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Abstract: Hyper-spectral data is widely used to 

determine soil properties. However, few studies have 

explored the soil spectral characteristics as response 

to soil erosion. This study analysed the spectral 

response of different eroded soils in subtropical China, 

and then identify the spectral characteristics and soil 

properties that better discriminate soils with different 

erosion degrees. Two methods were compared: direct 

identification by inherent spectral characteristics and 

indirect identification by predictions of critical soil 

properties. Results showed that the spectral curves for 

different degrees of erosion were similar in 

morphology,  while  overall  reflectance  and  

characteristics of specific absorption peaks were 

different. When the first method is applied, some 

differences among different eroded groups were 

found by integration of associated indicators. 

However, the index of such indicators showed 

apparent mixing and crossover among different 

groups, which reduced the accuracy of identification. 

For the second method, the correlation between 

critical soil properties, such as soil organic matter 

(SOM), iron and aluminium oxides and reflectance 

spectra, was analysed. The correlation coefficients for 

the moderate eroded group were primarily between 

−0.3 to −0.5, which were worse than the other two 

groups. However, the maximum value of R2 was 

obtained as 0.86 and 0.94 for the non-apparent 

eroded and the severe group. Furthermore, these two 

groups also showed some differences in the spectral 

response of iron complex state (Fep), Aluminium 

amorphous state (Alo) and the modelling results for 

soil organic matter (SOM). The study proved that it is 

feasible to identify different degrees of soil erosion by 

hyper-spectral data, and that indirect identification by 

modelling critical soil properties and reflectance 

spectra is much better than direct identification. 

These results indicate that hyper-spectral data may 

represent a promising tool in monitoring and 

modelling soil erosion. 

 

Keywords: Soil erosion; Erosion degree; Hyper-

spectral; Aluminium oxides; Iron oxide; SOM 

Introduction 

The red soil region of subtropical China has 

undergone severe soil erosion because of 

overexploitation and poor management. This has 

led to significant environmental challenges that 

threaten regional ecological services and socio-

economic development (Zhao and Shi 2007). 
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Under different degrees of erosion, some critical 

soil properties always show obvious differences 

because of inconsistent soil horizons. Therefore, 

monitoring of erosion degree rapidly and 

accurately is essential for determining appropriate 

erosion control measures (Cai and Huang 2002). 

Traditional erosion monitoring data are 

typically assessed at monitoring stations by 

recording changes manually. This is time 

consuming and is influenced by subjective factors 

(Wang et al. 2012). In recent years, hyper-spectral 

data have been used to quantify soil properties 

(Chang et al. 2001; Hummel et al. 2001). Most 

studies have focused on the spectral response of 

soil properties, including soil organic matter (SOM) 

and iron and aluminium oxides, which are critical 

to pedogenesis and sensitive to soil erosion. It has 

been demonstrated that SOM influences the visible 

and near-infrared (VNIR) and shortwave infrared 

(SWIR) regions (400–2500 nm). Therefore, 

increasing SOM content can decrease reflectivity by 

550 to 700 nm, and it can also influence the 

spectral characteristics of other active soil 

substances (Ber-Dor 1997; Ber-Dor 2002; Galvão 

and Vitorello 2008). Furthermore, iron oxides 

show a strong correlation to reflectance in mid- 

and far-infrared regions (Stoner and Baumgardner 

1981; Hunt and Ashley 1979). In particular, free-

state iron oxides can inhibit reflectivity at 400–

1100 nm (Ji and Xu 1987), with absorption peaks at 

500, 700, 870, 1000–1100 nm and approximately 

1800 nm (Wu et al. 2005; Zhou et al. 2007), while 

aluminium oxides only shows an absorption peak 

at 2,200 nm (Yan et al. 2003). Based on these 

characteristic spectral absorptions, such soil 

properties can be predicted by multivariate 

regression and neural networks (Nanni and 

Dematte 2006; Liu et al. 2002; Whiting et al. 

2004). Many studies show that these methods 

provide the best results when the SOM content is 

high relative to other substances (Mathews et al. 

1973). The coefficient of determination (R2) can 

exceed 0.7 in VNIR–SWIR or can be higher (0.89) 

at 500–1200 nm (Ladoni et al, 2010). In addition, 

prediction precision shows different responses for 

iron oxide content; the general R2 fluctuated 

between 0.56 to 0.7 (Wu et al. 2007; Ben-Dor and 

Banin 1995; Nduwamungu and Ziadi 2009). 

Compared to these studies, the relationship 

between soil erosion and spectral reflectance is 

rarely studied. Richard and Weismille (1985) 

divided samples into three groups based on 

different erosion degree (i.e. non-apparent, 

moderate and severe), and analysed their spectral 

response using multispectral scanner data. Results 

showed an increase in reflectance with an 

increased degree of erosion. This study pioneered 

the linkage between spectra and soil erosion, but 

stayed on the qualitative stage due to low spectral 

resolution ((De Asis and Omasa 2007; Shoshany 

2012; Desprats et al. 2013). 

Using hyper-spectral data to quantify soil 

properties has been widely investigated in previous 

studies. However, the impact of soil erosion on 

spectral characteristics needs to be further 

explored. Our study selected Changting County, a 

typical red soil region of subtropical China as the 

study area. The objectives are as follows: 1) To 

analyze the critical soil properties as well as 

spectral characteristics of soils with different 

erosion degree; 2) To predict the critical properties 

of soils with different erosion degree from their 

spectral characteristics and 3) To find out the 

spectral characteristics and soil properties that 

better discriminate soils with different erosion 

degrees, in order to develop a model that could be 

used in the future to discriminate erosion degree by 

using hyper-spectral data. 

1    Materials and Methods 

1.1 Study area 

Changting County (25°18'40"N–26°02'05"N, 

116°00'45"E–116°39'20"E) is located in western 

Fujian Province, China. The study area represents a 

typical subtropical monsoon climate; it has wet 

(March to September) and dry (October to 

February) seasons. In the wet season, the daily 

maximum precipitation in the county always 

exceeds 100 mm and fluctuates between 150 to 220 

mm in 90% of the area. In addition, extreme 

weather events, such as rainstorms and cold surges, 

are frequent. The majority of the land is woodland, 

with a small proportion of farmland. The dominant 

soil type is ferralic cambisol. Iron and aluminium 

oxides are important soil-forming elements. The 

main soil parent material is granite, and its 

resistance to erosion is low. The most typical acidic 



J. Mt. Sci. (2014) 11(3): 697-707 
  

 

 699

ferralic cambisol granite region is distributed at the 

centre of the region which is also the economics 

and political centre of the region. The native 

vegetation has been replaced entirely by secondary 

and non-indigenous vegetation because of human 

activities. According to a remote sensing survey 

conducted in 1985, vegetation coverage in the 

region was only 15%–35%. The centre of Changting 

County has become the most eroded red soil region 

in subtropical south-eastern China due to the dual 

role of natural as well as anthropogenic activities. 

As indicated by the 1985 remote sensing survey, 

the eroded area in the region exceeded 80%, and 

after a long period of continuous effective control, 

the eroded area has decreased to less than 50%. 

However, because of imbalanced distribution of 

forest resources and conflict between human 

activities and land protection, erosion remains a 

serious ecological issue in the region (Wang et al. 

2005). 

1.2 Soil samples 

The state of soil horizon is an important 

indicator for measuring soil erosion degree. In the 

study area, soil erosion has stripped land structure 

for a significant period of time, resulting in various 

soil horizons for different historical periods. In 

addition, critical properties, such as iron and 

aluminium oxides and SOM, vary in different soil 

horizons, which resulted in different spectral 

responses in each horizon (Cai and Huang 2002). 

This study has identified erosion degree in 

accordance to the state of soil horizon. 

Soil samples were collected in typical severely 

eroded rural areas, including Cewu, Hetian and 

Datong in central Changting County in April 2010. 

Different degrees of soil erosion were distributed 

throughout the sampling area (Figure 1). The 

sampling locations were positioned according to 

the following principles to reduce soil diversity and 

ensure that the external soil characteristics were 

identical: (1) Low hilly areas with a slope of 0°–

20°and an altitude lower than 500 m which kept 

natural conditions unified; (2) The dominant land 

use is closed breeding forestry, which has 

maintained unified frequency and intensity of 

human activities; (3) The primary geological form 

was acidic granite, the soil type was red soil and 

sample location was 50 m apart. Thirty-five topsoil 

 

Figure 1 Location of the study area (Changting County) and soil samples. 
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samples were collected (0–15 cm) according to 

various degrees of erosion. Eleven samples 

represented non-apparent erosion and were kept 

complete configuration. The colour of these 11 

samples was primarily black and the vegetation 

cover was sparse. Thirteen samples came from 

loose surface horizons, and the samples 

represented moderate erosion. The colour of these 

samples was primarily dark red. Eleven samples 

represented severe erosion and were obtained 

mostly from loose soil horizons, indicating that 

erosion had occurred for quite a long time. In 

addition, rock fragments were apparent in these 11 

samples, which produced grey colouration. 

1.3 Reflectance measurements 

Reflectance spectra were measured in a dark 

room, which allowed good control of irradiance 

conditions. Bidirectional spectral reflectance data 

between 350 to 2500 nm were acquired using a 

Field Spec Portable Spectrometer (Analytical 

Spectral Devices, Boulder, CO, USA), which had a 

spectral resolution of 1.4 nm within the 

wavelengths. An 8° field of view sensor was in the 

nadir position at a distance of 0.15 m to observe the 

surface of the soil sample, resulting in a field of 

view of 2.1 cm in diameter. This field of view (2.1 

cm) was less than the diameter of tin (12 cm). To 

eliminate the influence of soil moisture on spectral 

curves, the samples were air dried before the 

hyper-spectral measurements were taken. A 1000 

W halogen lamp positioned at 0.70 m from the soil 

sample provided mostly collimated rays over the 

sample area. The zenith angle of the lamp was 30°. 

This particular configuration was chosen to limit 

the influence of soil roughness by minimizing the 

amount of observable shadow. Reflectance was 

calibrated using a white spectrum on the panel. 

Each reflectance measurement produced a single 

spectrum. Four spectra were taken for each sample, 

and the mean of the four spectra was calculated as 

the actual reflectance of the sample (Liu et al. 

2009). 

1.4 Chemical analysis 

In ferralic cambisol soil, the iron and 

aluminium oxide and SOM content change notably 

under different degrees of erosion. Therefore, SOM 

and three forms of iron and aluminium oxides, 

including complex state (Fep, Alp), free state (Fed, 

Ald) and amorphous state (Feo, Alo) were 

determined in the laboratory. SOM was oxidized by 

a potassium bichromate and sulphuric acid 

solution, and was then measured by an external 

heating method. Fep and Alp were extracted by a 

diluted sodium pyrophosphate solution. Fed and 

Ald were extracted by sodium citrate–bicarbonate–

dithionite, and Feo and Alo were extracted by an 

ammonium oxalate buffer solution. Then, the iron 

and aluminium oxides were measured using an 

atomic absorption spectrophotometer equipped 

with an Inductively Coupled Plasma (ICP) 

instrument (Xiong 1985; Lu 2000). 

1.5 Model construction and validation 

The spectral dataset for each degree of erosion 

was established and analysed in Unscrambler TM 

(CAMO 2006). The spectral data of marginal bands 

at 350–390 nm and 2451–2500 nm with low signal 

to noise were removed. The reflectance data were 

smoothed by the Savitzky–Golay method to 

diminish the noise. The first derivative reflectance 

spectral (F) method, the logarithm derivate 

reflectance spectral (L) method and the normalized 

spectral (N) method were applied to the modelling 

with measured soil variables. 

As the spectral pre-processing completed, two 

methods were applied to analyze the differences in 

spectral response of soil with different degrees of 

erosion, direct identification by inherent spectral 

characteristics and indirect identification by 

prediction of critical soil properties. For the first 

method, different indices including the average 

reflectance, the depth of absorption peaks and the 

slopes between specific wavelengths were tested. 

Those which showed differences among the three 

erosion degrees were chosen. For the second 

method, soil properties and spectral reflectance 

were considered together, the study set the 

reflectance values of each spectral method as 

independent, whereas the soil properties were 

dependent. Multivariate stepwise linear regression 

analysis was applied to develop the quantitative 

relationship between soil properties and spectral 

data in each erosion degree. The R2 values and the 

root mean squared error (RMSE) were used to 

indicate if observed values fit well to the model 
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(Kooistra et al. 2001). In the modelling process, n 

is the number of components which the model 

should introduce. While R2n+1−R2n ＜ 1%, an 

increase of n will not reduce the prediction error. 

Thus, n should be determined. 

From the modelling results, the minimum 

dataset could be developed, the soil properties 

which owned the ideal modelling results with 

spectral data could be selected into the minimum 

dataset. Furthermore, to analyse the differences of 

each degree of erosion more extensively, the 

correlation coefficients between the soil properties 

in the minimum dataset and the reflectance data at 

400–2450 nm should be analysed individually. In 

addition, the correlation coefficient curves for each 

degree of erosion should also be considered. 

2    Results 

2.1 Soil properties in different erosion 

groups 

Soil property statistics, including SOM and 

iron and aluminium oxides in different erosions 

groups are shown in Table 1. 

Soil properties showed some similarities in 

different erosion degrees. The mean value of Fed 

content was greater than 15 g kg−1, and the mean 

value of Ald content was approximately 5 g kg−1, 

which was higher than Alp and Alo. These values 

indicate that iron and aluminium oxides exist in 

free state in the study area. The differences among 

different sample groups were as follows: (1) The 

content of SOM decreased from less to higher 

erosion degree and the same happened with the 

oxides of Fe and Al except for Fed which increased. 

(2) According to the variance analysis, all of the soil 

properties showed significant differences among 

the three erosion degree groups and also passed 

the F-test (confidence level = 95%) simultaneously, 

and SOM showed the most notable differences 

among the three groups, with variance values of 

356.45, 95.45 and 5.34,  respectively.  (3) 

According to the coefficient of variation (cv) 

analysis, the value of SOM varied noticeably among 

different degrees of erosion. The cv for the 

moderate erosion group was the highest (73%). The 

cv of the severely eroded group was lower than the 

other two groups; the values were mostly below 

50%, with the exception of Fep (61%). 

2.2 Spectral response of different eroded 

soil groups 

The average reflectance spectra of different 

erosion degree sample groups are shown in Figure 

2(a), and the continuum removal spectral curves, 

which indicates isolate specific absorption features, 

were shown in Figure 2(b). 

The spectra of different erosion groups were 

similar in shape and demonstrated the following 

traits: (1) In the visible region, all spectra showed 

an uptrend; however, overall reflectance was 

relatively low; (2) In the near-infrared region, the 

relatively high reflectance and the steep slope could 

Table 1 Selected characteristics of samples classified by soil erosion degree 

Erosion 
degree 

Count Items 
SOM 
(g kg-1) 

Fep
(g kg-1) 

Fed
(g kg-1) 

Feo
(g kg-1) 

Alp
(g kg-1) 

Ald 
(g kg-1) 

Alo
(g kg-1) 

Non-apparent 11 

Min 11.05 0.10 7.18 0.17 1.33 2.14 2.14
Max 71.27 3.10 27.40 5.63 3.92 14.74 3.69
Mean 33.01 1.06 15.03 1.91 2.87 6.60 2.06
SD 18.88 0.55 6.13 1.25 1.03 3.57 1.36
CV,% 57 52 40 65 36 54 66

moderate 12 

Min 7.19 0.03 8.94 0.17 1.72 3.30 1.16
Max 28.91 1.43 33.03 0.65 4.2 9.17 3.23
Mean 13.49 0.92 18.85 0.47 2.73 5.27 1.95
SD 9.77 0.28 5.34 0.32 0.70 2.30 0.71
CV,% 73 30 28 68 25 43 36

Severely 11 

Min 1.69 0.03 7.05 0.11 1.09 1.40 0.71
Max 11.42 0.37 21.40 0.57 2.70 4.50 2.22
Mean 5.74 0.13 15.25 0.24 2.01 3.41 1.09
SD 2.31 0.08 4.72 0.12 0.78 1.49 0.50
CV,% 40 61 31 50 38 43 45

Notes: SD means Standard Deviation; CV% means Coefficient of Variation. 
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be found between 900 

and 1800 nm; (3) The 

absorption peaks of 

spectral  curves  

appeared in accordant 

positions.  The  

spectral absorptions 

at 1400 nm and 1900 

nm corresponded to 

moisture absorption 

peaks,  and  the  

absorption peaks at 

500, 700, 950, 1800, 

2200 and 2300 nm 

were related to Fe2+, 

Fe3+, CO32−, Al–OH 

and C–H, respectively 

(Ber-Dor 2002). The 

results showed that 

iron and aluminium 

oxides as well as 

organic matter have important influences on soil 

spectra in the study area. 

The spectral differences for each erosion 

degree groups were primarily in the overall 

reflectance and the characteristics of absorption 

peaks. The non-apparent erosion group showed the 

lowest reflectance, while the absorption peak at 

900 nm corresponding to Fe3+ was weaker than 

that of the other two groups. To moderate erosion 

and severe erosion groups, the absorption at 500 

nm and 900 nm were much deeper in non-

apparent eroded group, in which the moderate 

eroded group showed the deepest absorption at 

500 nm.  

2.3 Prediction of soil properties from 

spectral data 

The  quantitative  relationship  between  

reflectance spectra and soil properties was 

developed to analyse the spectral response 

mechanism in different erosion degrees. As 

mentioned above, different degrees of erosion 

showed notable differences in the content of organic 

matter and iron and aluminium oxides. Regression 

analysis was conducted between three spectral 

transformation forms and minimum dataset of soil 

properties, and the R2 was used to determine the 

optimum model (Table 2). 

The non-apparent erosion group showed the 

best results among all the models. For SOM, R2 

reached up to 0.83. However, in the other two 

degree of erosion groups, R2 decreased significantly, 

reducing to 0.53 in the moderate erosion group. 

The prediction results for iron and aluminium 

oxides were better than that of SOM, in which the 

higher values of R2 were obtained (0.5-0.8). 

Specifically, the spectral response mechanism of 

iron and aluminium oxides showed some 

differences in the three groups. The best result 

appeared in the severely eroded group. R2 for 

almost all of the elements was higher than 0.55 and 

reached significantly relevant level except for Alp. 

In particular, R2 for Fep reached up to 0.94 in the 

first derivative reflectance spectral fitting with 

three major components. Comparably, models 

showed worse prediction results in non-apparent 

eroded and moderate eroded groups. For the non-

apparent eroded group, the prediction results for 

Fep and Alo were maintained at a relatively high 

level, in which R2 values were 0.86 and 0.84, 

respectively, while the R2 values were less than 0.7 

for the other soil properties. For the moderate 

erosion group, the prediction results were the 

worst. R2 values for almost all soil properties were 

only 0.2–0.4. The only exception was Fep, which 

demonstrated R2 values of up to 0.7. 

Figure 2 Reflectance spectral curves of different eroded soils (a) The average reflectance 
spectra; (b) The continuum removal spectral curves. 
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To summarize, Fep, Alo and SOM showed the 

best spectral predictions in the study area, in which 

Fep and Alo had the best results in severely eroded 

group, and the worst results in the moderate 

erosion group. The prediction results for SOM were 

lower than that of Fep and Alo, and the prediction 

ability improved with reduced erosion degree. 

Therefore, a minimum dataset that includes these 

properties can be built to indicate various erosion 

degree group using spectral prediction. 

3     Discussion 

Based on the study of soil properties and 

spectral response in different erosion groups, the 

feasibility of identifying degrees of erosion using 

hyper-spectral data is discussed. Two methods 

were compared: direct identification by inherent 

spectral characteristics and indirect identification 

by prediction of critical soil properties. 

3.1 Identifying soil erosion degrees through 

spectral characteristics 

The spectra of different erosion degree sample 

groups were similar in shape. However, differences 

were observed in the overall reflectance and 

absorption peaks (Figure 2a, Figure 2b), which 

were dependent on the corresponding soil 

properties. Therefore, it is possible to identify 

different degrees of erosion according to a 

combined consideration of spectral curves and soil 

properties. 

As mentioned above, different degrees of soil 

erosion demonstrate notable property differences, 

which can influence the partial or overall spectral 

characteristics from the following aspects. 

(1) Soil colour: the spectral response was 

notable in the visible region, and the brightness 

values of the soil colour were represented by the 

average reflectance between 400 to 750 nm (Huang 

and Liu 1989). (2) Soil organic matter: SOM has 

significant influence on the entire spectral region. 

Bowing deviation in the 600 nm region can reflect 

the content of organic matters directly, which is 

similar to the characteristics of the absorption peak 

at 1,400 nm, i.e. the more gentle the curve, the 

higher the content of organic matter. The average 

reflectance between 400 to 1100 nm (particularly 

between 620 to 660 nm) shows a notable negative 

correlation with the organic matter content (Xu 

2000). (3) Iron oxide: iron demonstrates many 

absorption peaks in the entire spectral region, in 

which absorption peaks for Fe2+ and Fe3+ typically 

occur at 510 nm and 870 nm, respectively. 

Therefore, the degree of soil horizon preservation 

can be assessed from the depth of absorption peaks 

at 510 nm and 870 nm (Wu et al. 2007). 

By combining the above mentioned factors, 

many spectral indices are required to identify 

different degrees of soil erosion: the average 

reflectance between 400 to 750 nm and 620 to 660 

nm, the bowing deviation at 600 nm (I), the 

average reflectance, the reflectance at 1400 nm and 

the depth of absorption peak (D) at 510 nm and 

870 nm. Here, I is calculated as follows: I = R600 − 

(R650 + R550)/2. R550, R600 and R650 indicate the 

reflectance of corresponding wavelengths. The 

statistical results are shown in Table 3. 

Table 2 Best statistical results of spectral prediction 

Erosion Degree Statistic Fep Fed Feo Alp Ald Alo SOM

Non-apparent 

spectral method N F F F F N L
Component 4 1 2 1 5 3 1
R2 0.86 0.30 0.54 0.44 0.69 0.84 0.83
RMSEP 0.24 6.96 0.93 0.73 1.79 0.48 4.74

Moderate 

spectral method F N N F F L F
Component 2 2 1 1 1 3 3
R2 0.70 0.59 0.27 0.23 0.38 0.60 0.53
RMSEP 0.54 4.12 0.11 0.78 2.00 0.32 6.04

Severely 

spectral method F F F F F F L
Component 3 2 2 4 1 3 2
R2 0.94 0.56 0.75 0.49 0.74 0.83 0.60
RMSEP 0.07 2.16 0.05 0.23 0.55 0.44 5.04

Notes: N means Normalized spectral reflectance; F means First derivative spectral reflectance; L means Logarithm 
derivative spectral reflectance. 
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As the degree of erosion increases, the soil 

configuration becomes more severely damaged, 

which results in the loss of organic matter and 

enrichment of iron, and at worst, pedogenic rock 

can become exposed. Meanwhile, soil colour can 

change from crimson to greyish white. This colour 

change is accompanied by increasing reflectance 

(Zhao 2002). Under the combined effect of such 

factors, the average reflectance between 400 to 750 

nm increased from 0.1 for the non-apparent 

erosion group to 0.24 for the severely eroded group. 

The bowing deviation at 600 nm was the most 

gentle in the non-apparent erosion group, and the 

mean value of I was 0. However, the values in the 

other two groups were above 0 simultaneously, 

which means the bowing deviation phenomena at 

600 nm were observed in moderate eroded and 

severely eroded groups. Similarly, the mean value 

of R620–660 increased from 0.14 for the non-

apparent erosion group to 0.41 for the severely 

eroded group. D510 and D870, which are related to 

the spectral characteristics of iron oxides, were 

fairly different. Both D510 and D870 showed the 

highest values in the moderate erosion group, in 

which the mean values were 40.6% and 9.1% 

respectively, which is much higher than the other 

two groups. It is believed that these high values 

resulted from the enriched iron oxides in the sub-

topsoil horizon. However, in the non-apparent 

erosion and severe erosion groups, the mean values 

of D510 and D870 could not be clearly distinguished 

(Table 3). 

It seems feasible to identify different degrees 

of erosion based on spectral characteristics by 

considering the above mentioned spectral indices. 

However, when compared with the max and min 

values for each index, it can be observed that each 

spectral index value has a noticeable superposition 

in the three groups, which probably decreases the 

precision of erosion identification. 

3.2 Identifying different eroded group 

based on predictions of soil properties  

The minimum dataset, including SOM, Fep 

and Alo, was built from the modelling results 

(Table 2). To analyse the differences of each 

erosion degree more clearly, the correlation 

coefficient curves between the reflectance data 

(400–2450 nm) and the content values of the 

minimum dataset are shown in Figure 3. 

All curves demonstrate negative correlation. 

This indicates that an increase of certain soil 

properties, such as organic matter and metals, 

lowers the spectral reflectance in the entire 

wavelength reg3ion (Wu et al. 2007). Among the 

different degrees of erosion, the following 

characteristics can be observed from a comparison 

of Figure 3 and Table 2. 

First, the correlation coefficient curves 

highlight the differences in spectral responses of 

different degrees of erosion. The most apparent is 

for the moderately eroded soil. Three curves in this 

group are similar in shape and demonstrate 

intensive distribution. However, the corresponding 

correlation coefficients were relatively low and 

primarily ranged from −0.3 to −0.5. This proves 

that for each property the moderately eroded group 

showed the worst spectral prediction. 

Second, Fep demonstrated the best prediction, 

Table 3 Statistical results of spectral indexes in different soil erosion degree 

Erosion Degree Statistic R400-750 I R620-660 R1400 D510(%) D870(%)

Non-apparent 

Max 0.23 0.02 0.24 0.40 43.5 7.5 
Min 0.04 0.00 0.06 0.15 12.8 1.4 
Mean 0.10 0.00 0.14 0.25 29.2 3.8 
SD 0.06 0.01 0.06 0.08 0.10 0.02

Moderate 

Max 0.25 0.03 0.36 0.40 52.9 14.6
Min 0.11 0.02 0.18 0.18 22.4 3.7 
Mean 0.16 0.02 0.23 0.26 40.6 9.1 
SD 0.04 0.01 0.06 0.06 0.10 0.04

Severely 

Max 0.31 0.04 0.41 0.45 38.3 14.5 
Min 0.17 0.01 0.23 0.31 13.7 2.6 
Mean 0.24 0.03 0.33 0.35 27.3 5.5 
SD 0.04 0.02 0.06 0.03 0.08 0.03

Note: SD means Standard Deviation. 

 



J. Mt. Sci. (2014) 11(3): 697-707 
  

 

 705

which was most reflected in the non-apparent 

erosion and severely eroded groups (Table 2). 

However, their spectral response mechanisms also 

showed some differences (Figure 3). In the non-

apparent erosion group, the correlation coefficients 

reached a relatively high level only in the region of 

400–1400 nm. Since there were no significant 

absorptions by iron oxides beyond 1400 nm, the 

high SOM content inhibited the spectral 

characteristics of other soil properties in this group, 

and the correlation coefficients curve for Fep 

reduced noticeably between 1400 to 2400 nm. In 

the severely eroded group, the correlation 

coefficients reached a high level in the entire 

infrared region (760–2500 nm), and the maximum 

value appeared at 1350 nm (R = −0.93). In the 

visible region, the spectral response was not as 

prominent as in infrared region, and it did not 

differ significantly from the spectral response of 

Alo. 

Third, the spectral response of SOM showed 

differences in the three groups more clearly in 

Figure 3 than in Table 2. In the severely eroded 

group, the correlation coefficients maintained at a 

low level in the entire wavelength region, except 

between 510–560 nm, where the value exceeded 

−0.7. The non-apparent erosion group showed the 

best prediction; the correlation coefficients were 

concentrated between 0.6 and 0.65, and the curve 

was gentle. It is well known that high SOM 

concentrations  can  eliminate  the  spectral  

characteristics of other elements significantly (Xu 

2000; Das 2007). The maximum SOM value 

reached up to 71.27 g in non-apparent erosion 

group, which directly resulted in better SOM 

prediction for this group. However, the decrease 

tendency in SOM was much greater than decrease 

in the content of iron and aluminum oxides with 

increasing erosion degree (Table 1). Then, the 

relationship between SOM and spectral data 

weakened. 

Finally, the Alo curves showed some 

differences in the non-apparent erosion and 

severely eroded groups (Figure 3). In the non-

apparent erosion group, the correlation coefficients 

increased significantly, and the maximum value 

appeared at 2271 nm, which is close to the 

absorption peak produced by Al–OH at 2200 nm. 

This mutation characteristic was not observed in 

the other erosion groups. Therefore, it can be 

inferred that in the non-apparent erosion group, 

the soil porosity was relatively ideal and that the 

soil moisture content was relatively high, i.e. 

 

 

 

 

Figure 3 Correlation coefficient curves between key soil 
properties and reflectance spectral (a) non-apparent 
eroded group; (b) moderate eroded group; (c) severely 
eroded group. 
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aluminium oxides existed primarily as hydrates. 

Consequently, the spectral response degree of Alo 

can be increased to some extent in a non-apparent 

erosion region (Ji et al. 2002).  

Among  the  different  erosion  groups,  

differences in spectral prediction results were more 

notable  than  differences  in  the  spectra  

characteristics. According to the correlation 

coefficient curves and statistical spectral modelling 

results between reflectance spectra and the 

minimum dataset consisting of SOM, Fep and Alo 

(Table 2, Figure 3), the moderate eroded group 

showed the worst spectral response, in which the 

correlation coefficients did not exceeded 0.6. In 

addition, the non-apparent erosion group and the 

severely eroded group may be identified by various 

aspects, such as correlation coefficient curves of 

reflectance spectra with Fep and Alo and spectral 

prediction of SOM. 

4     Conclusion 

The goals of this work were to explore the 

impact of soil erosion on spectral characteristics, 

and to provide new ideas for rapid identification of  

 

soil erosion degree. Changting County, a typical red 

soil region of subtropical China, was selected as the 

study area. The study examined the spectral 

responses of soils with varying degrees of erosion 

to clarify intrinsic spectra characteristics and 

investigate the prediction of soil properties from 

spectral data. 

The results can be summarized as follows: 

First, different erosion groups showed some 

differences in spectral curves, particularly in the 

average reflectance between 400 to 750 nm and 

620 to 660 nm, the bowing deviation at 600 nm (I), 

the reflectance at 1400 nm and the depth of 

absorption peak (D) at 510 nm and 870 nm. 

However, the overall differences were not clear. 

Second, Fep, Alo and SOM showed the strongest 

correlation to spectral data. When a minimum 

dataset including Fep, Alo and SOM were related 

with the spectral data, more significant differences 

among three eroded groups could be identified 

from some indices. These indices included the 

predictive capability of SOM and the correlation 

coefficient curves for Fep and Alo. In general, the 

results indicate that hyper-spectral analysis may be 

a promising method for monitoring and modelling 

soil erosion. 
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