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Figure 1. The location map of the study area (a) The location of Golestan province in Iran, (b) Showing loess
occurrences and study area in Golestan province, (c) The geomorphic surfaces map of study area
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Table 1. Environmental data that used as predictor variables in modeling

Environmental Soil forming

Variable

data factor Parameter Symbol type Refrence
Elevation ELV
Slope Slope
Aspect ASP
Curvature Curv
Profile curvature Profc
urv
Plan curvature Planc
urv
Convergence Conv Wilson &
g erg Gallant, 2000
Classcurvature Class
curv
. . Reltsl
Topographic Relative slope
attributes Topography P Quantitative
. Flowa
Flow accumulation cc
Stream power index LS
Topog_raphlc TWI
wetness index
Valley depth valley
Multi-resolution Gallant &
valley bottom flatness mrv .
X Dowling,
index 2003
Multi-resolution of mrr
ridge top flatness index
Topographic TPI Weiss, 2001
position index
Remote Sensing Vegetation SO'I. adj_usted SAVI Huete, 1988
attributes vegetation index
Landuse map Landuse Isindu Categorical -
Geomorphology Parent material, Geomorphology landf . Toomanian et
. X Categorical
map topography, soil units orm al., 2006
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Table 2. The legend of distinguished geomorphic units in the study area (Figure 1c)

. . Avrea of
Landscape Landform Lithology Geomorphic surface PGS Symbol PGS (ha)
River valley Meanders belt, _er05|onal Fp121 116.05
. surface, cultivated
Flood plain Reworked loess Erosional or depositional )
Terrace P FP221 71.69
terraces, cultivated
Loess bluff Gully, uncultivated FP321 11.96
Moderately flat, cultivated VAlll 497.64
Moderately flat with sinkhole
Valley Plain Loess and gully erosion in some part, VA112 246.13
cultivated -
Narrow valley with sinkhole
and gully erosion in some part, VA113 352.40
cultivated
Loess Loess A relatively flat- topped area
Tableland with steep side slopes, - TB111 127.72
tableland .
cultivated
South aspect,
Loess low density Hilll 1 46.29
Very steep complex slopes rangeland
Northaspect, —\iqq 5 14408
dense rangeland =
Clay deposits Complex aspect
and reddish Steep complex slopes P pect, Hi121_3 43.81
no rangeland
brown LPL
. Complex aspect, .
Limestone Rock outcrops no rangeland Hi131 3 52.20
Loess, marl Steep complex slopes with Complex aspect,
High hill mixed with dendritic drainage pattern and low density Hil41 4 118.92
siltstone limestone outcrop rangeland
Steep complex slopes with Complex aspect
Marl dendritic drainage pattern and P | P d ' Hil51_3 23.68
qully no rangelan
Marl dominant  Colluvium-mantled slopes with  Complex aspect,
with partly gully erosion, dendritic low density Hil52_4 144.98
: shale and loess drainage network rangeland
Hills
. Steep complex slopes Complex aspect,
Loess dominant - . )
with partly clay assocnat'ed_ with erpsmnal moderate Hil61 6 43.44
d : characteristics and limestone density - '
eposits
outcrop rangeland
Northaspect, o1 5 120258
dense rangeland =
Moderately complex slopes South aspect,
low density Hi211_1 1725.82
rangeland
Loess Very steep complex slopes with North aspect,
. . sinkhole in some part of moderate dense  Hi212_5 131.55
Middle hill
footslope rangeland
Very steep complex slopes Complex aspect,
associated with limestone low density Hi213 4 8.77
outcrop rangeland
Steep complex slopes with Complex aspect
Reworked loess erosmna_l char_acterl_stlc_s ar_1d low density Hi221 4 174,59
lithological discontinuity in
rangeland
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Table 3. The result of OOB error, kappa index and overall accuracy of map for different soil Taxonomic

levels
Taxonomic level Frequency OOB error (%) Overall accuracy Kappa index
Great Group 4 32.69 0.91 0.83
Subgroup 6 50.00 0.78 0.56
Family 10 65.38 0.50 0.32
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Table 4. The result of OOB error for class of great group level
Great Group Frequency Area (ha) OOB error (%)
Haploxerepts 27 2648.82 26.08
Xerortents 29 2249.68 18.18
Calcixerepts 4 65.34 100.00
Haploxeralfs 4 60.40 100.00
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Table 5. The result of OOB error for class of subgroup level
Subgroup Frequency Area (ha) OOB error (%)
Gypsic Haploxerepts 7 223.41 100.00
Typic Haploxerepts 20 2224.37 35.20
Typic Xerorthents 26 2420.98 17.60
Typic Calcixerepts 4 42.61 100.00
Calcic Haploxeralfs 4 109.12 100.00
Lithic Xerortents 3 3.75 100.00
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Table 6. The result of OOB error for class of family level

Family Frequency Area(ha) OOB error (%)
Coarse-loamy, mixed, active, thermic, Gypsic Haploxerepts 4 402.19 75.00
Fine-loamy, mixed, active, thermic, Typic Haploxerepts 16 1957.53 38.46
Fine-loamy, mixed, active, thermic, Gypsic Haploxerepts 3 8.19 100.00
Fine-loamy, mixed, active, thermic, Typic Xerortent 13 1404.13 66.66
Coarse-loamy, mixed, active, thermic, Typic Xerortents 10 582.79 57.14
Coarse- Loamy, mixed, active thermic, Typic Haploxerepts 4 155.04 75.00
Fine-loamy, mixed, active, thermic, Typic Calcixerepts 4 188.54 100.00
Fine, mixed, active, thermic, Calcic Haploxeralfs 4 104.07 100.00
Fine-loamy, mixed, active, thermic, Lithic Xerortents 3 11.37 100.00
Fine, mixed, active, thermic, Typic Xerortents 3 207.35 33.33
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Figure 2. Predicted soil map (a) Great group, (b) Subgroup, (c) Family
Code of Famiy: 1. Coarse- Loamy, mixed, active thermic, Typic Haploxerepts, 2. Coarse-loamy, mixed, active, thermic, Typic
Xerorthents, 3. Coarse-loamy, mixed, active, thermic, Gypsic Haploxerepts, 4. Fine, mixed, active, thermic, Calcic Haploxeralfs. 5.
Fine, mixed, active, thermic, Typic Xerorthents, 6. Fine-loamy, mixed, active, thermic, Gypsic Haploxerepts, 7. Fine-loamy, mixed,
active, thermic, Lithic Xerorthents, 8. Fine-loamy, mixed, active, thermic, Typic Calcixerepts, 9. Fine-loamy, mixed, active,
thermic, Typic Haploxerepts, 10. Fine-loamy, mixed, active, thermic, Typic Xerorthent
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Figure 3. Covariate importance in two method mean decrease of accuracy and mean decrease of Gini at the (a)
Great group level (b) Subgroup level (c) Family level. Symbol of covariates are explained in Table 1
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Abstract

Digital soil mapping approaches that require quantitative data for prediction are difficult to
implement in countries with limited data on soil and auxiliary variables. Extensive field sampling is
very labor intensive and costly that is problematic for mapping missions. On the other side, it is
believed in digital soil mapping approaches that unique soil conditions (soil types or soil
properties) can be associated with unique combination and configuration of environmental
variables. In this study we used a Random Forest (RF) algorithm combined with classification
information of 64 soil profiles and 19 environmental variables (including terrain attribute,
geomorphology units, land use and vegetation cover index) to map soil classes in the part of loess
plateau, Golestan Province Iran. Geomorphology, elevation, slope aspect and land use were the
most important parameters in prediction of soil map in different taxonomic level. The results of
accuracy assessment of RF with different entrance variables revealed that accuracy of model
including overall accuracy and kappa index respectively decreased of 0.91 and 0.83 for great
group, 0.78 and 0.56 for subgroup, 0.50 and 0.32 for family. The minimum and maximum Out of
bag (OOB) estimate error rate in modeling were 32.69% and 65.38% for great group and soil
family, respectively and the soil classes with higher frequency had the lower OOB error. The
present study showed that in regions of Iran with limited data, digital soil mapping and high
resolution ancillary data with smaller sample size can be led to an effective result in higher
taxonomic levels.
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