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2009 4E 5 H 22 -26 H, TAEWEF )G
HI, 7E SRR VT4 R B 4 X (b % i pg 3 e i h
AT AR m BV A B B ) R4
AFAPE &N 8 A LA 15 kg, LH % KT,
WFEE 3 2 mm 0 5 2R FH 6% R 4 45 vk — A Bk
WE FEAIES=(ILELD),
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EA KOG RO RV W BE T &
A IR S B A B, K o Y R I —
P HIEREACE TAMGT R R ENEGDGTE
AZEBKEZE L BGR B S AR S . 75 BiEkim
M) H H KBRS, B SRR T Y ok F2 o B X
SRR AR AT I A, R A K AR E I E . &
JiVEAEAE = 5 IR — 2 T K R
I, 1 B A 18 K A3 X Bl D g ) S A R B R R R
(7] 4y JER 45 ) 1) 98 1) 016 5 S OB 3 2 AN TR Y, DA TG d
MRS o R A TR A R b ot B AE, FE
TGRS RKE R R E TR AR T TSR,
BN GE RHER B BT B AR T Y R,

ERAM NG S RO B HEER RS N AR £ 5 K
T AN A 0 I H R R 3 A5 B A b 0 A K R A TE —
MR 7 .

Sk G B AR TR, AR ST A R L HE L
Fe B LT e oK R A O ik B SR E A
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BILJST 5 T A 23 i 7K i T o ) 1 i (DL
R VA G BT W B A KA 25 g kg AR
AN CARE R BRI KR (W) ki 2 4 A
B 5 b S B8 IC A () 5 7 S B0 A 55 0 e
B AR (C) 318 Wi 5 C R HE, 15 5145
AT A B K UK O B Lk S S e AR A A
BERCR G 19 SRR R 0 B R 2R R K, i
KR A S 2R R OK SR G s WK R 4
ANEFEEE R4 ~5 CTLE 24 h, fli L3545
SISO a3 o e R HBEAT 6 1 0, A R
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Table 1 Descriptive statistics of soil moisture in soils different in organic matter contents (g kg™")

+ 3 JH B 5 7K & Soil moisture

0L P B
OM content YN S A fi A4 bR 22 i ) fi 1 e L
(gkg™") Minimum Maximum Mean SD Skewness Kurtosis Range n

30.6 68. 4 392.4 209. 6 96.9 -2.3 3.9 324.0 11
31.8 51.6 286.7 172.0 84.5 -15.9 -0.1 235.1 15
32.6 49. 1 355.6 184.3 96.2 -12.6 3.6 306. 5 15
36.9 72.0 409.'5 230.8 106. 5 -10.3 1.6 337.4 12
39.2 55.5 415.0 187.7 104. 1 1.1 5.8 359.5 14
39.5 62.2 372.8 197.8 87.8 0.1 2.5 310. 6 12
50.0 62. 1 409. 6 212.6 109. 6 -9.6 1.9 347.5 12
51.8 53.4 445.4 217.2 126. 4 -9.4 3.3 391.9 11

1.3 StENE

K JH 3 [ 20 0 15 AL % 22 7] (Analytical Spec-
tral Devices, ASD) A j= [y B A1 $#5 20 5 6 1% (L ASD
FieldSpec ® 3 XJ4b 3 )5 (9 + 58 F 47 6 358 0, Ol 1%
I AE — > BB 45 1O B AR R = N BE AT, 1
FEARHICE T EHAZ 12 em R 1. 8 cm BYBEEEIL Y,

P RO e e 1 70 DB S0 Wi 54T,
PR R SRR R T 110 em, RTA 30°, /) 1 HEHDKS
JE i U B0 R R . R 8° L 3 B4 A A TR Sk
TR LA R 10 em I E Fr . WK 2R
2 2 5 R A 5 2 R IS R OAL B I, DL AR AT
Pro B HHERAE 10 0L 2k, AR 1R 15 3
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Fig. 1 Reflectance curves of black soils different in soil moisture ( soil organic matter 31.8 g kg ~')

B 2 AR A AL & i B £ 2 060 nm Y6
SR BE 1 A K AR B R EL, 2 060 nm S
5P SRR A P K B B R, 38 B —OE i AHE
Ji o BE A HE S K R B B N, 25 A R R A ML
Fr i B AT R I B A K B R BR300 g kg
2.2 RERHEEIEESKENEEXR

3 O - HE S K S OEE R A R AR B %L
W (DDW) Z [ A OC R . al A, &K
A G R AR AE 350 ~2 500 nm {1635 1 Fl N
S P A G, A RS DS T L A G R B

KT 0. 85 55 K i i B el A5 R R T 1300
nm BT LN BE . N[l E K i 3, 285 DDW Ak
BRG  bHE RS B e A LG e R
B 1 G 1] 8 BRI, A 7K 43 WA B B L B AR
KA o
2.3 TESKEREIETNEE

2 g b B KA I TN A TR A5 AT 1Y
PeE R R A 7 MR 2 RMSE K% : L DDW g
7 i A RORE B2 w8 T S N SRR IR A 5 K
>350 g kg B, AT RAEAE I WA RIS s

http : //pedologica. issas. ac. cn



1024 + 15 2 il 51 %
1.0
—— K N N
08r Reflectance I “ :
_ " 7 I '
035 g o6} BB ; !l i ﬁ“
5 Lt
0.30 3 o 04} i P ‘
Iy 1!
géfn i 020 0&" = 00 : : ; 1.
2§ . » E 3 1300 7 %0 300
E§olsp S o S -02} ; ;
£ 00 # ol
o & ' 6"00 L 2 # 0.6 H M E
o —U. r ] ]
0.05 | = i i
0 , , , , , A | / ;
0 100 200 300 400 500 S

+38 k8 Soil moisture (g kg™)

2 2 060 nm S i G F R IR
7K BB
Fig. 2 Scattergram of soil reflectance at 2 060 nm as affected by

soil moisture(n =102)
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Table 2 Soil spectral reflectance-based model for prediction of soil moisture

fbFf Treatment K i Moisture(g kg™") BiF Model R? RMSE

S 5F % Reflectance fir A X [a] All Range(n =102) y =584, 7e ~© 82X #2060 0.911 2.980
<300 y = —1011.1 x R, +370.51 0.924 2.091

S5 AR RO B o DDW <300 y =24894 x DDW 7 +27. 059 0.945 2.330
<300 y=131.02 x In( DDW 4,y ) +865. 07 0. 938 1.932

<200 y =29463 x DDW 470 +8.755 1. 845

200 < Mo <300 y =13070 x DDW g, + 134. 56 1. 845

>300 y =29419 x DDW 4,y —23.338 1. 845

TE : Rypeo M 2 060 nm Y63 [ 5 %, DDW 450 A7 1 870nm 5] 80X B3 53 , Mo F 75 7K i Note: R,y is the reflectance at 2 060 nm, DDW g, is the

DDW at 1 870nm, Mo is moisture.

Bl 7K A B 3G 0, 4 3 S 5 % DDW () i iy 3R
B =AM B AL (1) 0 ~200 g kg ™', DDW 7%
et 5 (2)200 ~300 g kg™, DDW ZEfL 2548 ; (3)
>300 g kg™', DDW A8 fk e, 1 870 nm I B K
1910 nm 7K 43 W& e 45 19 J8 5, Bl & 7K & B9 35
1 910 nm % B 4 398 Jz 55 56335 W e 4% I8 &6 il £k 9 42
AR (DL 1), 5301 870 nm I B i) 421 £kt
BRI AR Lk, &2 ol Hi Ay 1 870
nm B - 5 K B EON BU A e BeR B H
RMSE BUI%, 15 W] 5L T 4 48 & oK & 506305 S 9 248
R RO R T 2R M I BOeR AT B 5K &
F14) St T A it S

3 % i

AWFSERICT 8 B LA A, R
FHSCHE A 8K o0 PR BE T7 5, 45 3 102 A AN [R] 55 K
AR I R LT RO R R RDETE o i 5 4
WOk, B E TN & KRR R 5 i 4
ik, IS T AR b B K RO SR Y 25y
IKEIKE] 300 g kg™ A 1B, S5 5 AE A 2o i A B
G B H A B o3 T LA 2802 B A A ) R
KN T 300 g kg I, T LUR I EE T R 4T R
2 PR AU R AT TN 5 o o T T A K R R
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QUANTITATIVE ANALYSIS OF REFLECTANCE SPECTRUM
OF BLACK SOIL AS AFFECTED BY SOIL MOISTURE FOR PREDICTION
OF SOIL MOISTURE IN BLACK SOIL

Liu Yang Ding Xiao Liu Huanjun'

Zhang Xinle

Qu Changxiang Hu Wen

Zhang Hongting

( College of Resources and Environment, Northeast Agricultural University ,Harbin 150030, China)

Abstract

To study effect of soil moisture on soil reflection spectrum, Black soil, as a single soil class, was selected

as subject for the study. Soil samples were collected and prepared to have different water contents. And then, hyperspec-

tral reflectances of the samples was obtained in lab for analysis, statistics and quantitative description. On such a basis, a

reflection spectrum-based model for prediction of soil moisture in black soil was established. Results show that with more
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water added to a certain threshold (300 g kg '), the phenomenon of oversaturation would appear with soil reflectance.
However, the problem could be solved with its derivative of log-transformed reflectance (DDW ) , of which the response to
soil moisture displayed a 3-phased variation, thus resulting in nonlinear variation of DDW at 1 870 nm. It is, therefore,
essential to use piecewise functions to rapidly and accurately predict soil water content with spectral data.

Key words Black soil; Soil moisture; Hyperspectral; Derivative of log-transformed reflectance
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