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1- Pedotransfer functions


http://jwmr.sanru.ac.ir/admin_emailer.php?mod=send_form&sid=1&slc_lang=fa&em=mdastourani-ATSIGN-birjand.ac.ir&a_ordnum=1045
http://dx.doi.org/10.52547/jwmr.11.22.155
https://dor.isc.ac/dor/20.1001.1.22516174.1399.11.22.23.9
https://jwmr.sanru.ac.ir/article-1-1045-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-15 ]

[ DOR: 20.1001.1.22516174.1399.11.22.23.9 ]

[ DOI: 10.52547/jwmr.11.22.155 ]

g Sl @l b o aalio 5 05 Gl s5paeln gy 4 S gludl (Silgyaom colan 31

9 VA) canl 39y opl bl S5 51l 5 onlatul clgpun
e Bp% S Gk 2 0 ol siasebp JQA
oial (1Y) &ljg) saedyob (39)9 MG 5 (VO) iy,
9 ol (SB g Ol by, Gladlas die; > Cawl ond
1 5 gy 4 (ol o Bl 3985 Ol o (¥4 oo
sl 93 9 o5 gl ity slagby SeS 4
OF Ol rpaaby gy o5 oy Lt 5 08 i
ool andly (glabal g3 gy A Comd (5535 390
Sl sl 0 e ianelin 3 (V) ohiSer 5 gaes
ovgy bly ol g w08 eolawl glusl (Sgyan colun
S iz g5 F 1l S anglie gy oS
b sl pegate iy Jels (639)9 slajialil
ool bt ¢ (oS colin ( JIodle ¢ yoy diww
Looi ol wrpmebp Jho o8 il plis 5 w8
s RMSE (st (ol ogaa ()9 9 oy sas29y9
@ Oy JHe & Cams 5 5YL RY 5 8 MAE
sl (S Calin 3)5l 5 gl cnl jl Ban cuily
Dy oS a SB by Glusgad (ggy 5l SB
bawgy o sl ull.cwl &b Ao 905 UL; & iydeliy
&y 5l ol b glusl (Sdgyhn colan 3590 3 o

ol Bjgy Jao g o ad s Jaol

g 9 dlge
Wodld Julo g s 300

leMbl Jols (glodhy dcgommo I imgh cpl o
Sl oaly degemmo (! A odlitul S diges VOY LwlisSs
b (s05lS Vo j3 #bly laen,d (glaioly by adlaio
EWOOYN 'FATYY Lldlse claske b dypon o)
4 SB cdlbag) Glusgas | golass (V) 29 oas arps
ol o gl el ohe lgsie lais
W]M cb..\}yj} L;u} )19.9 ‘LS” uJ)f Lo yd ) :u.l.w;
5 ol ogasie p gl Cogb ciipnl (Sl
bl (Sdgpim colin wog SB dds ogatw pi
opg py b (6puS03lul CalS griwdes oiws I oalatwl b
9 oSy Gk | (i ohag p i @Sl ho) 4 s b
@) 15 Gl (S lagyhen gy 4 O3 oIl (s Slgl,8
ool 30 (sl psiio (5 lo] Gloogas aMs (VY I J&s
ol 03l Y Jgas

Pl S ms ElF g SesS) Jil gly &
duslio SB ol WY o glasl (Sgyin colin 3yl y
e Jl aly ol Jiagh @b Gl oS
i 5 g K ey i S ]y o Slee
J oy SBL L SB Gl gldl (Sgpae colin
ol cilize Jinl als awlis b 3o (V) LTS
duslio > o) g b SB (gl JEsl ple oS Lol
izl g yige 3,Shas o) il b oSS |

3 Jsl @l sbul ly (Sgm Sy slagds, 5l elinu]
gl (Sgyten colim 350 5 Sge (slajial)ly s
3 oslaal cplple oo (Sgmw)S) dblae g9 s 5 4
ot by JE @l dbml sl ggledls slagsty,
(V) wladl s SB Sy sl Shy
Clhogad  dople Glp (Fohas (mas glaasd
2 5 Cunl ol odlatwl (glod S job 4 S Sgyaun
@ Cond e Sles ludl (Sjsan colia )l
(YY) casl 00ly lis Jasl plgs

Ve .

(GP) "S55 iopaabpe j1 (VA) e 5 ololgul )l
sl sl (olSS (sl oS00 5l 5 031> 0 (oo (odg) S
Ul ol g 00,8 oolitwl glusl  (Sdgpun colan 56l
slgip jl Soy 135 dmlie pac glaasis
S5 53 o (U155 3 | s 4855 S5 (53200l
Sal)d Job )3 (Jde jlslo i g b yrall sl jlas jl e s
2 aSJleys sS85 pldl (Sdgyien Colia niie
2k el ytere 5 Jio Ll (sgiae (as 4SS
Sbghsy j % Y‘_;i; g pasuie il ie I i
bwy as Wb o o5 ole @iyaeliy zulLS.‘:.Sl é’ly sl
odlgls 4 hgy cpl (V) Ab obol VAR Jle jo 1y 8
s Sl 5 o 5 S5 slagi oS
Sy V) ol (GP) S35 sjaytaly 5 (GA) "S53
b awslie p» gosle o3y (GEP) o5 olo sjyaely
5 Lpgigeg)S 5l L g cul alie 0f oly clagby)
ooy ool jliee Sy ly 3 dpiee o S oSy
Sl 350 Dl a4 B &l olapgiges)S gl )
&S cal ol 05 ole @il blie 5 (Y) dien
l) osly 2 .)9>94: M u““”)“’c‘ 9 L5‘4:.’> Ja’ls) u,ola.’
olys a4 ) ol rpculie Colegyd 9 035 (wyp
O 3 b yiehl (g yiege Bl (V) A8 o0 K] (295
g aeby 395 hawgi Jlai 3)00 ohdy p oo sbayiell

1- Genetic programming

2- Gene Expression Programming

3- Genetic algorithm
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Table 1. Statistical properties of the studied soil
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Figure 1. Box plot of saturated hydraulic conductivity distribution of the soil samples (ks= saturated hydraulic
conductivity (cm/d))
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Table 2. Settings of the GEP model
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Table 3. Regression pedotransfer functions
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Abstract

Saturated hydraulic conductivity of soil is an important physical property of soil that affects
water movement in soil, Since the measurement of saturated hydraulic conductivity by direct
methods in the field or in the laboratory is hard, time-consuming and costly, the indirect
methods are being used.The aim of this study is to estimate the saturated hydraulic conductivity
from other soil properties by using the Gene Expression Programming (GEP) method and some
well-known pedotransfer functions and the Rosetta model, and then to compare their
performances. A dataset including 151 soil samples obtained from a site in Bojnord province
was used in this study. The soil properties used were sand, silt and clay percentage, organic
carbon percentage, TNV, EC, saturated moisture, pH, bulk density and particle density.
Modeling process using the GEP was done by using all of these properties as input parameters.
The GEP model used only four properties, sand and silt percentages, bulk density and particle
density, in its developed function to estimate saturated hydraulic conductivity. This model with
RMSE=2.84 (cm/d) and R?*=0.91 showed the best performance in comparison to the other
pedotransfer functions. After the GEP, the Jabro (1992) pedotransfer function with RMSE =
4.74 (cm/d) and R* = 0.82 was the best model in comparison to the rest of the pedotransfer
functions and the Rosetta model. Saxton et al (1986), had the least accurate ks estimation among
all methods. Since different data sets had been used to develop each of the pedotransfer
functions and also because of high spatial variability of ks, there was a large difference between
RMSE, MAE and MBE errors of the used methods. For the dataset of this study, the GEP model
showed the best performance in estimating ks among other methods and its advantages were
choosing model structure and important parameters to estimate k.

Keywords: Evolutionary Algorithm, Gene Expression Programming Algorithm, Indirect
Methods, Pedotransfer Functions, Rosetta
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