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Abstract: [ Objective ]Soil spatial traceability has significant application value in forensic soil science and judicial identification.
[ Method ] This study, based on 265 surface soil samples from Anhui Province, compares two soil provenance strategies: (1)a

similarity-matching and spatial clustering approach, which filters similar samples using spectral and physicochemical property
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similarities and applies the DBSCAN algorithm to determine the potential source area of unknown samples; and(2)an inverse
inference approach based on pedogenic environmental factors, which employs a random forest model to predict environmental
variables such as soil parent material, land use, topography, climate, and vegetation, and infers provenance by integrating spatial
distribution maps. By simulating provenance analysis, the accuracy and applicability of the two strategies were evaluated.
[ Result JThe results indicate that the similarity-matching strategy achieves higher localization accuracy under conditions of strong
spatial proximity and well-established databases, while the inverse pedogenic environment inference strategy demonstrates
superior spatial constraint capabilities in regions with limited databases or strong spatial heterogeneity. [ Conclusion ] Each

strategy has its own advantages, and their integrated application holds promise for further improving the accuracy and resolution

of soil spatial provenance analysis.

Key words: Forensic soil science; Similarity matching; Machine learning; Soil spatial traceability
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Table 1 Characteristics of physical and chemical properties of unknown sample points

Ja Fiki HkL kL AL PH & 732 et CEC/
Properties Clay/% Silt/% Sand/% Pr SOM/ (g-kg™) (mmol-kg™)
i KAE Maximum 37.05 58.36 75.64 8.300 24.52 271.3
f¢/IME Minimum 9.437 4.204 15.85 4.860 7.63 54.98
Y Mean 20.32 25.75 53.34 6.706 18.51 161.6
FrifE 2
8.556 15.39 18.33 1.251 5.255 87.00
Standard deviation
8 5 B A%
42.10 59.79 34.36 18.65 28.39 53.82
Coefficient of variable
R2 RAHSESNMETEMAMSIT
Table 2 Descriptive statistics of continuous environmental variables in unknown sample points
Wt AE B RKH e/ MA ¥E P22 85 FEU%
Environmental variable Maximum Minimum Mean Standard deviation Coefficient of variable
i Slope /° 13.15 0.031 1512 4.092 270.5
=i 2 Dem /m 753.6 10.40 114.1 2275 199.4
Y1) Aspect /° 306.2 64.90 2175 82.50 37.93
A — LA B £ NDVI 0.806 0.367 0.534 0.148 27.66
AR K R MAP /mm 1632 869.7 1270 293.2 23.08
HFRIREE LST/C 33.70 24.58 30.60 2.721 8.894
AEYIE Tem /°C 17.57 13.68 16.33 1.133 6.939
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Table 3  Prediction results of the similarity matching strategy for 10 simulated unknown samples under different parameters

R/ NEARL RIp A2 TR o B b A LA SRR U A R
Min points Epsilon/ km Samples with correct source prediction Accuracy

2 5 34-034, DYpl3. MCpl9., XCp03. Z029 0.5

10 34-034, DYp13. MCp19. XCp03. Z029. 34-069 0.6

30 34-034, DYpl3. MCp19, XCp03. Z029. 34-069. 34-001 0.7

40 34-034,. DYpl3. MCp19, XCp03. Z029. 34-069., 34-001, 34-032, 34-061 0.9

3 5 MCp19. Z029 0.2

10 MCp19, Z029. DYp13, XCp03 0.4

30 MCp19, 2029, DYp13. XCp03 0.4

40 MCp19, 7029, DYpl13, XCp03. 34-001, 34-032, 34-034. 34-061 0.8

s F PO R R AOURE 0, SRR AE AR T — S IURUEE TR B4 4 R DR 40 i) 1E 8 B £ 5 Note : Bolded simulated samples represent
additional correctly predicted points compared to the previous spatial scale.
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Table 5 Spatial coverage statistics of the domain of predicted values of single soil-forming environmental factors in the study area for correctly
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