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Comparison of Spatial Interpolation Methods for Potential Soil Erosion in
Guizhou Province Based on Census Sampling Units
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Processes and Resource Ecology, Beijing 100875, China; 3.College of Urban and Environmental Sciences ,
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Abstract: [ Objective ] This study aims to assess the potential soil erosion status in Guizhou Province, China, and
to support research on the coupling mechanisms between rocky desertification and soil erosion. The objective is to
identify the optimal spatial interpolation method suitable for large-scale, low-density sampling conditions in this
region. [Methods] Based on 1 097 sampling units from the First National Census for Water of China, and
incorporating multiple auxiliary environmental variables such as climate, soil, and topography, the study
systematically compared seven spatial interpolation approaches, including inverse distance weighting (IDW) ,
radial basis functions (RBF) , multiple linear regression (MLR) , ordinary kriging (OK) , regression-kriging B
and C models (RK-B and RK-C) , and geographically weighted regression kriging (GWRK) , with the map
algebra method. The performance of each method was comprehensively evaluated using independent validation and

cross-validation. [ Results] 1) The average potential soil erosion modulus in Guizhou Province was 9 992.81 t/km?,
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exhibiting a spatial pattern of higher in the south and lower in the north. Principal component analysis (PCA)
extracted 6 principal components, with a cumulative variance explanation rate reaching 85.46%. 2) The map
algebra method showed fragmented patches and exhibited a significant overestimation tendency. IDW, RBF, and
OK exhibited "bull's-eye" effects in their spatial distribution. RK-B and GWRK demonstrated over-smoothing and
low-value compression. MLLR and RK-C methods achieved the most balanced spatial distributions. 3) In
independent validation, the RMSE ranking was GWRK<RK-B<CRK-C<MLR<IDW<RBF<COK. Among
these, the RI of MLLR was 0.30%, and RK-C achieved the lowest MAE of 6 634.18 t/km?. In cross-validation,
the RMSE ranking was IDW<COK<<RK-C<<RK-B<IMLR<CGWRK<IRBF, where RK-C outperformed RK-B
and MLR in terms of RMSE, ME, and RI. [ Conclusion] Considering both accuracy and the rationality of spatial
distribution, RK-C 1is identified as the optimal spatial interpolation method for estimating potential soil erosion
under large-scale, low-density conditions in Guizhou Province.

Keywords: Guizhou Province; potential soil erosion; spatial interpolation; low-density; census sampling units
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Table 2 Descriptive statistical characteristics of potential soil erosion modulus in training set
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Fig. 2 Spatial distribution of results from different interpolation methods
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Table 4 Descriptive statistics of interpolation results from different interpolation methods
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HAbAFRAE 775 19 RMSE HEF 5 GWRK<CRK-B<C
RK-C<<MLR<<IDW<_RBF<OK,MAE 1 5% k{8l ¥
B, BB % B R 5T AE B 7 Ik 00 100 I0ORS BE 8 = T
KGIA W, U W 45 4 s R ER 55 AR B BE 0% B 4R TR
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GBI IR N AN ORE  ME
SRy S AF AR R AR AR e (B H AR E R B
KA 2% A H AT LA 20 . RK-C B MAE 4y 6 634.18 t/
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RINE 22 T RK-B fl GWRK, 18 % & 3| 22 S W /N, i
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Table 5 Independent validation accuracy of different
interpolation methods

N MAE/ RMSE/ ME/ .
T (t-km™ (t*km™® (t-km™?) R RI/%

IDW 6 832.26
RBF 6 852.49
MLR 6 644.21
OK 6 956.56

8§596.94 —212.63 0.15 0.87
8§617.96 —164.09 0.15 1.11
8§547.76 —809.67 0.17 0.30
8§687.74 —122.34 0.14 1.91

RK-B 6 663.67 8§507.37 —258.96 0.11 —0.17
RK-C 6634.18 8521.97 —650.23 0.17 —
GWRK  6668.91 8506.68 —219.06 0.11 —0.18

o A H 35643.97 55861.27 32842.70 0.12 84.74

38 RS R it — LR kR e E S W
# 6., RMSE HERF I IDW<<OK<RK-C<CRK-B<C
MLR<<GWRK<C RBF,MAE fy i 2, H
RBF % RMSE &3k 14 001.59 t/km?, H R {8 7 0.09,
Y TN 55 S0 (E L P J6 4R P AR S M R Pk A
22 3 IDW I OK 7E 28 S5 1iF Fl 4 57 56 i 25 2R vh Y
RMSE £ 8 25 5 W 35, U0 W] — 3% M 68 32 $h 4l 48 X 43
M52 Z ALRE I AN 2 o R 51 A B 45 AR Y
)7, GWRK ) RMSE 5 ik 13 105.24 t/km?, R i
0.03, 5 RBF 2l , 77 75 ™ & if #0453, 55 PRz
UIRIERg i
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Table 6 Cross-validation accuracy of different interpolation

methods
MAE RMSE ME
ﬁ?ﬁ ,/7 ,Z/ /, R RIU%
Fik o (trkm D (trkm D (tkm P
IDW 6 866.23  8521.28 40.41 0.16 —25.11

RBF  10939.62 14 001.59 —230.00 0.09 23.86

MLR 8§005.11 10756.40 —6626.46 0.24 0.88

OK 6829.25 8623.09 —1201.68 0.10 —23.64

RK-B  8057.94 10727.66 —6583.39 0.20 0.62

RK-C  8027.84 10661.24 —6526.46 0.22 —

GWRK

TE A% O % MLR . RK-B #1 RK-C 34> J5 B0,
RK-C i # g # . RK-C ) RMSE 1 ME % 2 RK-B
A MR B8N R4S =3 WA AR R FEK B R 2 i
K Ah , A RK-C ) ME # # F H Ath 2 /4> fw 22 8/ 5
MLR Fl RK-B 9 R1 4351 2 0.88% F10.62% , 1 {4 8
h RK-C B AR A 1000 68 7, B 7 38 LB 7 i F
RK-C 2548 2 m R I i ik .

ZE Lk, 5l Al Bl 5 5 AR Y 8] I A A A
GLIRVAL T s R TR o =i o A AN 23 B e
W ERIEZE A R S48 RK-B AN
GWRK ) RMSE {8 fiz /)y H RI A £ 4k, (0 H 28 0] 43 11
T AE B A AE 6 46 R O B P I A, S A ()
M sk B . 1 MLR #9 RIFIl MAE B% # T RK-C, i
Al ST 55 0E o RK-C ¥E R . 3¢ L3 iE o RMSE f¢
TE Y i 2 22 S gk — 2 o IDW A OK 4 fiE 554K i T
BOPE R 4, 2 AL RE 18855, H RK-C Ml 48 T Hofth
FIETEA AP ARSI E MK T MLR A
RK-B 2 58/ B 45 & 28 [0 0 A0 A AR T4
AW B RK-C 1B Bt 4 KRR AIR% B 414 F
AR K A 3 2k 2 Tl ) e R ik o
3 3t 8
31 EROMEBAEKLIREENE MO

AW TR TR e A 20 1 6 4> R ar T4k
PR A, 45 3 8] )9 )7 Y = 103.834 — 4.637PC1 —
3.573PC2+ 1.206PC3 + 3.766PC4 + 12.29PC5 +
1.306PC6 (R*=0.172) , Z % SUMFLETH %" ) #f
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K EFRBERN E ERNZE ., RINE T 208
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PR 1 B /N 22 A S 38 ) =2 ke i 0 s PC L PC2 £t )
VB F B S, = 39845 BL Ak 45 T mT 3 o 1 3R M R £

9907.37 13105.24 —9907.37 0.03 18.65

e Bk A e I 55 4= Bl ) o e R A DB TR R R, A
Yid s 2 , A Lo B8 A R T A LR AL 2,
AT ] 42 38 5+ BE A PR Tl ae ) s PCARZ IR E R
K e LS K ¥ Bip [, 9K 2l 422 1k 3 g R AR, PC3 5 PC6
S A AFLT 58, DXl 838 R R SRy 55 A A A 1 A ol R 4
BN, 5 AR R Z g, LAk F , St A T
K R A [0 43 5, 78 22 W b2 = 3E S FE i B ik
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12 7 50K )y 77 W) 32 A Y5 Rk TR R
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OK P Jo 75 M g B PR B A% it T F B s MR o, o LA
PRI R L E T RK-C 2 R fe (5 7
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J5 T 3l B B B A2 1 1 AR U 4 5 2010—2012 4F
(0% 0 18 A s B o B 56 4 () 25, 350 A ] I 74 S DC i
AIRESI AR 2 59— Jr i B R B AR i 5K £
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YT FIR BRI A I H AR TS BE VR 48 b i
T AR OE 45 B 8 o A O Ay B2 AT LUTE 2% IO 1 7
A3 AT AT 4R T 3 B AL AR AR (REFD F1BE HLAR AR 5k 22
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