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Fig. 1 Study area and distribution of soil sampling sites
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Table 1 Soil types of the samples collected in Heilongjiang, Anhui and Jiangsu Provinces

SEJp Y1 Heilongjiang

LY Anhui

VL7 Jiangsu

+EFEM Soil type

#2580 Number

+ 52571 Soil type

FE 580 Number

152571 Soil type

#2580 Number

“fiJE 1+ Cambosols

W 1+ Argosols

#1)6% + Isohumosols
UK £ Andosols

W #H + Gleyosols
# + Primosols
+h 1 1 Halosols

23
6
50
1
2
11

5

4fJ% + Cambosols
%+ Argosols
N~ 4 Anthrosols
W #H + Gleyosols
B £ Primosols

48 4fJ% £ Cambosols
15 W+ Argosols
34 A} + Anthrosols
1 A+ Halosols
2

33(27)

12 (11)

42 (37)

2(2)

e 55 RSB A2 B AT 9 TR B3R 43 58X Note: The digits in parentheses are numbers of the soil samples in

Jiangsu Province used in the soil chemical property data based model

=2

Eil. ERMEH=E TR TIRER

Table 2 Soil type of the soil samples collected in Dingyuan, Xuancheng and Mengcheng Counties

FEIE Dingyuan

T IR Xuancheng

¢ Mengcheng

Ra &3] R A Ra £t FERAEL Bas &t FERiA L
Soil type Number of samples Soil type Number of samples Soil type Number of samples
4fJ¥ . Cambosols 1 4fJ¥ £+ Cambosols 1 4fJ% £ Cambosols 12
M+ Argosols 3 AN+ Vertosols 21 A5k 4+ Vertosols 9
A8+ Vertosols 3
Akt Anthrosols 16

http: //pedologica. issas. ac. cn



53 SRR . BT R DL-E LA -5 Ao Jm e 4 Sk U st 10 1) 1063

FIELT AN BE (700 ~2 500 nm ) HIIEIHESr HER 7>
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Fig. 2 Vis-NIR spectrum of Heilongjiang, Anhui and Jiangsu Provinces
R"3 NEHIEREF RGO EEE
Table 3 Confusion matrix of the performances of the spectral data based model
PRI EES BRAEEED
S50 H LSRR M Discriminant result Evaluation indexes
Discriminating factor ~ Real originated location ‘22 VT MW S Al A oG SIEEX /S
Anhui Heilongjiang Jinagsu Balanced Accuracy Accuracy Kappa
Eotli22y LR Anhui 65 3 32 0.73
Full band My iT. Heilongjiang 3 89 6 0.93 0.71 0.57
YL Jiangsu 32 6 51 0.69
W Wi e G Anhui 74 6 20 0.81
Absorption peak PR JE 3T Heilongjiang 6 90 2 0.93 0.81 0.72
YL Jiangsu 16 4 69 0.83
Ty L Anhui 67 6 27 0.78
Principal components B45 9T Heilongjiang 3 94 1 0.95 0.79 0.68
T3 Jiangsu 17 7 65 0.79
W Wi e 5 = A L Anhui 76 4 20 0.82
Absorption peak and ¥ VT. Heilongjiang 6 90 2 0.94 0.82 0.72
Principal components T Jiangsu 17 4 68 0.83

Yi— 050 . 456 R -5 WO I A B T 42
LG VLI 0 R S BRI, #5244 FIKE 23S
AU Th, HARARERE] T70.82, KappaRilh
0.72, VLW 3L 5 WIS B 6% Sz B 1 SN W] 15
B, 55 BRIk B A i H S5 R

R iR S AANUPZ PHIESE PO 28 SO = P2 ]
DT104S, Hrp R FE o FUN A R AR, R R
FAA~, KEEEIRE0.95, BIpITA LR R R
Bt w A, AU S, ML, ZRE
ZRKFEL . SR SFYOTE, XU, Otk E
BLA3 A DAAR G AR R AR 27 S i 5 8,
T X R P HEA TR, X Zeng Y BESE
WG, i R nT DU TR B 3. LA

FHOGIE £ 0o Xt =R AT N, S&RB. I
I ISR 225 KW BB IR VA R S AR 31 T AR &
FIFNR], T2 RAE 5T WA 85 2%

18 1 A e R AIK i ( Mean Decrease
Gini, MDG ) , XF #1514 T2 00T 20 0T
MDGil i3 (Gini ) 8505 5528 5 X 43 2
BT UL R % S PR G R e, DT Ll A
TR B, (R R % R F R
BALHBI A FIMDG (1007 ) it ansk4afis.

MRAEHe4, Goih 5B 0 WS R AE 2 00t
N PEBE, R FEZEETTES00 ~ 800 nm, 800 ~ 1
300 nmb) 22 200 ~ 2 495 nmMM T B . A BFIE R
WA o3 A1 BB i i iz % B 414 #E600 ~ 800 nm
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Table 4 Discriminant MDG statistics of spectral factors
ExlidEa VT EWIr WSt 32 1y
Full band Absorption peak Principal components Absorption peak and Principal components
F 50 1K 5 FA A 5 FUA AT FH N 5

Discriminant factor MpG Discriminant factor Discriminant factor MpG Discriminant factor MpG
596 nm 2.27 depth.5 8.13 PC1 53.07 PC1 10.04

640 nm 2.16 skew.3 7.33 PC2 35.37 depth.5 8.74

629 nm 1.97 end_loc.7 7.25 PC3 27.70 depth.6 6.65

601 nm 1.96 start_loc 7.22 PC7 21.86 width 6.43

637 nm 1.65 width. 1 6.95 PCo 19.85 depth.4 5.90

610 nm 1.65 depth.4 6.86 PC4 16.78 start_loc 5.78

589 nm 1.63 depth.6 6.7 PC5 14.99 area.l 5.46

620 nm 1.62 width 6.1 PC2 5.43

614 nm 1.33 area.l 5.86 width.1 5.41

603 nm 1.32 start_loc.1 5.45 skew.3 5.40

. e ostart_loc., depth, skew. width, area, end loc. depth loc/3Rl R /ma8 — R IERYECIA AL B . W . ¥ . 5805 .

WAL, SEd B W RAM B, MRIAY start loc. 195 KR5S —

A RFES L, LIS, PC1, PC2A&RRB R LA E

.43 Note: The start_loc, depth, skew, width, area, end loc, and depth_loc in the table denotes the starting position, depth, skewness,

width, area, ending position and bottom of the first absorption peak, respectively, and the corresponding start loc.1, etc. denotes

respective characteristic parameters of the second absorption peak, and by parity of reasoning, PC1 ~ PC2 denotes and the first to

seventh principal component

PR BT R YLE T760 ~ 1 300 nmik BN 1
SEIEEE T 2 200 nmil B R AEIEAL-OHZ +
TR . BIETTE 2Rt HE LSS &H
BLBT, MZBE . LnE 2 kgt ., a8%, +
BT R G R Z . B W R 2=
S, SRR, G A SRR AT A St R kb ) ) ke
BT FEEAEH.

PAEardra] W, A - 38 nT L -3 21 40 3 3
A AT AT A R Ok AN A R ], M+

FEAL2EEEME LSRR, , AT DL 2 i T Bk Hoit
G bE
22 ETHERMEEEHZ

- BT X R R TR b AT ) B RS A B A
MIEERE, Y IR R, 1T DRIk 2= 5
BF, AT LA A 358 A 350 AT 27 25000 Rl By L 3
1) SFe 5 b 1) 1) - A Ak S e A ST B ML AR AR
R, AR BRI G FRE R (RS ) o BRI R K
THIMDG (Ri1017 ) GeitanE3.

®S5 UWERIEERAMNEREFER

Table 5 Confusion matrix of the predictions of the soil chemical property data-based model

H YRR M Real originated location

L4 Anhui BIpYT Heilongjiang VL7 Jiangsu
S ) 25 5 L Anhui 91 3 12
Discriminant PV Heilongjiang 4 89 6
result YL Jiangsu 5 5 59
SF-fi K B Balanced accuracy 0.92 0.93 0.86
FEHE Accuracy 0.87
FIH R £ Kappa 0.81
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Fig. 4 Normal distribution of soil chemical property data in three provinces
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Table 6 Confusion matrix of the performances of chemical property and spectral data based models

HI52 P
3] 53] R 7 PR Discriminant result Evaluation indexes
Discriminant factor Real originated location TR T T S e A EX
Anhui  Heilongjiang Jiangsu Balanced accuracy  Accuracy Kappa

Al 5 W iU ZHY Anhui 89 3 8 0.90

Chemical data and Mg YT Heilongjiang 3 93 1 0.96 0.89 0.83
absorption peak T35 Jiangsu 12 3 62 0.88
25 5 Ay L Anhui 93 2 5 0.94

Chemical data and ZJpT Heilongjiang 1 96 0 0.98 0.92 0.88
Principal components IT37 Jiangsu 9 4 64 0.90
LR Anhui 92 1 7 0.92

o2, el 5 FE MY IRl Heilongjiang 3 94 0 0.97 0.91 0.87
TLJ5 Jiangsu 10 3 64 0.90

(D Chemical data, absorption peak and Principal components

AL, BRI AR S HA 1A, BRSNS 0.88, RILHMAER —Frk . Bz ai A ik
BN TAE 134, WA 8] B 152 10 6 40l B . OGBSI RA TSR A=
FSNHIN . A ANEES A EEEEY FHEMS, FIAR AR K. Gt R 5 -
KB T0.904 I, #IKKERE H0.92, KappaREh (it ) LT,

#=7 HIBEFMDGL it

Table 7 MDG statistics of discriminant factors

o2l Ui 5 sy e W S )
Chemical data and absorption peak ~ Chemical data and Principal components Chemical data, absorption peak and Principal components

FIIE F N I T N I T N
Discriminant factor Gini Discriminant factor Gini Discriminant factor Gini
TK 15.53 TK 32.92 TK 14.32
TP 10.25 TP 28.18 TP 10.37
width.1 6.15 PC.1 24.25 PC.1 7.81
start_loc 5.98 PC.2 17.98 start_loc 5.84
width 5.96 AL 12.65 width 5.65
H BB 5.62 CEC 12.4 depth.6 5.58
skew 5.09 pH 10.22 depth.4 5.53
skew.3 5.04 PC.6 7.62 PC.2 5.06
depth.5 4.62 AP 7.55 skew.3 5.04
depth.4 4.41 PC.4 7.46 end_loc.7 4.53
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L DAL AT LG R 1 94 A 05 e S AR B e 51
2.4 HARREEMHAREES

FEA G R AT LA A 3R 5 A T AR A 4 X
BAWNEGERIN LA RN, AR AU
AT AWIR B BRI B 7R R8I = B
FREAS AT T SR IR 00 o 1) 235 5 A VRV R I e
KB LR 8

xS RAFIHER

Table 8 Performances of the Models

H ) 25 Ui
K+ LSS T Discriminant result Accuracy
Factors Real originated location ‘ Sk w5 BE EEEX
wEY T e .
Balanced accuracy Accuracy Kappa
g 7 8 8 0.48
LB s
£ 6 14 1 0.72 0.48 0.23
Full band N
=8 9 2 11 0.65
sE i 12 4 7 0.67
W A Vg
E3 4 16 1 0.84 0.70 0.55
Absorption peak )
=8 4 0 18 0.82
g 13 6 4 0.68
S 7 14 0 0.77 0.71 0.57
Principal components
R 2 0 20 0.91
T P8 T 15 4 4 0.79
Absorption peak and Principal E3 1 19 1 0.91 0.82 0.73
components gyﬁz’éﬂ? 2 0 20 0.90
e 11 4 8 0.62
s o
E3 2 19 0 0.89 0.64 0.46
Chemical data )
=87 8 2 12 0.68
{2 55 v eI 15 4 4 0.76
Chemical data and absorption %%i;hji@ 1 19 1 0.90 0.76 0.64
peak =0 5 1 16 0.81
b2 5 3 i 4y i 17 3 3 0.81
Chemical data and Principal E3 3 18 0 0.90 0.83 0.75
components Eyﬁi‘i 2 0 20 0.92
sEL® 14 5 4 0.75
e, Wi 5 3 W Ed 3 18 0 0.86 0.77 0.66
B 2 1 19 0.89

(DDingyuan, @Mengcheng, 3)Xuancheng, @Chemical data, absorption peak and Principal components
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Fig. 5 Normal distribution of soil chemical property data of three counties
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Identification of Sources of Soils Based on Vis-NIR Spectroscopy and Chemical
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Abstract [ Objective] As an important kind of forensic evidence with valuable information, soil
plays a key role in case detection and court trials. For an unknown soil sample, how to determine its source
is an issue worth studying. [Method] In this paper, a stochastical forest model was adopted to identify
sources of soil samples based on vis—NIR spectra and soil chemical properties of the soils in Heilongjiang
Anhui and Jiangsu, on a trans-provincial and a provincial scale; comparison performed of the usages of
different soil datasets and combination schemes in effect of the identification; analysis conducted of relative
importances of soil chemical attributes and spectral data; and evaluation made of determination accuracy
based on ratio of the number of the samples correctly determined to the total number of samples. [ Result]
Results show that the model combining spectral principal component (PC) and chemical data is the best one
in determining sources of soil samples on the cross-provincial scale, with accuracy being 0.92. As spectral
measurement does not require many soil samples, in the case the amount of soil samples is limited and soil
chemical data is hard to obtain, the spectral-PC-and-absorption-peak-combining model is the highest in
accuracy, reaching 0.82. On the provincial scale, the combination of spectral PC and soil chemical property
data is still the best one with accuracy being 0.83. When soil chemical property data are hard to obtain,
the spectral-PC-and-absorption-peak-combining model can achieve considerable accuracy (0.82), which
indicates that spectra can be used to replace soil chemical property data in modeling for determination of
sources of soils on the provincial scale. To evaluate importance of discriminant factors on the two scales,
it is found that the contents of total potassium (TK) and total phosphorus (TP), the first PC of spectra and
spectral absorption peaks at 350 ~ 600 nm and 1 800 ~ 2 100 nm band are the most important indices in
the model for determination on the trans-provincial scale. While the content of TP and the seventh PC of
spectra and spectral absorption peaks at 350 ~ 600 nm and 1 800 ~ 2 100 nm band were in the model for
determination on the province scale. [ Conclusion] All the findings indicate that source of a soil sample
can be accurately identified based on vis—NIR spectroscopy and soil chemical property data. When spatial
distribution of sampling sites varies in range in the model, it is advisable to consider the use of different
determination factors in modeling and multiple indices in evaluating accuracy of the determination.

Key words Soil spectrum; Chemical data; Originated location; Random forests
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