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Fig. 1 Correlation coefficients between reflectance

of each band and soil salt content
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Table 1 Diagnosis indexes
ER'N 1 2 3 4 5 6 7 8 9 10
Pl /nm 585.88 584. 30 587.47 582.72 589.05 581. 14 590. 63 592.21 593.79 579. 56
| P/ 0. 0601 0. 0601 0. 0595 0. 0594 0. 0587 0. 0583 0.0577 0.0577 0. 0574 0.0572
F2 HXRH
Table 2 Correlation coefficients
ER'N 1 2 3 4 5 6 7 8 9 10
Pl /nm 453.01 454.59 451.42 456. 17 457.75 459. 33 460. 91 462. 50 464,08 465. 66
| R 0. 7086 0. 7085 0. 7080 0.7076 0.7073 0.7070 0. 7065 0. 7062 0. 7059 0. 7054
#3 REE
Table 3 Standard deviations
ER'N 1 2 3 4 5 6 7 8 9 10
Pl /nm 584. 30 585.88 582.72 587.47 589.05 581. 14 590. 63 579.56 592.21 593.79
| o] 0. 0870 0. 0869 0. 0861 0. 0860 0. 0845 0. 0844 0.0829 0.0829 0.0828 0.0825
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Fig. 4 Scattered diagram between inversed and

measured soil salt contents (¥Y) and (X))
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N fhze M 2% (ANN) B AT 1R i 10 A5 26 1 e g
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7 B /NI R, e 2 A B2 08 2B IR B AN
R, PERLREED G BR2E R LR, B BIANAL 4R
A TR 22 WAL 4k "I RE A AZ I STHEAT, AT I8 3 199 2% [14
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Table 4 Soil salt content extracted from the statistics model
f;?ﬂl |'.13? i |:i3‘:if HIXI BE A sl |'.133;é i |'.11IE }IHI
o fharda RE 5 thordrh fhardie RE
/% /% /% /% /% /%o
0.47 0.349 - 25.74| 27 0. 69 0.181 - 73.77
0.19 0.296 55.79 28 0. 64 0.089 - 86.09
1.20 0.678 - 43.50| 29 0. 54 0.252 - 53.33
0.20 0. 236 18. 00 30 0.71 0.377 - 46.90
0. 40 0.677 69.25 31 0.38 0.360 - 5.26
0.23 0.210 - 8.70 32 1.29 0.458 - 64.50
0.17 0.267 57.06 33 0. 48 0.391 - 18.54
1.20 0.706 - 41.17| 34 0. 44 0.680 54.55
0.25 0.416  66.40 35 0. 61 0.415 - 31.97
10 0.17 0.262 54.12 36 0. 58 0.434 - 2517
0.12 0.416  246.67 37 0.2 0.224 12.00
12 0.11 0.293  166.36 38 0. 38 0.457  20.26
13 0. 28 0.773 176.07 39 0. 48 0.452 - 5.83
14 0.91 0.495 - 45.60| 40 0.17 0.309 81.76
15 0.42 0.220 - 47.62| 41 0. 09 0.217 141.11
16 0. 34 0.545 60.29 42 0. 48 0.436 -9.17
17 0. 41 0.577 40.73 43 0.31 0.212 - 31.61
18 0.28 0.312 11.43 44 0.02 0.036  80.00
19 0.28 1.020 264,29 45 0.02 0.091 355.00
20 0.17 0.919  440. 59 46 0. 06 0.100 66,67
21 0.74 0.340 - 54.05| 47 0.11 0.205 86.36
22 1. 15 0.696 - 39.48| 48 0.05 0.023 - 54.00

PR

s

wooe =1 o th B L R =

23 0.48  0.263 -45.21| 49 0.06  0.236 293.33
24 0.44  0.436 -10.91 50 0.07  0.204 191.43
25 0. 31 0.091 - 70.65| 51 0.13  0.362 178.46

26 1.24 0.215 - 82.66

AR MAT LA B 8T 3E4T R 2% 45/ v vt
S1AN T HERE AR 0 B 4L — AN IZRREA, JE 43
AFEAR; 57— 4L MARFEA, 3L 8 NMFEA . Aster EREL
i) BAND1.BAND2 Fl BAND3 Sed 2 Hdii A 4 M 4%
A, T HEER > B LR I . AEEAT P Zg Il
G2, X A2 0 2 1 i N N S 2 AT e A R AR
HEAL AR BE, CADnbR g 2% [ ) ZRs 8 o 28 I 48 B R e g
NI Y= Tan-sigmoid 16 4 ef AL oy )R
H Purelin ZetEAL4m et . A T R¥FF RG A€, IH IRk
UL /ISR 2 2D JERE, AR T 2 U 50N o et o o AR
A4 38 J5 i 2 AR A A R 22 T o gt 2 1 ) i ke 1k AT 1
o AR, SRANE IR 2 45 RUEUE P48 R
OCHE . W ARER 4 RBUR /D, 2% n] SRR DR 1) i
(15 LA, 190 248 0 e A Ak B 5 25 1 ) G, 5 6 45 J 2
FEOE 2, K A0 9 2 YN ] i) SRR N . ASBIFS R B
J2 T R I SR I8 AL G K, B S I — AN TR B
K28 TG, Bo 2 ST EBOE A 2 4, IATRF & SR E
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A MBS Z ek, HRGE R k. T E SR B
RN SR ST e R g 2 B[R] LK
IZR AR 1500 U 1 B % 21 ROBCR S 68 1~ I
ZRFEAI R FI MSE( W 5)
#5 TRAREEVABERTINFHAN MSE FR
Table 5 MSE and R of the training samples with

different node numbers in the hidden layer

Badm R 2 3 4 5 6 7 8
MSE 2.799 2.181 0.807 1.120 0.861 0.377 0.105
R 0.626 0.725 0.909 0.910 0.902 0,958 0.989
FadEtsisg 9 10 11 12 13 14 15
MSE 0.115 0.058 0.0159 0.072 0.218 0.662 0.318
R 0.988 0.994 0.992 0.989 0,988 0.938 0.967

i SRS, I 45 G % BRI ) MOCR ATBLUACR,
BeJ2 B0 RO E R 11 A AE RN Zrd B rp, AT i 42
P LAY I B ZRAR 1 2 A I R A R
7N, T 24 S 1 199 2% P 3 37 10 Bl e 07 A AR K 3%
ZEo AWIFCN LT J7 AL B 5 IS 1) 1B kg
BRI BLTEY (R 1k i R B P 2838 5 25 MUSE, G B 7 2
K 9 2% E 6 e K1 B4 (I MSE 208 MSEREG, BYl:
NET. performFen= “msereg”, J 487 & 7 fig LLGIEL, 40
NET. performParam. ratio= 0.5, JX 7] 7 — & F2 & L4
LA 2) P4 RAR G, A B 23 )
25 AN 4 0 0 23, A P T T PR % S R g
ik, AR TR R S0 0 R 3) A B
EWIE R NEE U, 0T R N B, (B R
ZENAN, 9 8 T L N R 1)K, T HL T g H B 42
TURE . AW, W R, W R E R
0.001.

VIZRBEA [ i 2 ) 28 B TR B 45 R L3R 6 S LAt
T J AR S DA 1 S P S P 5, T A A 1 o 2
W28 R B 45 2R WA 7 R STRER R i S S BIME
LK 60t 6.7 F1IEl 5.6 AT L, HETTHRIRLATLE,
A2 90 2 B IRY 1) - 38 23 T SOR B4 49 2, FLARDN 3R
ZEdE KA 3% , Fe/N Ay 05 T GE VTR TR F0H (14 AH 0 % 22
1K 440.59% , J2/hJa— 86.09% o T, A Y 545
R HAT IR SR AR AR5 8 ), TERRE K G4
IR g 0 W2 XM BEAS R R R L R
RKEH. [, I BP 428 00 4 KR S it 3 M5
DXt (10 - 398 43 A UL BT 7, el BT 7 T, R [X
SR R R (VE: AKIRGE — F TR) , RW] LR

R 45 R FE AT SE 1 o

F 6 IGHEAR AR N SR

Table 6 Predicted values of the training samples from the model

g ., FhEERE MOl MG, R R 1%
:TI ﬁ S If:w)lzmn o :1| i i i Eswfmi oy
i /o /% B 5 ) /e /%
1 0. 020 0.017 - 15 22 0. 340 0. 340 0
2 0. 050 0. 066 31 23 0. 380 0. 380 0
3 0. 060 0. 062 3 24 0. 380 0. 380 0
4 0. 060 0. 060 0 25 0. 400 0. 400 0
5 0.070 0.079 13 26 0.420 0. 420 0
6 0. 090 0.118 31 27 0. 440 0. 444 1
7 0.110 0.110 0 28 0. 440 0. 440 0
8 0. 120 0.121 1 29 0. 470 0. 470 0
9 0. 130 0. 131 1 30 0. 480 0. 480 0
10 0.170 0. 160 -6 31 0. 480 0. 480 0
11 0.170 0.167 -2 32 0. 480 0. 475 -1
12 0.170 0.170 0 33 0. 540 0. 583 8
13 0. 170 0. 170 0 34 0. 580 0.574 -1
14 0. 200 0. 160 - 20 35 0.610 0. 622 2
15 0. 200 0. 158 - 21 36 0. 640 0. 698 9
16 0. 230 0. 230 0 37 0. 690 0. 676 -2
17 0. 250 0. 183 - 27 38 0. 740 0.733 -1
18 0. 280 0. 280 0 39 0.910 0.910 0
19 0. 280 0. 280 0 40 1. 150 1. 127 -2
20 0.310 0.217 - 30 41 1.200 1. 200 0
21 0.310 0.310 0 42 1.200 1. 200 0

RTOMREEA AP TR 4 R

Table 7 Predicted values of the test samples from the model

MR oo HEEKSE AR | MR o WAKSE AN

pac 0 g oz | pr S g vk

i 5 /% /Y% || i /% /%
1 0.020 0.020 0 5 0. 41 0. 500 22
2 0.110 0. 101 -8 6 0.48 0. 653 36
3 0.190 0.152 - 20 7 0.71 0.589 - 17
4 0.280 0.384 37 8 1.24 1. 290 4

1.2 b R=0.996
1.0 |
0.8 -
0.6 e
0.4

0.2 -

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
T
[ 5 UIZRFEAS L s 2 Sk i sl (A)
SRR AR (T (RO
Fig.5 Secatter diagram between measured values (A )

and predicted values (T') for the training samples
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Fig. 6 Scatter diagram between measured values (A)

and predicted values (T) for the test samples
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Fig. 7 Map of soil salt content inversed

by the ANN model in the study area
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Retrieval of soil salt content based on remote sensing
Fu Qinghua', Ni Shaoxiang™™., Wang Shixin', Zhu Yi'
(1. Institute of Remote Sensing App lications, Chinese A cademy of Sciences, Beijing 100101, China:
2. College of Geograp hical Sciences, N anjing Normal University, Nanjing 210097, China)

Abstract: soil salinization is one of the most important problems of land degradation and the basic environmental
problem in arid and semi-arid regions. The remote sensing technology can rapidly and timely provide the informa-
tion about properties, geographical distribution and extent of soil salinization. T aking the city Huanghua of Hebei
Province in China as the study area and through the analysis on the data of soil spectrum measured in field, it was
found in this study that vegetation affects greatly the spectral response of soil for salt content, and at the same
time the spectrum ranging from 451. 42 nm to 593. 79 nm is much sensitive to the variation in soil salt content
and, therefore, based on the analysis of soil spectrum, the relevant statistic model for predicting soil salt content
was constructed. However, due to rather complicated noninear relations existed betw een image features and soil
salt content, the results of soil salt content retrieved from the statistic model is not so ideal. For this reason, an
artificial neural network model ( BP model) was constructed and applied in the retrieval of soil salt content.
Because of its superior ability for solving the non-inear problem, the BP model provided a much better accuracy
in retrieval of soil salt content compared with the results from the statistic model.

Key words: soil; salt; remote sensing; artificial neural network



