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Prediction of Soil Moisture Content in Air-drying Loess Using Spectral Data

Liu Xiuying'®> Wang Li' Song Rongjie' Liu Miao' Chang Qingrui'
(1. College of Natural Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Agronomy College, Henan University of Science and Technology, Luoyang 471003, China)

Abstract: 129 loess soil samples taken from the field in Qian County of Shaanxi Province in 2014 were
chosen as objects to build the inversion model between soil moisture content and spectra. The spectra and
gravimetric moisture content of soil samples were measured during the process of soil air drying, and the
relationship between spectra and soil moisture content was analyzed. The spectral predictive models of
soil moisture content were established by using the linear regression and exponential analysis. Results
showed that the biggest correlation coefficients and absorption depth bands located in 570, 1460, 1960 nm
and 490, 1460, 1960 nm in the region of 400 ~1 340, 1460 ~1790, 1960 ~2 390 nm, respectively.
The linear relationship between spectral characteristic indexes and moisture content was better than the
index relationship. The linear models were optimum models for predicting moisture content of loess by
using characteristic band (C1980) and absorption depth (D1980 and D1480) as independent variables.
The calibration and validation coefficient of determination R* and residual prediction deviation ( RPD)
were higher than 0. 92 and 2.5, respectively, and the root mean square error ( RMSE) was less than
2.5% . These results showed that the moisture content of natural soil samples can be predicted rapidly by
using spectral reflectance during the soil drying process. The study can provide a reference for real-time
and rapid soil moisture content monitoring and soil moisture quantitative inversion in large area by using
remote sensing technology.

Key words: Air-drying loess Soil moisture content Spectral characteristic Predictive model

Wk H . 2015-01-05 & H# . 2015 -02 - 06

s [ 8 H R BF IS & B 1140 (863 1K) ¥ Bhsi H (2013AA102401 —2)

EE B XN LA W B R AP0, 22 F AR Z J& & GIS i [ W5, E-mail : csfulxy@ 126. com
BIRESE 8K E, B AR, FEN G TRIEA ST 3S HR N HWFSE , E-mail; changqr@ nwsuaf. edu. cn



% 43

XN F5 e A s b TR R K R 3 B 267

5l

TR R A K A E R,
() 7K 5 908 R % 398 5 R 2 ] B ) SR R S
TN FR o T S 2 162 4 e () 4 AE A
ZHUR]) B S T % S B WS B 0
F L RN R R Rk SR
AV AN S B B 40 ) 2 I T L 4 BN 0%
R HLAR I RE 45 5 T 39 LA S . Rt b
KA E AR, K G £ 05 RS b 2
— AN I — AN R T D A BT SR R
e T R — A T B AR RO I B R R
FLAT 8 B3 20 B A 78 T 0 0T 20 A1 X S A
JUHEE LA 63 B B, 7T DL % 25 i 335 i
2%, B A D 3 TR M T - 09 I SO R £ R TR 3R 2
KRS S A, B0 25 W I X R
Bl SRR T — R AR TR

H T, 7F 2 0F 55 3 R 2080 L a7 )6/ 30 21 4
X 3 Fg - 49 3% i 2% B 4 K % i s AL B 4R
IUA% o A AE 4 b o A7 b MK 4 i, IS T R Y
g B B E R A KT Y
TR 2 BFEE L 0% S AT K Y I L, 75 3
AN Tl A 35 1 5 7K 236 R R A, SR I o R A B O 5
EBEATRIF ST, X L5 K AT R . L i
i R K 43 B R R AT W, 9 B
PTG , L5 R IR 5 AN AR IR WF 5 & AT 358
TR AT L 1 7 3 AR 4% S T T, 5 2 48 ST 1 A6 7R
T KR 1) TN 35 A7 AE 80K 10 22 55 F 2 WF 98 3 R
JH G B AT K 40 RSB ST, B A 2% 18 B SRR
BT R RESH T, 15 50 50 BUR B BER £ fir
ToRZESMB T s B2 T 5 2 9k B A P
25 R T AR R AT A T AR K 43 S 38 AR
HA 52RO, R I 2E 47 D BE 3ok 456 ) 735 32 38 T K <
AREESNCA T e B L AR SorE BT
i A AT R ALK S R R E BT
Tt 1 B BEHEAT RIS, IR 0T 1 3 5 K R 5 KT 40
WA SR W 6 R FF HEAT B K> R,
HEOK 4y ST bR IR B P AR T AR S R
B SR 14 AT R T AR K R R R i S
%,

1 HESHE

1.1 TEHARESLHE

WFFE XA T BRVE 48 5 5 i X 3 2 A 0 B
4t 4ral T 2014 4E 4 F RN 2014 459 H R4 HI[H]
T IEAEA 129 SRR EE R 0 ~20 em, - AE X

il

TR, R S LASD R AR AT (B ) 3R 3 L AR
il P A5 22 W) ) L SR I F AR B B Y & B e TR
TR BB E R R S KRR A AR 1
SR TR B 1 UOREER) 36 D RIEREA T3 T
W5 1R 2 RAEE 3 K B, 4T T 5063
KPR . Hob A 4 A6 REA B T 5250
BeZE M S, MR AT I BR 15 2 104 DA RREAR
ot A YGRS [ B, 56 2 UOREE MY 93 A LA,
ARLERTHIEE 1 R 3 K EAFIEAT RIEREA L1
AR G300, S B A B S 8 25 1) 3 SO e A B
PR 183 A RUREA L M M RESE . RS KR
(BT A 43 b)) B9 E R & g T FR L (% ) o
L2 LHEEENE

38 2 AR I 22 [E Spectra Vista 23 1) AR 77 Y
SVC HR — 10241 B A 455 06 3% A0 & , Ot 3% 38 H
350 ~2 500 nm, LA 350 ~ 1 000 nm Y% 43 3 2 /N
F4TF 3.5 n0m,1 000 ~1 850 nm i3 WK /N T 45
F9.5nm, 1 850 ~2 500 nm Y& 4 #EE N T4 T
6.5nm, ¥ HFETHR IS cm PEST, HWE
W b SR WO, BEAT = OGS I A, AR A A
ST IR ST R L IR R 8o WL A L AT 4R
KL EE T B IE EJr 15 em 4056 T %
50 W i AT, B - HER T 30 em  GIH AL BN
15° 04 f 7K P-4 S iR i 3 0, 4 2 90, il
AR 4 ADTT OGS 2R A DT I E 3 AR
AR, F i i A S WU RS S % R R OE I
B RAA, I DIARE B €62 IR UM BOS %
1.3 tEHEAESERET

T 06 1 A A% D B kT i e B ) 25 S, (AR O6
TR B AR — SEMR RS O T R o AR A S, R
FRATHE 45 B U 50 AU RS 31T 1 3k % e 0 3 2
SRR HEAT O T MR AL HA B KBRS I8
R PR OG5 S AR ERAE R 10 nm [8] B A 2 4512k
FEAE R I X O I A AT TR BE 15 5
10 nm (8] B 1Y 6 1% B 6 38, LA BRI K08 4E 50, 32 v 2
RiZHEE . 16 350 ~2 500 nm PRKIEENA 3 4
KT B, TEREI ARG EMT
KA AR ZE A WA T, 35 I 3t 4 01t 13 B 3 26
AR AR, B AE Jo ek T T A3 A, SORR AR 5 D B b
I, I % MO STk et S BR
2 A K A8 UM AT 52 i 7 ) 90 B DX AR 2 £ Mgk
LU I Ay DX, 5L A4 531 B 3 [ o 350 ~ 3901 350 ~
1450 .1 800 ~ 1950 .2 400 ~2 500 nm, [R 1 K¢ i 1< 43
BT 3 B, HI400 ~ 13401460 ~1790 .1 960 ~2 390 nm,,

B TR A A7 B0 S A R0, R ] — Je e
(] 0 1 45 [m] 0 3 N7 398 5 K 85 R A BB R B i



268 & o Bl B ¥ iR

2015 4

TR JBE 22 (8] 11 v D 135 00000 A 8, A AR ) 80000 S SR
PE REC(R) By )5 AR 22 (RMSE ) 1A % 75 ) i
7% ( Residual prediction deviation, RPD) 3 i , H i}
BRI (1) ~ (3) )5 RPD 5 3F 4 b fl R
Chang S tH (9 B (0 42 7 3™ 24 RPD KT 2 1
WA B A W I 00 T RE 7, 24 RPD fE 1.4 ~2
Z[A) N, 2 L ASE AU ROk A o 1 KL I S50 , 17 RPD /)y
T 1.4 DU SR WAL T TG 125 0 R Ot AT R 0, —
U TR B %45 K9 R* A1 RPD /g RMSE

z (9;1 _}7)2
R2: [zl : (1)
Z (yi _}7>
2 (7, _y;)z
RMSE = ‘f (2)
SD,
RPD = (3)

RMSE, /n/(n-1)
X y—WMWE oy —WE
y— WA HE AR
SD ,—— 55 1F 5 1 b 1fE i 25
RMSE ,—55 1E S (1 3 7 fid i 22

2 EHRE5HMH

2.1 TEEKERR

0 IE AR AR IE 4R 1Y TS AR AS B K R GE T HRRAE L
1o MR 1 AT AU MR AS B 7K 3200 A8 Ak
H2.32% ~19.38% ,hrifEZ=E N 6.33% ;1M AL IEHE )
FEAR F oK R Ry 2. 84% ~18.76% , b5 f 26
4.66% , IKEL/NT 20% , 4 T rh 2K, 2o
SEAEAS ¢ R, AR IE 4R RN IR UE 4 Y - A AR KR
PEEZER AR E (1= -0.589, df =167.419, P >
0.05),

1 TESKENSEITIHE
Tab.1 Statistical characteristic of soil water

content in measured soil samples

E2
R ReA WM/ bR/ BoME/ FoRM/ VR REE
BHiE4E 104 10.40  6.33 2,32 19.38 -1.55 0.17
KiF4E 183 9.97 4.66  2.84 18.76 —1.49 -0.01
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Fig.1 Spectral curves at different soil moisture levels
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Fig.2 Correlation coefficient between soil moisture

content and reflection spectrum
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Fig.4 Curves of band absorption depth
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Fig.5 Absorption depth of soil with different bands
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Tab.2 Predicted models of soil moisture content and reflectivity spectrum (n =183)

FRAE$8 bR LR R R? RMSE/% RPD T A A R’ RMSE/% RPD
€570 y =25.547 - 1.234«x 0.945 1.090 4.286 y =53.067e " 14 0.922 1.257 3.716
C1480 y =28.823 -0.751x 0.920 1.317 3.547 y =74.945¢ 0 0% 0. 869 1.899 2.461
€1980 y =24.180 -0. 658« 0.931 1.221 3.829 y =44.852¢ 007 0.898 1. 688 2.768
D490 y = —13.886 +117.283x 0. 882 1.595 2.930 y =0.535¢"> 72" 0.879 1.738 2.693
D1480 y =1.299 +120. 110« 0.931 1.218 3.837 y =3.273e"% 3 0. 865 2.531 1. 847
D1980 y = —2.053 +52.174x 0. 947 1.074 4.352 y =2.209e> % 0. 898 2.125 2.199

Ty Fom BHESOKAE, o FRFILIAR
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TR bR AT ML, SEAT A S K SN B Y B AR AL Dy DA
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Tab.3 Validation results of model(n =104)

FEAE 2R AR i g
Eiskan R* RMSE/% RPD R* RMSE/% RPD
C570 0.919 2.086 3.037 0.789 5.710 1.110

C1480 0.880 2.845 2.226 0.701 10.452 0.606
C1980 0.927 1.997 3.172  0.813  6.418 0.987
D490 0.916 3.126 2.026 0.916  3.368 1. 881
D1480 0.933  2.452 2.584 0.797 9.701 0. 653
D1980 0.953 1.965 3.224 0.843 7.533  0.841
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