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A predictive model for the hyperspectral character of saltmarsh soil to its heavy

metal content at Chongming Dongtan
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Shanghai 200062  China
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Abstract Hyperspectral remote sensing is becoming a new tool for ecological research at large scales and has been used to
identify and quantify the mineral components of land surfaces and soils and to estimate biochemical contents in plants
among other uses. In this study the spectral characteristics of the salt marsh soils at Chongming Dongtan Nature Reserve in
Shanghai were measured by a ground FieldSpec™ Pro JR spectroradiometer. The average spectral reflectance rates of all the
band sets were extracted according to the band sets of Hyperion in EO-1 satellite. The partial least squares regression
PLS was then used to predict the heavy metal contents in soils with focus on Zn Cr and Cu . The predicted values
were compared with the measured values of these metals obtained through laboratory analysis. The results showed that the
correlation coefficients between the predicted and the measured values were 0. 822 0.761 and 0.775 and the average
relative error for the Zn Cr and Cu contents were 4% 3% and 4% respectively. The results from this study indicated that
the content of heavy metals in saltmarsh soils can potentially be quantitatively deduced from the reflectance rate. This would
provide a basis for the use of hyper-spectral images for the evaluation and interpretation of heavy metal contamination in soils

on a larger scale.
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Table 1 The location and the character of vegetation of the sampling points

cm

Number Longitude Latitude Vegetation Height of vegetation

Al 31°31'7.9" 121°58'50. 8" Mudflat 0
A2 31°31'5.5" 121°58'40.2" Mudflat 0
A3 31°30'58.0" 121°58'19.5" Phragmites australis 75
A4 31°30'0. 6" 121°58'7.3" Phragmites australis 80
A5 31°312.6" 121°57'58.3" Phragmites australis 90
A6 31°31"2.7" 121°57'52. 1" Phragmites australis 70
A7 31°31'1.9” 121°57'44.6" Phragmites australis 65
A8 31°30'59.8" 121°57'38.0" Phragmites australis 70
A9 31°30'57.1" 121°57'29.7" Phragmites australis 75
A10 31°30'56.2" 121°57'23.9" Phragmites australis 80
Bl 31°30'1.0" 121°58'48.8" Mudflat 0
B2 31°29'59.9" 121°58'55.0" Mudflat 0
B3 31°302.8" 121°58'38.6" Scirpus mariqueter 5
B4 31°30'6.9" 121°58'16.3" Scirpus mariqueter 5
BS 31°30'11.6" 121°58'3.5" Carex scabrifolia 25
B6 31°30'11.8" 121°57'58.5" Phragmites australis 55
B7 31°30'9.0"” 121°57'51. 1" Phragmites australis 50
B8 31°30'6.7" 121°57'42.5" Carex scabrifolia 30
B9 31°30'7.8" 121°57'33.7" Carex scabrifolia 28
B10 31°30'8.1" 121°57'27.9" Carex scabrifolia 25
BIl1 31°30'9.0"” 121°57'19.2" Carex scabrifolia 28
BI12 31°30'8.9" 121°57'9.3" Carex scabrifolia 20

1.3

60 °C 120
60 C 24h
ASD FieldSpec™ Pro JR 350 ~2500 nm
350 ~ 1000 nm 1.4 nm 1000 ~2500 nm 2 nm
98%
USHIO A128930
15° 15 em 30cm 14
5 20
ViewSpec Pro 4. 02
1.4
ICP-AES Zn Cr Cu
1.5

ViewSpec™ Pro 4. 02 EO-1

http //www. ecologica. cn



27

3430

214

400 ~2350 nm

242

Hyperion

15

partial least squares regression PLS

Albano

Wold

1983

16

PLS

PLS

PLS

PLS

SAS
PRESS prediction residual sum of squares

PRESS

PRESS

15 17

L
=
o

1 1 | |
e n ¥ a2
S o o o

o=
(=) [=}
20uBJOY T [ X SUI
=
=
S
S
X
—
£
=
el
S
Ive)
N
2
S
IS
N
N g
=
o
S
Q
N

2350 nm

400 nm

1350 1850 2350
¥ K Wave length (nm)

850

350

400 ~ 2350 nm

2.2

Fig. 2 Reflectance of the soil samples measured in laboratory
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Fig. 4 Plots of measured metal concentrations against the predicted values for all the soil samples
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Table 2 The analysis of the relative error of the heavy metal contents between the measured and the predicted
Zn Zn Cr Cr Cu Cu
Sample Measured Zn Predicted Zn Relative Measured ‘Cr Predicted ‘Cr Relative Measured .Cu Predicted .Cu Relative
number concentration concentration Ertor % concentration concentration error % concentration concentration error %
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

1 114. 1000 119.9790 -5 78. 6000 77.5152 1 36.4000 37.2586 -2
2 82.3682 99.9050 -21 66.0942 71.1392 -8 25.7588 31.8366 -24
3 147.4052 145.9440 1 79.0419 79.8032 -1 41.1178 40.9869 0
4 136. 4089 127.8950 6 74.5317 74.0798 1 35.8709 35.8821 0
5 142. 1000 138.4030 3 82.6000 81.8696 1 41.4000 41.0245 1
6 105.7731 133.0110 -26 63.3240 76.8742 -21 28.9652 37.7515 -30
7 123.4531 116.9380 5 73.4531 70.5902 4 34.3313 32.6885 5
8 133.4466 154.6570 -16 75.5698 79.0955 -5 37.7849 41.3614 -9
9 117.6177 129.2600 -10 66. 8396 66. 6255 0 30.7263 32.2332 -5
10 132.9000 143.0920 -8 79.0000 75.8542 4 39.8000 38.5860 3
11 86.7876 86. 6050 0 66.1618 66.8997 -1 26.9031 27.0880 -1
12 75.9000 74.1880 2 59. 6000 52.8102 11 25.0000 19.5520 22
13 80.3714 81.6970 -2 59.3051 59.3105 0 21.9649 22.6736 -3
14 87.7702 103. 4740 -18 60. 0480 72.3717 -21 27.0216 32.4503 -20
15 106. 6441 100. 6960 6 62.2506 63.2701 -2 28.7310 27.6783 4
16 114. 0088 105. 8830 7 67.9456 65.7347 3 32.5739 28.8430 11
17 146.7826 131.2400 11 72.9416 72.5434 -1 36.5707 35.3933 3
18 125.9504 114.4690 9 78.6315 82.0387 -4 40.6162 37.6913 7
19 120. 7000 131.2280 -9 73.8000 76.8062 -4 36.2000 37.5684 -4
20 103.4105 136. 8430 -32 72.3973 86.7565 -20 31.3123 42.8299 -37
21 107. 1286 111. 1000 -4 69. 8882 69. 6483 0 31.5495 31.3012 1
22 126. 3000 124.3170 2 64.4000 64.2092 0 27.0000 30.6735 -14
Average 4 3 4

relative error
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