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Application of support vector machine to lake and reservoir
trophic status recognition

CUI Dongwen
( Wenshan Water Conservancy Bureau of Yunnan Province, Wenshan 663000, China)

Abstract: According to China’ s lake and reservoir eutrophication assessment standards and the support vector
machine (SVM) theory and method, a CV-SVM lake and reservoir trophic status recognition model was constructed
based on cross-validation (CV). With the interpolation method, the training samples and testing samples were
randomly generated within the classification threshold. After the model’ s desired accuracy was achieved, it was
applied to the recognition of trophic status of 24 lakes and reservoirs nationwide and compared with the projection
pursuit, evaluation index, and neural network evaluation methods. The results are as follows: the recognition rate
using the CV-SVM model based on a linear kernel function reached 97. 8% and 97. 3% ( for five times on average )
for the randomly generated training and testing samples, respectively. The trophic status recognition results of the
24 lakes and reservoirs were basically consistent with those obtained by the projection pursuit, evaluation index, and
neural network evaluation methods. The model has the advantages of high generalization ability and recognition

accuracy, fast convergence, and the unlikely occurrence of a local minimum.
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HERL EERML
e FH o pChla)/(mg- L) p(TP)/(mg-1')  p(TN)/(mg-L") p(CODy)/(mg-L7)  h(SD)/m
TESR 1 <1.0 <2.5 <30.0 <0.3 =10.0
P 3 2 (1.0,2.0] (2.5,5.0] (30.0,50.0] (0.3,0.4] [5.0,10.0)
LRE=E1= 3 (2.0,4.0] (5.0,25.0] (50.0,300.0] (0.4,2.0] [1.5,5.0)
R E SR 4 (4.0,10.0] (25.0,50.0] (300.0,500.0] (2.0,4.0] [1.0,1.5)
WE 5 (10.0,64.0] (50.0,200.0] (500.0,2000.0] (4.0,10.0] [0.4,1.0)
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He/IME 0.5 1.25 15 0.15 0.2
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AIRETY (model ) , DA I RABCR EAR 73 26 4 10 M BE 4
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(LOO-CV) ,CV ik Al LU 85 i G i Y = i 5 2] 7 A
R R 2] R KA

AT MATLAB P15, 32 H libsvm T HA 25
HHEBERF, R CV Bk MESTH T ¢
BRESEL g (03000715  TESRIEB B A 2 50
RIARAET 20 BRI TR R R £ SVM I
RREA R A HE AT R, DL IE 8 R ) 264 S
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F2 EFAEZTEA SVM EFHIRAEITLER
REAR AN TR R A 2R LU %
e 2tk 252N RBF

98.3(118/120) 80.0(96/120)  100(120/120) 21.7(26/120)

Il 100(120/120) 86.7(104/120)  100(120/120) 16.7(20/120)

%ﬁ 96.6(116/120) 88.3(106/120) 100(120/120) 16.7(20/120)

(

(
ZN 96.6(116/120) 89.2(107/120) 100(120/120) 17.5(21/120)
97.5(117/120) 84.2(101/120) 100(120/120) 14.2(17/120)
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= 2 2 =2

j;ﬁq}: 97.8 87. 1 100 17.3
ZAYIREE
ReA AN )R R BGR IE B 2R LAY %
= 2tk E2TEN RBF Sigmoid

98.3(59/60)
o 95.0(57/60)
};E 96.6(58/60)
VN 98.3(59/60)
98.3(59/60)

78.3(47/60)
81.7(49/60)
86.7(52/60)
91.7(55/60)
88.3(53/60)

90.0(54/60) 23.3(14/60)
93.3(56/60)  16.7(10/60)
98.3(59/60)  16.7(10/60)
95.0(57/60) 18.3(11/60)
96.7(58/60)  15.0(9/60)
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Fr KR, Y 2 AL RE ) 25 i, B0 A e 3t
FEAS R IE B TR 6, D020 P A% R 50KT 07 114 A5 8 4 il
speft, PRHAS SOR R PR sREIGHEA T 288, T 4
] 24 AN PR B SRR IR, 28 BRI A5 15 21
IS H N . €=0.43528,4=18.3792,

3 A

3.1 BIEKE
BB ] 5 95 1 P ) 95 V7 5 11437
(%3),
x®3I HREFEBREFAEEN

p(Chl-a)/  p(TP)/  p(TN)/ p(CODy,)/h(SD)/
(mg+L™") (mg L") (mg+L") (mg-L7") m

) PE( LX)

(M) 1.86 22 246 3.09  2.77
FEHIKEE(TR) 149 46 358 1.47  1.72
PRI WA ) 3,52 23 932 5.96  1.46
TE LI () 3.00 29 1086 2.87  0.67
FHKE(RHE)  10.79 25 1220 411  1.42
&1 39385 ( LLI5 ) 4.99 52 2374 2,75  0.28
LK QR 3.77 194 3201 6.96  0.44
WG 14.47 77 1000 3.74  0.36
RE (NS 7.24 153 1671 16.25  0.48
BB 11.80 115 1786 4.01 0.28
BOANG (/) 44.43 108 1309 7.11  0.49
B (27 ) 298. 86 931 15273 16.58  0.23
P4 OI(HTT)  58.95 161 2478 6.94  0.43
HEBI(TYE) 75,69 141 1417 7.23  0.38
BEARI () 54.77 287 2206 10.38  0.53
BOWMOTA) 11951 372 3038 9.92  0.34
RIA()ZR)  149.45 428 5350 13.40  0.22
BKWIHIAE)  153.59 232 15692 13.51  0.22
IR (TR 162.92 743 7337 14.46  0.31
WAL ()7 &) 323.51 643 6777 25.26  0.15
ZRI(ITH) 16814 663 4073 10.08  0.22
BEIF I (A 4.96 316 1270 5.96  0.73
BOWI(EM) 120060 228 2630 8.22  0.22
g () 0. 88 130 410 1.43  2.98
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WRPEFE 1, R R U2k S 4 CV-SVMAS
RIS 3 v 24 AN PR B SRR T, U 25 SR
5ICER[1-3 ] T Ha, Wk 4,

IMTEE 3 Fe 4 AT LI LR 4518 .

CV-SVM A=A 45 5 5 3Gk [ 1-3 T 18050 (1
W) g5 FAEAR MW, 548 T Bk M 48 5
TR S A O B A 3 () Z ), 1
548 TR LU AT TR I T | T 2 R 1
W/ 1 ARG 5018 B0 Le i, A 1 s 18
(B T R e D T8 O K 1 NS, S5 SCHR[3 ] 1) BP
MBI, A 5 (%) Z 00, B/ 1455
2%, 53CHk[3 ]9 RBF ,GRNN F1 Elman i 25 ¥ 4% v
FHLE, A6 W1 () Z 30, /N 1 59, 53X
BRO1-3 ] A HLERES SR v LIAS Y, CV-SVM 8] 238 3k

AUUIERIZ AL RE 158, PUIRS BE i, RIS S
[ CV-SVM ] P F RS BRI O 202
HRTATAY , AT i) R AR A B U S AT A A
M7
R4 HEFEHEEFRTRANER
PUMAEA LA

WP LX) cv.sym %;i%: 4  RBF GRNN BP  Elman
N ~1

" 7S 7 i S S U S

%m ‘E’:'ﬂ ?JE—UW &'31 ?JE—B' ‘Pg’m

O (aM) 3 3 3 4 4 4 4
RMKE(TR) 3 3 3 4 4 4 4
T W Chrsit) 4 5 3 5 5 5 5
FELWA( L) 4 4 4 5 5 4 5
FHOKE(RH) 4 5 4 5 5 5 5
FEH (T95) 5 5 4 5 5 5 5
MPICILA) s 5 4 5 5 5 6
W) s 5 5 5 5 5 5
RE(MEEE) S 5 5 5 5 5 6
B OWEs) s 5 5 5 5 5 5
FIINE (=) S 5 5 5 5 5 5
EHE(BM) 6 6 6 6 6 6 6
I T A B 5 5 5 5 5 5
Haemomm) 5 5 5 5 5 5 5
BETW CBr) 5 6 5 6 6 6 6
mOWMUTR) 6 6 6 6 6 6 6
R &R) 6 6 6 6 6 6 6
BKEIGHAE) 6 6 6 6 6 6 6
IHBW(TR) 6 6 6 6 6 6 6
WM (THR) 6 6 6 6 6 6 6
ZRWTH) 6 6 6 6 6 6 6
BAWI (M) 5 5 5 5 5 5 5
mMOWCEM) 6 6 6 6 6 6 6
5wy 4 4 3 4 4 4 3

4 4 iE
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e/ IMUJEIN b (8 24 2T B, T 3kt G SR S AR /ME D < 3
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TRF AL, SR ZS (] R 4EEOEE , BE A SUR
Hn] BB AEFCI [, B R AT g
FSEFUE DI PR 3E FR RS U 45 SR vl DL
AR SCIT R R T A% sR AL CV-SVM R H AT
KA ALz A RE D75 ARG B A iU IMEAS R
LM K e e 2 G0 In) R R B R A B, 4R,
SVM #Z% sRE FE5T 7 FAZ sR B B0 & B e U
2 SV — 252 kG B 10 DG B P 2, SR FH st A%
B ORL TR LA R R 384 Bk T A A R
BOCEH T B A SR Bl A A A5 R 5B 1 1) 58 T G 1Y
Z MR R TR Bk A st
PTIRE SVM K S KR 2 18T IR T kAT A AL,
{8 SVM AR IS BEAS BT o — 20 1
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