Lake Taihu; Landsat TM/ETM + image; K-T transformation; decision tree; remote sensing

information extraction

B IR S DR A B B K A REE I S IR R A, AR T K B IR FIARRE , 25 7K™ FR Bl K R 48
R 7 Ml B N AT A i B 22 A S ok T AROR A . T, 5 T 1807 i K AR 1) Sk A AL v AN T, X LA
TR AR S L IR ARG A BB A i AR R K A R 2 TR A7 RN 1R O A5

«  FEEARPIEIL ST E (40771152) FIVLH A8 H30 & 48 3 SR B 5811 R 50 5 (09KJA420001 ) XA %% ). 2013 —
11 — 211§ ;2014 — 02 — 28 Witk . B IBSH (1987 ~ ) , 4, fil A5 4= ; E-mail ; henanxia@ 163. com.
v AFVEF ; E-mail ; weiyuchun@ njnu. edu. cn.



908 J. Lake Sci. (#1i8++%),2014,26(6)

ST R GRS LA FG 2 L | DR | B AS RS A 5, X K PR AT B 5 W I Ay K B A B R A, B B
SIS

I T K A B 2 B K A | 1 K A 5 A D B D 2 S K MO S Eta7k14:cfn%ﬁm
R ARSI ke 2 . A A P A T I e P AR [ R AR T €5 7 D 45 £ X901, 3K 86 X 390 3 B g e i
5 EBRGHAR N AR R 8 T2 s Mﬂﬂb“ﬁﬁﬂi&éﬂb,Eﬁ%%ﬁ@fiﬁﬁ%ﬁz%ﬁ%ﬁ;ﬁ%
JKAEAE 560 nm T ELAT R , 75 3T L1410 BEk 3 B B AR FIT] TMA (41) TM3 (&) TM2 (15) &
A G, 5 B s T X Lt e, 55 0 P A 6 € L 0 2 6 3 /K A 0 S0 X 1. Kahrw 257 0 ) 5 0 B
XK AEAE BT T 4R H. % F) K A SRR G AT B AR R , K 22 B 0 PRl 48 SR AT K HE B R
s FCAER B3 B (RVE) 00 22 (8 M B 48 B (DVI) 7 A — Ak A B 15 B0 (NDVI) ™10 339 508 050 s k4 5
( EVI) U RIS ARG AT B T AR U B (FAD 1

FOKAERY B W — ﬂ&m?ﬁ*ﬂﬁﬁﬁﬂ%%gﬂﬁ%mhﬁ%ﬂ%&5&“” FBRK A AR 1S

uuﬁ%ﬁameﬁx, SR T ER 4 T R R TR 2 2 S K AR AR A 1, S R T A 3 AL B R A HEA T
AL, % S BE 2o BRI K A B, o A T SRR s PR GRe P 1 BB AR T, % B2 A PR 2
SN, ELAR IR, 5 rh B A e K AR Sk AR (R . DA I, DAL 4 S50 S 68 1 8 7 8 1 2 2 A
JE AR AR SCHE TR Landsat TM/ETM + % #8710 05 K He B 0 e SRR fei P A 140 il 55
IS T B 300 9 PR AT T R TIE., 0ot S B (1908 B HEAT T i

1 HIEETTE

1.1 #iEiE

K EH T 5 18 B AR e % 1R A0 ) i
BRI ZS 18] 43 A5 LB A fE Y Landsat TM/
ETM + T35 5% 18 78GRI 58 45 7 75 7K 1A X388 17 [+
B, R RESRAE MK AR A 401 (5 2. B R EIRAR
DUFIK AR ZET /34l , AR SCEE T 9 A Landsat
&, Forh K 6 3, B4 002 1998 4E T A 26
H 2002 4= 10 A 25 H .2004 4E 7 H 26 H .2005
AE10 H 17 H 2011467 H 22 H. 2012465 A 5
H S0 3 1, B #9945 5024 2005 45 8 A 12 H
2007 4510 A5 H 2010 4£6 H 15 H. &Rk
A EPRBE SR IR %57/, R A UTM 5%, B4
22 1 WFIE X AR 5 RO S AR e, TR R AR T 2
G%(TOA) EI1.

16 LR B, K 2005 45 10 17 HY

' - ‘ y - ' ™ I’EH%KM%EEHE IKEMY &, HAEbrdE
Bl 12005 47 10 7 17 HRWI TM(4.3.2) AR s - (F 1),k Kk ok B 2% 5

Fig. 1 TM(4,3,2) composite image of Lake Eygljlé IR A L 2T €8 R KR £ Bl s SR
Taihu on October 17, 2005 KA R AE KW AR , RGP e

% H I B T /K ARSI 15 B X LERIFSE.
1.2 R Rk R IR EX
TER AR SR ORI 7326 b, DS 7 i 1 AN () (Y R B L, s AR 1 B b B (A ke it LA
GFAIE . PRI, T DRSO KA, AR SR ST A 1 /K e SR U DR SR RS (TR KN, 6] 2) . AR ) 45
s KT 2R (23 (10) ) B9 3 AN A NDVICAS(3) ), 35 B3] T ASBIEL, 505 H a)\ay by by ey vy ody 3R
7. T 7 AL O () UL, % TM/ETM + (SR S8 — (] Landsat [y K-T 28 BRI, ZEAR 22 208 -

U=R-X+r (1)



Bomeih S Bk T B AT Landsat TM/ETM + BE4% o K3 3 5% K 4245 B3R B 909

o JH ) 2R RO -

0.2909 0.2493 0. 4806 0.5568 0.4438 0.1706
R -0.2728 -0.2174 -0.5568 0.7221 0.0733 -0.1648 2)
- 0. 1446 0.1761 0.3322 0.3396 -0.6210 -0.4186

0.8461 -0.0731 -0.4640 -0.0032 -0.0492 0.0119

AL, X = (%), 25,55 ,%,,45,%,) & TM/ETM + BEUE RIS 1.2.3.4.5.7 B BERIE ICE, r S8 00 10. 3695 |
—0.7310, —3.3828 #10.7879.

PG 2850 K-T ARSI P (R 3 A S0 VIR SEE ( Brightness) I ( Greenness ) FINEIE (Wetness ) . £
RSCIOREI PR30 B I 40K P 5 . 458 43I e T 45 6 4 9 ik F4 R 1 Lt PR B4 — Bk e 5
IR A A VB B 43 T U R LT AN 5 8 K240 (45 5 7 B ) (20 565 5 R 7 i B R Ho e
R, TR I 4k He KA R R M 1 .

BT NDVI IR — 25 B4 o PRV K L B8 85 K H 5 8 B RS i
- P
+p,

K, pus FEUTLTAMI B R T ST, p, SELTGI B R T S S 3%,

a 1<Brlghrness<a2

| b1<Greenness<bz

¢—‘—¥

| Hithithdy | |C1<Wemess<cZ |

!

HoAth oy | | NDVI<d, |

¢—‘—¢

| st |
(SPRUNENER Y SRS iy i

Fig. 2 The decision tree model of blue-green algal blooms information extraction
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Tab. 1 TOA statistical characteristics of typical objects in the decision tree nodes, October 17, 2005

25 Gt kAR KA — K ki A= AE 4 U
Brightness /M 0.261 0.248 0.313 0.252 0.298
IEON 1 0.647 0.422 0.357 0.504 0.876
¥l 0.468 0.295 0.329 0.369 0.471
Iy % 0.050 0.026 0.008 0.047 0.078
Greenness /M -0.025 -0.048 -0.091 0.031 -0.046
SN 0.428 0.110 -0.024 0.245 0.157
I 0.076 0.013 -0.078 0.121 0.015
J5 % 0.076 0.018 0.005 0.037 0.028
Wetness /M 0.141 0.067 0.145 -0.084 -0.337
iSO 0.230 0.142 0.177 0.084 0.137
I 0.174 0.116 0.162 0.034 0.013
J5 % 0.015 0.011 0.004 0.025 0.049
NDVI £/ME -0.040 -0.136 -0.323 0.218 -0.128
SN 0.591 0.335 -0.137 0.576 0.435
¥ 0.377 0.117 -0.252 0.423 0.076
J5 % 0.103 0.062 0.028 0.065 0.067
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Fig. 6 Blue-green algal blooms information around Manshan Island in Lake Taihu

in Landsat TM image extracted by different methods
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Tab.2 Accuracy comparison of blue-green algal blooms distribution in the lake

s 5k P K AEAGTEL (a) IEBRIBURGEE (R) TR (M) FEPEREIE (W)
1 NDVI 344487 89.50% 10.50% 12.44%
2 RVI 357701 83.66% 16.34% 22.19%
3 DVI 359123 87.77% 12.23% 18.50%
4 B4 BAyh B 345218 88.61% 11.39% 13.54%
5 YL 343169 97.77% 2.23% 3.78%
HALf#% (ag ) 337899
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Fig. 7 Aquatic plants information in the south of Lake Taihu in Landsat TM image removed by different methods

200243510)51255 200548 H12H 2011$7H22E
KiHGERE, T SR RHORENEE, TM KI5 500 A T IR, ETM

[ 8 Afe] H W& {5 rf KTNT S35 5 Kk #2404

Fig. 8 Blue-green algal blooms information in images on different dates extracted by different methods
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Tab. 3 TOA statistical characteristics of node threshold in the decision tree model of blue-green algal blooms

Brightness Greenness Wetness NDVI
AR AW

TR LR TR LR TR LR TR
2005 4510 A 17 H 0.261 0.648 -0.025 0.428 0.141 0.230 -0.040
2004 47 H 26 H 0.205 0.471 -0.027 0.219 0.110 0.151 -0.100
20024510 H25 H 0.173 0.312 0.023 0.202 0.085 0.118 -0.050
1998 427 H 10 H 0.126 0.394 0.003 0.403 0.071 0.132 -0.026
Giiti E 0.191 0.456 -0.007 0.313 0.102 0.157 -0.054
T 0.003 0.021 0. 0006 0.014 0.001 0.003 0.001
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