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Estimation of Soil Organic Carbon Based on Spectral Similarity Matching
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(1. School of Geographical Sciences, Nanjing University of Information Science & Technology, Nanjing 210044, China; 2. State Key
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Abstract: [ Objective ] The objective of this study is to explore effective strategies for predicting soil organic carbon (SOC) in
local areas with high precision based on the spectral similarity indexes in the global spectral library. It goes specifically as follows:
(1) to compare different spectral similarity indexes obtained separately with three different similarity matching algorithms
(Euclidean Distance, Mahalanobis Distance and Spectral Angle Mapper) in effect on prediction accuracy; (2) to compare
calibration sets different in size in effect on prediction accuracy; and (3) to compare different modeling strategies (PLSR
modeling and the assignment strategy) in effect on prediction accuracy. [ Method ] From the global spectra library a total of 245
China samples were selected to form a prediction set and the remaining 3 537 samples a reference set. From each spectrum in the

prediction set, different numbers of similar spectra (5, 10, 20, 30, 40, 50, 100, 150, 200, 250, 300, 400 and 500) were picked out
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separately with the three different similarity matching algorithms for comparison between the spectra selected by the different
similarity algorithms. Based on the reference sets of different sizes selected by the different algorithms, PLSR models were built
to predict SOC contents, and effects of the similarity matching algorithms and size of the modeling set on prediction accuracy
were evaluated using R>, RMSE and RPD. Then a similarity matching algorithm with the highest prediction accuracy was selected
and on such a basis, comparison was performed between the different modeling strategies in effect on prediction accuracy:
Prediction with PLSR modeling; , Prediction with direct assignment. [ Result] Compared with the overall model, the three
similarity algorithms greatly improved prediction accuracy. Among the three, the SAM model was a bit higher than the other two
in prediction accuracy (R*=0.75, RPD=1.73). The low prediction accuracy might be attributed to the wide distribution of the soil
samples in the global soil spectral library that caused marked variation. Size of the modeling sets did have a great impact on
modeling accuracy, and the optimal size for the three similarity algorithms varied in the range of 400~500 (0.71<R?<0.75,
1.56<RPD<1.73). The SAM model needed a smaller-sized modeling set (<50), but remained higher in accuracy using the
assignment prediction strategy (R*>0.6, RPD>1.4). However, when the modeling set was big in size (>50), the PLSR modeling
strategy was higher in prediction accuracy (R*>0.6, RPD>1.4). [ Conclusion ] Compared with the global model, the models based
on the three spectral similarity indices all significantly improve SOC prediction accuracy. In general, the spectral angle algorithm

is slightly better than Euclidean distance and Mahalanobis distance; type of the similarity algorithm, size of the modeling set and

method of the modeling all have a great impact on precision of the SOC prediction.

Key words: Global Soil Spectral Library; Spectral matching; Spectral angle mapper; PLSR; Soil organic carbon
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Table 1 Soil organic carbon statistical features of the global soil spectral library
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Fig. 1 Average reflectance of the soil samples of four levels
of SOC content in the prediction set
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Table 2 SOC prediction accuracy relative to similarity matching algorithm and size of the modeling sets
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5 0.40 0.63 1.27 0.38 0.65 1.23 0.35 0.65 1.21

10 0.50 0.57 1.40 0.49 0.58 1.38 0.32 0.67 1.19

20 0.46 0.60 1.34 0.52 0.57 1.39 0.47 0.61 1.30

30 0.53 0.60 1.33 0.48 0.64 1.25 0.46 0.62 1.28

40 0.57 0.63 1.26 0.46 0.66 1.20 0.56 0.59 1.35

50 0.51 0.65 1.23 0.55 0.60 1.32 0.59 0.57 1.38

100 0.56 0.63 1.26 0.62 0.56 1.42 0.68 0.53 1.50
150 0.59 0.60 1.32 0.60 0.58 1.38 0.71 0.50 1.58
200 0.62 0.56 1.41 0.70 0.55 1.45 0.63 0.59 1.34
250 0.60 0.60 1.33 0.68 0.52 1.52 0.69 0.52 1.54
300 0.57 0.65 1.21 0.71 0.49 1.62 0.70 0.53 1.49
400 0.71 0.51 1.56 0.71 0.50 1.59 0.72 0.48 1.64
500 0.75 0.46 1.73 0.72 0.48 1.67 0.75 0.46 1.73
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Table 3 Comparison between similarity algorithms in number of matching spectra
WK G B B L IGHEEY i i T L
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L5 L HRBLRE A HRBLRE A HBLREAS
SOC contents / FRIGIE 2 SOC & MEOEIE T 5 SOC & M P SOC # i
(gkg") Sample ID of similar SOC contents of Sample ID of similar SOC contents of Sample ID of SOC contents of
spectra similar samples/ spectra similar samples/  similar spectra similar samples/
(gkg") (gkg!) (gkg™")
0.02 839 0.12 846 0.18 2019 0.08
970 0.07 970 0.07 2 604 0.08
971 0.08 971 0.08 2 668 0.23
2042 0.38 2042 0.38 3040 0.18
3045 0.22 3045 0.22 3045 0.22
0.65 77 0.18 77 0.18 77 0.18
1 468 1.19 1421 0.26 2526 0.65
2483 0.27 2483 0.27 2 544 1.1
2526 0.65 2526 0.65 2873 1.81
3141 1.28 3141 1.28 3141 1.28
6.03 456 2.25 456 2.25 474 9.11
788 3.97 788 3.97 2527 0.67
909 4.72 909 4.72 2610 0.11
1590 0.23 1590 0.23 2729 13.86
3103 3.82 3103 3.82 3103 3.82
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1,4 400~500.

EEXHGIS s, EEE SR /NT S0 B, R
F1 RPD 43I, Fr €7 A5S80I A REAR g b Tt 0 A7
MUK ; 4R BORALE 50~ 100 B, TR =T
X PR 1 5 1 5 PG 8 O DG i A AR AR 5 Y A A 0
KT 50, /T 500 B, BRISHEAZCH 200 BUEAL T,
R*>0.6 . RPD>1.4, 1] LA% b T -+ e A7 HLAR & ik,
HE 3 AT, BREEAECH 200 DLAR H A dAs 4 7
B P00 T K L R 2 RN 5 [CBE B, i I P et
R E R [FAE R 400~500,

ARERCE R (FEARR<50) B, =Fhr ik

MRS YRS, (R AR SR IS 2, TORS B
AR, RTINS R R RO M UL,
H AR R 5 i 400~500,

AL TS WO — Sl 25, T Y A
EREARRE RIS, BT T A R AR, TR B
i, AR =FpUCEC 0 e AR B AR RO [ Y 400~
500, JEHATREAN T - (1) i POLigE K,
ARACRHT 13 D9, A BREB SR (5~
500) HEAT T R, 7EA R RIS, A BN AR
AR M B A 535 (2) ML T 2 R e,
FARIEREA DT EC (Y @ BOR IS A 2 5, 2R EpiE
SR — A A5 A X6F e A 00 4 A A B 5 T AL 4 D
P2 B R B — A TR AS B AT T, 3K W] g
SEREARKCER R 500 B TR B AR SR 458 i 1) SR AL
2.5 AEEEREIT TIEFYREETNEE T

FH DL AR A RO A B ) TN 3 e s T
Wi ECHE 2 M S FCHE B, PRI AE ok e Lo b, R
SCREET RGBT DT T Bk O RE AR, HRFE R IR
AR X TINDRG BE AR . INEE 4 FTow, BT
TR E B A ARG T B R B I L TR, RO
0.35 FF % 0.75, RPD 1 1.21 J+ & 1.73, M b Tk

F 4 PLSR ZR TN AR E N FEE bb

Table 4 Comparison between the PLSR modeling strategy and the assignment strategy in prediction accuracy

ARG S R i PLSR #A il WA T
Number of similar PLSR modeling strategy Assignment strategy

spectra R RMSEp/ (gkg!) RPD R? RMSEp/ (gkg') RPD

5 0.35 0.65 1.21 0.52 0.56 1.43

10 0.32 0.67 1.19 0.54 0.54 1.46

20 0.47 0.61 1.30 0.55 0.54 1.48

30 0.46 0.62 1.28 0.52 0.56 1.42

40 0.56 0.59 1.35 0.53 0.55 1.45

50 0.59 0.57 1.38 0.52 0.56 1.42

100 0.68 0.53 1.50 0.43 0.60 1.32

150 0.71 0.50 1.58 0.41 0.61 1.29
200 0.63 0.59 1.34 0.39 0.63 1.27
250 0.69 0.52 1.54 0.36 0.64 1.24
300 0.70 0.53 1.49 0.35 0.65 1.23
400 0.72 0.48 1.64 0.33 0.66 1.20
500 0.75 0.46 1.73 0.30 0.68 1.17
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T 58 4

TE 0~50 LTSI U R W2, 50 425 HE B #a T
Rty R AR TRUI RS B2 B AR ARLY A A 3G I 22 TR R
P LT REHBEBAE 50~500 FOCRER LI R, R
M 0.52 2 0.30, RPD i 1.43 [Z 1.17. Hfi,
MR ERE R DR (<50), B3R I T i 2
Mg (R*>0.6, RPD>1.4); i 4@ H AR R AR
mF(>50 ), ‘HE# PLSR # AT ( R*>0.6 .
RPD>1.4 ),

IR AT RE R AN T . YRR AR
W ZmF, PRECAAR G 5 2% 0k i ith 48 A4
U B2 BRI, AHARLREAS (G HLAR 35 i 25 Sl oK
FCAT AR 5 2 T Y 5 S B i 25 8K, R BE BRI .
Fir LA R AT A AR S SR (<50 ) B, WE T0RS
FEA SR o XFF PLSR #BIHUN, qEBIEALL
2B (>50), BIRYE TR BE R . SRR
M)A HEIRTE S MIEEAGNES, UASEN
T P 5 1 PO AR AS S 1Y 22 7

3 45 &

ME AR, BT R . SRR AL
T AR = b AR R % R BORE AR o i 7 A L
BFERTE T LA LR BUIRS E . BUART S, Ot
A O TR R B R B [ HE R . AN AR5
BRSBTS R, X AT RESE TR O R
DT R R 2 H A EREA 0 A )iz, S B AR
T IEREA R 2 S O O o X T AR RN B
G, HERERCR BN, SRS R R A
w, [EREE B I L, IR R A S
= IR R B RO IE AT, H AR
LR TUFIY 400~500, 7EABIRENE |-, H 4R
B /I, B (R T 0 A SR i 2 A
FAR BRI, FLE £ PLSR BTN . AW
WA FFAEUNR 7 REAT #E— R (1) FRIERE
AR LA, JFIRITE BB
500 DL AYBERG R, DL — PR R U AR KL
EEEEG (2) S AR OCTE AR IR RO LR,
FEInARSC Rk . 2RI L R 2 Tk, R
FERAE R S A HLAR TN RN 5 (3) S2B0RZTT ik
I3 E 3 A S 95 3 o TR O A 1 'a /3 Y o
R EPE e, BRI AR 1 O A
A
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