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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 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
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provenance analysis, the accuracy and applicability of the two strategies were evaluated. [Result] The 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.
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Fig.1 Distribution of sample points of the soil traceability database in Anhui Province
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Table 1 Characteristics of physical and chemical properties of unknown sample points

B FH S A i

JE ki LA AT ki

pH SOM/ CEC/

Properties Clay/% Silt/% Sand/%

(g'kgh (mmol-kg™)

5 KA Maximum 37.05 58.36 75.64 8.300 24.52 271.3
¢ /ME Minimum 9.437 4.204 15.85 4.860 7.63 54.98
{8 Mean 20.32 25.75 53.34 6.706 18.51 161.6
PRt ZE 8.556 15.39 18.33 1.251 5.255 87.00
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Table 2 Descriptive statistics of continuous environmental variables in unknown sample points

N P22 AR 5 R AU %
IRAR B SN /ME YA )
Standard Coefficient of
Environmental variable Maximum Minimum Mean
deviation variable
W Slope /° 13.15 0.031 1.512 4.092 270.5
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IH— B R 2 NDVI 0.806 0.367 0.534 0.148 27.66
FE %K B MAP /mm 1632 869.7 1270 293.2 23.08
W LST /C 33.70 24.58 30.60 2.721 8.894
SR 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

RAMEASC AR HE 2 INIRAE R LA RIRE K1 TAS
Min points  Epsilon/ km Samples with correct source prediction Accuracy

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

10 34-034. DYpl13. MCpl9. XCp03. Z029. 34-069 0.6

5 30 34-034. DYpl3. MCpl9. XCp03. Z029. 34-069. 34- 07

001
20 34-034. DYpl13. MCpl9. XCp03. Z029. 34-069. 34- 0.9
001. 34-032. 34-061
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MCpl19. Z029. DYpl3. XCp03. 34-001. 34-032. 34-
0 034, 34-061 08

VE: R SR BB KT, RO AE AL AT — AR 38R T B B SRS ) IE R R 25 . Note: Bolded
simulated samples represent additional correctly predicted points compared to the previous spatial scale.

SR ARG, RO E 2, UG B IR A5 M i . DA/ MEA KR
EBUEN 2. ABBEAR0N 10 km B HTlEEE Rovp] (B 3) , ZRUET, A 6 M
JORE ST TR, 35N 34-034. 34-069. DYpl3. MCpl9. XCp03 Fl1 z029. Hrfr, FHil
B MCp 19 B TR Ve FEl 4 22 s AT T X3 10.43%, T 30 m 1 I 45 1] 70

B 34-021 FEAW ST E 15 RUE TR AERIIIE . B 3b B 5 BUFE m R4z
BRAEILNZ R /L 34-022 L, —H IR SRR ieig 2 (4 1400 nm.
1900 nm 40> RILHBmH—HtE, HABAPLR (SOM) FEZERFAN 2 gkg!, Kkl
Wk & EZRE 10% AN (K 4) . 20, HiT DBSCAN AT mif s AT 238, 34-
021 JAFEZEREAR G, 2R T{BIAAE N R L EARUEDSR, SFBERERM. FHit,
S FEAKUCE 78 8 HLoo A 15 5052 5 T8 2 55 RE AU SR 2 0 - S35 2 P D 8 Y 4 it 2%
o BB SE . A GBI R B S B B, 05 AR KRR SRR A A R A
AEEE L.

http://pedologica.issas.ac.cn



+ %
Acta Pedologica Sinica

a) b) ¢} d)
x
34-001 Xx
U AT
; % * 3 a0
{ \ g | 2
\ | \ P,
S N K N
« e s
R * *® ™ % x
\ x
L
b
x 7
- i ‘\
x 2T ' VX
el ;xRN e
7 A o f.'" N M
ix@® AT % p;
AN / Y x
- |
N Ly x x
S -
€) PN ] P £ h)
’ N / \ X
o) (o)
\ NG - i
“u, x,’ e Pria -‘\ I’ E
- i f A N
x { aas {Z e
X o x x 5 ! FASI MCp19% t" Y
+ , i Ny ) Kt TEEF % L %
% Iy x i 3 { x*)’;‘..,{{.f *®
\ ; S s %
et DYpI3™===-T" L ool 3¢
* X - ¥ % s *7 » 4”--‘ Y
o . - ! x
X o A x ,’x&;k % BTN )
| 5 VL ”
\x Ly ; [ - «
w x P I06EN s S e 4
x X ! 5
x i W 134069
i x
A
i) i
% )l
« N
x
X A
/% N
| ) Lmmag FEI1 Cluster]
X P, i Y -
- -‘_.‘/, % e ® #%2 Cluster2
§ 5 . ox g X
\ L e 3 Cluster3
S S, .
Y ® %4 Cluster4
% - P Vg ~, S Fra—.
Ry r—,”’j‘,ﬁ(-l\ ‘\:\ o7 I 2029 ® #%5 Clusters
L 1) Yy | ’ 1 1 N e .
b ) A % BSEHE Noise
x X M d Lt 3 ~emITT NPTV
% -t XCp03 x % 7 ™ * AHIFE T Unknown sample
i i
\ / 0 420 840
A - km

B 3 BLDURE R T I M LR SRR IE R A [ T 45 R CREABIEAR: 10 km; /MRS 2)

Fig. 3 Spatial prediction of simulated samples using the most similar point-cluster method (¢ = 10 km, MinPts

= 2)
_ [ 0,
60 a) b) R SAND/ %
30
25
50
20
= o0 BIRL SILT/%
B PR 22 it 320 Ll ’
15 -
g 40 CEC/ (mmol kg
8
230 -
®
B0 |
~ 50
AR > FBi CLAY/%
10} SOM/ (gkg")
9
. L ! L .
500 1000 1500 2000 2500 10
Bt Wavelength/nm pH

—m— 34-021 CRHIFEA Unknown sample) —e— 34-022 ( £ ¥4 Reference sample)
Bl 4 AREIFE L 34-021 A B 00 HAHURE A 34-022 HGHE (a) AIEALIEYE (b) $FAE
Fig. 4 Spectral (a) and physicochemical properties (b) characteristics of unknown sample 34-021 and the nearest
similar sample 34-022
DBSCAN I ik 52 e/ IMEA BRI 12 BB IR K, £S5 FE 5 A i B S H]
P52 PR o SR A AL s R 22 1) BRI 20 M 43 RANAT B8 DX R 52 I ¥ FE AR 45 5, DARSEAULEE £ 34-
001 MM, RFAIFHLRREAS (A K T7VEy, DBSCAN BT HIARIE-A2 N 40 km

http://pedologica.issas.ac.cn



+ %
Acta Pedologica Sinica

I, FTSEBUBOSERA I T S5 R, TG 2 5 2 Beg B AR =22 — (& 5b) . Mk
TR AR ME PR FEIL R TRIE B 1 3 NS R TIE M T E N (K 52 .
TGS AT AR R B A M T AR 1720 BRI, RORBIE FU TR R 2 A 5 A
A, A BOAR AL SO SR IS T, ST SR A ) Tt M AR L

-~ =~

s ~,
b) g N N %1 Cluster]
/ \
/ \ %2 Cluster2
ko 5
: ‘I %3 Cluster3
|‘ I' @ 7%4 Clusterd
‘\ ,,I ® 7#%5 ClusterS
\ e
S e e % X BRHIL Noise
Ll - N R g
/l \ * AHIFE L Unknown sample
)
]
\
] . 0 75 150
1 ,I . ) ki
Y ’
N ’
N /
>, 2
\N % ¥ W
X b4 X %
X =T e N
£ o S
% N
/ N
iy X g N
bt sl
o ~ 1 \
¥ g 1 &3 1
7 X i x|
I
’
\
1 Y \ II
l’ ‘. % ’,
s . ’
1 . e
\ . I' ,<\ ) \‘\ ,,/
\ ’ A Pg
\ / 7 \
N ) ] 1
N 4 i c \
™ i Shealle- -7 ! /
*  RHEIFE A Unknown samples = LY ¥
% (Ve b A
® L EK Reference samples 0 7s 150 N 7

[J #%M## Anhui Province

B 5 AN IR 7 8 58 A A R 34-001 SRVEHERE: SAM 5 ED JLFIFFIE S R A M e il (a) K
DBSCAN B iSRRI FATE R (b)

Fig. 5 Different methods for determining the range of unknown sample 34-001 source locations: SAM and ED
jointly screened reference samples to limit the municipal range (a) and the predicted range of DBSCAN similarity
point group clustering (b)

2.3 BT IMEERHEN A = B HIR
2.3.01 MEMBEHENBR FORE R PPOY BTS2 4R 255 AR RO IE oy . AR
WRAT U 25 B S50 1 W e AT R S PR e R P BB ATLAR MR B0y Sl A B A DA 7Y,
ELAL 9 FhIAEEAZ B TS SR, R 4 Fros. REARADNEREKE (MAP) | HIRIRE
(LST) b AIHIRA (LU) ABEG (PM) SEAEE ER I HURS B B . 2R T
R 5 AT I PRI, S22 R E 2, 800 mm SFFF /KB BT I X, FALk%
KAL), [FR I RIR AR B . AR A B R LR, LRI S %,
G20 A0, Yo IR R v AR BO R ZU R . R, MAPL LST. LU M
PM SEIN IR 75 L8 Jm 1 2 AR RR A S, RF B BE 0 B I st S L N FE A 5
Ao NI SEIUE e A TS L

M2, BN ERE (DEMD « 3% (Slope) AR (Aspect) S5 R FITHMNIKE
FERREUR, SRR T 0 L8 @ Mo B2 Mt R 4 R AR . B R EAE T A
FRIE R o0 g S A A 2 ) ROBEARAE 22 593 AR ARSI LA IR I ZR 0 DY 48 W 1l A X
W T ER S S F A, RS PR GREREEDN-12~2661m) . 1A
W FCRAE S E A TP RS b hry, HERMRATR (B 1) , DEM. Slope F1 Aspect Z53h

http://pedologica.issas.ac.cn



+ %
Acta Pedologica Sinica

TEBEF RIS RN, M DUR 2 R AL 3R MR S R 22 7, BRI e /) 32 FR
R 4 RFREIN SRR 8 TN AR B X LE

Table 4 Comparison of prediction accuracy of RF model for each environmental variable

RS g REL BIiRiRZE — AR R AL TIKS FE
Environmental variable R? RMSE CCC Accuracy
SEHIBE K B MAP/mm 0.721 115.4 0.854 /

MR IEE LST/C 0.520 1.458 0.723 /

AR B R 2 /

0.368 0.103 0.607
NDVI

SEHIE Tem /°C 0.090 0.687 0.335 /

2 Dem /m 0.057 155.3 0.321 /

¥ Slope /° 0.057 1.818 0.362 /

W 1H) Aspect /° 0.045 78.23 0.242 /
B PM / / / 0.667
TR R LU / / / 0.604
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Table S Spatial coverage statistics of the domain of predicted values of single soil-forming environmental factors

in the study area for correctly predicted unknown sample sites

ARFARE A R REKE WS E /% 3R IR /% BEST /%
Unknown sample MAP/% LST LU PM
34-001 28.23 50.57 / /
34-021 41.68 65.90 / /
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34-032 95.14 / / /
34-034 96.01 71.51 5.530 /
34-061 87.24 33.74 / /
34-069 87.03 63.16 / /
DYpl3 27.10 7423 / /
MCp19 / 16.65 / 18.72
XCp03 82.47 81.48 25.87 /
2029 58.81 40.94 / 53.10
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Fig. 6 Probability distribution of spatial origin of unknown sample points based on inferred soil-forming
environmental factors
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Fig. 7 Combination of both strategies to predict the origin of unknown sample DYp13 (a) and unknown sample 34-
021 (b)
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