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2- Digital soil mapping, DSM
3- Extrapolation 1- Polygon-based
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5- Donor area
6- Recipient area
7- Homosoil
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1- Supervised classification

2- Recognized soil types

3- Unsupervised classification

4- Root mean square error, RMSE
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2- Random forest
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1- Similarity index



O Ko 9 (gmios todw

53°"10'0"E
1

(D)s

z
b
e
=L
o
s

() glas )l

p High - 1900

L Low : 1608 N
g A
2 | . ke b S
b Y
a 0 5 10
L ) Kilometers

30°0°0"N

29°50'0"N

T T
53°0'0"E 53°100"E

53°10°0"E
1

30°10°0"N
1

30°0°0"N
1

34 z
©)e £
o 2
s
Ty ]
(- -
(yRe)g i
.
wm High : 204477 i
. .
M ow:1707.02 )
Sl bl ‘\‘\\w .
te O | E
0 5 10 =
—— Kilomelers =}
E

T
53°100"E

cedas azkie c}g.-ig‘):b.w [GIN-XY (C cc.\ié)}o K) A‘S/)Lw‘gt ‘_;th‘.’-w*i (u ‘d"Ju Ol (I ;‘;’\'L'JLEA &LA Cﬁaj}a -\ JS.:A

ok S adhite (Oldaw s (5

Figure 1. Study areas location: A) Fars Province, B) Pasargad and Marvdasht counties, C) Saadat Shahr plain,

donor area, D) Seidan plain, recipient area.
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1- Thermic

2- Xeric

3- Alluvio-colluvial fans
4- Piedmont plain

5- Low lands

6- Plateau
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2- Digital elevation model, DEM

3- Normalized difference vegetation index, NDVI
4- Normalized difference moisture index, NDMI
5- Land surface temperature, LST
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1- Latin hypercube method
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Table 1. Environmental covariates that used in this study.
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Continue Table 1.
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4- Overall accuracy

5- User’s accuracy

6- Producer’s accuracy
7- Kappa coefficient

oy

5 Klas 5 S Jde 3 5 en g Wedalie V¥ Y pens
o3latal b b Sl ol (gladd sad sdoms (guai b |
Glast 3 i 3,8 o el 0l sy e
e el Gl (olms Olyea s Bl 2ol
b e LT Gl &8 e e 3,0 JSw
33 o Ao Sl b sl s Lsﬁ‘}!l_,;l:.m., sl 53
el Sl S s e G S e e
S sla aie el (dilas K Je s oS
ol s e Giled Oda S5y eess gl o 1
osbizul aallas cpl 3 oS ol i 2alS  Sils
oSls Sl olre GaFle cpl e S gl A
sl s Kea by allel s s
sl alawl g e Ol > 4 Sl s,
ol e SO U i w5 eds e O
GV Lokt Cel ol 5l eslinad &5 la e
o=l sl LSJ;S)}{ 2olie s ol L;Lmji BN
Olseas 5 osls ol 5 4 |y jr ool
Sl e Lud eslinal Sl Jde s e Sla it
wlin mpds s b ook S adie ol bes <
D8 sl Jlasl Jue 53 5 4 (e Yox e T)
s 4B S
Slasiie (n St e Sl Al sy o3
dde Sl e St daly (olede 5SS
33 S ru.é.sl.\.a.? Ko wy ol K
OF 3 ol iy w5 gladS 5 eslizad (YV) R sl s
Voo e (Joe 5 Ol s slaws (gl S |
03 S Gl S e Al B s s Ol
sl &S el K Jide 3l el S adlae
L SeS sl 5 S g oS o Ly,
sk Jool> sdias a3 e Ve SSE o8

1- Out-Of- Bag, OOB
2- Mean Decrease Gini
3- Random Forest
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Table 2. Frequency of soil classes at subgroup level based on the Soil Taxonomy (2014) system in donor and

recipient areas.
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Figure 2. Relative importance of covariates to predict soil classes in donor area based on the mean decrease in

Gini index.
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Table 3. Evaluation of RF model to predict soil classes at subgroup level based on the Soil Taxonomy (2014)

system in donor area.
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Table 4. Evaluation of RF model to predict soil classes at subgroup level based on the Soil Taxonomy (2014)

system in recipient area using two training datasets.
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Abstract

Background and Objectives: Many soil maps that produced in Iran are in medium scale
related to the soil survey projects that have been done over the past six decades. In many cases,
soil maps have not been updated due to the high cost of soil survey activities in conventional
methods. A proposed solution to overcome limitations of the conventional soil survey is digital
soil mapping (DSM) that extensively used for producing soil maps in many countries recently.
The extrapolation method in which soil pattern rules in reference area is used for soil class
prediction in other areas as a cost-effective method have been mentioned by some soil
surveyors. To achieve the main advantages of extrapolation in DSM, in this research we
evaluated the use of random forest model in a reference area (donor area) for producing soil
taxonomic classes at subgroup level in a site out of the reference area (recipient area).

Materials and Methods: In this study two neighboring areas in Fars Province in southern Iran
were selected: 1) Saadat Shahr plain as donor site and 2) Seidan plain as recipient area. Two
agricultural plain have a moderately similar environmental condition such as elevation, geology,
physiography and climate and agriculture behavior. In donor area, 82 soil profiles were
excavated, described and analyzed. Latin hypercube sampling (LHS) was used as a statistical
method in donor area. In recipient area, 27 locations were determined on some parallel transects
across the plain. All soils were classified according to USDA Soil Taxonomy (2014). Random
forest (RF) in R statistical software was used to predict soil classes in donor area. Then the
constructed model in donor area saved and applied to the recipient area. 25 variables related to
soil forming factors consist of 1) primary and secondary train attributes and 2) remote sensing
indices obtained from Landsat 8 satellite, OLI sensor imagery were used in this study.
All auxiliary environmental covariate layers were resampled to a 30 m resolution. Producer's,
users and overall accuracy and kappa index calculated according to the agreement of the field
surveyed with predicted soil classes.

Results: Using RF algorithm from the 25 variables related to soil forming factors, five primary
and secondary train attributes consist of slope, multiresolution index of valley bottom flatness
(MRVBEF), terrain ruggedness index, topographic wetness index and modified catchment area
were selected as influential covariates. An overall accuracy of 72% and a Kappa index of 0.59
in the donor area, illustrating the relatively desirable agreement between observed and predicted
soil classes. For extrapolating evaluation, the result of RF model with 70% of soil samples in
the donor area was compared with the output of the transported RF model using 27 observations
of the validation dataset. The overall accuracy of the external validation was 45% and the Kappa
index was 0.28. Transferring the RF model constructed by all soil samples of the donor area
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(100%) showed a better result of soil prediction in the recipient area. The overall accuracy and
the Kappa index of the external validation was 52% and 0.38, respectively. From the six soil
subgroup classes, the best predicted classes were Typic Calcixerepts and Typic Xerorthents.
Some classes were too sparse and the model was unable to predict them correctly.

Conclusion: The results showed that the model extrapolation in the framework of DSM could
be a powerful tool for producing soil map in the area of Iran where soil maps are not available
or updating the present soil maps are time consuming and costly. The low-cost and time saving
method reported here, encourages soil surveyors to select model extrapolation for their survey
activities.

Keywords: Digital soil mapping, Latin hypercube sampling (LHS), Soil forming factors
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