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Combining Multiple Feature Expansion and Screening for Predicting Regional Distribution of

Soil Bulk Density in Random Forest Algorithm

WANG Tong'?, SONG Jie"?, WANG Xin'? YU Dongsheng"?", MA Lixia'?, FAN Jianbo®, LIU Ming'?

(1 Key Laboratory of Soil and Sustainable Agriculture, Chinese Academy of Sciences, Nanjing 211135, China; 2 University of
Chinese Academy of Sciences, Beijing 100049, China; 3 Farmland Ecosystem National Field Observation and Research Station
(Institute of Soil Science, Chinese Academy of Sciences), Yingtan, Jiangxi 335000, China)

Abstract: Taking Yingtan City, Jiangxi Province as the study area, the topsoil (0—20cm) bulk densities in 131 sampling sites
under different land uses and soil types were investigated, 66 environmental factors such as topography, remote sensing, climate
and so on were extracted to form the original feature set by combining the multi-source environmental big data. And a method of
multiple amplification and screening of the feature variables was created, that was, for the original feature set and random forest
(RF) model, PCA component extraction - component augmentation - recursive feature elimination with cross validation (RFECV) -
polynomial feature expansion (PFE) - recursive feature elimination with cross validation (RFECV) re-screening being carried out
in order. In the end, the optimal set of features for the combination of 3 variables was obtained. The spatial prediction accuracy of
RF for soil bulk density based on the optimal feature set reached R of 0.469, which was 34% higher than that of the original
feature set (R=0.315), and the feature dimensionality was reduced by 95%, which significantly improved the spatial prediction
effect and efficiency.

Key words: Soil bulk density; Random forest model; Feature set; Digital soil mapping
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Fig. 1 Distribution of land use types and soil sample sites in study area
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Fig.2 Roadmap for feature expanding and screening

http://soils.issas.ac.cn



%6 1

TS BT RS 5 20 F 0 5 0 0 ) DX S T B L AR AR

1351

17 TEFEZTESHEE

i H Python ™ gdal pRELZE & ik RF &AL FE,
X GR IX. - HE 25 2 (] A A 7 1 A ol il 11 Sy B
BRI TASCRHE A i Z YR 50 Y RF 7
P, R ArcGIS 10.8 H Geostatistical
Wizard BERARAAE R, AT HIEAE P F 5
FEAF fE(COK) "I, 23[R0 R 20 30 mx30 m.

2 GRS
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22 SEIIESHEFESTHSE

220 FRSERYH  RIARHEAE R S1AY PCA
IR, R 13 AR R SRR 25Tk 84.43%,
AT 14 D FERGT SR T 2515 85.92%(F% 2), HES 14
A F RO IBFHEE/ N T 1, ZHE TS EA L LUE
BN, R EI(E 3) R, SHREUY
FHA A 13 AN, PrehBEINA RS 225 R F IR,
AR 13 AR, 4r5lbRich PCAL ~
PCA13, 7R IRSIRL R AR HEY 4

% 1 FRLHHARE LIRS EERGITE
Table 1  Statistical characteristics of soil bulk densities under different land use types
A FEAR L /M (g/em?) e KB (g/em®) I (g/cm®) FrifE 2% (g/em®) TRRM WE
ISYE XS 131 0.67 1.72 1.22 0.22 0.18 032 -0.51
Wkt 63 0.86 1.69 1.14 0.20 0.18 0.94 0.67
Mt 44 0.67 1.64 1.24 0.22 0.18 -0.05 -0.31
b, 10 1.18 1.65 1.38 0.17 0.12 0.59 -1.26
TG 1.17 1.72 1.45 0.22 0.19 -0.15  -1.75
HoAth A Hiy 1.13 1.58 1.33b 0.07 0.05 1.59  0.76
el b 1.34 1.54 1.40 0.10 0.07 1.29 -
* 2 BFUAETELFEMRER
Table 2 Explanatory table for total variance of characteristic variables
roN VIR (L S P 7 A
Bt T XEHEGTIL R Z A5 (%) At TR R Z A5 (%)
1 20.95 31.74 31.74 20.95 31.74 31.74
2 8.02 12.15 43.88 8.02 12.15 43.88
3 5.58 8.45 52.33 5.58 8.45 52.33
4 5.22 7.91 60.24 5.22 7.91 60.24
5 2.80 4.25 64.49 2.80 4.25 64.49
6 2.54 3.85 68.34 2.54 3.85 68.34
7 2.04 3.08 71.42 2.04 3.08 71.42
8 1.96 2.98 74.40 1.96 2.98 74.40
9 1.58 2.40 76.80 1.58 2.40 76.80
10 1.46 2.21 79.01 1.46 2.21 79.01
11 1.31 1.99 81.00 1.31 1.99 81.00
12 1.19 1.81 82.81 1.19 1.81 82.81
13 1.07 1.62 84.43 1.07 1.62 84.43
14 0.99 1.49 85.92
66 8.42x107"7 1.28x107' 100.00
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Fig. 4 Correlation analysis of environmental covariates with soil bulk density
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Table 3 Comparison of different feature sets and their RF prediction accuracies

FHIESR FRIESR A FRIEA MAE(g/cm?) RMSE(g/cm®) R?
S1 JE AR PR P AR 66 0.142 0.179 0.351
S2 PCA M9 4% S1 13 0.166 0.209 0.112
S3 S1+S2 79 0.142 0.178 0.354
S4 P<0.05 &A% S3 16 0.141 0.180 0.344
S5 RFECV HWRAEL M i S3 4 0.130 0.167 0.435
S6 PEF kM4 1T S5 15 0.129 0.166 0.442
S7 RFECV FRRAEL MGt S6 3 0.123 0.162 0.469

Fz 4 ZIMAFNEMBEFET EERMTUNEE
Table 4 Prediction accuracies of polynomial feature expansion of different orders attempted
R ZIW A G AL
1 2 3 4 5 6
MAE(g/cm’) 0.130 0.130 0.130 0.129 0.131 0.131
RMSE(g/cm’) 0.167 0.166 0.167 0.167 0.167 0.166
R 0.435 0.442 0.432 0.435 0.436 0.438
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Fig. 5 Results of spatial prediction of top soil bulk density in study area
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Table 5 RF predictions for soil bulk density of sampling points under different land uses

T H AR EE(glem’) FKfH(glem®) B/ME(glem®)  ARfEZ(gem’) TREK WE 12353 S {E I 22 (%)
MR 1.26 1.56 0.92 0.18 0.14 0.05 ~1.17 3.08
B 1.25 1.56 0.95 0.04 0.03 0.13 -1.36 9.41
b 1.24 1.53 0.92 0.14 0.12 0.44 -0.21 0.11
Bt 1.31 1.53 0.96 0.21 0.16 -0.70  -1.28 -5.29
T GAf i 1.34 1.47 1.09 0.14 0.11 -1.12 0.67 ~7.41
HoAth - Hby 1.29 1.45 1.07 0.14 0.11 0.34 —0.42 -2.95
(i 1.32 1.48 1.05 0.24 0.18 -1.67 - -5.77
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