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Figure 1. Geographical location of the study area in the country, province and city and sampling points

sodls 5l 00,8 o eolaiwl lodalie  sla g5
gome x5 p )l g JS jglaledy (Pcous
by Glp oseil sedls Gl g b o solatul aSd
O opl Db e oolaiwl (golpiide aSs 5,Sles
(M5) psouas <3 )3 Jdo g (ANN) uac &l Jdo g1y
Oty Sy pdle Jae (gl 9 Jae el 9 (Pt el
5 Uhigel Sl i odls JS aop e g £+ (SVM)
il olaid! s oyg0;l
_ (ANN) (i s o5
Wil 9 (b jdbled (ssian as laaSid
LG bl (2905 9 3909 slrodld 5wy diojly
Bged Glgicdy odly cpl o & b o 4 4jod
03903 glyzeinl ) gl (Jad o Lallg) Wlgis 05 00 &)90
PH wsl) Jols SB cdbdg; slajmol )l saios oyl
9 J—\A (.5““639)9 ul}a&dd (‘_SJ]D.)LO9 &mi.ho).) EC
WS (29 Olyea SB bl (Sdgpam colia
L oy S (opas (4B hjgel polateds
w5 Jols & (B0l wl)8 .c8)5 1,8 eslil 5)50 &Y
el Gjgel gloj Jsb > lizee soa¥ oy gy
dl).g) u.élj saodly O Q5l.b.'i Ry u"l> L ..\ib)f [cl.?v.}]
Sy JBlis 4 ond i slaodly g ((ge5] (slaodls
IFE oS 6 I o 5] el o
sl (2o Y T kS 2y play 4Y ) TS
ol &Y gy Sash 0w Sy pisel a2
bl (e Coles ) 9 45 (sl S g (aw Jog)%
ol p S glsl (Sdgpam colin syl (ol aSis
3,5 Gl RMSE (o 408 g R? oyt
paonad S 4D

3,5 it oislejl @ ord cuiby (cladiges
Srace VS5l s g Siidlon ladiges olSiislo]
Doy & SBocdl oRabel p» was ol ee
Vo) Sb =Sy Ghpa I dlse (3) syegue
DWW gud) sl b ol i Sgyd pudS SlinyS
s S Sl Colia ol I ookl b (6l colan
gltl (Sdsy colin g (Y4) 2 PH b S5 pH (¥5)
A (68 0ilul ol b ey
Loaly (g 5Lwd ylastiwl

Ceyw LiblS cel pl yaods baodly 13,5 5,l5 Vgono
g sl o J okl Glp ogbe S ey
oo39el 31 B dmosls 3 3500 Sy jolatod; (i
Wgas 3 libiol swwl o 4 (609y9 (codly ( uae &S
5 (V) 33,5 o0 lagyjs 4 5l i (88 Se S 8L )8
0ol 03gie (5 50 (63955 (sloodly pudai b s e
395 bl 3l g 031> )13 gllae e3gama 13 1) Iy 5 oo
e cpl @ )8 ool iomed 905 (6 S ole oy pBUn
W3, b Vg0 e odlael 4 laodly 45" 505 o g
2B Vg v o Lo ool Sl wlg ST 295 1y
S 653 3 sage LB Ol & 539y9 sloedls JS
odlitwl yj alaly il laoaly 3,8 3 lailiwl (gl a8 o )]
Xn — X_Xmean (\)

Xmax~Xmin

(slodalio (godld Cayre X wodd Jloys 0> Byze XN
oy Gy iy Xmax 4 Xmin  Xmean
il o Sl g JBls (1 Ske (slosalice
Lo31d (g s

d 2afl5 b S (S pian s 455 (sla S
Sl g0l g (mmyloel (bigel edly dtwd
5 Beedgyy o dlarly ()5 My polaiods joel (sloodls

1- Levenberg- Marquart

2- Tansig 3- Purlin


http://dx.doi.org/10.52547/jwmr.13.25.74
http://jwmr.sanru.ac.ir/article-1-1111-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-04 ]

[ DOI: 10.52547/jwmr.13.25.74 |

\44

bla p 3oy 4 S o Juols 1) axin Mb
O je 35 pasdie sl Byl cnl 5l kS g 398
pY SVM ss)Sy Jao &S 50 00d 0 oalitwl clib
I olasgerme 4 (Y) ataly pite b (Siwly col
&S Gl opl g 1848 Deib 035 (pest (X) St (slb pusio
g Sly lopiie G dal) (Sgee)S) Plae o3 wile
Sl Jlde G ogMeay T ipme w0l S bawy Jiiuwe
Dgd s paule fug

y = f(x) + noise (¥)
Sl £ b Lol 5 38 iy Lol 5d9n ol
oSt SVM &) (gnde 3lse uone ©jgon Slgn
S E - SVM by, 50 i8S o el 00,5 dyo
5 Obxio gjluba ghiea (S)S) sl oy
o35 g Shalie glaosls oy d9250 Jolsh (sjluding
Spyaaby bgy il V-SVM Jso jo Lol g o edlaiiwl
» d9de oxlatwl e sl galS ol led e
P ol s 08 Jdsas € - SVM Juo adllas )]
a st b Jae opl (gl 5,8 solitnl Seuw)S, Blue
Dyl By pj O

CYL & +CTL &+ WTW ()
Slcudgize 4 dag b &S Cul pY jeS00 glad &b

23,5 Jole
WTO(x) +b—y; <e+¢ ")
vi—WTa(x) +b<e+g (v)
gXe =0 (A)

WT ops oy W ibuS el (€ Llg, ol o
Woli o pd D DS ol s i 5 £ wu s oy edledlys
awl J55S @l B g Je g0l 598U

Ml s s Plowo Jo (sl lndy jlp slopile
S bl aimd e oS S @l Gob ) e
Shy op okl g (Bigel slaodls w4 SVMl
&b el ol 4 a9 b b 505 Sjled )l (Saw
loedgyy sy higel bl o gas OBl I, LS
dgdie 03y 4 (s JyS Joe > il ansls | alts
)

pranc S ¢ £ guas mas &b 4 bg e Glulbre
Matlab 7.9 l53ls 5 ;1 eslitul b ol oy bl o
Je 23] sl lene

Sledlitul 3y50 slaJae jlisl 5 como 2Ll sy
(RMSE) s e xSle adyy )bl el asls

odlizsl (MAE) s sllao (5Siks 5 o(R?) (e ups
. (M B L)) o

Rz =1 n M
- i=1 (Xi_fl)z (i)
RMSE = %Z{il(xi - x;")? (V)
MAE = % iz X — X7 )

Sy o g UbLb dgeme (65w Aol )i olewl

VEN ylianls g 5les /Y0 oyl /235w Jlo juul 055 o pte doliimng}

le 6350k by, | lasgeme pj (553 Je
S0l 5 udle (6.80L (sla by, .l (oS3l 4
Iy Woaly jl siads )l (slagSl Sologilans ais cobils
» ey JB e 350 Jae pdl sl 80
der 51 canl 03905 o) e 5 srtidb o
2,5 o)Ll 0)lg0 cpl & g5 o (B0 St jl ool Yo
oS i Sy | s oty (55 o ()
Silodend 5 w1d lp Joo @5 plpls sl sy
0395 S5 yiolylpaf (6505 pranad gl (Y s ll
25 0 Sygo gl 59y 3 ) s ) B e
o 5 m o ol orgi e 2Vl B3 5 Jao g (F
Pl el el 0 )5 duglio b Jae plo b |,
Cygo oyl 4 LS 0 dbm] i yd wldie (gl b ¢ b i
oigel ladiges ploas ) odlizel b 1y 365 LIS Il oS
ploml 1) ginaind (nyine &5 (Gpiie 5 MS(e 98
buwg dbspe o )0 a5 ol Jgejl dms i sladsli
oo x5 (o0 ©yg Sle slao)S 59y 2wy
Sl (555 Jao (F) 390 s 50 oSy )3 56
L gose clio gy il oo dlwgn Glapite Snoin
S90Sy ladle Cpgoh ol Guple @ g b
e d9de s CEp Sy ) opsieri>
).:.)Lodo )Lum dl).‘>o| ul?r.ul u»L.u‘ » o)f S 3O s
el s 5l glme gty Sy o 05 o 4 & g
Las o Hlasl 5)50 il )5 ) bl & (3905l L
CE £ySo)ul b bogas Juo cclad 2980 dpbxe
dgd oo Lot @l 0 dylae Bud pdlde  dw i
©)ygods (SDR) cllpul ials alxe Jga)d (1)
Sl e pj by

SDR = Sd(T) — ¥ T sq(Ti) (¥)

=177
sam = Pt -t W

T glee Blpul ials [SDR o :laly, cpl j»
Ti g0 d)ls 0,5 2 &4 oS Canl ladiged j (glas gommo
w‘ i« cwl Ubd.j}oj )’l L;Ic\;ygu »2) Lgo.&;m)dl..i;j
Y Glre Blysol [Slo :SA wsylo 1) Jwily s ases
oW 1y osls oylaus (N 1 diged Bda Sy (sd4e ke
(F) s o
(SVM) oty 51352 cmmile

b dtwgn b S ol ol by slaspile Gaa
e (9959 pdlde (glilay Wlgn &S cuwl Ldds lagde
Oedle (57 jgbay (V) ABly antly (g)s jlade I B
695 Slse 2 2aL)S (650b plums (o Gty oy
(YY) ol oas 1)l S g bawss &S Cawl Ao (g 5lodingo
9 09,5 lp a8 Cunl (B9 Gletdy Yoy oeidle
Plos 53 oy (Bl @b 2y9lp 5 (e Glp oa
B b S Sgpba gy B4 e )S)
05095 SVM a2 0 &y il @b b edly (gai0g,S
Sl as Wb o |y s o Juo jl ol g a8 ol


http://dx.doi.org/10.52547/jwmr.13.25.74
http://jwmr.sanru.ac.ir/article-1-1111-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-04 ]

[ DOI: 10.52547/jwmr.13.25.74 |

Gy dde g (2lblb dg0m0 ¢y dol> (5w oled

VA SB bl (Sdgprd calia ngin ) preal ©8)3 5 Olatidy 3 edle (Esias smas 8l 3 )8 g dulie
&}q 9 @w .))91)3 ).).)LQA xi* W) L;).jo)l.bl )IJ&A xi Ja.:‘j) L)i‘ ).)

5 S glyhl o Ll saals Sy bl g0 diges A3 N g 003

I W) 03)91 \ ng » adlas J)y90 Sk t;’w

SB lo dgas olond 5 (S8 Sluogad (g5lel o =) g

Table 1. Statistical description of physical and chemical properties of soil samples
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Table 2. Pearson correlation coefficient of measured soil parameters
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Figure 5. Predictive and observational values of saturated hydraulic conductivity with decision tree model (M5)
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Extended Abstract

Introduction and Objective: Direct measurement of soil hydraulic conductivity is time
consuming and costly, and sometimes the results are unreliable due to trial and error. This
parameter can be estimated using early soil parameters. The present study was conducted to
predict the hydraulic conductivity of soil saturation using decision tree methods, support vector
machine and artificial neural network in Helmand city.

Material and Methods: For this purpose, 130 soil samples were collected from the surface (0-
30 cm) and transferred to the laboratory for testing and analysis. In the laboratory, the
parameters of hydraulic conductivity of soil saturation, percentage of stress, sand and silt,
organic matter, acidity, electrical conductivity and calcium carbonate were measured. It was
then estimated using measurement parameters and using decision tree models, artificial neural
network, and saturated hydraulic guidance support vector machine. In order to evaluate the
models, the criteria of explanatory coefficient, square mean error and absolute mean error were
used.

Results: The results showed that the decision tree model with the highest coefficient of
explanation (0.83) and the lowest value of the mean square of error and absolute error of
average (0.0026 and 0.0019) is the best model for predicting the hydraulic conductivity of soil
saturation in Hirmand region. Also, the results of data sensitivity analysis using artificial neural
network model showed that sand percentage, lime percentage, silicate percentage and acidity are
the most important factors affecting the hydraulic conductivity of soil saturation in Hirmand
city, respectively.

Conclusion: The results show the very good performance of artificial intelligence methods in
predicting hydraulic conductivity of soil saturation. In cases where it is not possible to measure
hydraulic conductivity, hydraulic conductivity can be estimated using early soil parameters and
artificial intelligence methods.

Keywords: Artificial intelligence, Constant head, Early soil characteristics
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