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1- Pedotransfer Functions, PTFs
2- Soil Spatial Prediction Functions, SSPFs
3- Artificial Neural Networks, ANNs
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1- Mean Square Error, MSE
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1- Mean Weight Diameter, MWD
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1- Digital Elevation Model, DEM
2- Normalized Difference Vegetation Index, NDVI

VoY


www.SID.ir

OS2 9 e cdlug yheol de

{xiyi), vsism} )]

S s s Olsea yieR sde OF Gllhe 5 53555 Olgear xeR™ Lbsyp Ol 53 &S
35500 53 eslimal LB g 5 550 la,sSB oS e B X lajls &S 558 (55 s e

D M\yé;b\” @\)Q)ﬂ Lﬁ.\))cwl{ w‘ébyf)f

y=f (X Xy ) +T )
ssba il e g polie sduasOli & ol slas ane ST esle o Sif ol s s
cCAUY;,q._)\)\.LiAJAw\fl.qjosijf‘frﬂ.ﬂuASC,.%lJ“)) Q\)SL;A CU u,».hls Q}Jujv.ks
5 ol fastlsl b 55 Wl
Sl sl air Gie Osr 5 558 00 39deme esle e 5l b 4 Jle Jlaxs| aals
o3l Joe G (gl Ll 55 s 45 s msliols 51 ted 31U LS o Lol col Loy s sitos
RS T WV N T WY Q,:.c)\’k)\.)ia X {1, K} S 558 55 S .Jujda Cdds 3 0l dslos
LS abs ol aslas Spso ol 53 3L X(SISM) 5 (<K<P) lp il ol

C,v.d‘6)})}LSLA)\JJJ)‘F)LLS.A))}TJJM)EJ

" ('<k<p) )

M
5M (k) = MLZ‘XN[i,k] =%

Aal st Ssle g2 slie LS dbg e ml 5 S e pasiie |y oSl s Ol 53 a8

)‘ S

Y,(\gkgp) (0)

y M
Y (K) :W;‘ Yniikg —Yi

L oasonl 31l e & adaly 53X alees o 38035 el K 6l p Y slie Sl m(K) O s oS

S 3l 8y (K), v (K)]p BLE lp b et Sla o 1 508 Ol oo 1 il

y=AS§ + 1 V)

1- Smooth Function
2- Bios
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1- Gradient
2- Standard Error
3- V-Ratio
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1- Multilayer Percepteron, MLP

2- Back Propagation

3- Epoch

4- Root Mean Square Error, RMSE
5- Mean Estimation Error, MEE


www.SID.ir

oy g

PS5 S la S bl cho s Y s 1 A8 iig 5 SIS n s (S sl Sh
et 3l oslinad b SUt 3 5 s slin 3,51 5 (g ol oslizad canlllas 3550 bl alS id g
ol ailais 53 Sk e 5L oS 3 ol s el as e DL | 8 sae e
Sl 5 dops V=TT S Sl esle gy oo (s 5 05 b 2 (e o (25
YANY 5 YONNY A0 /e lae Gl 5 oSk iy wineS olis gl i S0 S
5] cf 3 Ol $ooke slge sy Jdoas anlllas 55 adlae > S Sal sl pslis 3 Ao
55 LabsE b cnl bosly S 51 ool Jltie glls 8 Ail o SedS 3l 355 5 Sal
5 s e oL S ek (Slie 5 e S S5 2 ekie e e +/0 Y V/EY ) adlate
5305 o kOl g 5 Ol 53 b (e o pls W ns 55 355 5 w0 Sl (ol LS
oS wolie oy 5 Wb (5 o i 5 s bty adlie 53 SbE Bl
0847 rslis) Col sl asllas 3550 bl 31 & 0 s MWD

S 5 Cuglie g3lwdids gl oslinul 350 sla 2oyl (s bl Cho 5 —Y Jgur

bl jasls
> L
B ool e weS ke
ALY VoAt oY/ Ao YV/ A (As33) )
/YA INTAL) A/ \\at EA/E (Ao 33) o
YY/AN Vg4 o/ Y/ Ye/0Y (Ao 3) o
0/s0 \EYa YA/ S Ve e (Ao 33) 5o et op
ATAYN \NViAS YUY A gAY (o 33) 3y oy
AL YA\’ Y A Y/0A (4o 3) JTesls
YANY £80/4, Av/70 Voo Yo/ry (Ao ,3) Sal
/Y4 A \ViAY Y ¥An% (0 sks) MWD
A e /LY -/ Y NDVI
Yo/t Y YYV/AA A/ \AL YA ol Ao
AREVZN Vo VY/AY Y0/A0 NAY VWVY/AY (0Lsly) e g
Yav/ig ANEAL/E0 ARV QeV/ee VY /oY () Cu;)\
AN a Qv Y/ Y (J&LL5LS) b o glie

A g el NDVI 5 el s o5y . Sle MWD

AR


www.SID.ir

OS2 9 e cdlug yheol de

S Gl oul 5 Sl ol 5 en g wite +/EY B =+ /¥) 51 (s i ses bLE s NDVI s
Ao b bl s a8 ol alS a s oSOl NDVI sl 5p o /0A 5 0\ O
VB =Y e etle pl o OaLS s iy IS el S0l 5 en 5 (6 5t 5 0l o sla b
Sl 5 Ak Sl e ALS RS a1 S OF g3 Ul 15168 w0 e
23 et dops (Yerd s L) e NDVIE i olis 1l (AL i s &
S S5 SLls & 55 Sslite Ao s YA . 800e b don YV =AY o (6ls pdd 5as blE
o1 5 LS gLl 5 0Ll VVVAY oSle s (gl il andllae 350 adlaie 53 Al
g e WYE/OY YA/ eV o Sle 5 adn S ol ils o Su

5w Sl Osres pbacdlo Shcoy el 5, ailen 53 Sb mlaw Ly Caslis
5adls 13 S i a5 baiy 5 Ol alad (cud g 55 L 5 (B el pRunas;
335 e ) Sy 55 3 e JKLl kS YPY-Ve Sl 0T ol (g S5l s
S OBl 5 pls w0 Gl o ) LS Wiy Gl 5 (LS 5 ol 5 ol 5L
Sy g addlls 5,50 b I & s S CE,« o Seslie 035 oS Jol Jolge alex
Suyé)g;w;j\wqél}éauﬁoﬁ)&@qd‘Vj\ﬂgjﬁ\g")djdalcfﬁﬁ
ck““o‘:'f.' Coglie 035 YU Jolse 51 58 Cmnmly Gble 53 de |35 5 cnsVL bl s
s andlles 5,50 bl o 5 S

Sal 5 Josls (Sl Sl 3 65100 s Ml Sl sla S 3l A Sladllas 51 (sl L3
i s fUl et e 5 o Kl LS g 5 S5 Slopat Sl S s
o0 OLen 5 08) ol ol 03 el Sbt 5 Caslie S la el Ol geay LS
SooliS (o) O 5 Bas Jlis gl (Yoo U 0L 5 JSas Vo0 oylon 5 5,058
Opp Al e S Ghle Sbt 5y Caaslie S 5 e 5l Sbt Sl Olge oS L3 S
o Sl el s K8 4 i O S S Ceslie S Wsges Ol (Y00 0) OLKen
P o S QLS a5l glaSd g oS Al (Yo d) 5ol 5 5,U 50 oy atels St
OLen 5 s il sy Ol G 55 S L Caslie noals el golul s
Sl 5 I slse (St L3 3l w55 eodten b U @ ar 5 LS Waged Jal5S (Y004)
L 2oy cnl 51 015 o oS rhae g Cnslie oS iy 5 IS5 e Shy s S
5 gad oslizal St L ot 5 JUSH sl 5l eslinad b S 5 Caaslie 3505 sl

Vov


www.SID.ir

RSy s LK i b ediasglis ) Jﬁwb\f C)yji Seslaial b ag slagsy,s ol
e ol o baesls sl oS ey e Jlla cpl sl 5 eslBl BLE| alues g 53 LB ialS
sslen LIS Osa3l il il 03y ol oS sl b gt e G s 5 ledie )
S gan omas (el Gl eslaal L S 5L caslas g3ledde sl g ag slasssys ol
(o sl Vs sl gl ccud LolS slie ulul b ol s al ¥ s 3
.})}Tﬂ Siledde 53 eslanal Gl o 5 i Gy s cgr s NDVI G s s a5y o
SIS0 S gl Shy Olbe 5l Loy osmms pwae GaaSd Sl oslizal L St 2 Coslis
J.EM g_)‘i\J"L‘J E) .)y Ldg )‘.\.EJ UiJJVS d\)\) J‘.’.J J».:J JYA‘JL.: ol ‘5;0)\.14\ ‘;AL; J:f.».::ﬁ 9
Jador) sl azdls b el )l plo 4 S St 8 Conslie (iladbe 53 (S50 o0ty o
e 5 ok b od NDVI gl mel )b gl LS e s St 3 Caslis 550
Oso3l s elal cplpls (F Jadon) 35 H/YVVA 5 0 /TNY @ /YYA /MW 5 S 3 o
g 6&&)))} Q\}J«M g_,.:.;: C,.@}}NDVI ‘ﬁigfl‘?d;' cﬁ)&@ c&if Ju.é).)_/.’lﬁ\)lg:o cLAK
0 Kl obkil epias e el Sl eslaal L S S ceslie giledde sl
dg Lo bl Sl (sl LS ge3l (VL bl a (Y+09) OLlKen 5 Lipdds alie iass,

L5 S o Ll gl de ys baay sa 5 Oley falS ) slatess uTJ.?w“ Solwdde s

VAT
AR
DAV
v/N0 A

AR

L

o/eq
R
N

Goer (5 S05

Magles op 7K s L lade -\ K2

VoA


www.SID.ir

OlyKe 9 )9l yhol de

S Caglin s5ludds gl e sl B! 6l LE 05051 s Y Jax

L

V G Sls Gl il P L& e

/A0TY e qy —v/e\ YA (Ao )3) )
+/44Y0 o/e\Y0 AR JYEAN (Mo y3) oo
«/AN\4 o/ eAD oA YYAS (Ao y3) o
/AY0) /2Y84 —V/eave JYEAY (o 33) 5o et o
VJAYOY /140 +/EOYA YT (Ao )3) 35 o
JAYYY RRYAS YRR YYYY (4o 3) JTesls
<AAA ATV —Y/+41) AT\ (Ao y3) Sal
VAT /¥y —V/FAN YV o (e k) MWD
VAV Y /eyoY NYY YAV NDVI
Ve /YT —Y/Y00+ ARNN o do s
+/AYVY /¥ Y/AQLY JYFAA o g
+/40A Y un —/ATVY /YYAV (o) glis)

A g et la NDVI 5 el s o5y . Sle MWD

S 25l gl ealinad 355 LT Glajarls slis 18 uan s WSS b (g5luduts
63505 el 3l eslizad U St 5 Canslie 3,50 0 gl ol | b pne 4K glade
b e 4Ss e S 35 0 Sl el ool sl £ Jpd 3 (7 5 sladis) cilss
585 Gl oF ) LS &sasl Olalas 1 odel sty digr (63555 el 0 5l eslizad L ol
0 slie a3l o (0 Je) 83555 2elb VY Sleslizal Ledd b me ad Joo b Jsles
rl ldie &S Jl= 3 s —r/renY 5 0/080 /A Ll Cl S Y Je sl s MEE 3 RMSE
S dejs K (plaly s — /0 s 0A @AY Gl S S ) e sl baesls
Jde 33 o 6l s cal oo eslizad 5550 Joe oLl (bl slaasls sy slie ulul o
iledde 5 35500 5 55w Glasasss bl sln L Cpesl sl S Ol Y )
53y 3 e el e 1Al Gl addlle 3y adkie s Sy aeslie

.3 gas osliial Laa 5o

14


www.SID.ir

- rRs AS.:J alises 6hd.‘.ﬂ &‘)\S gﬁb—})‘ 6‘,} salanal 3,40 6)\.«] éhuaa'u—i d}-\?

LSJ\L‘T ool
Jae
MEE RMSE r
—v/en0 /PO CJAQNFE Y Jde
—a/eenY /080 JANOFF Y Jke

.MJJ\ CEM:J\;)\JJM”)&}QLQJA b,:i’l:.a oy RMSE LJ:A’EJ st ~J3<"L3'° ‘MEE L;;&drﬁ ‘—"i}“p r

cilie gladde 3 s glaesls (gl p St L3 Cunglis ol (g3luand 5 (glodtaline olis

03 dde 33 8 s &S ol pasiie K0l 4 ar g b dledd alie YOS 3 peae S
035 S Sy St b Cwslis Sl gsl e S e b Ssen b G S,
U sgrs ol bl ods 633 (e O (slodalie 5lde 51 508 Skt 55 Canglie S5 &
Cooslin abd (3lotnd 5 glodalin uslie o Cibie Conit R Soes i 4 x5
A (F S8 g cal 53 edd (b e 4GS Jde g3 S Glaesls sl S
Sl 2 Caslie (edS 5 Giledds Sl (e mae A Sl Ol &S e e
Sl aS Wngad SEOIS 58 (Yoo A) S 5 oS8 calie glaimgss 55 .5 5ed eslinal adkets 53
oslinal Sbt 2 Cuglis 3,50 5 gl cmlio (ol ) Olgeas 0155 o o smme mae SlaaSli
Ceaslie 3,500 Sl SIS ms 5 S il sla bl 1 (Y0 8) OIS 5 e bt 5 sl
lsltle b ae a3 Cilse sladie 63555 Olseas (535 0 0 S1 adkae 5> St 3,

3305 S W Gl (1) Ko o b aidin 5 L3 05 e3linul & lize

Vo N VS —— s
<l S Gl b o o Sl d
A O gl edalls
3 s
/¥ 4
Y
T T T T T L L L T 1 ' LIS L L L e
AN A T A SR AR S R LA L SR A T A (N A A AU A S T N U A R A A TSR A AN L A A N A A A TR |
Gl oylad W gas 0 led

S 9;3}3 c,.uliu sl 6}\.\“4?_\.5 K 6‘5.\.&\.‘1& J.l:lfu a.‘.lb'u -y JQ

(Y Jde i 5 ) Joe i) e aKed il sladids o glaesls gl

VY.


www.SID.ir

OlyKe 9 )9l yhol de

VA7 Rz= .y <l T R2=var o
YA A
'3_. 5 '}: i
3 o -;‘ A
ey 3
]
3 ¥ 4 -_} LVA
Y Y
/¥ T T T T T 1 Al T T T T 1
/Y Y /¥ v/ g Y “fA Y Y /¥ b g A% /A

o edalis o edalis

S 9;5}3 CMJL;U‘ " 6}\.‘4?5} 6‘5.\.&\.‘1& J.l:lfu ey &ﬁ_rdﬁ

(Y d.\.ﬂ ] \ d.\.ﬂ Jl) s AS.:J ‘5Lﬁd-\.ﬂ S 6\#5:‘.\ 6‘,}

S 5 4o
O e s il 0 LS el gl el oS 5 OF Kbl lagy cnl
ol ple Ole 55 1) kB o 5k g Glagasns Olsew cud Sy sNDVI G L
ils e sian ae glasid 3 eslinad L St 5 Caslie (ladde s edd (5, Sesll
s SE Jhe b Dalee (B g glagosns opl S eslial Lodd >l b e S Ju
O350 Goslip 3l a8 o i cpl by (Cdls (93555 sla 2l aes Sl eslid Lot 1 b
L35 i ohe & Ok Sl L2005 oS5 it O Sl 5 b Ol Ol LIS
e e GaaSd ) eslinal b Sb 3y Caslie 35l 03 S35 5 ause eSS
ot (G3luard 5 (Slodalie slie (ol Sty (Soues 4 a5 L K3 G S 3 00
SR gl g el b e S Jle g s glaesly (gl S S Caslis
Coslis (padS 5 (Sledde 5o (B LB Caiay LIS 50 g pas el S U o
Al 3 ool Ol anllas 3y ol b ditl andls adlas 3ype a3 Sl mhan
aglie 5 (S5 S O ed) | JelSS (slaam S il ags slacssss sl slagsyslos
35500 3 ladde Glajlpl Ko 5 eslinad 555 LIS 0031 L lacsssTod cnl 5l el Cosay il

_ , - e LT . P
33,8 ealgls ool sla s s (3l S Spim Libe S 55 oo glae

1- Evolutionary Algorithms
2- Genetic Algorithm
3- Adaptive Neuro-Fuzzy Inference Systems, ANFIS

ARR


www.SID.ir

&bo

1.Brunori, F., Penzo, M.C., and Torri, D. 1989. Soil shear strength: its
measurement and soil detachability. Catena, 16: 59-71.

2.Franti, T.G., Laflen, J.M., and Watson, D.A. 1999. Predicting soil detachment
from high discharge concentrated flow. Trans. ASAE, 42: 329-335.

3.Gee, G.W., and Bauder, J.W. 1986. Particle size analysis, P 383-411. In: Klute, A.
(Ed.), Methods of Soil Analysis: Part 1. Agronomy Handbook No 9. American
Society of Agronomy and Soil Science Society of America, Madison, WI.

4.Goktepe, A.B., Altun, S., Altintas, G., and Tan, O. 2008. Shear strength
estimation of plastic clays with statistical and neural approaches. Build.
Environ. 43: 849-860.

5.Horn, R., Fleige, H., Richter, F.H., Czyz, E.A., Dexter, A., Diaz-Pereira, E.,
Dumitru, E., Enarche, R., Mayol, F., Rajkai, K., De la Rosa, D., and Simota, C.
2005. SIDASS project, Part 5: Prediction of mechanical strength of arable soils
and its effects on physical properties at various map scales. Soil Till. Res.
82: 47-56.

6.Kemper, W.D., and Rosenau, K. 1986. Size distribution of aggregates, P 425-442,
In: Klute, A. (Ed.), Methods of Soil Analysis: Part 1: Physical and
Mineralogical Methods, American Society of Agronomy, Madison, WI.

7.Khalilmoghadam, B. 2009. Estimation of shear strength, hydraulic conductivity,
and soil infiltration rate using pedotransfer functions (artificial neural
networks). Ph.D. Thesis, Department of Soil Science, Collage of Agriculture,
Isfahan University of Technology, Isfahan, Iran, 169p. (In Persian)

8.Khalilmoghadam, B., Afyuni, M., Abbaspour, K.C., Jalalian, A., Dehghani, A.A.,
and Schulin, R. 2009. Estimation of surface shear strength in Zagros region of
Iran-A comparison of artificial neural networks and multiple-linear regression
models. Geoderma, 153: 29-36.

9.Leonard, J., and Richard, G. 2004. Estimation of runoff critical shear stress for
soil erosion from soil shear strength. Catena, 57: 233-249.

10.Menhaj, M. 2001. Acquaintanceship with artificial neural networks. Sharif
Univ. Press, Tehran, Iran, 137p. (In Persian)

11.Moghaddamnia, A., Ghafari Gousheh, M., Piri, J., Amin, S., and Han, D. 20009.
Evaporation estimation using artificial neural networks and adaptive neuro-
fuzzy inference system techniques. Advance. Water Res. 32: 88-97.

12.Mosaddeghi, M.R., Hajabbasi, M.A., and Khademi, H. 2006. Tensile strength of
sand, palygorskite, and calcium carbonate mixtures and interpretation with the
effective stress theory. Geoderma, 134: 160-170.

13.Nelson, D.W., and Sommers, L.P. 1986. Total carbon, organic carbon and
organic matter, P 539-579. In: Page, A.L. (Ed.), Methods of Soil Analysis: Part
2: Agronomy Handbook No 9, American Society of Agronomy and Soil
Science Society of America, Madison, WI.

Yy


www.SID.ir

OlyKe 9 )9l yhol de

14.Nelson, R.E. 1982. Carbonate and gypsum, P 181-197. In: Page, A.L. (Ed.),
Methods of Soil Analysis: Part I: Agronomy Handbook No 9, American Society
of Agronomy and Soil Science Society of America, Madison, WI.

15.Rauws, G., and Govers, G. 1988. Hydraulic and soil mechanical aspects of till
generation on agricultural soils. J. Soil Sci. 39: 111-124.

16.Safamanesh, R. 1996. Comprehensive studies of Bazoft watershed, Chaharmahal
Bakhtiary province. Part 7: Soil erosion and sediment, 153p. (In Persian)

17.Vafaieyan, M. 1997. Soil engineering properties. Nashr Arkan Press, Isfahan,
Iran. (In Persian)

18.Van Bavel, C.H.M. 1950. Mean-weight diameter of soil aggregates as a
statistical index of aggregation. Soil Sci. Soc. Am. Proc. 14: 20-23.

Yy


www.SID.ir

Sciences and Natural Resources

J. of Water and Soil Conservation, Vol. 20(1), 2013
http://jwsc.gau.ac.ir

Use of Gamma test technique for choosing the optimum input variables
in modeling of soil shear strength using artificial neural networks

*A.A. Besalatpour', M.A. Hajabbasi and Sh. Ayoubi®
Ph.D. Student, Dept. of Soil Science, isfahan University of Technology,
%professor, Dept. of Soil Science, Isfahan University of Technology,
®Associate Prof., Dept. of Soil Science, Isfahan University of Technology
Received: 10/19/2010; Accepted: 04/16/2012

Abstract

Gamma test is an appropriate tool for determining the optimum input combination
and suitable number of data to achieve minimum mean square error in any continuous
nonlinear modeling approaches. In this study, at first Gamma test technique was used
to determine the optimum input variables from measured input parameters (including
soil properties, topographic and vegetation attributes) affecting soil shear strength
(SSS) prediction. Two different artificial neural network (ANN) models were then
constructed using different input data (Models 1 and 2) to predict SSS. In Model 1, all
of the measured parameters (12 parameters) were used as input variables of the model
and Model 2 was constructed using only the optimum 5 parameters resulted from the
Gamma test trails. According to the Gamma test trail results, fine sand and mean
weight diameter (MWD) parameters had the lowest and highest Gamma and v-ratio
values among the other parameters, respectively. Furthermore, the vegetation index
(NDVI), sand, very fine sand, and aspect parameters had a Gamma values of 0.2177,
0.2280, 0.2313, and 0.2318 in comparison with the other investigated parameters,
respectively. Therefore, sand, fine sand, very fine sand, NDVI, and aspect parameters
were selected as the optimum 5 input variables for modeling of SSS using ANNSs. The
proposed ANN model using the optimum 5 input variables, selected from the Gamma
test trails (Model 2), had a similar accuracy with the proposed ANN model using all of
the 12 input variables (Model 1). The correlation coefficient (r) and root mean square
error (RMSE) values for Model 2 were 0.885 and 0.045, respectively, while these
indices for Model 1 were 0.891 and 0.058, respectively. Therefore, it appears that the
Gamma test technique can be used for choosing optimum input variables affecting SSS
prediction to reduce experimental expenses and to save a great amount of time and
effort in modeling approaches.
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