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Hyperspectral parameters and prediction model of soil moisture in coastal saline. LI Chen',
ZHANG Guo-wei’, ZHOU Zhi-guo', ZHAO Wen-qing', MENG Ya-li', CHEN Bing-lin', WANG
You-hua' ('Ministry of Agriculture Key Laboratory of Crop Physiology, Ecology and Management/
Jiangsu Province Modern Crop Production Collaborative Innovation Center, Nanjing Agricultural Uni-
versity, Nanjing 210095, China ; *Institute of Industrial Crops, Jiangsu Academy of Agricultural Sci-
ences, Nanjing 210014, China).

Abstract; Based on the data of soil moisture content and indoor soil surface spectral reflectance
from five sampling sites of coastal saline soil, this paper analyzed the relationship between soil mois-
ture content and soil spectrum in wavelength 350-2500 nm. We determined spectral parameters un-
der ratio spectral index ( RSI), normalized difference spectral index ( NDSI) and difference spec-
tral index (DI) , and established the quantitative model of soil moisture content. The results showed
significant negative correlation between spectral reflectance and soil moisture content, and the maxi-
mum negative correlation was near 1930 nm (r=0.86). By comparison of the regression equation of
RSI, NDSI and DI, it was found that the regression equation of exponential function
(y=0.00001¢""**) built by soil moisture content based on RSI (R, , R,,s) presented the maxi-
mum R’ (0.780) and the minimum SE (0.016). The established model based on RSI (R,

R,.5) could be used to monitor soil moisture content accurately in Jiangsu coastal saline soils.

Key words; coastal saline soils; hyperspectral parameters; soil moisture content; hyperspectral re-
mote sensing.
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RS - 398 7K 43 i 36 An i 48 ' ; Hummel 25157 F)
HE AN EEAL B i T T IR Z IR
(14 - 458 5 K B T AR ; R Ak ZE 45 7E 410 ~ 1100
nm % B PR AR DG M B R I B S R T T
U2 5 1 s X ZE A VO sk B 4 - SR T K 4
fEIAE R R b 56 T HHOGIEE B Rk 13K
SHIER AR —Z, JE R TE TGS Bt BoR A
TRV AR A SO E B AR b ik 4
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RIGE T A0 i T B P HE AR RS THHR r BR L &
Sk fE AR 42 88, B anE N Mo 2 P AE
K G 1 ' T R RN B — U B A O M AR A Y B
8, BTN U RRIR 1Y £ I R R MAT-
LAB %5 R FH 3% % B2 o3 A1 e AR Al I A 87K 43R
(I A i

ARG LIV A8 g £+ A s 0 4, it 9%+
e E KR OGS Z B 0O R T G 1Y
HIER, RGP T 350~2500 nm KB 3 FlR
[FIGTEE A5, B A - A3 7K 73 e oy B ¢ vy T R
BORMB AL S A OO 40, 48 3 5 26 Bl b, + 18
(7K 3 Ak D B A AR Ay v Dl i 2 JR TR R T A
BRI R + 50K 5 B UL K.
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Table 1 Basic information of the sampling soil

RIS T 2014 AFELEVLIE R I H AT 1%
PP RIT = AANAEE R0 B0, IR AR, £
B b A AR A T A BT A5 ) g 2 0 A
TP Y, FLI R B WS B B AR
IRAE 13.9~14.5 °C 4ERF/KE7E 980~ 1100 mm , 11
AL ER R o0 Y XA 5 AN b e
G300 R D AR A2 R A 3 (33° 08' 22. 028" N,
120°42'45.609" E) . ST A S ol g et
(33°50'28.950" N, 120°22'31.822" E) . & R
(32°59'36.000" N ,120°49'50.400" E) .5 ¥4 it
B H (33°32/16.484" N, 120°26'21.768" E) . K F-FF
32 JE AP 7AR I 1 (33°24719.800” N, 120°35'6.500” E ).
SR Sl 1 B WL 1.

1.2 EFEREM EHER OISR

BT B L, N 5 MR 4 4 ORSE
0~20 cm R)Z 158 EHNLNHEAR LIE ARG
TR BURE B (R e 7E 1 = 98K A A A K 1) 6—10
A mke 13 H.7H 11 H.8H5H.9H 30
H AR R BOREA B KR 10 4 4h, Haik
B SRR IRE 6 17,5 N HURE A5 T AR A & Lk
2, RAEFEAR SRR 124 7.

K 3% [E ASD 2\ F] 42 77 1) FieldSpec Pro FR
2500 e i A S 7 -+ 1% I 5 3R I By [l
350 ~2500 nm, H:H1,350 ~ 1050 nm i %A 6]
F1.4 nm JEEPERN 3 nm, 1050 ~2500 nm YEiERAE
[BIFE A 2 nm, YEESIPER A 10 nm, i H I EBECH 2151.

T HOCTE I RBURAE HHERAE Y RN TEHDG
FRASE N WG = vk AT SR A VR i o, 6 L ke 5 AR
9.5 cm IR 1.5 cm Y3 EES LI H 12— 20 %
IXZRBCERY 1000 W B ZAT ] — B4R [ 2 | B 60° £
HRG, GRS A R 50 BE B 4 5 em FEAR
Mtk R R AT RO 1 B R OE, B
A AR 3 UK, BRI G AR S BRI
4 3 k3 9 N EE BOF I EAEIZFEAO LT I
E¢$[13—14] .

RAEA HLSE EoeaEs Na* ar pH AL 2R
Sampling site Electrical Total salt (emol - kg™!) (emol - kg™!) Organic matter Total nitrogen
conductivity content (g- kg'l ) (g- kg" )
(dS-m™) (%)
4£-F Huafeng 0.12 1.0 8.5 18.5 7.6 8.43 1.17
38 Haitong 0.28 1.2 11.3 22.9 7.9 8.55 1.13
4x¥fF Jinhai 0.51 1.8 13.1 25.2 7.9 9.04 1.10
HIEE Xinyang 0.99 2.4 15.6 30.1 8.0 8.05 1.18
K Dafeng 1.20 3.1 18.3 39.0 8.3 7.91 1.23
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A0 35 K, H 3K = (&
TR R B ) T T X 100%. 3% 2 R
ANTRLRAE SRS 1 5 /K I e HFAE.

1.4 Fdaabr

FFR IR R 19 1% B3 248 ViewSpePro 5% 4 i
it SR ST U i A B S AR R AR G s
R FIH MATLAB KOG S % 5 T 58 & /K G A
KFHL, Origin 9.0 1ERJE/R.6 FCTEAR I 2043 1)
FICTE IR (1gR) \— B (R BV X 0
—B i [ lg(1/R) T RHEAEIEL (1/1gR ) AFIEY
X 1g(1/R) ] MBI 1/R) , A4 7 Pk Ab # i R A
Excel H15E K.

Al A A () 57 . 5 AN BRURE A5 P RE AR B0 43k
PHEB AT, KEEAE 2 I A 373 56 5040 FH e 0 A 78
(FEA N 40) AR B Hs F T 40 g R (REAS 2y
84) Itk 48 £k F L DG RS B (RS JH— 14k
TR (NDST) 2 {i i s 5 pn Y AR E .

RSI(R,,R,)=R,/R, (1)
NDSI(R,,R,)= (R,+R,)/(R,~R,) (2)
DI(R,,R,)=R,-R, (3)

. R FI R, 43 R i i B A B K Y
i A%

BT LR FOn b OGS 50K 10 ¢
Z,FIH MATLAB 2014b >R 5934 1 o€ 28501 H
R EER T SRR BRI B G 4 B
KA, 78 SPSS gy Wi Bl 7y R =K.

R RS BT A AR (1% 195 7Kt YL -5 S 0 i
X5 b, PP E REL(R?) AR J5 22 (RMSE ) R}
2 (Slope ) £ & PFM BB 1 B, IFHH Orgin 9.0 42
HilH 1 1 HEOC RS M B BRI H  RMSE
HOE S w1 N

1 M
RMSE = |— (Y, - X))’ (4)
M]'=1

K2 AERBETESKENGITIHT
Table 2 Statistical characteristics of soil moisture content
in different sampling sites

RAER BEANME BKE BOME TPHE S AR
Sampling Sample  Maximum ~ Minimum Mean SD
site size (%) (%) (%)

#83: Huafeng 20 28.7 18.8 23.8 0.0293
1638 Haitong 24 26.3 18.2 22.3 0.0226
& Jinhai 20 29.1 17.6 233 0.0338
Hrif: Xinyang 20 29.6 18.8 24.8 0.0354
K Dafeng 40 25.6 17.6 21.9 0.0172

U YR X3 500 SR RTINS DR s MR REAS
1.5 mobiE s i Ak #

R T A A YR U R O S E AL
T BT B A 6 Fh AR 5 vk E AT T B SRR
ik SR (R) F 6 Fh AL X B AHOC R A (K 1)
2 X {H 8 e K AEL 23931 A 0.856,0.850,0.743 ,0.853
0.854.0.850.,0.838 , 1 B 6 Fh AR $ 75 v B9 AH ¢ R 4L
Priswm 05 R WA OC R B0 L, A OCPE BB A 2
&, RS R [1g(1/R) 1AL F 5 1K
I3 IR MRS AR ARG E . TR B, B A B R SR 0
ik SR

2 HER59Hm

2.1 R4 IR R KO 5 4 58K 3 i A
Kotk

HI Pl 2 WL R ) Kk R i AR £ 3k
TEARAE B EOH L, AH R R 63 i R A
JIEANTE, 7E 350 ~2500 nm BN 5 26 % 35
TR 2 1 AV T 38 . A Y il 2R AR AE R AR
350~ 1350 nmif Bt PG 1 2 5 56 5t B 3o 34 e 3
TE 1440 F1 1930 nm 1 BLFH U4 51550 ~ 1850 nm
W BN AR 2 I B 350 ~ 2500 nm % BE N S5
R KRB 52150 ~ 2500 nm 5 B N RECE L 126

F L 1 AT TR 4 - OGS R
IR A5 I 3 B0 AH G 6 R ORI D B S L 43 S A
1393 ~ 1530 nm 1861 ~2345 nm(r>0.6) , i K AH
K 1930 nm(r=-0.86) fiir. 454 & 1 Fi& 2 a]
LT OIS R 2 AT (14401930
nm ) BT (4 A G 2R 40 HE B PR A I (L, DA (L0 T 1441
11930 nm , & B 3% i B X el 0] 35 15 2k 7K 40 I 1
AU
2.2 EgE - HHOEE GRS A OKE R E

VPR JFARCIE SR, 7 MATLAB H 43 51 57
350~2500 nm % Bt 3 AT & L O 5 18 4K
(RSI) | JH—4k 6 3% 48 % ( NDSI) F1 22 i 6 3 5 44
(DI) 5 35 KA B2k R EOC R | i s U B
X IR AP RO R BRI KA G I S R 4k
P TR (K 3).
2.2.1 {EifgEh 4 K D S A F DB s 48 £
SE R WAL R R 3 n] AL, G s
RIE FAEGIEH8 50T 22 119 398 25 /K i ) SRR X 3
o F I 2D AMC R Xk, A AR (X Y) 43 5l 1165 ~
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Fig.1 Correlation coefficient between soil moisture content and soil spectral reflectance under different spectral transformations.

R JEIHGIE ST Original spectral reflectance; 1gR: J 5T #R [ X 4025 e Logarithmic transformation of reflectance; R': KR B — B 3 70 25
First order differential transformation of reflectance; [lg(1/R) ]’: J2 St AR B0 00 KB — B 1 4 75 45 First order differential transformation for log-
arithm of the reciprocal of reflectance; 1/1gR: J2 5 N K 0 48 B s Reciprocal transformation of the logarithm of reflectance; lg( 1/R) ] : J2 5 243
B X K A Logarithmic transformation of reciprocal reflectance; 1/R: F 5 R 1 3 B AR Reciprocal transformation of reflectance.

1420 nm. 1415 ~ 1505 nm, 1415 ~ 1505 nm . 1165 ~
1420 nm(R*>0.7).

041

0 560 ldOO 15‘00 ZdOO 25.00
¥ K Wave length (nm)

2 A[E ISR E DL R AR 2

Fig.2 Curves of spectral reflectance of different soil moisture

content.

A: 18.8%; B: 19.9%; C: 20.9%; D: 23.5%; E: 28.0%.

FETF 4 KR I OIS X L B
Bt AR ECE R NN RERKRAS
RSI(R 07, R us0) RIE I AL B KA A FEF RSI 5+
B KRS 1 B2 R EIORI 5 B8R B AT X L (R
3) , KILL RSI(R 7 , R 450 ) N H 7L AR ) L85
JK f2 5 B0 pR B P I IE O R R B R B R
(0.780) , ARAETRE /N (0.016) , AT L FH ok W i) - 39
(7K 53R
2.2, 2 [ - K B S A 0 — et 5L
Ko rr WA fg A B 3 AT, RIS R
SRRV — OISR BON 1 1Y 355 7K B A AR
X3 A7 T 3 20 A P IX B, AR AR (XL Y) 43 ) h
1165~1420 nm , 1415 ~ 1505 nm, 1445 ~ 1485 nm.
1505~1710 nm, 1830~ 1885 nm 1955~ 2060 nm (R’
>0.6).
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Fig.3 Counter maps of coefficients of determination for linear
relationship between spectral index and soil moisture content.

RSI. FL{EOGIEFE%L Ratio spectral index; NDSI; 13— 415 %1 Nor-
malized difference spectral index; DI ZEGIEHE %K Difference spectral
index. T [A] The same below.

FEF KB I UGS X I R B
G ER bR T REERAS
NDSI(R 7 , R 450 ) R B AL WA G5 T NDSI 5
IS K LG I LR pR BRI R B0k BRI AT X L
(%3) , KBLLL NDSI(R 7, Ryuso ) F H AL TG 1Y
3 K RS B pR B [0 AR R ke R B K
(0.750) , FRfEIRE /N (0.020) , AT LU S Wl £ o3
i+ SRR K AR
2. 2. 3 il 4 B K 0 S 25 (G 4R B
FEm WA (R £ A 3 AT, T S
RAEZEE TS TR BT 0 1) 398 35 /K i 1) flUR X I
LT LT M B DX, AR AR (XL Y) 43518 - 1040 ~
1125 nm . 1425 ~ 1475 nm, 1170 ~ 1250 nm . 1475 ~
1460 nm, 1350 ~ 1425 nm 1425 ~ 1550 nm, 1000 ~
1300 nm 2020 ~2050 nm( R*>0.6).

BT 4 EoK I BUBOGIE X BE B B

BOCTEAE 22 (EGIETE B A KA A DI(R
R MRIEERAEP KA G T DI 5 &K=
B L sRBURN 5 B PR AR AT X (3R 3) , LA
DI(R 7, Ry ) 0 S R HEY £ 385 7K 45 0ok
AL BNE 7 BRI P RBERK (0.742)  FRifEiR 3L
/INCO.021) , T LA FH A s 0 5 i 4 358 1) 7K 43R L

ZEARTEL, L RSI(R 4y, R s ) N H AR SEAG EE Y
-4 K B0RR B0 05 O R B D E R Bl K
(0.780) , ARAEIR /N (0.016) , fiEfi% 5T - b W i) +
K AR
2.3 Wb 4 K A AR G 5

F T REES RST(R, 0, R4 ) A5 7 2 A T30 55K
B 2014 4K R R 9 BE (n=40) X
I5eHE RSINDSI, DI T 5 2 A5 8 15000 4 5 4 38 75 K
S HEA T XS LA IS (R 4) L IF 1 1 SRR K
TR (E 4) 25 LR, UL RSI(R ;R4 ) DR
FERE(R =0.859) # &, M ¥ J7 22 (RMSE =
0.0097) fz /N AF%E (1.034) #4838 F 1, i 8 RSI
(R 47 » R4 ) T ST 114 55 PR 0T U1 Ty R 00 0 {1 5 5
INME 22 8] (9 7F 6 B 34y, R F NDSI(R,,; ,
Riuso) DI(R 47 s R e ) W J7 ARG 86T H &5 5 A0 5
TER R AE T — 2 I, PRSI (R0, R s ) N 7S
T ) K WA AR AT DL ST R A
MR+ K AT AR B A .

R3 EBHRITESKE(y) SRIEEH () WEEXR
Table 3 Quantitative relationships of soil moisture content
(y) to spectral index of coastal saline soil (x) (n=84)

HESH IRy WERE R
Spectral parameter Regression equation R? SE
RSI(R 407, R 1450) y=-2.0796+2.2797x 0.706 0.036
¥=0.00001¢%7205 0.780 0.016
NDSI(R 407, R 1450) y=0.2000+4.6265x 0.695 0.056
y=0.20064¢ %7313 0.750 0.020
DI(R 407, R 1464) y=0.21992-14.2259x 0.703 0.056
y=0.21840¢ 608509 0.742 0.021

R2 s =0.0461; R2,, =0.0781.

&4 ETFHME RSI.NDSI #1 DI(x) HiRiEH + T &K
= (y) BN AKX

Table 4 Testing and contrasting results of the estimating
models based on RSI, NDSI and DI (x) to soil moisture
content (y) in coastal saline soil (n=40)

LS E [} g LRG3 Fe B

Spectral Regression Performance of testing model
parameter equation R? RMSE [SES Slope
RSI(R 457, R 1450) ¥=0.00001¢" 729> 0.859 0.0097 1.034

NDSI(R 307, R 559)  ¥=0.2006417313%  0.859  0.0372 0.865

DI(Ryy07,Rises)  y=0.21840e"5% 0773 00405  0.785
R 45=0.0974; Rj o =0.1621.




530 N A

&l 27 %

028 RSI

.16 \ \ \ \ \ )
0.16 0.13 0.20 0.22 0.24 0.26 0.28

0.30r NDSI
0.28

SEWME

Observed values (g + cm™)
)
Q
N

I

=

©
T

0.16 0.I18 0.I20 O.IZZ 0.I24 0.I26 0.I28 0.I30
FME
Predicted values (g * cm™)

B4 LT I5AE RSINDSI I DI 135t 4k -+ + 585K &
TMASE R TR R S0 1) G 2R

Fig.4 Relationships between the predicted and observed soil
moisture contents in coastal saline soil based on best RSI, NDSI

and DI (n=40).
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LA 22 2 N A RS+ B R gk T 5T
R, TGS I S R 2 A 1 S K R B i
A1) JEAE 1440 1900 nm HY B0 5 + 3¢
IR S 10> BRI T AL OGS B A

() AR B, S5 A 9 B4 AH 6 ZR BOBIURR X S8 25 18—
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TR AR b S e S S A R X - 3 K i
W AEE R R, HO i 55 T LK 0 i +
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R AR ek TR R R R N R A
M) d5e G TS EU B, PR RO 0 38 A B 3k v o
e AV WA ot ) 2 (= S 28 0 N 1 B ol N S O
T B AT 3E L B :C7E MATLAB oA 4 45
Bt 4 W B AF BAE AR VRS T X B FP 7 i AN 2
LEAEE AR T A 5 1 B OGS Bd
A 3, A A T B IO I 9 R S B A
PR RURG

ARSI N RGN E TR R TR T
B AR B S S T R R AR IO 55 S M S e G S
aw 2 O 1T SE R R30I 0733 [ I N UK 1
YT O I B TR A 5 OGS NI KAl
DB SR BLAT e 34, ARG 90 45 SR e W LA 3¢
o PR B AR P AR AR IR 1 25 4 B o
PRI 25 AT g 52 e B Ak IDORS B, A7 A2 X6 B A1 1 iz
FAPE#E— 20058 IL AN, AR S Ak DU ASE 7R g 4 e I
TLINVE AR+ 3 A 55 AS R A 25 07 A5 8 s
AR 5 35, DA 184 55 - $9E7K 43 Ak WU ASE 7Y ) <15
FERE M, DT A - S5 7K 43 B O35 Ak 0 29 7 30
Bl AN AR SRR, 0T Sy 38K 4315 8 0 K T B
AR AT {5 Pk A A 5% T

4 % it

THOGIE R RSB AL S 5 RIS K E
(RAE DG R BN (05 I 0E 6T B S 2 AH ¢ &R
O L, AH A A B . R R R IS R R S
A K A A OC BRI B AR IR 4L AN X HL
A7 F £ HEOGE BR B AN 4 (14401930 nm)
BT, 43 91 A 1393 ~ 1530 nm ., 1861 ~ 2345 nm (r
>0.6) , Hi KA R BUHE A 1930 nm(r=-0.86).
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B DI B F 0 21 A ik D3 D e R i 4 5K
RSI(R, g, R 450 ) N FI 25 AR B B0 o 50101 U5 7 2 £
e REUR K (0.780) , ArifEiREU/1N(0.016) , AT LA
W 37K o3RO T BIE 2R 1y = 0.00001e” 727,

PLRSI (R 47, R 450 ) P EE A 30 6k b 1= 18 5 7K i
Aty DA 76 BB A AR e b DR 0 e £ - 48K 43tk
B, RE REC(R® =0.859) fx i MR ¥ 7 22 (RMSE =
0.0097) #/IN  BFRE FEI 1, W DA Y $500 1 5
SENME = (B AF A B .
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