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1- Traditional (Conventional) Soil Survey
4- Polygonal maps 2- Digital Soil Mapping (DSM)
5- Legacy maps 3- Soil-landscape model
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4- Aggregation level

5- Soil-land inference model (SoLIM)
6- Knowledge base

7- Fuzzy rules
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1- Machine learning
2- Physiography
3- Covariates
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4- Qualifier
5- Xeric
6- Thermic
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1- Instance
2- Occurrence
3- Exclusion
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6- Wetness index
7- Defuzzified

8- Transect

9- Purposive
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2- Slope gradient

3- Slope aspect
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Figure 1. Geographic position of study area and pedons used in training on 3D DEM.
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Table 1. Taxonomic names of the studied pedons in ST and WRB to subgroup and second level.

WRB ¢ 55 ks Sl el el (slaes S 15
(Second level of WRB) (Soil Taxonomy subgroups)
Calcaric Leptic Regosol (Clayic, Humic) Chromic Calcixererts
Cambic Calcisol (Clayic) Fluventic Haploxerepts
Haplic Calcisol (Siltic, Chromic) Lithic Xerorthents
Calcaric Leptic Regosol (Clayic) Typic Calcixerepts
Calcaric Chromic Cambisol (Clayic, Humic) Typic Calcixererts
Leptic Calcisol (Clayic, Chromic) Typic Haploxerepts
Leptic Calcisol (Clayic, Chromic, Ruptic) Typic Xerorthents

Calcaric Skeletic Leptic Regosol (Loamic, Humic)
Calcaric Leptic Regosol (Loamic, Humic)

Haplic Calcisol (Clayic)

Cambic Calcisol (Siltic)

Cambic Calcisol (Siltic, Chromic, Ruptic)

Calcic Vertisol

Calcaric Gleyic Fluvisol (Siltic)

Chromic Calcic Vertisol (Humic)

Calcaric Fluvisol (Loamic, Humic)
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Figure 2. Alignment of evaluation pedons as 4 transects and five purposive points on 3D DEM.
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1- Confusion matrix
2- Overall map accuracy
3- Kappa agreement index
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Figure 3. Defuzzified maps of predicted soil distribution pattern according to ST and WRB.
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Table 2. Prediction accuracy of the model for both classification systems and distribution pattern of evaluation
points based on overall map accuracy (OA) and Kappa agreement index (K).

(Ao)3) e S

Prediction accuracy (%)

Lol et

No. of pedons

ool ST oI/ gl Slns
Evaluation criterion / Distribution pattern of pedons

Soil Taxonomy WRB
77.8 66.7 26 et
(Overall map accuracy)
LS L85 b
63.8 61.5 26 SRR
(Kappa index of agreement)
78.3 65.2 21 7
(Transect)
Ladila
80 80 5
(Purposive)
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Figure 4. Samples of fuzzy rules applied to covariates of slope aspect (upper) and wetness index.

OF 5 aadS 5 el baas S i Ol
Gieny W sl (65 S o ol 425
UL 5 J il dalt das 65,8 a
Oan 5 ol 4 wlin 05K L 58 (Ye10)
Slalis bl oS (ST Ll s |, SOLIM gl
Ol @By 02 (V1) dssad 25 isucals,
53 dde ol 2,0,8 SOLIM. g8 Lol o ps S
W1y bealds comlad e (siuoz) Fomb sl
et Ul s bWl L ol g s, dal
ol N les baii beg b S
CodS 5 s Cldalie jlad a5 das e OLAS sl

U5 1SSt il dagme —Sbt Ly, 5l S

yva

e S0 b et 53 S lSG il

Oen 5 sl e el e 55 SV 5,
23S sla Sis sduag sl S s (YY)
5> 13 SOLIM 5 Slas Coms laesls 35S Lol i
5 5 odd (glues, S gladsty ST o b
Sl o33 o 53 s liS i 5 S 5 ealizal L
o (YY) Lo S SIS dss 4 (Sl =
wle O Siasn s b lS sl

&)M;: (Y"-\) Q\JL(AA 9 é 9 (Y,.C\) Qb&a_h

5 95

e 05 2l 40 05 e e ) VL o
Soo 55 58U 7 shas sl LSS sl W5 o

Sals bl ol el Ll (YA ) cdls YL



1190 (1) )l dTF) dls S 5 f clis gla g}y s puls

x5k 5> SOLIM 5 Shes ooy p il 52 B LSl sies, lle 655 8 6,5
Sbogla Sy 5 SeS sl Obe LU O sV S b plaaiss VL 3 S e

Bl Ol Ko g 5SE lad )5 o 4 (Ghues,

(e S e e b S i
gy bl Yo 25 s Lo S
s U b e 3 i ST e O Conlss ol Ll Ll el 508 dols iSeid
el 536 5 6, 8wl s aen ol . e

e a ol s b e sleas JLl5El AlE 55 5 e s
Seens Ll ol 02 e el RS L S5 ol G pote O3 Seia als
s DEM i oz slagn, SISOl oplal LG
Dol et S b oS Sl s ol olinis
LS o Jos Sias o)l S o wals e Ch.w

Sl L\&g‘}f kT,.ngJ.." Lgﬂféjw' Lol LS{LAJJ:A\)
. Z Y .

Solwaag © S ol sy, s b i

SoLIM CL:;:.,J\ S e KaS Shalie blo L

Gl Tl Glaiss o b sl en SOLIM O Q) s 2 A1 ol S 558

e slet i s Ll e Ve 3l 558s GLDEM )8 a5 osls

A e Cewsay S (gl palE ys (6 R C,L:J

8 o 35w loaw S won bkl o B Ll
03 e 3ol O 356l OISl sl 5 SOLIM S 5 eSSl lalis bl jled Ole Ll

%&)\ﬁjdbuﬁbd}aﬂ)‘%aw

&l

1.Bagheri Bodaghabadi, M., Salehi, M.H., Esfandiarpoor Borojeni, E., Mohammadi, J., Karimi
Karuyeh, A., and Toomanian, N. 2012. Evaluation and generalizing soil-land inference
model (SoLIM) in soil mapping using digital elevation model and its derivatives. J. Sci.
Tech. Ag. Nat. Res.: Soil & Water Sci. 61: 155-165. (In Persian)

2.Behrens, T., Forster, H., Scholten, T., Steinrucken, U., Spies, E.D., and Goldschmitt, M. 2005.
Digital soil mapping using artificial neural networks. J. Plant Nutr. Soil Sci. 168: 21-33.

3.Boruvka, L., Kozak, J., Nemek, J., and Penizec, V. 2002. New approach to the exploitation of
former soil survey data. 17th world congress of soil science, Bangkok, Thailand, August 14-
21 2002. Paper No: 1682.

4.Bouma, J., Booltink, H.W.G., and Fink, P.A. 1996. Use of soil survey data for modeling
solute transport in the Vadose zone. J. Environ. Qual. 25: 519-529.

5.Brungard, C.W., Boettinger, J.L., Duniway, M.C., Wills, S.A., and Edwards Jr, T.C. 2015.
Machine learning for predicting soil classes in three semi-arid landscapes. Geoderma.
239-240: 68-83.

1- Latin hypercube sampling
2- Monte carlo simulation

YA+



SIS 3295 9 09k B>

6.Forbes, T.R., Rossiter, D.G., and Van Wambeke, A. 1982. Guidelines for evaluating the
adequacy of soil resource inventories. 1987. Printing ed. SMSS Technical Monograph #4.
Ithaca, NY, 50p.

7.Grinand, C., Arrouays, D., Laroche, B., and Martin, M.P. 2008. Extrapolating regional soil
landscapes from an existing soil map: sampling intensity, validation procedures and
integration of spatial context. Geoderma. 143: 180-190.

8.Grunwald, S. 2006. Environmental Soil-landscape Modeling, Geomorphic Information
Technologies and Pedometrics. Taylor and Francis Pub., USA, 488p.

9.Hengel, T., Walvoort, D.J.J., Brown, A., and Rossiter, D.G. 2014. A double continuous approach
to visualization and analysis of categorical maps. Int. J. Geog. Inf. Sci. 18: 2. 183-202.

10.IUSS Working Group WRB. 2015. World Reference Base for Soil Resources 2014.
International soil classification system for naming soils and creating legends for soil maps.
World Soil Resources Reports No. 106. FAO, Rome.

11.Kim, J., Grunwald, S., Rivero, R.G., and Robbins, R. 2012. Multi-scale modeling of soil
series using remote sensing in a wetland ecosystem. Soil Sci. Soc. Amer. J. 76: 2327-2341.

12.Klute, A. 1986. Methods of soil analysis. Part 1: Physical and mineralogical methods. ASA
monogaraph No. 9. Madison, WI. USA, 1188p.

13.Le Vinh, B., Clemans, G., and Stahr, K. 2013. Soil and soil quality mapping for an extreme
relief region using detailed fuzzy slope forms. Conference on International Research on Food
Security, Natural Resource Management and Rural Development organized by the
University of Hohenheim. Tropentag 2013, Stuttgart, Germany, September 17-19.

14.Li, W., Zhao, L., Wu, X., Wang, S., Sheng, Y., Ping, C., Zhao, Y., Fang, H., and Shi, W.
2015. Soil distribution modeling using inductive learning in the eastern part of permafrost
regions in Qinghai—Xizang (Tibetan) Plateau. Catena. 126: 98-104.

15.Page, A.L., Miller, R.H., and Keeney, D.R. 1986. Methods of soil analysis. Part 2: Chemical
and biological properties. ASA monograph No. 9. Madison, WI. USA, 1159p.

16.Qi, F., Zhu, A.X., Harrower, M., and Burt, J.E. 2006. Fuzzy soil mapping based on prototype
category theory. Geoderma. 136: 774-787.

17 Rossiter, D.G. 2002. Methodology for Soil Resource Inventories. 2™ & Rev. Ver. Soil Sci.
Div. International Institute for Aerospace Survey & Earth Sciences (ITC), the Netherlands.
132p.

18.Schad, P., van Huyssteen, C., and Micheli, E. 2012. WRB: State of the art and next steps
(keynote presentation). Soil Classification 2012, Lincoln (Nebraska, USA), 11-14, June.

19.Schoeneberger, P.J., Wysocki, D.A., Benham, E.C., and Soil Survey Staff. 2012. Field book
for describing and sampling soils, Version 3.0. Natural Resources Conservation Service,
National Soil Survey Center, Lincoln, NE, 300p.

20.Soil Survey Staff. 2014. Keys to Soil Taxonomy. 12" ed., NRCS, USDA, USA.

21.Tavares, W.F., Tarasiuk, M., Mykhnovych, A., Kit, M., Feger, K.H., and Schwarzel, K.
2012. Estimation of spatially distributed soil information: dealing with data shortages in the
Western Bug Basin, Ukraine. Environ. Earth Sci. 65: 1501-1510.

22.Webster, R. 1968. Fundamental objections to 7™ Approximation. J. Soil Sci. 19: 2. 354-366.

23.Wen, W., Wang, Y., Yang, L., Liang, D., Chen, L., Liu, J., and Zhu, A.X. 2015. Mapping
soil organic carbon using auxiliary environmental covariates in a typical watershed in the
Loess Plateau of China: a comparative study based on three kriging methods and a soil land
inference model (SoLIM). Environ. Earth Sci. 73: 239-251.

24.Western regional water management company, Inc. 1989. Semi-detailed soil survey report of
Gavoshan dam area-Miandarband area, Kermanshah, Iran. 138p. (In Persian)

25.Willson, J.P., and Gallant, J.C. 2000. Terrain Analysis, Principles and Applications.
John Wiley and Sons Inc., USA.

26.Zevenbergen, L.W., and Thorne, C.R. 1987. Quantitative analysis of land surface
topography. Earth Surface Processes and Landforms. 12: 1. 47-56.

YA



1190 (1) )l dTF) dls S 5 f clis gla g}y s puls

27.Zhu, A.X. 1997. A similarity model for representing soil spatial information. Geoderma.
77:217-242.

28.Zhu, A.X., Band, L., Dutton, B., and Nimlos, T.J. 1996. Automated soil inference under
fuzzy logic. Ecological Modelling. 90: 123-145.

29.Zhu, A.X., Yang, L., Li, B., Qin, Ch., Pei, T., and Liu, B. 2009. Construction of membership
functions for predictive soil mapping under fuzzy logic. Geoderma. 155: 164-174.

30.Zhu, A.X., Band, L., Vertessy, R., and Dutton, B. 1997. Derivation of soil properties using a
soil land inference model (SoLIM). Soil Sci. Soc. Amer. J. 61: 523-533.

31.Zhu, A.X., Hudson, B., Burt, J., Lubich, K., and Simonson, D. 2001. Soil mapping using
GIS, expert knowledge and fuzzy logic. Soil Sci. Soc. Amer. J. 65: 1463-1472.

YAY



i

ciences and Natural Resources

J. of Water and Soil Conservation, Vol. 23(6), 2017
http://jwsc.gau.ac.ir

Pattern recognition of soil classes across a semi-arid landscape
of western Iran using knowledge-based fuzzy approach

J. Yalveh' and *P. Shekaari’

'M.Sc. Graduate, Dept. of Soil Science and Engineering, College of Agriculture, Razi University,
Kermanshah, Iran, *Assistant Prof., Dept. of Soil Science and Engineering, College of Agriculture,
Razi University, Kermanshah, Iran
Received: 05/31/2016; Accepted: 12/31/2016

Abstract

Background and Objectives: Modeling soil variation plays an essential role in sustainable
management of the resource. However, discontinuous models used for decades, do not describe soil
variation enough as that required in modern agriculture, which leads to basic shortcomings in spatial
predictability value of maps. To conquer the problem, new statistical algorithms known as “machine
learning” tools are increasingly used to construct and improve soil maps, digitally. As a means of
machine learning, SoLIM employs knowledge-based fuzzy approach to realize soil-landscape relations
and predict soil pattern in a continuous way. In this work, SoLIM was used to predict soil distribution
pattern in a 2300 ha area of Miandarband region of Kermanshah province.

Materials and Methods: Maps of slope gradient and aspect, planform and profile curvature and
wetness index was derived from a 10m-resolution digital elevation model (DEM) and along with
geological map used in the study as most effective environmental covariates of soil diversity over the
area. Based on physiographic analysis, 26 pedons were described and classified in 7 subgroups of Soil
Taxonomy (ST) and 16 RSGs of WRB at second-level, respectively. To train the algorithm to
recognize relations between covariates and classified soils in both systems, required fuzzy rules were
defined in SoLIM environment. Following inference, a fuzzy distribution map for each subgroup and
RSG was constructed. After combining the fuzzy outputs, a non-fuzzy map of predicted soil
distribution pattern over the study area was obtained for each classification system.

Results: Though results confirmed good learning ability of the algorithm, outputs were different for two
the classification systems. As a reflection of its hierarchical structure, map of ST great groups was more
contiguous than that of WRB. However, patchy appearance of WRB map was interpreted as a sign
of better spatial predictability, because of its more flexible two-leveled structure. Thus, probably
WRB-based inference leads to more realistic predictions. This indicates how the results are affected by
logical structure of soil classification system. To evaluate model performance, results of 25 pedons
aligned in 4 transects and 5 purposive points so that captured most soil variability over the study area,
compared to SoLIM predictions. Based on overall map accuracy (OA) and Kappa agreement index (K),
SoLIM predictions at ST subgroup level, were correct by 78 and 64 percent, respectively. Same values
for WRB were 67 and 62. Inference at family level led to poor results and overall map accuracy (OA) and
Kappa agreement index (K) 56 and 47 percent calculated, respectively. However, considering transects,
correct predictions were 78.3 and 65.2 percent for ST and WRB, but for the random points was 80 for
both. Results confirmed good predictions by SoLIM in the study area. At lower categories of ST with
hierarchical structure, the model showed a poor ability to identify various soils.

Conclusion: No doubt, increasing sample points is the most effective factor on improving
predictability of maps either in traditional or modern soil mapping techniques. However, such
viewpoint seems unfeasible and not conforms to economic considerations of DSM. Probably,
adopting some other strategies such as identifying most effective environmental covariates,
increasing algorithms sensitivity and better sampling designs to obtain optimal number and
distribution of observations over the study area.
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