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Response of physical and chemical properties inversion of black soil to ter-
rain factors supported by airborne hyperspectral data
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Abstract: In order to explore the effects of terrain factors on the airborne hyperspectral inversion of physical and
chemical properties of black soil, the typical black soil area of Hailun in Heilongjiang province was selected as the research
area. The correlation research of 12 terrain factors with soil organic matter content, total nitrogen content, total phosphorus
content, total potassium content, pH, cation exchange capacity and total salt content was carried out, and the prediction
accuracy of different modeling methods before and after adding terrain factors was compared. The results showed that there

was a significant correlation between various physical and

U7 B B :2020-05-09 chemical properties and the terrain factors such as

EATE . R FE AR AR A M1 250 000 i Bk fL 2% altitude, slope, valley index, terrain roughness index,
JE25 5 H ( DD20160316) 5 1 FE] -l 5T 81 25 5 24 L S J5t % s fluctuation degree. After adding terrain factors, the model

TL SV R 4 o i b BR k2= AT H ( DD20190520) prediction accuracy of support vector machine method and
TEER AN R TI(1985-) , 5B R AR, Wi+, S 4 T AR UM, R 5 the random forest method was improved steadily, but the
MRS IR F L5 A DT, (E-mail) zhaoningbo1985 prediction accuracy of partial least squares method was

@ 126.com greatly decreased. In this study, the modeling effect of
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random forest method was the best. Compared with the pure spectral inversion model, the model prediction R*of seven indi-

ces was generally improved after adding terrain factors, with an average increase of 0.036, while the increase of total nitro-

gen content model was the largest (0.062). On the whole, the terrain factor plays an active role in improving the accuracy

of airborne hyperspectral inversion of the physical and chemical properties of black soil, and it is suitable to use machine

learning method for inversion.
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Fig.1 Schematic diagram of study area location and data dis-

tribution
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Table 1 Description of some terrain factors

1.3 MERESSH

TEAR WU 23 B8 Iof W) 20 146 47 i ThD 3SR A | 25
G R MY M AR MR S B AR AT I S0 A
BCREMFRO0~20 om Y IR L 124 4, SR
M Prs s AL & i 2R i 2SR,
RS HEFacHmE pH EA 2w, 5y
BN A AL B i R FH B R - % 1R B A kT
E 3 RS IR A 85 A O M, L0 A A
I A A R R AR RE-X B
T i 5 BH 2 A8 ok HH SR B sS4 1 A
pH {ERF PHS-25 B2 BETHI & ; 43k i ok L S 1k
M
1.4 HFEEFRE

FET WA IX 30 m 43 HF 300 B0 e R AR A
(DEM) #2425 T 12 R e I 1, Horhifgdk
eps Pemy F A S RAE AreGIS10.2 B
S R = M=V N A 1 o G TR = N =Y
A 5T LU AE L HIE FLRGE 48 50 R AR B | HUE FRAE 48 £k
1E SimDTA B 4F it 8 5 7 R I IR 70 &
1,

HIE T o AR
HLAR B (Relief) Relief=elev,, —elev,;,, TH,elev,,, LB I KL ; elev,, AR /D 2
P HLRE R L ( TRI)

RSy s R (EPD
count BB Feit 7, <2, %t

Sum(Z;-Z,)? . .
TRI=, |~ A, Z, S ABIA% @ b AR Z, AR B R R (L

EP]:%X(’,ount(Zl<Z(.) i, Z, Do B @ R RARE 2, O B s R AR IV, AR AR £ E

= N lev e —elev,,;, o o .
IR (RO ER= s el AR RSB el g, I NS el BB
s S Z,-7) /dis . _ . )
R Cs) =LAV L s R § 1R T Z oSSBT BB it Yo Z, S0 O

B IS S 2L,
WA HRE (V)

HILRFAESE L (TCT)
XK /W BV O B A

I AHEROR A SRR A2 T/ 118 3 9 AT BT o AR E AT 8 4 (TOPHAT A8 ) | X AR 48U i 28 R 45
TR 07 B — A AR AR X A AT YT OL

TCI=Csxlg(SCA) v, Cs T I RIGE ; SCA B w2 I AN, TC1 v F 40 5o i Rl s DA &

MBIFFE X (4 T4k RIS L oA 0 (P 2) v] L
H RS DR AR A AR b 22 7R i P AR s A, e
- 111 o I S ) e P b I 1 < R DR

FEHPIR B, X E Bt A T B i
I 115 - e P A Ve 5 18] i B 4 3
Hr FEZEHI T SPSS 22 # i 4T .



XTI S R OE IS SCRF T A A AR TS X bR DR i i 1447

B2 HRREBERREER

Fig.2 Elevation and slope map of the study area
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Table 2 Description and statistics of soil physical and chemical properties at ground sampling points

+HEFR AR bR f/ME BRME ¥E brif 22 5 5 AL
AP E (%) 2.138 7.930 4.236 0.608 0.144
EREE(%) 0.107 0.357 0.172 0.036 0.209
TR (g/ke) 0.510 1.355 0.926 0.116 0.125
(%) 2.260 2.690 2.502 0.076 0.030
pH i 5.150 8.450 6.366 0.580 0.091
BH 25 732 45 ((emol/kg) 21.200 35.400 26.641 2.714 0.102
L (mS/em) 0.056 0.497 0.161 0.067 0.416
FEARSECH 121 4,
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Table 3 Parameters of airborne hyperspectral inversion model

HEEA  BEESR ANEER S 2ASE Ry S ey pH fH PH B 72 i Sdhit
AR RMSE 0.402 0 0.029 5 0.063 0 0.041 0 0.339 0 1.632 0 0.044 0
R? 0.799 0 0.746 0 0.671 0 0.735 0 0.705 0 0.736 0 0.613 0

T 5 RMSE 0.439 0 0.032 1 0.071 0 0.043 0 0.354 0 1.868 0 0.049 0
R? 0.707 0 0.687 0 0.637 0 0.683 0 0.665 0 0.687 0 0.546 0

R? .78 280, RMSE - Y 7 iR 2%

G0 R 4 R AR SR, A T R A
[B1KE R e 23 3 () 5 B | A AR T 2 () S T Y 4%
FE100 mx 100 m YR EEAT I 11 RE 159 3344 K 4%
R4 tEEABROREER

Table 4 Inversion results of soil physical and chemical properties

TIPSR bR A B A R IR (E 25 0 5, S5 R UL 4,
Xf e 2 FIER 4 MR AT IR 2, 45 BIEPEAL 4R AR
RS S BRI

T HEFREAE bR f/ME HRRE ¥E brifi2: T 5 F AL
AV E (%) 1.834 8.635 4.178 0.644 0.177
EREGE(%) 0.103 0.373 0.174 0.035 0.144
SRR (y/ke) 0.463 1.534 0.890 0.121 0.130
(%) 2.234 2.713 2.513 0.073 0.029
pH 5.030 8.300 5.936 0.603 0.102
BH 25 732 45 ((emol/kg) 16.573 43.580 26.824 1.781 0.066
SEh i (mS/em) 0.049 0.493 0.163 0.064 0.393

FEARKCHR 9 334 4,

22 TEBEAERSHEEFHEEXR

2.2.1 ABK R TP LA BAL S bR S ML P
RF IR A G R B3R 5) , FEAFEAN R . pH [H .4
R SR S W O G, A PLE & & CEC
gk 2 W E OO, i i 5k R W A
K, o pH B 5K PR OGP B R i S

JE S TG, e U i SR B R TG
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S OB A S T O e i AR
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WA
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Table 5 Correlation between physical and chemical properties of ground samples and terrain factors
o h*ﬁaé?:%ﬁt — : :

A BB i -0.213*  -0.092  0.052  0.100  0.029  0.063  0.030 -0.033 0050 -0.157 -0.228" 0.018
ARG -0.254"  -0.127" -0.029  -0.097 0.066 0.013 0.011 -0.012 0.030 -0.075 -0.068 0.014
BRI, 0.100*  -0.175"" 0.007  -0.068 0.048 -0.015 -0.009 0.034 -0.053 -0.141" -0.168 ** -0.003
e 0.025 0.084 -0.018 0.045 -0.071  -0.019  -0.052 0.012 0.013 0.117* 0.098 -0.071
pH {H -0.384*  0.079 -0.073 0.042  -0.015 -0.003  -0.046 -0.043 0.096 0.088  0.085 -0.051
FHE FacHei -0.230"  -0.009 0.049 0.064  -0.066 0.188 0.155 -0.086 0.066 0.034  0.071 0.147
By 0.034 -0.025 -0.040 -0.041 -0.101 0.095 0 0.043 -0.116 -0.081 -0.080 0.015

*FIRTE 0.05 KF EBFEMR; ™ FARTE 0.01 K ERBEAR,
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Table 6 Correlation between soil physical and chemical properties retrieved from airborne hyperspectral data and terrain factors
AR AL

PIEIE e e o PR R Rm W WEAS WPE .

ith % i1 RS VY /N R A 5 QRN (<% QRN A (=1 QR 1 =11 ~ fiFHERL
BHLBTE = -0.223" -0.116*  0.004 0.014 0.016 0.009 0.007  0.036*  0.017 -0.120* -0.112* 0.013
SRR -0.198* -0.137** 0.005  0.009  0.020 -0.008  0.005 0.044*  0.017 -0.149*" -0.145* 0.011
KTy -0.118* 0.124* -0.016 -0.003 -0.010  0.020 -0.008 0.042** -0.006  0.142** 0.152** -0.008
gty 0.095**  0.150* 0.001 -0.008 -0.006 0.011  -0.011 -0.014 -0.009 0.182* 0.186™ -0.018
pH fH -0.317*  0.142* 0.019  0.013  0.011 0.035*  0.014 -0.001 0.018  0.163™ 0.175™ 0.011
FHES FacHei  -0.392*  0.142*  0.016 0.013 0.019 0.027*  0.008  0.036*  0.028™ 0.163™ 0.180™ 0.007
Sdhh 0.046  —0.092 0.052  0.100  0.029  0.063 0.030  -0.033 0.050 -0.157* -0.228*  0.018

* FIRTE 0.05 K L BEMSE; ™ F/RAE 0.01 K LB EAR,
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Table 7 The selected terrain factors related to various physical and

chemical properties

TSR bR LiEESTESINE Y AN
A BT VR BIRE LA B st LR K R AR R
R RS L AT 15 5 T AL R R AR
o TR SR AT TR R MRS 1 B AR IR
LR TR S LR B R
pH ff TR B SRR R L IR SR R R
ISR/ R 557 8 SN VN AN RS - NS R e

TEEL P LR i AR 2

Eoeahe s I MR TR AR IR

2.3 HEETFIERMRIE

R TR A T SIS P PR X T A R Y
M), FEAETRY 1 [ AR S 53 R S R R GRS S R+
T e A HBIE R 615 R R + I I 3 25,
P TSR () TUIDHS B Lb S ORS B B HLA S BRI F
{8, R DL 26 35 AT R B A T e

I FH T A0 7 PR A0 04 D e /N — e vk
ATERRE ] 3 R AR BE Y HIE 5 7 Fhat ik



1450 TR L %

2020 4E & 36 % e M

RhR AR TN R? 35 KR T B, Herb pH {E R CEC
BT R B B MR f K, pH B B9 B R TR0 R®
0. 665 [%4 0. 149, CEC WAL AL HUM R® i 0. 687 [%
4 0. 107, INA A BB B 7 )5, Bk CEC MR -
HERRALTE AR BRI T R — 2 R R, il K A
P doe /N e T A A A BOHE e R, Bl R D i
J ST A S R AN i B o B 0 T
PET;, T8 B i a5 B = 0 5 B T A BT REEAR
T I R S5 A RO 2 Bl = 18 o0 5t 1 i — L
AR, D P B 5 3 I i 238 22 T i A DG A 2
B, =N A W i T TR, AT S
T e/ N A AR A TN ARG E

I 57 415 1) 2 B 7% A0 B ML AR PR 3k 25 47 6T L AF
5, SCRE AL A% PR IR AR ) 3 PR £ (RBE)
BEALARAMIESE T DS E 25 000, 6 253
FrasAr g H oA 3, K3 R, Ba A G

R S 4 R LR X 4% - AL R AR Y A R
TN R 38 0% T i Fie /1N 30 325, A 7 36k ) i 2 TR
T BRSO R P e £ T, 7 S8 TR R
0.031, AMLIT & MR E R K (AT
0.060) , 4kSEfin A 2= HEHbIE - JE B R T R 475 A
BN EE BT, (L 5 28 TN B /N T B gl A D3
RS e d /N — ik

Bl 3 S AR R D3 S S 3R B BEATLAR AR
I TN 25 R v G R R A W S 1 A Y
REFEAR T /N 3k . in AT 328 04 MR R )5
& PRALFE R ORISR R 545 B B4R T, I A2
HIE R I 45 B A8 AR AR R F0I R A3 1 — 25 55
PETb, Halienk G R AR L, in A 43 Y
FI5 45 B AL A8 bR AR A I R 1 S 24 5 T 0 B
0. 036, Horh 20 & J BRI T R B2 T iR fe K
(747 0.062)

08 (kb ek 081 R 08 BUBLERAE
0.6 0.6 0.6+
?fg 0.4F o 04r 1 04
F: S g
02F 0.2+ 021
(U 0 0 LU | | W |
a b ¢ d e f g a b ¢ d e f g a b ¢ d e f g
LRI S AR IR
ORI MOCH AR OMTRE T BRI+ 2 M T
a:ﬁ*ﬂ»ﬁ/ﬁv\i;b:ﬁ?ﬁﬁi;mﬁ?%ﬁi;d:ﬁ?@ﬁi;e:pH {E,fﬁH%%iiﬁi,gﬁ?ﬂfio
B3 E IR ER B TS RS0
Fig.3 Effects of terrain factors on the prediction accuracy of inversion model
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