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Abstract : This study aims to investigate the spatial distribution of major soil types in Korea, and to assess the ability to
predict soil distribution using environmental variables. A classification tree method was used to assess soil predictability.
While the great soil groups can give more intuitive understandings on their spatial distributions, its predictability using
environmental factors is much lower than that of the grear groups. The most important factor to determine the spatial
distribution of major soil types is the geomorphological characteristic of Korea that shows distinctive morphological
difference between mountains and plains. Spatial distribution of climatic variables and catenary soil sequence along
slopes play additional roles in determining the distribution of soil types. The classification tree models resulted in 35-
75% of prediction accuracy, depends on the combination of different environmental variables brought in the models.

While geomorphological variables are the best predictors for the great groups, climatic variables perform better for the
great soil groups.
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Table 1. The Area and Proportion of Great Soil Groups (Old Classification System) in Korea.
20| HEUFTERH)O| HEHT} BIEH|

Dominant
Coastal plains Sand and gravels, coastal beaches and dunes b 158.6 0.16
Low-humic gley and alluvial soils, fluvio-marine plains Fm 2,791.0 2.84
Inland alluvial Alluvial soils and river wash, flood plains Af 4,511.6 4.58
plains and valleys Complex of soils, narrow valleys An 6,527.5 6.63
Low-humic gley and alluvial soils, alluvial plains Ap 5,197.3 5.28
Lava plains and Very dark brown to black volcanic ash soils, lava plains Lp 683.9 0.69
terraces Very dark brown to black volcanic ash soils, shallow It 595.7 0,61
and rocky phase, lava terraces
Lava flows Lava 70.3 0.07
Dissected older Red-yellow podzolic soils, siliceous crystalline Ra 10,807.2 10.9
pediplane Lithosols, severely eroded, siliceous Re 2,428.2 247
Reddish brown lateritic soils and lithosols, calcarious Rl 190.4 0.19
Lithosols and red-yellow pozdolic soils, sedimentary Rs 934.2 0.95
Red-yellow podzolic, reddish brown lateritic soils and siliceomafic ~ Rv 1,574.6 1.60
Strongly dissected Lithosols, siliceous crystalline Ma 27,2843  27.72
hilly and Volcanic ash soils, cinder cones Mj 79.8 0.08
mountainous lands Lithosols, calcareous Ml 2,333.6 2.37
Lithosols, micaceous and hard siliceous Mm 7,084.2 7.20
Lithosols, sedimentary Ms 14,261.8  14.49
Brown forest soils and lithosols, undifferentiated Mu 1,052.0 1.07
Lithosols, siliceomafic Mv 3106.9 3.16
No soils Rocky lands Rocky 6,701.4 6.81
Woater Lake 57.1 0.06
Total 98,431.6 100.0
Source: Calculated from data provided by NAAS, 2010
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Table 2. The Area and Proportion of Great Groups (New Classification System) in Korea.
a2l £ tiF(MEFH)e 2X AN} HAH|,
Order Suborder Great Group Area(km?®) Proportion(%)

Inceptisols Aquepts Endoaguepts 9,482,02 9.99
Epiaquepts 24529 0.26
Udepts Dystrudepts 44,984.30 47.41
Eutrudepts 15,954.45 16.82
Fragiudepts 219.49 0.23
Entisols Aquents Fluvaquents 11245 0.12
Endoaquepts 581.52 0.61
Hydraquents 37.91 0.04
Psammaquents 178.24 0.19
Fluvents Udifluvents 1,067.51 113
Orthents Udorthents 10,478.79 11.04
Psamments Udipsamments 1,443.39 1.52
Quartzipsamments 392.76 0.41
Ultisols Uduits Hapludults 4,731.86 499
Rhodudults 3.88 0.00
Alfisols Aqualfs Epiaqualfs 235.80 0.25
Endoaqualfs 388.56 0.41
Udalfs Fragiudalfs 498.17 0.53
Hapludalfs 2,352.10 2.48
Andisols Udands Hapludands 675.48 0.71
Fulvudands 32457 0.34
Melanudands 380.56 0.40
Durudands 13.68 0.01
Vitrands Udivitrands 6.25 0.01
Mollisols Udolls Hapludolls 8224 0.09
 Histosols Saprists Haplosaprists 0.44 0.00
Hemists Haplohemists 5.12 0.0t
Total 94,876.84 100.00

Source: Calculated from data provided by NAAS, 2010
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DEM-& 100m®] ZAAF7|2 WEgE Zo|th, AFAZAL
T = ArcView 3.20]A] Zevenbergen and Thorne
(1987)9] wHel oJa] Astgon, ARFHE= A
A7t A T2 IHE o] 83Tk Park, 2004), A
B-HGR]4= Conrad(1998)0) 2J3)) A|zk= o] vjzH
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Sollforming  Goup Of - Appr  Fnvironmental variab
factors” predictors. - e e e B - ,
Climate CLIMA TEM Average temperature °C IDW interpolation based
RAIN Average precipitation mm on 54 weather stations;
CLIVAR TEMS Average temperature (August) °C 30 years average
TEM1 Average temperature (January) °C
RAINS Average precipitation (August) mm
RAIN1 Average precipitation (January) mm
Relief TERRAIN  ELEV Elevation m 100m DEM
SLOPE Slope angle °
SC Surface curvature -
MF Upslope contributing area log;m?
RIVER Distance from river logiem
LANDFORM LANDFORM Landform unit categorical  field survey
Organisms ~ NDVI NDVI Normalized differential vegetation 0-34 1000my;
index (NDVD) 2001-2002'd;
NDVIVAR  NDVI4 NDVI, April 0-34 MODIS imagery
NDVI8 NDVI, August 0-34
NDVI11 NDVI, November 0-34
LAND LAND Land cover type categorical ~ 30m; Landsat
Parent GEOL  GEOL  Agricultural geol ical field
materials gricultural geology categorica ield survey
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Figure 1. The Spatial Distribution of Major Great Soil Groups Based on the Old Classification System.
TEFH oEt =2 HEYTO| 7 EX (Source: NAAS, 2010)
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Figure 2. The Spatial Distribution of Major Great Groups Based on the New Classification System.
Agzgiol oist 2 ol Bx (Source: NAAS, 2010)
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¥ EFoA NDVIZL 7F &2 F3Ee B itkTable
5.2 NDVI t}§0 2= FER79 Aol 1= 3
ARE7} 22k 1,113.49} 862,29 Fks 2.1 v, A&
o A polle A=t =7} 2424 1,085.0, 927.9
O] FgrE Beltt, 12ln rERYY Feole 14 7]
2(694.3), AHH71(660.0), 49 NDVI(73.2)% &
A2 Fgtol ¢em, ARy Hede 44
NDVI(745.9), HB+7]2(378.1), 8¥ 712(366.8) 5
9] =42 Fko] Afolg E 3t

Figure 32 2} ERHEE 7V} 22 Fake Hole
39 29 BAWSES AAste 1 AolE m#SH
Ao, FEFHol| A= NDVIZ} Rocky>Ms>Ma>Mm
>An>Af>RazAp 2] £A42 A YeElytthFigure 3
AP 1Z9] FPolli= Afe} Ra 7H] Afol7} BA|A O

2 folstr] AW, gaHeg 9k FEE «A
£ Hoj&dFigure 3 B). o] 2TES T3, 78
FHAE HeER), R, SR, FHE 24
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A3 AFE BAZTHW ARFHY Aoolt
Bonferroni test Z3}olA NDVI, AR, 1= BE
EFFHH SAMCE GOt XolS Byt
(p<0.05). Al ¥4 B5F Udorthents > Dystrudepts >
Eutrudepts > Hapludalfs > Hapludults >
Endoaqueptsd] &A1 2 743} tHFigure 3 C, D).
WSS o1§F EFHFY BRASHE Tt
ai7] g1t wEEAol TERNS Aol 7A, 2
27 ARl Aol sAle) wEgTl A% &
ZE|9)cHTable 6). TEFHolAE NDVI, 1=, A
=, 489 NDVIZ} 338 9 vzl A HA wEd
$7}156.5%2] AEEE BHyrh AEFHY B9ol=
A7 Mgl 899 NDVIgo] #7he A WA &
gy} AAEALY] 77.0%5 B8 ik o|F =
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Table 4. Cross-tabulation between Great Soil Groups and Great Groups in Korea.
Sh=19f tHEQSTt 27| WALRA,

Dystrudepts 477 924 401 5,014 1,192 1,477 1,305 977 1,492 13,259
% 343 475 258 625 57.7 35.0 4.7 493 311 455
Endoaquepts 0 2 0 11 0 0o 16 0 116 145
% 0.0 0.1 0.0 0.1 0.0 0.0 0.5 0.0 24 0.5
Eutrudepts 294 404 280 807 206 1,506 306 333 689 4,825
% 212 208 18.0 10.1 10.0 35.7 9.8 168 14.4 16.6
Hapludalfs 48 47 81 131 39 75 83 18 159 681
% 35 24 5.2 16 19 1.8 27 0.9 33 23
Hapludults 42 76 112 135 39 237 374 55 276 1,346
% 3.0 39 7.2 17 19 56 11.9 28 58 46
Udorthents 56 173 22 1,022 409 375 91 501 434 3,083
% 40 89 14 127 198 89 29 253 9.0 10.6
Others 472 320 658 906 181 546 956 97 1634 5770
% 340 16.4 423 113 88 13.0 30.5 49 34.0 19.8
Total 1,389 1946 1554 8026 2,066 4216 3,131 1,981 4800 29,109
% 100.0 1000 1000 1000 1000 100.0 100.0 100.0 1000 - 100.0
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Table 5. The Descriptive Statistics of Environmental Variables and the Results of ANOVA for Old and New
Soil Classification Systems. EZHaS0| 7iaE 2 122} AS2HO| SARAM 27}

LTt e

Enviton- Standard Old Soil Classification New Soil Classification
m.entaI Mean  Devi- Mean Square? P Mean Square? Fi "

variables' ation Between Within " Between Within

RAIN 1,2815 11854 | 1,399,319.08 13,897.28 1007 24,309 92,2680.1 13,8774 665 25987
TEM 11.9 1.14 649.65 0.98 660.0 24,309 456.2 1.2 3781 25987
RAINS 2658 32.72 552,284.87 924.34 597.5 24,309 201,672.3 1,0323 1954 25987
RAIN1 29.2 6.83 6,221.97 41,59 149.6 24,309 1,576.7 463 340 25987
TEMS 247 0.96 336.03 0.08 4932 24,309 3135 0.9 3668 25987
TEM1 -1.8 1.94 2,065.42 297 694.3 24,309 1,258.8 35 3586 25987
ELEV 2628 24718 | 48,659,421.19 4370522 11134 24,148 | 48,059,185.8 51,7923 9279 25794
SLOPE 10.5 754 38,610.65 4478 862.2 24,148 51,030.0 47.0 10850 2579
SC 0.5 15.09 565.85 22543 25 24309 16,381 4 2245 730 25987
MF 6.0 0.70 59.87 0.58 1037 24,142 87.2 05 1844 25776
NDVI 19.5 7.73 08,727.88 4002 17173 24,309 70,975.3 460 15413 25987
NDVI4 03 0.14 9.80 0.02 573.2 24,309 133 00 7459 25987
NDVI8 0.5 0.26 240 0.06 372 24,309 2.7 0.1 41.7 25,987
NDVI11 0.2 0.12 4.63 0.01 3637 24,309 4.9 00 3719 25987
RIVER | 31 045 370 0.2 1782 23829 159 02 786 25092

! See Table 3 for the abbreviation; ? between groups df=7; within groups df = -1; 3 between groups df=7; wthin groups df=n-1;

* significance value, p<0.01
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Figure 3. Box plots of Environmental Variables for Soil Types. A) NDVI for Major Great Soil Groups, B) Elevation
for Major Great Soil Group, C) NDVI for Major Great Groups, D) Slope Angle for Major Great Groups. EYFEH
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2 £ EURY0 M Buet EANYRLIS 0|88 0157y BI)
Table 6. Summary Table for the Discriminant Analyses. 81458 0838 WHERAM Zuto| of
Classification Functi Ei | % of Cumulative Canonical Variables with canonical
System unction 1BEVAIE  yasiance % Correlation discriminant function coefficient
NDVI(0.870), ELEV(0.635),
1 662 . ) : ’
06 5646 5646 063 SLOPE(0.604), NDVI4(0.468)
TEM1(-0.779), RAINS(0.743),
2 .30 25.81 2.2 0.48
ol 0303 >8 82.28 TEM(-0.741), TEMS(-0.469)
Classification 3 0.108 9.20 91.47 0.31 RIVER(0.662), MF(-0.410)
System 4 0.077 6.56 98.03 0.27 NDVIS(0.203),
5 0.012 1.05 99.08 0.11 NDVI&(0.203), SC(-0.142)
6 0.006 0.50 99.58 0.08 NDVI11(-0.446), RAIN(-0.440)
7 0.005 0.42 100.00 0.07
NDVI(0.826), SLOPE(0.705),
1 0.411 77.03 77.03 0.54 ELEV(0.653), NDVI4(0.575),
NDVI8(0.134)
New RAINS(0.716), TEM1(-0.547),
2 0.061 11.41 88.44 0.24
Classification NDVI11(-0.463), TEM(-0.442)
System RIVER(0.472), RAIN(0.354),
. . ) Bl
3 0.039 7.25 95.70 0.19 $C(0.219)
4 0.020 3.79 99.49 0.14 MF(-0.465)
5 0.003 051 100.00 0.05 RAIN(-0.544), TEMS(0.477)
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Figure 4. The Resuits of Cross-tabulation between Soil Types and Geology/Landforms/Land Cover. A)
Geology and Old Soil Classification; B) Geology and New Soil Classification; C) Landforms and Old Soil
Classification; D) Landforms and New Soil Classification; E) Land Covers and Old Soil Classification; F) Land
Covers and New Soil Classification (DSE= Dystrudepts, ETE=Eutrudepts, UOE=Udorthents, EAE=
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Table 7. Environmental Predictors Brought in Decision Tree Models and Prediction Accuracy.
NAHLITO| AR E EYTAHQOIT} EY HamEly

. No. of Node |

. Soil Forming | ~ predicor L L
Environmgntalﬂpaqo o group L New =

Classification

Secondary Environmental Information Only

LAND 1 35.00 53.58 8 8
NDVI 2 39.00 53.60 188 207
CLIMA 3 48.00 53.92 143 120
TERRAIN 4 41.28 53.94 171 202
NDVI+NDVIVAR 5 42,00 53.97 187 210
TERRAIN+NDVI 6 4291 54.44 159 190
CLIMA+CLIMAVAR 7 52.00 56.00 134 163
TERRAIN+CLIMA+NDVI 8 50.94 56.54 139 152
TERRAIN+CLIMA+NDVI+LAND 9 50.72 57.40 139 159
TERRAIN+CLIMA+NDVI+ 10 53.00 59.31 131 152
LAND+CLIVAR+NDVIVAR
Field Survey Information Only
GEOL 11 41.00 60.40 10 7
LANDFORM 12 37.00 64.42 10 8
LANDFORM+GEOL 13 43.00 71.15 26 20
Secondary Environmental and Field Survey Information
TERRAIN+CLIMA+NDVI+GEOL 14 5322 63.01 131 131
LANDFORM+LAND 15 40.00 64.74 46 27
CLIMA+NDVI+LANDFORM 16 51.00 70.04 134 102
TERRAIN+CLIMA+NDVI + 17 51.48 70.34 131 9
LANDFORM+LAND+GEOL 18 44.00 7118 70 48
LANDFORM
TERRAIN+NDVI+LANDFORM+ 19 4953 72.16 144 101
LAND+GEOL
TERRAIN+CLIMA+NDVI+ 20 53.31 74.20 130 97
LAND+LANDFORM+GEQO
CLIMA+LANDFORM+LAND+ 21 52.00 74.26 128 92
GEOL
CLIMA+NDVI+LANDFORM+ 22 53.00 74.35 124 94
LAND+GEOL
TERRAIN+CLIMA+NDVI+ 23 54.44 75.10 118 90
LAND+LANDFORM+GEOL+
CLIVAR+NDVIVAR
Mean 46.86 63.93 113.09 103.52
Standard Deviation 6.11 797 55.78 62.00
Stk E 2% BANRY FRRAARE BAN A 9 oldd B, TR Aol RR/IEA
Satelgie 27 SRR %t ERAYEE A Aidoz B3l FHRIS0] A2 EAE

SAMRE X3 o2 Aite Aol =3t |t Uehy] el Aoz 9,
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Figure 5. The Difference of Prediction Accuracy between Old and New Soil Classification Systems.
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