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Abstract: [Objective] Effective soil thickness is a decisive indicator for evaluating soil health and productivity, it is
therefore of great significance to accurately depict the spatial distribution pattern of effective soil thickness and its response
mechanism to land use change and surface substrate type for the sustainable protection of soil resources. [ Method] In this
study, leveraging on the surface substrate survey data and soil-landscape modeling, we carried out predictive modelling and
mapping of effective soil thickness in the black soil area of eastern Inner Mongolia. Based on the modelling results, the

spatial variability of effective soil thickness was analyzed among land use types and surface substrate zoning. SHAP
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analysis was employed to identify the main controlling factors underlying the spatial distribution pattern of effective soil
thickness. [Result] The results show that the Cubist-based regression model had a good performance (R?=0.5,RMSE=43.8)
for effective soil thickness prediction, and the generated spatial distribution map could accurately reveal its spatial pattern.
SHAP analysis revealed that topographic and climatic factors were the main controlling factors determining the spatial
variability of effective soil thickness, which was specifically reflected in the fact that highly eroded areas with high
elevation had thinner soils, while monthly average temperature extremes had a positive effect. [ Conclusion] Both surface
substrate zoning and land use types exerted important constraints on the spatial characteristics of the effective soil layer
thickness, with the overall soil layer thickness in the floodplain and sloping deposit areas being greater than that in the
residual slope deposit area. Forestlands, which were mostly distributed in mountainous areas or regions with steep slopes,
had the thinnest effective soil layer. This study provides a methodological reference for the spatial modeling and
characterization of effective soil thickness, and the results can provide a data basis for identifying the background
conditions of regional natural resources and their response mechanisms to human interactions.
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Fig. 1 Location of the study area and distribution of sampling sites
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Fig.2 Spatial distribution of surface substrate types (a) and spatial distribution of land use types (b)
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Fig.3 Research workflow diagram
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Table 1 Basic information of environmental variables

A& [HES Vg &S el R
Environmental variables Abbreviation  Resolution Data Sources
=2 Elevation DEM 30 DEM
3% % Slope Slope 30 DEM
I\ Aspect Aspect 30 DEM
i 8 Flow accumulation FA 30 DEM
i) Flow direction FD 30 DEM
K Flow length FL 30 DEM
Y 2 35 Slope of slope S0S 30 DEM
S T BT KT Specific catchment SCA 30 DEM
Topographic area )
factor KL PR 4 Stream power index SPI 30 DEM
W TR & #6521 Topographic wetness TWI 30 DEM
index
A7 B 5 % Topographic position TPI 30 DEM
index
T HURE 2 45 4 Topographic TRI 30 DEM
roughness index
eVt Ha % Sediment transport STI 30 DEM
index
AT 1 1K i Mean annual MAP 1000 i 1km 2R IR
Climate precipitation HP¥ Bkt
factor TSR Mean annual MAT 1000 W E 1km PR %
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temperature HP¥ SRR
H ¥ 5 I K Mean month MMTmax 1000 [ 1km 7> PR %
temperature maximun HP¥ SRR
H )5 5/IME Mean month MMTmin 1 000 HE 1km 23 BRI
temperature minimun HP¥ SRR
5 — A B FE %4 Normalized NDVI 30 Landsat8
difference vegetation index
MR AT 5 % Enhanced vegetation EVI 30 Landsat8
index
EBIKIKF  HiERIEE Land surface temperature LST 30 Landsat8
Remote Hh 25 B B K ME Land surface LSTm 30 Landsat8
sensing temperature maximun
factor J6& 7 %R Fraction of FPAR 500 MODIS
photosynthetically active radiation
& 2 S B KA Fraction of FPARM 500 MODIS
photosynthetically active radiation
maximum
bR &5 & Sand Sand 90 SHEi s e
TS SRR PR A
JE PR
Bk fr & silt Silt 90 ] g 2 R X
85 BRI R A
RS
SHL4 B Clay Clay 0 PEEAEER
5 BRI R A
T RS
Soil factor 4% pH Soil pH pH 90 I R 3 R X
5 BRI R A
JE YR 5
+IEA N Soil organic carbon soc 90 R e 2 e 5
S B PR A
JE PR 5
FH 2§12 #e B Cationic exchange CEC 90 ] g 0 [ 5K
capacity I B A
JE PR 5
4% & & Total nitrogen TN 90 ] g 0 R [ 5K
S EAE P LA
JE PR 5
4= & Total phosphorus TP 90 HE R E R
IAE SRR PR A
R HE R
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v mFEAY (Digital Elevation Model, DEM) %4 % Fl ASTER GDEM %#i  ([E & A rti¥icis
Hty) , HAHIEATA IR 7RI Arcmap fil SAGA 8.4.1 5, A% 7 RAHE 1 km 3% 2021
IR H BB A A IR R B s IR 1 2 T A A BR 51 % (Google Earth Engine, GEE) *1- & 3K X,
7E ArcMap10.4 AR THiALEE ., HoA NDVIL EVI. LST. LSTm K5 T Landsat8 ¥, FPAR.
FPARmM KJ5-T MODIS %4, B [AIVEFEZ 2023 45 880 7R A H [ i 40 o [ 5K L3S S A%
HAJEMERAESE: DUEBERSH RA.4.2 HEATHEAIEET.

B 52 A - bR P %68 2K B 2020 4 Globe30 Chttp://www.globallandcover.com) , 43 #%% 30 m,
WEFE X R 0 SO0 . AR, B, B3, KR, AR AR, HdoKik S iR A
1EJ5 S T

2 #iR5ie

21 RSt

WA R Z R AL R, OIS 2R R0y 94.55 cm, H 2230 H1 2 2 1 23 )38 ek
BFFCIX RN 2.4x10° km?, KL AU 518 AN, AMIECT CHEMABIT, REF%ERRE. W ER%
VHATHTCN, KRR LR — N ER E AR E, A BT 2 Hs WO A 4 A TR0 25 2R A HE T
PEo Wk 2 s, ARCEZEEERA R RE08 60.95, HdEHmEEL WEMER 0.66 (>05) , %
P R IERA, WEEEN 2.08 (>3) , HEEM AN IESAAEONFE, BEER. A
SR, BINFT VO IERS A, (EXHRAURE FEA R Tt RIS SCfd SR A B 2t 47 7

B AL 22
R 2 ANTEEEMR S LT
Table 2 Descriptive statistical results of the effective soil thickness
AR R B0 A Rk PR i 353 BT TS
Number Median/cm Mean/cm SD/cm Skewness  Kurtosis CV/%
518 75 94.55 57.63 0.66 2.08 60.95

7E: Standard Deviation, SD
22 BYLEREEZTEEESHIE

ANFRETY Cubist. RF F1 XGBoost %47 2+ J2 JFFE AT @A B2 1Y, R2. MAE A1 RMSE 42
Nk 3 Fim. 530, Cubist #7 FIUNRS & £ 4 (R2=0.50, MAE=33.05 cm, RMSE=43.79 cm)
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Table 3 Predictive performance of different models

WE R R SPIILETIRZE MAE/cm Y77 iR 1% 2 RMSE/cm
Cubist 0.50 33.05 43.79
BEHLARA RF 0.45 35.63 45.64
M BE 32 T+ XGBoost 0.45 35.62 46.06

BLT Cubist 532, IZREE 5 HE Dy 809% 1A R 2 5 BE TR A 1| 25 8 55 B0 UE B2 (ARG BE VP it 45 R
Wk 4 . aTLCE L R 8091 & IR AR a] DA ROl e AT 201 2 IR AL 5, TAE
5SS 2 RAEAE B MR (R*=050) o BB T4,  E AR S TIN5 35 8 ¥ 1
&, B EP I RORBONE ORI G 2o A, BURRAAEX SRR 150 om BLE sz
FRAE LR, ATRES RARIS AR REE 200 cm LLURIIA ML ZEEA K. M 2001 RS LKAIE 5K

FHERLRY (R BB BT R0 Rk, IAEAE RIS ) R? 9 0.50.
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Fig. 4 Model calibration and validation results for effective soil layer thickness prediction based on Cubist regression

AR5 R 2 B 2 B A R 3R R R, ARG A S MR ARRAE L AR 7 o LS N SRTE 3055
X BRI 2 (A7 A0 S A% A A AR S bl DRIt B A, W 75 T4 280 2 5 RE IR Tt A L 3
fib SRS A A MUK . pH S B R : Zhang 25PH] RF. 85 IAEHL (Support vector
regression, SVR) . fHZ M5k (Artificial neural networks, ANND X4 %4+ J2 & B 47 T,
45 LR SVR A BRI R 2R (R2>0.63) 5 SBARIEEPENE T A RISz B 7, 45
PRSI MR (Stacking) AR IEAE (R2=0.47) ; Zhang PR £ 764 [H1)3 (Multiple
linear regression, MLR) Tiilli45 %%+ 2 /8 1%, H Ry 0.28; Li 2P%f Lk MLR. SVR. RF. XGBoost
TN 2 RS A B, H R 0.43~0.64.

T Cubist #18, ¥ i A8 & FHERAE 2 /N R 30 m, FEAE N BRI %A . SRA] Bootstrap
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Fig. 5 Spatial distribution of effective soil thickness (a) and 90% prediction interval spatial distribution of effective soil
thickness (b)
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Fig.6 SHAP value importance results of environmental covariates
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Fig.7 Partial dependence plots of environmental covariates
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Fig.8 Box plots of effective soil thickness for different land use types
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Fig.9 Box plots of effective soil thickness for different surface substrate
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