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Figure 1. Location of the study area and sampling points.
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Table 1. Some of the Archimedean copula functions (20).

Sop Nk e (#) 4 Coluw) ¢t
Border states Parameter range Productive function Name
C_ =W 1 -y
C,=T1 ~1,00)\{0 Loy S 9,0) v
Ci y [ OO) { } ) (t ) max([u +v ] Clayton
C.=W —6u Y

-o -1 -1 .

C,=II (—oo,oo)\{O} —In "1 —lln 1+(e 7)(6 ) Sl

e ?-1 0 (e o —1) Frank

C.=M

C‘ =11 0 0 0 %9 S8
1 — _ -

C.=M [1,00) (~Int) exp[ [(lnu) +(Inv) J j o
C =1 \ p |
B I L (Sl B [ R e R N (S




1A (1) o jlond ) ) e Sl g 9 SB o piso 4y i

h+Ah wupe>\>g@,ﬁ6\ﬁ\,3¢u@u

288 B 55 55 S seks Ol

C, (ul,uz):P[F

zc(

esl il sl 5l eslanad Ol cas o als

!

(2 (x))-F. (2 (x + 1))

L 2L Ollamil &S 15 wdad )l dile faado &b
=33 (Yer9) Q\)L(A.AJUNL& .:)'LNL;aML,U)\;
©opiie n(n—1)/2 0 Jate &b Lad ks
Ol 5 S5y ol s S &bl o iz 55 feade &b
s 1y il slaesl gl b Lake w5
el il g5 9 O GB ask s A4S
4 pywse dde 31 s ool 5o &S Ls S el
SIS ol s S esliad Glae o ys bl
gty Syl s el fade ‘.s'SK" @U

) XL e 5

n n=ln

Hf (x, )H

k=1

{F (xj |x],...,xj7]),F(xj+l. |x],...,xj7])}

Cjjillj1

—J
j=1i=1

A3 ) Dosen sgme 4k s mi5 &L
(&) s 8

Cc-! (U1 |F(xz),...,F(xk+1))|UI:0,5

Z

median

(x))=F " (Cel (051 F (x,)0 e F (x40)))

() el

Z s (0)) = [ F () (1| F (3, )0 F (3, )

oy

. (Z (x ))<u1,FZ (Z (x +h))<u2]

ol @5 b Oleg anls Jlesl Jiags ol o3
4"—‘:‘-’ o CMMf gf‘)’“ 03 4 QL..‘S.i Ly dol

™)

S Wb o Z gl i w55 w6 Fy Ol s &S
il e 0L X bl aled (sl 5

Jate mb wol i LSl 4 s L
S Al e bl ek Laesdls 4l 251
i el sl beesls 4 Cle Jue
Shoaib b aslsl 55 398 e esls (2515 Jeade @U
o 53 5l S 5 Jeade 16 3 akb a ol clols
Ll st alols aid glgnl 5wl Luade

Doy bl SR ol o3 el Al 5 S,
il (Y00) OLKan 5 ule bawys ot «l)

\) CJL\-\N[DD‘ QLA) ASU.L‘ » 0)3)\9 Ui')) U’i\ (\)

)

Ol bl adais 0 esliza b dais S o3l sl
bzl b os s w51 (T007) gl o

5lgsusl Ol gea L b Jhade ml il 55500
®)

3550 A3l Slamb e w38 WU F S0

(©)

3 Ja...,j:.a Sl e L;\daj_} e ul‘“}{"’h
dowl>ea J{L“e 'S aaly 31 eslawad U WL HlAe

V)



OS2 gy Gl

s i weS L Jeake Koy S (TY) 55 s
3 S Sl s (M) ol S S ot 2
o ks &bl (V) a5 S S G Sy, 3
NG

=t 3usl i Culg o tladde 5 Shes oL
S 5 ol Ko 5 SaSi g 5 fne
5ol S e K S il
S A58 S s S L Jabe S S
p53 adyy oSSke sllas L ADW) ol
(R?) s wa,s (RMSE) slutl Ola e
gl o Sle 5 MAE) Glhs glas - SSls
A b3, (MBE) Gl

0.5
(Pi —0i)
RMSE = | =2 | 100 \2)
n 0]
Z’i (Pi —0i)?
R 2 =1- iznl — (/\)
> (Pi-0)°
i=1
Y |Pp-o]
MAE — i=1 (C\)
n
2 (P -0)
MBE =1 )
n

L el 0 i _s)ﬂj.g 3l P Lagl s s
N 5 oedis ,Soilll Hldie O el sdalive el
oSl Jlie S Shso 53 el badged Sl
LR VIR -] PR - L ool .s)ﬂﬁ 9 ok
ke Jldas 5 o Ll MBE s MAE RMSE
Sdusigy 425 LY 53 g Ml S L R

38 ey 0800 s e pela el

oy

P Sl date 2l s Ol Coses Sl
AL s MLE (axls op 5t bl ool
Loy olgiy hsy 5l eslid b o0 Jeais =
L oojeite gy dhaks mly o(T000) OLen 5 ls
oxlitad b ol 53 5 B antle ol 5l oslinad
LlE e glp i SN 5 0 gladal,
S il e baesls 5 Kke 5 b olal L Jpemes
o5 S bl G 0S fake mU ler
() L3 aloms 6ls 5 S0k fonio
Sl dlos 5 a3 bl Jdou 5 4w
o o 508 b e ot e Sln ol
GS™ 5.1 il lamme s lassls (slad il
Slal (CO) (laskd 3 jldds g b o S
Lo 3 sl Cowsey (A0) 3L als 5 (CHCO)
Arcgis10.3 i3l Lame o GS™ 5.1 i3l 5
ol gl Olsty Sl (Sl e 5 0313 JUis]
LSS & Cd ke wU 51 5 S
gl sl S ol casa bl
S 5 ol Sz 5 Jold Sy 5 sl
L i Som 5 (ol Ko S (sans
(IDW) adols Ko 83055 sy 5 &S
A3 S alee

2 e S S 4 Cond ol S S
oSle 35 5> JB DSl Ysans S Jul 2
(TN 2,5 on D8 ealiial 5)50 (Al 5 go it
Olpeas i it Sy by e Jsene S S
oS BB 80 5 AGS S S
SR G gl S e bl
sy Lay Laesls 53 o8 5,5 o 515 eslinal 5,50
ol (o v\ﬁﬁju S gme s Aib asls
b s ol st dlinl G4y S o5 sl
I B W P PE LU ERCH P

oalaiul CLG &z;u; Lle u.]a;-]& LSLA;UA&:J



1A (1) o jlond ) ) e Sl g 9 SB o piso 4y i

s e LS5 (i ds s VO L Sandy loam
VOY (gl o pas o Sl Sldis (i
VAo b o st pm Al Dlde S e
s S w0 bys sde cpl & el s
Wi by ssp0 5 ope & Yol O e 5 e
il el plnil ) g sde b (K
Gl As pasie (O el — 1S5S
er L s P=eet) e mss sl
by wis gl P=2/00A) a2 pases

oy g b
oY bl Slale g tbaesls (gLl i
Glaesls &y pon S Elesl 350 glaesls ol
Soy Ll Y Jsdr a8 e s ot
Ly St slad sas sl S o3l S5 slba S5
TN wikie g 8 ke Gl s e OLES
Jols St Sl IS T g e 3 il e Ao
V\+) Sandy clay loam (4,5 V) Sandy clay
vo) Sandy loam (4»,s 0) loam «(aws s
aibie ;5 (Awys 4) loamy sand 5 (Ao s

U'"% b ;,.SLO Sl C,..el.: S A esls u.,a.:x:..?

s 3, g0 ailis 53 S g plb o guats p 2 g b (Sl e (5, ll o 5 Y U
Table 2. Statistical descriptive of soil sand and bulk density in the study area.
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Table 3. The margin distribution functions fitted on data.
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Figure 2. Frechet (3P) and Wakeby distribution functions fitted on soil sand percent and bulk density.
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Table 4. Goodness of fit test based on Kolmogorov Smirnov, Anderson Darling and Chi-Squared for bulk density.
Sl-gls S 3 =0 gy 0l i el = b5 S gelS
Chi-Squared Anderson- Darling Kolmogorov Smirnov @IS et
“, oLl 5 o lel 5 o lel Distribution function
Rank Statistic Rank Statistic Rank Statistic
11 2.3701 8 0.47736 12 0.07458 Beta 1
13 2.6976 4 0.34991 5 0.0623 Burr 2
10 1.9394 5 0.40759 7 0.06845 Burr (4P) 3
22 6.0735 35 1.3672 17 0.08664 Cauchy 4
56 1244.9 59 83.571 59 0.70792 Chi-Squared 5
6
5.8
1 2.37015 1 0.47726 1 0.07499 Wakeby 59
12 2.4286 10 0.50686 4 0.05727 Weibull 60
8 1.8934 11 0.50953 13 0.0755 Weibull(3P) 61
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Table 5. The best copula and Pearson correlation coefficient of pairs of points at the specified intervals for sand.

©) | o6 b Ske 3l W O (Nend o 2 bl Cd sl (o) sl
Copula parameter (6) Mean Least Error conula Pearson correlation Number of Distance (m)
pula p (MLE) p coefficient pairs of points

5.124 24.34 (Frank) i 5 0.60 215 400
4351 18.97 (Joe) = 0.45 188 800
1.508 15.75 (Gumbel) J.-& 0.27 160 1200
1.123 12.92 (Frank) <l 5 0.16 134 1600

- - (Independent) Jizs 0.08 95 2000
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Table 6. The best copula and Pearson correlation coefficient of pairs of points at the specified intervals for
bulk density.
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Copula parameter (6) Mean Least Error conula Pearson correlation Number of Distance (m)

pu'a p (MLE) p coefficient pairs of points

5.189 25.11 (Frank) Sl 5 0.63 215 400

5.001 20.90 (Joe) = 0.42 188 800

2.167 16.17 (Gumbel) & 0.20 160 1200

2.159 12.98 (Frank) Sl 5 0.12 134 1600

- - (Independent) Jax.s 0.01 95 2000
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Table 7. The models fitted on the Variogram of the studied parameters.
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Table 8. The validation results of different interpolation techniques for prediction of the sand percent.

s (eSS

MBE MAE R’ RMSE

Interpolation techniques
-0.18 3.15 0.43 9.53 (IDW) dsls S 25035
-0.027 3.02 0.47 9.19 (Ordinary Kriging) J sene S S
0.018 2.72 0.54 8.62 (Simple Kriging) ssle S S
-0.022 2.78 0.50 8.67 (Universal Kriging) asls S S
0.019 2.73 0.53 8.63 (Disjunctive Kriging) Jaiws Koz S
0.011 2.30 0.60 8.41 (Median copula) «le Joais &G
0.014 2.33 0.58 8.46 (Average copula) Sl Joais b
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Table 9. The validation results of different interpolation techniques for prediction of the pb parameter.
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MBE MAE R? RMSE
Interpolation techniques

-0.001 0.081 0.54 7.51 (IDW) dools 8o 23055
0.009 0.080 0.55 7.50 (Ordinary Kriging) J yexs S S
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Figure 3. Zoning map of the studied parameters based on the Median copula, a) sand and b) bulk density.
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Abstract

Background and Objectives: Spatial and temporal variations of soil characteristics occur in large
and small scales. Study of these variations is very time-consuming and costly especially in large
scales. In order to the fast and reliable determination of soil properties, various interpolation
techniques have been developed and applied. The most widely used interpolation techniques in
various sciences is the Kriging types. The copula function is one of the new interpolation techniques
that are widely used in sciences such as hydrology. Thus, the aim of this study was to evaluate the
spatial variations of some soil physical properties using copula function and to compare with
geostatistics techniques.

Materials and Methods: Sampling by regular networking was done in an area of 484 ha located in 10
km from the west of Baft city, Kerman province and finally, 121 surface soil samples were collected.
After air drying, the apparent bulk density was determined using the Hunk, then the soil samples were
passed through a 2 mm sieve to determine the percentage of sand. To interpolate, four functions of the
Archimedean copula including the Clayton, Frank, Gumbel and Joe functions, and geostatistics
techniques including simple, ordinary, universal and disjunctive Kriging and the Inverse Distance
Weighting (IDW) method were used. The results were analyzed using Root Mean Square Error
(RMSE), determination coefficient (R*), Mean Absolute Error (MAE) and Mean Bias Error (MBE).

Results: Based on the descriptive statistics, soil bulk density and soil sand followed a normal and
skewed distribution, respectively. In order to fit the copula function, the distribution functions of the
studied variables were firstly determined. The results showed that the sand and bulk density
followed the Frechet (3P) and Wakeby distribution functions, respectively. Also, based on the
Pearson correlation coefficient, the correlation between pairs of points was determined in distances
less than 2000 m and distances more than 2000 m were known as an independent distance. The
estimation efficiency based on the determination coefficient (R*) showed that value of determination
coefficient for copula function for the sand variable, 6% and for bulk density 8%, more than
conventional geostatistics techniques were obtained. Also, the estimation error of copula function
was minimum that indicate good performance of copula function to estimate the spatial variation of
soil physical properties.

Conclusion: The results of study showed that copula function, especially the median copula, have
the better performance for estimation the studied soil properties. One of the most important reasons
for this superiority is the ability to fit the marginal distribution function on the data in copula, while
it is not possible in geostatistics techniques. Other reasons include the ability to express the
correlation between the data at different intervals and the lack of sensitivity to outlier data in copula
relative to conventional geostatistics techniques. Due to the skewness nature of soil data, as well as
the need for more accurate analysis and interpretation of actual soil data, copula functions can be
widely used to estimate of soil properties.
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