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Figure 1- Study area in Isfahan Province
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Figure 2- Geomorphology map of the study area(Geomorphic surfaces is explained in Table 1.)
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Table 1- Hierarchic description of geomorphic units in the study area.

Lo om0 o)l ey owlind S Sedyogij g Saly S
Landscape Landform Lithology Geomorphic surface  Code
055 LD 0k (ygeiS) oy Sal g Jub b ol Jylo Sal St S o Mo 111
Mountain Dissected ridge  Marly limestone (K4, K2) and shale Rock outcrops
Sl Sl S S g Mo 121
Marly limestone (K4, K2) Rock outcrops
S gy il il b o, Sl g L S ol Mo 211
Rock pediment  Eroded calcareous and dark shale Scarp slope
a5 od5 ol (ygeiS Sk el Spoadl (e Hi 111
Hill land Dissected ridge  Basal conglomerate (OMC) Rolling apex
Wl ol (geis) & Lolyon s oty o 0y Sal g Lo Sl (2505 s b olyon (Siw o Hi 211
Eroded ridge  Dissected dark grey shale Rock outcrops with braided stream
S sy sl 43 Jed Ll Sypudl e Hi 311
Rocky high hill  Remnant of shale (J) Braided hill
sl Clary Jed bl Sy G by (o Pi 111
Piedmont Pediment Remnant of shale (J) Apical part, rocky
s o Mo (ol anels iyl 1,51y oSy S b W pPi 211
Fan delta Quatrnary alluvium Outwash sediment finer and white
by dily gl Pi 212
Outwash sediment (coarser)
IS8 Gt b 3k SeglSS g > Jhiel s Sl e @Vbeweud  Pi31L
Alluvial fan Alluvium of OM, OMC Apical part
5y 005 Sl g Jub 2] Sy cud bolen Vb la cwnd  Pi321
Alluvium of dark grey shale Apical part with complex slope
Dole Sal St S0 by (s Pi 331
Alluvium of marly limestone Slightly dissected foot slope
ol CutS oS jo b by (il Pi 332
Moderately flat, cultivated
Gilisen (gla Kol Siw iyl Juw s Pi341
Alluvium of limestone Active fan
Jate sla 6 i olge 5 (3l slyaglSIS  Sal Shecwnd  Pi411
Bahada Alluvium of OM, OMC, Ev Middle part
Saly oypdg],8 sl iyl WYl cwas  Pi421
Alluvium of andesite, granodiorite Apical part
505 pSle &S bohen (oVh cwnd i 422
Apical part (extremely braided drainage)
o il Sal el UiSe; oSl aSud Lolyen (Vb cond Pi 431
Alluvium of foraminifera limestone Apical part, with dense drainage network
Shecwnd  Pi432
Middle part
O ST &S by o P 433
Distal part, with dense drainage network
00 4l i3S oSlie sl by cewd  Pi 434
Distal part with dense drainage network, finer
Sl i pj cond P 435
Distal part calcareous
055 Job 5 ilo Sol ] Sl iSaj L e cand Pi 441
Alluvium of K4, K2, Tn Middle part with parallel drainage pattern
yioS sl iSmj b Slhe o Pi 442
Middle part with less drainage
S STy &S b oy cend  Pi 443
Distal part with dense drainage network
odd ok g Juate sl (5 o il Sal eyl S8 (ale 03,5 oo 9 (08 W5 Pi511
Dissected old bahada Alluvium of foraminifera limestone Palaeoterrace, undulating plateau
o JiSa) oSlie aSb b ep 8 ol Pi 512
Palaeoterrace, with braided intense network
o8 Jate gl b S 5 Do sy g, S g Bloqemid Wy Pi6ll
Old bahada Fine marlygypsiferous sediments Piedmontal terrace, flat, salty fine alluviums
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Fine marly alluvium  Piedmontal terrace, distal part, fine alluviums
2l 03 Jats sl o8 S s als céyl S sl M md oy PiT1L
Rolling old bahada Coarse, gypsiferous alluvium Palaeoterrace, gypsic plateau
RECAIER Gl sy, Blo b il 395 03yl &g, (sl il aus S glo Wy Ap 111
Alluvial plain  Alluvial flat, river terraces Zayandeh-rud river alluviums Cultivated terraces
o jg g odd cutS slo el Ap 112
Playa/river terraces, cultivated, salty
o8 gladgy sl iyl &l alssg, slayuile  Ap 121
Old river sediments Meandering complex facet
ol S a8 g ol Ap 122
Cultivated old river terrace
oMo B> aBagy ol oy ol 23 gla )l ol cutS il (ol sl clgw,  Fp 111
Flood plain Lowest river terrace Recent alluviums Channel margin alluvium, cultivated
0ld CuiS g )50 ailidg) gl apdls g, Fp 112
Channel margin alluvium, cultivated, salty
FHERYS &l33g, Sligu, JUES O R PR LB3gy S5 (sla bl Ri 111
River River sediments Recent gravelly alluviums Channel sediments
[0 S 835 S 598 108 Gy s SISVl Cliges odd CutS 9 dlo wogbye 05 pl 111
Playa Segzi basin Alluvio-lagoonary fine sediments Wet zone, flat, salty, cultivated
29 G Bloosbre g pl 112
Wet zone, flat, very salty
Yeolos ooty oy ang pl 113
Soft clay flat, with drained ground water
295 1000 oS @5 (g dig pl 114
Soft clay flat, gypsiferous, extremely salty
JUESVPRS 9 (S 0y Al slo ol S gy g pl 211
Borkhar basin  Alluvial fine sediments, slightly salty Soft clay flat, cultivated
& 8355 % 9y Wb SV Bl Sl IS (SSY @38 Gy (o2l pl 311
Margh basin Alluvio-lagoonary fine sediments Puffy ground, lagoonary, gypsiferous
@ (6395 7S 9 1 oy 4l SV B] Slige oad cuiS quyane plall
Jarghuye basin Alluvial fine sediments, salty Soft clay flat, cultivated
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Figure 3- Sampling points on geomorphology map
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Figure 4- Environmental variables: Elevation, slope and wetness index
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Table 2- Division of feature space to quartiles (Q)
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127.3 1.2 0.5 0.2 (Slope, %) (%) cud
16.83 12.14 10.89 10.21 (wetness index) s jasls
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Figure 5- Hypercube grid with number of cell (a) and of sample (b) in each stratum
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Figure 6- Covariate index of the hypercube strata in the study area

O 3 3t ey St it Sy (6l e WE 350 oo
9 M Slidee L Las (2l 9 350 (asiio jall )5 o ol
sleoje s SanY o5 ‘}il).gLZg Ll oo B Ls'.’.‘)"""
S el s gl Sldas «SB lolid 5 o s
B O e
Py SB (ogd) ()l padds
05105 Om Capd o 12 33 ()13 pdiged lassly (oo (s
aib 2 3 (MS/T) (SeS psie o Jsbo dlawi 5 (NS/N) Clinlie
S yuria (gl Jolw dlaw sljl 4 Glialive ©S1y5 Caws [ST.Conl
Sl (ine (s ol g Mo (BB (oo g cnlpl sl YL

FS e G g g )3 ladi)lsS WS15 b £ JSS

Aid 5 S yesss pakew il s Ly LaBs oS 24 0 odaliie
baaiss > aS Jls 3 (Y JSd) 3, SlgSen (5590980935
g3 odnliie i (paiond Gz )3 cud g )] (o08)
01 (pSie aiond cpl (gl (Sgh) (RSl i )3 Lol
ol 3,8 blod Yl amd_e s golis ol (§ JSis)
5 Aol St adale )3 ()3 pdiged (b 5> SG9l5 0555
Sye oy Oyge 4o g )] sl yiall Wb g col e
Ol § 38 (o Jooe (SGod50095] 5 STl saald
e SesS bl glad ) ey oyl plo olad



\

YAF Gl dyl = (985959 Yoyl YA wdr (S g ST s\ VY

(Y JS) 398 00 0aabite (SaS puite e ld (VL

(slo it 1005 (60 s b (3bolio 1 diged (5 gle Blg
P S Gl paige b sblie frizmen Cunl JSiio g Cuw (S8
Gl 00 a bl Cowlio (g3 paiges b blio bawgs 3)lge el
b s d awlee gla il 4y ang b cplpls (Y SS)
gl cwlio (61 pdiges b S dedin caidaib (6> pdiges
S e |y ddlaie Ol s Ay oot 4

51°40'0"E 51°50'0"E

32°50"0"N

32°40'0"N

51°40'0"E 51°50'0"E

Relative Weight

@ 040-075
@ 075-150
@ 150-340

s Kilometers
0 45 9 18

Lo p3Y i (5,0 pdiges cdalaie pl )3 &S
b Ladsges 059 @iy Olaisn (SoS e (a3 ld S8 4
o) AF 0l oy d s £Y LY JSd) 0y S s
VoI g cmlio ()l mdsges doyd £ 1Y wo il i (g )b ppdiges
O 6l piged imd oo (LS 1) 057 9 (BT (5)lo paiges Loy
saals’ (S8 pusie (adli oS1)5 4 20 0 04> bl jd as
i 5 51,5 b 3blio 5 oS (5 3 piges oS 53 Moo

52°0'0"E 52°10'0"E

32°40'0"N 32°50'0"N

32°30'0"N

52°0'0"E 52°10'0"E
N

S13 piges (SBasly cmd (9 -V S
Figure 7- The relative weight of sampling units

60000
|

Frequency
40000
|

20000
|

. T T

T T
0 1

T
2

T 1
3 4

Relative weight value range

S 313 priged sty (v Layj9 @298 A JSu
Figure 8- Distribution of the relative weights of sampling units



'Y eSS (610 pdlidi )0 (6,10 pAiged LS ow ) Gl (Shao S o 51 colaswl

aS L oS Slolyd ghyls Y s glayis sl 00 030
bl e oo (65005 d 5505 4 3L g oS (gl pdiges 0l Do
Y52 292 (sladges asgSomn gy Sl (B 5> Omieen
3 51 iy i (55 pptignd | J5 ] il VY s
S pdises JB Glids 10 Cunl g o)l 1y adiges dlasy il 58]

2o plool

5 (S5 dem

b pito SoS dy (Y 00 ol by cadlllas oyl )
S g jl ol SB sladiges cudS L)l slp (Jarme
abgye igy Jool Cyje 3,5 salaiw] Miedid ol (slddls
2 e glapie (51,5 3b p SB cladiges & cul ol
bl b oo @ig SB el Gl 4y Shy wlad
1 oo ptiges sltsly Lil3al lSel ot 435,5 JIS, oy
Sy ages slacend )3 (Shy glad Jolf by Hghate
95 e (b5l s 0)15 2929 0ad (5)lo peiges oS L ot
wly o 1) dedia cunaib (5 )b paigel ik (S (g paiges
el g duto 030,85 o0y (w8 Slo o 5 (ol ypre Glallles
e pate dasi pa (gl dbgype i sl 3 )8 5l 390 (b))
Syediy ol blie Sl Glgiee |y slailate 12 )3 Grizmen 9

Sleo el 3ol gyl paiges b sble aad o slis ¥ Ss
P 485 )13 (SaS ke padld o8 (e L 3bla )
48,8 )18 able )0 ol gyl pdiges b anl ¢yt luuds 3blio
() Ol 5 )8 4l )3l o5 (S8 jite sy yunts &S
b (6 g s Ly 3blie )3 3L ()l paiges &S 13,5 oanlie
plaie ()l yatge ) (ol cle g w8 S 18 on (SoS (sl e
odits o3y (oo (glapite 95 (polulp &5 10,8 Glo (glasud
]

oolslyy deban (cataib (gl paigel )b adllas oyl 5
Al g ol oad (Slb (GGolshyess Al > Sibyagh) gslaw
i (2lop Gl S pwlly © 8> 4 adlate (559198 005
S glpro Gl b g ddaie (wlidpe) 448 9 (SS gy
Se by ()l mdises gy (Bhb crlplis (colodd ans
SFomelS )38l o oS Al (355 Wlgim o uBilen Wl
5 o (295 mle (5Y )l piges (g, wbe) Jobo & Jobo
5 L ey sLlze i 15 008 o ) | (gl pdiges g b
CopBly dny (lid)lS (B9, (5 ool S 9y yeS By Sy
S lodly opl 5l eolail wuad ST wsp copl a4 .Col 5G0 5
b s gL s )b SIS (0098, ()l i
Oyt Al (93 4 00 |2l Medin gaialil (5] 900
S cusbdy |y ddlaie

Gbis A U )3 (6l mdiged slaasly s slagyjg @je

&l

1- Birkeland P.W., Shroba R.R., Burns S.F., Price A.B., and Tonkin P.J. 2006. Integrating soils and geomorphology in
mountains - an example from the Front Range of Colorado. Geomorphology, 55:329-344.
2- Bisbal J., Grimson J., and Bell D. 2005. A formal framework for database sampling. Information and Software

Technology, 47:819-826.

3- Carre F., McBratney A.B., and Minasny B. 2007. Estimation and potential improvement of the quality of legacy
soil samples for digital soil mapping. Geoderma, 141:1-14.

4- Gessler P. E., Chadwick O. A., Chamran F., Althouse L. D., and Holmes K. W. 2000. Modeling soil-landscape and
ecosystem properties using terrain attributes. Soil Science Society of American Journal, 64:2046-2056.

5- Gessler P.E., Moore 1.D., McKenzie N.J., and Ryan P.J. 1995. Soil-landscape modeling and spatial prediction of
soil attributes. International Journal of Geographical Information Science, 9:421-432.

6- Golosov V., Sidorchuk A., and Walling D.E. 2008. Nikolay I. Makkaveev and development of fluvial
geomorphology in Russia and the former Soviet Union. Catena, 73:146-150.

7- Hengl T., Rossiter D.G., and Stein A. 2003. Soil sampling strategies for spatial prediction by correlation with

auxiliary maps. Geoderma, 120:75-93.

8- Heuvelink G., Brus D., and de Gruijter J. 2004. Optimisation of sample configurations for digital soil mapping with
universal kriging. Global Workshop on Digital Soil Mapping, Montpellier, France, September 2004.
9- Heuvelink G.B.M., Schoorl M., Veldkamp A., and Pennock D.J. 2006. Space-time Kalman filtering of soil

redistribution. Geoderma, 133:124-137.

10- Jafari A., Finke P.A., Van de WauwlJ., Ayoubi S., and Khademi H. 2012. Spatial prediction of USDA- great soil

groups in the aridZarand region, Iran: comparing logistic regression approaches to predict diagnostic horizons and
soil types. European Journal of Soil Science, 63:284-298.



VA St dyl = (1905958  Voylods YA il (S g ST aypis VP

11-
12-

13-

14-
15-

16-
17-

19-

McBratney A.B., Mendonca Santos M.L., and Minasny B. 2003. On digital soil mapping. Geoderma, 117:3-52.
McKenzie N.J., and Ryan P.J. 1999. Spatial prediction of soil attributes using terrain analysis. Geoderma, 89:67-
94.

MinasnyB., and McBratney A.B. 2006. A conditioned Latin hypercube method for sampling in the presence of
ancillary information. Computers and Geosciences, 32:1378-1388.

Olaya V. 2004. A gentle introduction to Saga GIS. User manual, The SAGA User Group e.V, Gottingen.

Simbahan G.G. and Dobermann A. 2006. Sampling optimization based on secondary information and its utilization
in soil carbon mapping. Geoderma, 133:345-362.

Soil Survey Staff. 2003. Keys to Soil Taxonomy, Ninth edition, NRCS, USDA.

Toomanian N., Jalalian A., Khademi H., KarimianEghbal M., and Papritz A. 2006. Pedodiversity and pedogenesis
in Zayandeh-rud Valley, Central Iran. Geomorphology, 81:376-393.

Vanclay J.K., Skovsgaard J.P., and Hansen C.P. 1995. Assessing the quality of permanent sample plot databases
for growth modeling in forest plantations. Forest Ecology and Management, 71:177-186.

Visschers R., Finke P.A., and de Gruijter J.J. 2007. A soil sampling program for the Netherlands. Geoderma,
139:60-72.



Journal of Water and Soil (329LiS @alioo g psle) S g O @ 2
Vol. 29, No. 1, Mar.-Apr. 2015, p. 126-138 LA WEAVA o IPAF Colgu )l — 39,59, A o3leds ¥4 ule>

Using Environmental Variables for Studying of the Quality of Sampling in Soil
Mapping

A. Jafari®’- Norair Toomanian®- R. Taghizadeh Mehrjerdi?
Received: 21-10-2013
Accepted: 10-11-2014

Introduction: Methods of soil survey are generally empirical and based on the mental development of the
surveyor, correlating soil with underlying geology, landforms, vegetation and air-photo interpretation. Since
there are no statistical criteria for traditional soil sampling; this may lead to bias in the areas being sampled. In
digital soil mapping, soil samples may be used to elaborate quantitative relationships or models between soil
attributes and soil covariates. Because the relationships are based on the soil observations, the quality of the
resulting soil map depends also on the soil observation quality. An appropriate sampling design for digital soil
mapping depends on how much data is available and where the data is located. Some statistical methods have
been developed for optimizing data sampling for soil surveys. Some of these methods deal with the use of
ancillary information. The purpose of this study was to evaluate the quality of sampling of existing data.

Materials and Methods: The study area is located in the central basin of the Iranian plateau (Figure 1). The
geologic infrastructure of the area is mainly Cretaceous limestone, Mesozoic shale and sandstone. Air photo
interpretation (API) was used to differentiate geomorphic patterns based on their formation processes, general
structure and morphometry. The patterns were differentiated through a nested geomorphic hierarchy (Fig. 2). A
four-level geomorphic hierarchy is used to breakdown the complexity of different landscapes of the study area.
In the lower level of the hierarchy, the geomorphic surfaces, which were formed by a unique process during a
specific geologic time, were defined. A stratified sampling scheme was designed based on geomorphic mapping.
In the stratified simple random sampling, the area was divided into sub-areas referred to as strata based on
geomorphic surfaces, and within each stratum, sampling locations were randomly selected (Figure 2). This
resulted in 191 profiles, which were then described, sampled, analyzed and classified according to the USDA
soil classification system (16). The basic rationale is to set up a hypercube, the axes of which are the quantiles of
rasters of environmental covariates, e.g., digital elevation model. Sampling evaluation was made using the HELS
algorithm. This algorithm was written based on the study of Carre et al., 2007 (3) and run in R.

Results and Discussion: The covariate dataset is represented by elevation, slope and wetness index (Table
2). All data layers were interpolated to a common grid of 30 m resolution. The size of the raster layer is 421 by
711 grid cells. Each of the three covariates is divided into four quantiles (Table 2). The hypercube character
space has 4% i.e. 64 strata (Figure 5). The average number of grid cells within each stratum is therefore 4677 grid
cells. The map of the covariate index (Figure 6) shows some patterns representative of the covariate variability.
The values of the covariate index range between 0.0045 and 5.95. This means that some strata are very dense
compared to others. This index allows us to explain if high or low relative weight of the sampling units (see
below) is due to soil sampling or covariate density. The strata with the highest density are in the areas with high
geomorphology diversity. It means that geomorphology processes can cause the diversity and variability and it is
in line with the geomorphology map (Figure 2). Of the 64 strata, 30.4% represent under-sampling, 60.2%
represent adequate sampling and 9.4% represent over-sampling. Regarding the covariate index, most of the
under-sampling appears in the high covariate index, where soil covariates are then highly variable. Actually, it is
difficult to collect field samples in these highly variable areas (Figure 7). Also, most of the over-sampling was
observed in areas with alow covariate index (Figure 7). We calculated the weights of all the sampling units and
showed the results in Figure 8. One 64 strata out of 16 were empty of legacy sample units. Therefore, if we are
going to increase the number of samples, it is better to take samples from the empty strata.

Conclusion: Since, we assume that soil attributes to be mapped can be predicted by the environmental
covariates, our estimation of the sample units is based on the covariates. Then, the results are very dependent on
the covariates (number and spatial resolution of the covariates and the quality of their measurement or
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description). Hypercube sampling provides the means to evaluate adequacy of sampling units according to the
soil covariates. The main advantage of such a method is that all the sample units can be estimated according to
their density in the feature space that represents soil variability. From the results, it is possible to add new
sampling units in order to cover the whole feature space. Thus, in case some parts are missing, we can enhance
some parts of the feature space that appear to be under-sampled.

Keywords: Environmental variables, Latin hypercube, Soil sampling, Soil survey



