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Abstract

To identify the cost-optimal sampling scale meeting accuracy requirements under different topo-
graphic conditions, this study selected two representative 6 km2 areas—a hilly region in the south
and a plain region in the north of Linli County, Hunan Province. Comparative analysis was conducted
on data collected at 1:10,000 and 1:50,000 sampling scales. Following the Specification of Land Qual-
ity Geochemical Assessment (DZ/T 0295-2016), we selected cadmium (Cd) as the indicator element.
Spatial interpolation and cross-validation were performed using Radial Basis Function (RBF) and
Ordinary Kriging methods. Accuracy compliance was judged based on the criterion that the propor-
tion of samples with a relative error (RE = |Predicted — Measured|/Measured) < 30% must reach or
exceed 85%. Key findings reveal that: 1) The 1:50,000 scale achieves compliance (> 92% RE < 30%)
in both terrains; 2) Plain areas tolerate scale reduction with negligible accuracy loss (ARE < 1%); 3)
Hilly areas exhibit counterintuitive gains at 1:50,000 scale (T6%~8% RE compliance), indicating
noise suppression by sparser sampling; 4) Ordinary Kriging outperforms RBF in complex topogra-
phy. This cost-optimal protocol (1:50,000 + Kriging) reduces sampling costs by 72.3%-72.7% while
meeting accuracy standards (DZ/T 0295-2016).
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Table 1. Summary table of measured data for the study area

F 1. ARESENBER I E R

LAE N 1 iR 5 TR
WL IX PR X FEREX PR X FERX
FES BB 198 195 54 54
e/ ME 0.144 0.093 0.326 0.153
e KE 0.820 0.659 0.820 0.318
“FEME (mg/kg) 0.599 0.234 0.599 0.238
FrifE i 2 (mg/kg) 0.115 0.052 0.109 0.035
53 R EU(%) 19.20 2222 18.20 14.70
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Figure 1. Box plot of measured data in the study area
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Table 2. Cross-validation accuracy assessment results of different interpolation methods at various scales in the plain area

% 2. FREARREAREBES AR EIEEEITFNER

Bl R 1 HRE 5 HRE
HHETE 72 Tm) 25k R Wi v B 4 (e Wi v e
RSB 198 198 54 54
RMSE (mg/kg) 0.093 0.094 0.100 0.103
MAE (mg/kg) 0.070 0.073 0.081 0.081
RE < 30%% = 185 183 50 50
RE < 30% L4 93.43% 92.42% 92.59% 92.59%
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Table 3. Cross-validation accuracy assessment results of different interpolation methods at various scales in the hilly area
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RE < 30%LLA51 84.62% 86.67% 92.59% 92.59%
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