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Estimation of soil organic carbon content in alpine grassland using hyperspectral data
CUI Xia'* , SONG Qing-Jie' , ZHANG Yao-Yao', XU Gang®?, MENG Bao-Ping®, GAO Jin-Long’
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Sciences , Lanzhou University , Lanzhou 730000, China; 2. State Key Laboratory of Grassland Agro-ecosystems . College of Pasto-

ral Agriculture Science and Technology, Lanzhou University, Lanzhou 730020, China

Abstract: Soil degradation is often reflects grassland degradation. Monitoring soil organic carbon (SOC) con-
tent over large areas using remote sensing technology can help assess soil condition allowing better understand-
ing of grassland degradation. Alpine grassland in the Gannan Prefecture was selected for this research. NIR-
Visible spectral reflectance of grassland soil samples was measured using ASD (analytical spectral devices)

spectroradiometer under laboratory conditions. Correlation analyses between eight transformations of soil spec-
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tral reflectance and SOC content were undertaken and sensitive wavebands selected. Three multivariate regres-
sion techniques (stepwise multiple linear regression, SMLR, principal components regression, PCR, partial
least squares regression, PLLSR) were compared with the aim of identifying the best inversion model to estimate
alpine grassland SOC. The determination coefficient of validation dataset (R,?), the root mean square error
(RMSE), and the residual prediction deviation (RPD) were used to evaluate the models. The result indicated
that differential transformation could improve the correlation between spectral characteristics and SOC content.
The first derivative of reflectance had the best correlation with SOC content during transformation, the maxi-
mum correlation coefficient value was 0. 865; Three multivariate regression models based on the first derivative
of reflectance had excellent SOC prediction capability and recommended as a good spectral transformation for
reliably estimating SOC. Comparing the multivariate regression techniques based on all transformations, PLSR
performed best (high R,? and RPD, low RMSE), which suggests that PLSR is the most suitable method for es-
timating SOC content in this study. The optimal SOC estimation model of Gannan alpine grassland was the
combination of PLSR and the first derivative of log reflectance spectra [ (1gR)'], providing a relatively high co-
efficient of determination for the validation set (R,”=0. 878), the highest residual prediction deviation (RPD=
2.946) and the lowest root mean square error (RMSE=7.520). The RPD of the optimal model was higher
than 2.5, which suggested that the model was robust and stable enough to be applied for estimation of SOC in
other areas.

Key words: hyperspectral; spectral pre-processing; stepwise multiple linear regression; principal components

regression; partial least squares regression
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squares regression, PLSR)3 Fft 75 1 X + HEA LA AR ROCR @ 7 i JE i R OGS &8 5 A DLk % =1 £ 00
(] P AR, R AR o T Bl T S L bR S R A B
1 #MREFE
L1 AR5 R

H R R A M A H 4 7 R b AL TR R B e DR Y AT X Rl S ) 33°06° — 35744 N,
100°46' —104°44" E, M 1100~4900 m, KFE4F7E 3000 m LA | 5 J& F 7L (Y 18 J5 A i Mk 0% L 4R B K it AE 500
mm Ll P AESRAL 1~3 C, =10 CRARFFEINAI A2 T . 24471 H B4 2200~2400 hH™ 5 H 3 JH & 4
Al IR R AT O 272 5 hm® (72 A SR 619 24, 1% XK B B N W R AP I 2 —
1.2 EHHARE

2015 4F 7 J3 AR H R M A ()18 AL JBE A iy 2 St e HO RUAE 3 BT 1), 5 3l 08 JBCTE 3t 31 3, 55 3 A8 9 20 A1 L
B — R RV B O S RO R DX MR AR L 3ERJZ £ 52 iy SR GPS GE 7 AR BR , [A] I 30 SR A 3 114 Bk
ANFAEAE B . 72 30 m>X30 m [AF L R T AR G IORE 15 3R 4G — D REAR B A B AR N LA 1] S5 H AR K
T8 KT R i B HE — 2038 2o 0 F5 SR P 4% 1 ATk — A AR T A BLBR & i s S A — R oy it 2
mm LI, T8 G B R4k

101°E 102°E 103°E 104°E 105°E
|
N * f¥Hb Sample plots
A L E S Alpine grassland
35°N . _ HAth Other land
., 35°N
34°N
N \\ 34°N
[ s
0 25 50 100 km
33°N
33°N

101°E 102°E 103°E 104°E 105°E
B1 HE#BSHE

Fig. 1 Location of the plots in the Gannan region
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Table 1 Statistical characteristics of soil carbon content

B A A B A M WM kA s i 22
Type of dataset Observations number Min (g/kg) Max (g/kg) Mean (g/kg) STD (g/kg)
BARFEA Whole dataset 52 14. 327 109. 629 48.618 22.602
HBFEA Calibration dataset 35 14.327 109. 629 48.500 23.136
U FEAS Validation dataset 17 17.169 108. 469 48. 860 22.154

STD: Standard deviation.
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HR 1% 2% (root mean squares error, RMSE) L K& F 43 Al 11 2% (relative prediction deviation, RPD) 2 1% I 3F fiy =
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Fig. 2 Correlation analysis on SOC contents and raw reflectance and pre-processing transformations (n=52)
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HF (UgR) YA R Sy PCR AL o () S AR AR 7

£2 TEBMHBEE SMLR W& RS E TN £33 1EBNHBEE PCR FNEEEE TN
Table 2 Summary statistics of accuracy for SOC Table 3 Summary statistics of accuracy for SOC
estimating models produced by SMLR estimating models produced by PCR

R A B X, Pre-processing B iiF 4 Validation dataset R A5 4. JE 3 Pre-processing I54iF 4 Validation dataset
transformations of R R,? RMSE (g/kg) RPD transformations of R R.? RMSE (g/kg) RPD
R 0.710 14. 298 1. 549 R 0.457 15. 835 1. 399
R’ 0. 885 10. 101 2.193 R’ 0.773 10. 920 2.030
1/R 0.754 17.295 1. 281 1/R 0. 464 15.734 1. 408
(1/R)’ 0.803 17.625 1. 257 (1/R)' 0. 660 12.730 1. 740
IgR 0.754 14.630 1.514 IgR 0.557 14. 349 1. 544
(1gR)’ 0.818 19. 582 1.131 (g’ 0. 853 8.229 2. 692
1/1gR 0.717 14. 806 1. 496 1/1gR 0.461 15.772 1. 405
(1/1gR)’ 0.785 17.516 1. 265 (1/1gR)’ 0.720 11. 686 1. 896

RMSE: #77#i%2% The root mean square error.

FE PLSR BEH it 1/1gR 8 3o 3 43 7% 4 I 1) A5 7 F4 HEENBEE PLSR FUMEE ETH
VA R B AR T AR RS B L RLU1/R T 1gR & Table 4 Summary statistics of accuracy for SOC
ok OO U R R FEAT T ARSI o A7 B estimating models produced by PLSR
PP (gR) BRI Y R, (e i . 4 0. 878, # 7 AR iR R 254 3¢ Pre-processing $iiE 4% Validation dataset
2 RMSE {H 545 (7. 520 g/kg) « bl 44k 10 22 5 &5 > transformations of R R.? RMSE (g/kg) RPD
2. 946, A I F (1gR) " & 57 [ B A1 3 PLSR A7 1 R 0.332 19. 405 1. 142
AR R 0.858 9.332 2.374

/

FBUR SMLR 9 R S8 KT 0.7, 62 s e
RPD A%} 41§ H. RMSE % 3 4 5 . P9 it SMLR 4 7 R ot loest 2017
PR T M A B AN A8 B X ASAIE 5T X 3 A AURR 217k (IgR)’ 0.878 7.520 2.946
B TS0 5 1717 7E PCR AR R ip s 0 A8 9 =00 1 1Y R, 8% 1/1gR 0. 667 12. 272 1. 805
B CRKTF 0.65),RPD ¥k F 1. 4, RMSE # X &K, K (1/1gR)’ 0.494 16.771 1.321

W 23 Bl o A e e 3BT X A9 PCREE 7Y L A R (1
SMLR BERIAT T WY 8 1 g 38, 6o R (lgR) "2 37 1 PCR A8, RMSE LE X i 1) SMLR BERIBEAIR T 11. 353
g/kg, [AIIN RPD 4@ 1 1. 561, X PCA BRI EEIE Gl 7328 4 I % 56 1 b LA A 28T B mT LU 5 - 54 L
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Fig. 3 Comparison of measured SOC contents and estimated SOC contents by SMRL ,PCR,PLSR regression model
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