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Abstract; Total dissolved solids ( TDS) of surface water is the total index of concentration of
chemical components in surface water, and is an important parameter for the characterization of
hydro-geochemical action. TDS directly affects the salinity of surface water. In this study, we chose

Ebinur lake watershed as the study area, measured TDS data of the surface water, and analyzed

2016 4F 7 A 1 H UK ( Received : July 1,2016).
« [E 5 HIRBIIE 4 (41361045,41130531) ).

Supported by National Natural Science Foundation of China (41361045, 41130531).
w x HINBK R A , E-mail ; zhangfei3s@ 163.com

Corresponding author, E-mail: zhangfei3s@ 163.com



- TNV BT ZonR PR SRR AL SVM) BRI G831 05 1 (1 b 22 K I e 1 o
’ SR (TDS ) Al 34 J HOE % H——— L 38 B 380 3 358 o 461

quasi-synchronous Landsat OLI data to select sensitive band. We then used geo-statistics method
multiple linear regression model and SVM model to estimate the TDS of surface water, and compared
with field measured TDS. The results show that SVM is the best model for TDS estimation and its
coefficient R* is 0.97,, RMSE is 50.59. The accuracy of multiple linear regression model is very close
to the SVM model, and the coefficient R* is 0.9, RMSE is 66.55. The accuracy of Geo-statistical
kriging interpolation method is the lowest, and coefficient R* is 0.87, RMSE is 95.73.The SVM
model prediction can better reflect the general characteristics in large area. The estimated results of
TDS are in conformity with the actual field TDS data in Ebinur lake. Therefore, the SVM model has
a great potential application for water quality prodiction.

Keywords: TDS, SVM model, multiple linear regression model, geostatistics, Ebinur Lake

watershed.
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Table 1 Sampling time, sampling sites and quasi-synchronous images

AR A (B 5 ) Y SR AEI [R] R
Images time (orbit) Sampling time Sampling sites
2015-5-19(145-29) 2015-5-24 2015-5-26 P28 P29 P30 ,P31 P32 P33 P34 P35 P36.P37 P38
P1.P2.P3 P4 P5 P6.P7 P8 P9 P10,P11 P12 P13 P14 P15 P16,P17,
2015-5-26(146-29) 2015-5-19,2015-5-21 P18 .P19, P20, P21, P23 P24 P25, P26, P27, P39, P40, P41, P42 P43,
P44 P45
2015-5-28(147-29) 2015-5-28 P46 P47 P48 P49 P50 P51 P52 P53
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2 5 51958 ( Results and discussion)

2.1 LI K TDS i S SRR IR o S fakat Bk Bt
2.1.1 LK TDS SGik ) R IERFAY

G R AIE SR 1 IR T B S M) B AR T VA 2 — , AR FSE M Landsat OLI idls L #2553 R4
MUK A 26, aniEl 2 B, L 2 Ha] DU Y SRR SRS 3 ih 46 58 45 B K IR G Ui %
HHZRHRAE , R Landsat OLI B4 19 70 B8 30 m, FEOKMCRAEE 5 T REAAFEIR A2t i, i I 1 %
ik o8 2] AHERRIE G500, NIEL 2 vy 53 Sk (A1 M 22 mT LI B AR 7 55 SR A i 34940 T /KR40t
e, PR R T 8 B A T K B SRR AT AT Y.

MR AOETERMCRFAE 5 H 27K TDS 22 [8] (4 ) B G 7 5l 28 B0 AR 78 2 B 75 3 3 18 = Btk A7 TDS
WM B AT, AL T Landsat OLL B0 9 OGIE AR, X SRk K O G 1% MOURAAE 55 TDS Z 8] 14 56 &
AT TR BB, S BEAS R & 5 1 TDS B W i 245 J0 i S i th Ze an &1 3 i, [T rf SRR
13(P13) 1 TDS }y 4230 mg-L™", RFE 5 8 (P8) 1) TDS 2N 2751 mg-L™', K kL& 50 (P50) i TDS A
1505 mg-L™", SRAFEST 46 (P46) [ TDS K 577 mg- L™, 2RAEAT 33 (P33) [ TDS 4 95 mg- L™ A& 3 AT LA
F i TE 430—1050 nm B, S G o B iy K A4 B ARl 2ok X 43 TDS 195 & 24 7E 1050—2450 nm
A, T S ARG AT DL e TDS AR/ IR I, H67K TDS 1) 22 55 7] LLGE 3 KA S 3 Rk R 18, it — 4
MOGTEARFAE A ) W % 3 Landsat OLL £04E /Y %5 4 (630—680 nm) | 2 5 (840—885 nm) £ 6 (1560—
1660 nm) % 7(2100—2300 nm) I B A 7KK TDS AOSUENE I B BT L, o] LU DAL 35 B R AF H 2 7K TDS
) 22 5.
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Fig.2 The water spectrum curve in the Ebinur Fig.3 Water spectrum curves with
Lake watershed ( Article 53 the spectral curve) different TDS contents

2.1.2 ZLHWIRE LK TDS 12 Wik L

R T 2D UER | B B RO U B, R DG 12 W B A T AU B () B, 4 Landsat OLI
B AR N BF AN 53 ASRAE AT 7 AN BL ) 200 RO RO 5 HZROK TDS $HlE 1 TR et o b, &
PP Z (6] J& TRBEAH O ,0.3<R<0.5 fH A% S S 3Rk A 78507 A0 4o (fRI80 WHER 8850 5, KI5 5.6.7
B 3 AN BT R EIEC S KR TDS A R>0.7 )8 T A OG. HAE 5.6 .7 W BLS TDS BAH I B
TR 4 AN BB, B, iR K TDS 73 21 AN BN i 21 710 B 5 0% I R A B 3 A 5. o il
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B Hh Landsat OLI 38 BGE R 1—T7 BB REN R, A, (P, 45 R IR 2.5 4 5 .6 BB P ISR AUE
THA 4 B, X HIFIK Y TDS B BB 12 By B BE A B 58 X MK TDS. i T2 Wi ds
Kokt A R Z5 G5 R, X R J7 20 T8 2 Wis Bokt 58 & B A I 2 0 5 45 2 i A
ROV BI NS 4 5.6 BB, I, Landsat OLIL ZEJE S IK A TDS AOBUREN B 4 .5 .6 B

R2 AUBEHARK TDS MR B bR 2 Ll A2 e

Table 2 The correlation coefficient, standard deviation and diagnosis index of each band and surface water TDS

I B (Band)
Bl B2 B3 B4 B5 B6 B7
R AR ZREL 0.323 0.201 0.203 0.77 0.702 0.695 0.755
A bR 4.3738 5.1624 3.2156 3.4311 2.9721 28.2068 2.16
PR EL 1.4127 1.037 0.6527 2.6419 2.0864 19.6037 1.6308

TE:B1.B2 B3 B4 B5 B6 ,B7 {{3 Landsat OLI #1311 7 1~ Bt.
Note: B1, B2, B3, B4, B5, B6 and B7 representative the Landsat OLI image of 7 bands.

2.2 I B F K TDS B8R 34 5 14 2 <7
2.2.1  LHMRE R IK TDS Zongk Al B Al
ABFFEHRH SPSS 19.0, % T k471 4 .56 55 3 /U BRI R EIEE Y A B 5 [ 204k
PRI R AT HLF K TDS 1438 Ak . £ 57 14 22 TR M Al AR AR
Y =— 381 + 768 - - 1350 = + 705 (6)
B B B

4 5 6

RV P2 288 R M 0.605 , RMSE K 337.93 ; 22 TR MEAG B F 44 5 i Ak I A 78 | A8 £
DUPKS R A e
2.2.2 LRI E K TDS 18 SVM f B A5 Al

AHFFE B TE TR T2 XS IR K TDS B LAl AR AL | PN b Ry ik — 25 ok HGE JE A I SVM
B A 2 e 24 A 57 SC L T 3 26 /K TDS Ak MBS 7Y 5 57 MATLAB 2014a 1E N #4F- & , Landsat
OLI 4.5 .6 1 3 AN BLA S A0 BIBCH [ 785, TDS g A28 i ] SVM B HEF 7 1 F27K TDS Fl 28 J
I - 235 A5 A R 400 A5 06 1 SR R S A 1l ML IET U (SVMD) B30k S B AR Y R T SVML 38 g ol )
RIS, A% RS FES RN C SRS EL g MO8 2 M 45 A, AR SCRF SCRik [ 32 ] Fr 3 B9 5
2, YT RBF A% sRAL, i ik 58 SCIR IR . Ry BRI RAE B2 5750 4 TR ], 28 SCIS TSR 1 43 2D 4 I 4
F % (grid-search ) AT, BVSE— 204 S HORME R BUE G 18], 55 20 WIAE 275 — 20 B i e 00 1R PR iR A 7 44
KUK S BOUE.

AHIFGE ST T B I SVM B () He sE BB R* S 0.667 , RMSE iy 169.82 ; FH 1245 U 15 3] (1) b ¢ 7K
TDS FE 55 S INE Y 5C 2R UL 4.
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Fig.4 The relationship between observed and predicted TDS based on remote sensing inversion SVM model
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2.3 LB TDS (1) 7 HLAK 25 [a] 4 {E

R T 25 A A R I S K TDS 7R % [B) A 0 A 78 S AR DGR AE I 5 4 [ i)
BEAY R b GE 5 7 3 I B 2 7K TDS Ak A AY . 28 55 %68 3 L At S 4 QQplot [, & B
Hoas () 22 52 LA ok, ARk B R 2 PRk, 38 HGA e 3805 TDS i AR #2230 18 25 430 A e LA, AR F 5% 5080
PG v BEURAE ( F0M R A HLGE 30 GS+V 9.0, THEHbF K KR Th 1Y TDS 2F 07 25 ek 8k, 43 9 285t
LMk BRIR 8 BOR S B AL | DA SR 251 7 Rl /N (TRE FR U R e, e 4% 1 Y B AR AU B AL Oy
BRRA Y AR S EO i & AE €, =0.0116, 3 F{H(C,+C) = 0.125, 451 1 €/ (C,+C) = 0.072, 78
T a=14142 m,R*=0.513 5k 22FJ5 F1h 1916.
2.4 LT ERIK SVM A | 22 o2 MAR Y 5 2 [B) 47 (B RS BE X Lh

TDS TIN5 S0 TDS #4926 28 LI 5. by o BUAR TN ASS U452 44 9 AN T s TDS TRIE 55 520 TDS
Y ZR LD 5. NG5 UE SE- 55 F50 (A B0s I 5 A el DU o ARV LA 5 B S ] 1Y) R*50.87,
RMSE 4 95.73. 28 [a] Y= A5 50 3 5 ECSLAE 8] ) R* 4 0.90, RMSE 24 66.55. k. SVM 455 1 (14 56 31F 1200
{B-5 POE A HO B T DL BOAE 5 BCSE R R 0.97 , 3 B Ak TN SVIV AR 2 S50 1 1% 34 75 R
BRZEN 50.59. R, 38 S Ak TN SV ASEHY Y FITIA B 48 s TAL GE (I M SE 15 12 o B 4 (B 1k N 22 TR ek
[l .

2500 2500

R*=0.875 v R?=0.90
RMSE=95.73 RMSE=66.55
~ 2000 n=9 )y 2000 n=9 3
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2 2
£ g 4
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Fig.5 Comparison of accuracy between of multiple linear regression, SVM and Kriging model

Syt Xt 2 SR A I 22 TO LR PEAR AR SVM AR I o FLAK 25 [ (B Ik R A T30 UE. fi 36 3 AT LA L 7
22 TR A BE R B 285 5 v SRAE A 48 (P48) TN TDS B AHXT IR ZZEEK, K 27.6% ;K FE AT 6(P6)
FERAE AT 16(P16) YT TDS AYFIXT IR 2248/, ¥59°0 8.9% , HLAs KA AT TN 9 AF XoF 152 22 o 1 1) s 7
TE SR 7 RS AR (0 TR o, SRAE A5 21 (P121) FISRAE 42 (P42 ) T8I A A4 R X 15 22 5K, 43 31
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Table 3 Prediction of TDS and their accuracies by remote sensing inversion SVM

model and Kriging spatial interpolation method

ZICL AR T AR AR AR SVM H#Y
SRS S Multiple linear model Kriging model SVM model
Sampling Measured 58l AHXT 3R 22 i AHXT 1R 22 SURIINTER AHXT 1R 22
point value Predicted/ Relative Predicted/ Relative Predicted/ Relative
(mg-L7") error/ % (mg-L7") error/ % (mg-L7") error/ %
P1 2425 2031 -16 2205 -9.07 2321 4.28
P6 123 112 -8.9 143 16.2 136 10.98
P12 163 198 21 218 33.74 182 12.02
P16 428 466 8.9 512 19.62 438 2.35
P26 1910 1500 =21 2084 9.10 1891 -0.98
P34 127 108 -14.9 162 27.55 96 -23.96
P42 265 227 14.3 362 36.60 271 2.44
P48 730 528 27.6 613 -16.02 632 -13.34
P52 1960 1566 20 2475 26.27 1708 -12.85
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Fig.6 Spatial distribution of TDS
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3 %518 ( Conclusion)

DISC L A BT G2, FE S AR A SRAE RN 43 B i Al L R 2R 7K TDS {5 2.5 Landsat OLI
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(1) R Z o2tk AR SVM BRI 58 BUAR F (675 37 1 #327K TDS Fi Landsat OLI £#% 2 1]
Y RE B AR, 22 JRZRAE [ B 1 48L& He a2 R0 RPN 0.605, 341 )7 iR 12 2% RMSE b 337.93, 7 LA 4 (B
PRy FEIK TDS A R G e e R R 0.513, SVM Al A5 1Y A 40145 e 78 2% R* M 0.667 , RMSE
1 169.82.

(2) X Hg b2 K TDS 22 02k Pk [ Y4BT SV M AR 16 1 o0 B AR J7 (1 0 A5 180 0 470 B8 %o e R 3,
SVM H I B AL A AR R $0E e i R 2K R* 2 0.97 , RMSE 2 50.59 , 1M 22 JCR M 1] U146 75 fit 4 13 s 1%
T SVM AR | 2 TCLR AR R (D5 U 8 2B R4 0.9, RMSE N 66.55. 58 BLAS 7 {15 1 T50I0 A 2 e 1%, 404
HHREREL R 0.87 ,RMSE 2 95.73. Uk B AL TN SVM BSR4 37 X 1 ZRK TDS 1) TR0 B 2 e
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