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1. Turnbull

2. Milhouse

3. Data mining

4. Chan and Lewis



AY oLLS c0gi )WT )95 Doy Bl SIS H0 g9lenls s 595l o 9,8

Ewccujjﬁuujbgﬁw‘aééub\
DS s s silwdie die 3 (55lS eols sla s
)l osla__l l_o QLJH) 6@@ dt_hu% c.la\ﬁﬁ.‘!)
ey o 5 e SOy ama g5 Olkor 3 gr 50 duﬁ)jﬁ\
o s LSt Jasits T lg 5 O e S5
‘)ba)js\JhﬁtM;JH)cL.ﬁ&_&;uMLu:ﬁﬁjﬁ
L (el s ) LS w258 sl 855 (S e oy
2l B e S o0 slSelh Q'*'};Y"L;jl oslazul
e =l 53 pii))ﬂ AR e 5 sy hliie da
L;LAA_;:A)')) va;i)ﬂ\ Lﬂ‘d\f‘)ﬁ)\‘)ﬁ Jﬁ)gb)}»d
03 4S8 5, sl pl by Klanls g0 > Shas il

CR-T RIS
55 LS YYAAD spus s ol Loos g sl 655>
8350 53 (50558 a5l (5S p pp Syl Sy
ol Bl (55 Olul 2 Sl SULS Ol g
s Isb e oo sl fa e oLl Sl e
W ol bl i 5, e s OAY YEI YA LS OASY Y YL
Aty i ghyls ad g ol Ll YEO YT 00 1 YEONY
CQU) ot 3] laar i Jald oS ol by
cg;.:_w‘b cg:,\:_.w\bﬁ) cg:MS‘J? L;Kﬂ cC,\:.}ﬁ) JK}T cCa:.}ﬁ)
S al (Trsh) ce s (BN) ol Gy 5 oY
(Ed) o sy eIl 630T ecamals (KD ls szl
éua)lf B (EC) CJ\)L’ cCﬁgy cCA.:.w\Jﬁ) cCﬁg.w‘) cC,.L).L’T
Yot O SVLw S,k Ol women .ol (BA) Sliiis]
éb@&.ﬂawfu_"d_}jfjajwlﬂw
Ji_iu.jé J.ALH-: U’“’Qj.}_l u“..‘ )lS Ji’}) el 0l Coli]
Gloosls a5 bl 5l bl 5 a3l slaJUT
o=l bt S 5 5 el Sl Pl by Jaas
c;b)‘j_ﬁ G WA gL:...A.A ;<._w V_:'Sj: c@'}-l.wwﬁ) ali.:l;—

ol sty s s las g dndlae 4 e S
gui)‘)_aT Slaa e same iy osls Slaj lag o casllbs
osla el b lad e JJKWJMMW)WUWU
e 45 13 OLES gl s S e (Soad g 5
3 Ol IS (255l 52 a5 o6 2 s Oty
Ll e 5 2l e ASS JUe b anslie 5o s liel
P O W S PP VL g e
28 Sl el 3550 s

e A B b (Y010) 0L 5 esliol>
K Gy 93 5l eslal Ly s bl i ) L
(b ol s st d}:_.«ljf) Sla sy s e
S sl el 5 0L 25 A3 T (gleesls
Sl S (e 13 0SS s (35 13 o 550
Slaesls ol an a4y ae BSE hs) 4 s gy 3550
3 (VW) sl SLS el s S5 sh ) 50555
Ceile 3 e A3 gads SLlg o s
T b, sy Ghee gy 35500 55 0kl
dslie S S5 B b s o Ol o 5o Sl
o S ool ladis (5,55 5l (S il As S
alie 53 (1780) (ol 5 357 55 S S5 Sladts
SslSeals slajis, dsls 0L (slabts s, Slgws 3,50 5
O g S5 5 (P Sla o5, 40 S |y (6 50 3 Shas
6ﬁ§A_L> Cals e sla ) ol OB 5> sls
Azl |y plin 3 Slas IS gm b a5l 55 5wl

S8 s 53 (TN DL SKan 5l
o=l 0lS s sl b S gl S
O S 5 s 4 G SVM Jile 3 Sles Loy aes
S sSB S0l s bl a5 4 o6 i oS s
ot (e e Dl w0355 b Sl b S
slai b eddelnil gla ylags mld 4 g L.l
aoed OlgS o ad s Dl 5 Shole b de 5o il
5 YL s el ) 55 (gslSesls slagn, S s S

1. Support Vector Machine
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2. Udden-Wentworth Sieve Series

3. American Society for Testing and Materials

4. Binocular

5. Yap

6. Inductively Coupled Plasma Optical Emission Spectrometry

oo AT LaJUT as s (Yo Y UK L)
Glatiped 53 3 e polie ChLE pal 5 bt 4 S
el 3 oWl Camd e (V) K S s, St
Sy 55 (guls pas s GlallKa of o 4 axlllas 5 40

620000 €29000 G22000 GZ3000 624000 628000 AIN000 GITOO0 IGO0 G200 630000 639900

g o i Sty g
2 oty SUAPS3, Ay | A
B o il iy B
ke I sy iy} JSH ity ATty
i 0051 2 34
s 1 O — — T 4

120000 G290 G200 623000 GJMO00 G100 WINNCO WITOO WINOO0 GI9000 420000 E39900

N> phises OG5 4l > (ALl i Candpe (V) JSS

Figure (1): Geographic Iocatior) of the watershed and sampling
points
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10. Breiman

11. Random Forest

12. Nonlinear

13. Regression

14. Regression Method

15. linear Regression

16. Purequadratic Regression
17. Interaction Regression
18. Discriminant analysis
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. Random Forest

. Classification Trees

. Discriminant Analysis

. Logistic Regression

. Group Method of Data Handling
.Local Linear Model Tree

. Pattern Recognition Method

. K Nearest Neighbor

. Artificial Intelligence
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10. Laplacian

11. Bessel

12. Anova RBF

13. Spline

14. Ouralbena

15. K Nearest Neighbor

16. Nearest Neighbor Analysis
17. Artificial Neural Network
18. Richard

. Pinto

. LOLIMOT (Local Linear Model Tree)
. Support vector machines

. Supervised Learning

. Optimized

Linear

. Polynomial

. Radial Basis

. Hyperbolic Tangent
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5. Group Method of Data Handling
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Figure (2): The average frequency of rocks in different geologic units of watershed using morphoscopic analysis of samples
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Tabel (1): The average of granulometric variables of sediments in different geologic units of watershed
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Tabel (2): The average concentration of geochemical elements sediments in different geologic units of watershed
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Tabel (6): The results of sediment sources classification using whole variables
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1. Linear Support Vector Machine

2. Polynominal Support Vector Machine
3. Multiple Support Vector Machine

4. Radial Basis Function (RBF)
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Extended Abstract

Introduction: Reduction of sediment supply requires the implementation of soil conservation and sediment control
programs in the form of watershed management plans. Sediment control programs require identifying the relative
importance of sediment sources, their quantitative ascription and identification of critical areas within the
watersheds. The sediment source ascription is involves two main steps so that in the first, several diagnostic tracers
are selected for obvious and significant separation of potential sources of sediment and in the second step selected
tracers for potential sources of sediment are compared, with corresponding values extracted from the sediment
samples taken in the watershed outlet. Also, due to the large amount and complexity of data available, nowadays in
geo- and environmental sciences, we face the need to develop and incorporate more robust and efficient methods
for their analysis and modelling. Therefore recent fundamental progress in data mining algorithms can considerably
contribute to the development of the emerging field - environmental data science.

Methodology: According to what was said, in this research, the data mining algorithms used to separate sediment
sources in the Nodeh watershed of Gonabad located in Razavi-Khorasan province by using the geochemical
(includes the 21 elements of Mg, Sr, Mn, Ba, Zn, Y, V, Ti, Pb, P, Na, Li, K, Cu, Cr, Co, Ce, B, Ca, Al and Fe),
granulometric (includes the Dgo, Dso, D10, percent of sand, percent of silt, percent of clay, skewness and kurtosis and
the diameters less than 1, 2 and 4 millimeters and less than 500, 250, 125 and 63 microns) and lithological variables
(includes the quartz, tuff, laterite, dacite, andesite, dolomite, calcite, andesitic tuff, lithic andesite and salt). A set of
11 classification algorithms includes the decision tree, random forest, regression methods, discriminant analysis,
local linear model tree, nearest neighbor analysis, support vector machine, logistic regression, artificial neural
network, pattern recognition and group method of data handling programmed in the MATLAB software and the
results compared based on the coefficient of determination and mean squared error.

Results and Discussion: Study of geochemical element concentrations in 7 geological units showed that the Ca,
Fe, Mg and Al elements have the highest and B and Co have the lowest concentrations within the soil samples.
Overall evaluation of classification algorithms in training stage showed that the discriminant analysis, random
forest, k nearest neighbor and support vector machines with linear, polynomial, multiple and RBF kernels with
maximum values of the coefficient of determination (R?=1) and minimum values of the mean squared error
(RMSE=0) are the most accurate algorithms in sediment source separation but the regression trees method has the
worst performance. Also, at testing stage, the support vector machines with RBF kernel was the most accurate and
the classification trees with maximum error rate was the most inaccurate algorithm. Also, entrance of geochemical
and granulometric variables lead to the highest and lowest accuracy in the sediment source separation, respectively.
Using the geochemical variables for the separation of sediment sources, types of support vector machines, nearest
neighbor analysis, discriminant analysis and the random forest algorithm had the highest coefficients of
determination and lowest error values in the training and testing stages. By entering the lithological variables, the
random forest algorithm had the highest accuracy for the sediment sources classification in the training and testing
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stages and the discriminant analysis and support vector machines were located thereafter. Finally, fitting the
classification algorithms using granulometric variables showed that the support vector machines had highest
accuracy in the training and testing stages of models and the random forest and nearest neighbor analysis were
ranked thereafter.

Conclusion: Totally, due to the proper accuracy and performance of data mining classifier algorithms, application
of these methods in the natural sciences is suggested especially in the large amounts of data. These algorithms are
used to find patterns in large sets of data and help classify new information. Especially, the support vector machines
that are supervised classifier algorithms and besides that, in the natural sciences have successful results. In the
watershed management considering the time and cost, sediment source ascriptions are difficult to obtain using
monitoring techniques, but data mining procedures, have emerged as a potentially valuable alternative. Therefore,
application and evaluation of these methods are suggested for further studies and natural sciences data.
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