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1- Soil spectral signatures and characteristics
4- Particle Size Distribution

8- Continuum Removal tech.

11- Prior to spectral analysis operations

2-Visible-Near Infrared
5- Soil Optical Properties
9 - Key-wavelengths establishment

12- Geographically disparate areas  13-Stratified randomized sampling method

3- Soil Spectral Reflectance Curve
6-Trapped light  7-Visible-NIR Proximal Sensing
10- Multiple Linear Regression method
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Figure 1. Information used for sampling; vector layers: A) contourline, B) pedqlog(}/, C) landuse and D) geolocation
of sampled points throughout the Mazandaran Province with defined GCS
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1- Spectralon standard white reference panel
4- Partial Least Squares Regression method

2- High-dimensional multi-collinearity
5- Symmetric kernel

3- Different spectral characteristics
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Figure 2. A) The SSRC of soil samples of Mazandaran province; B) 1st-D SG filter on some spectra; C) Spectral
mean centering operation
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Table 1. Statistical description of samples based on the ANOVA of silt contents
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1- Statistical distribution properties 2Multi-modal

3- Chemometrics
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1- Overprediction error
4- Hotelling T2 stat

5- Adjusted leverage

2Full-Leave-One-Out Cross validation technique

3- Autocorrelation/multi-collinearity errors
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Continued Figure 3. Model output: principal components
silt on LV=7, D) Averaged descriptive variance of spectra

analyses of PLSR, C) Cumulative descriptive variance of
on LV=7, E) Residual variance of silt on selective factors,

F) Residual variance of reflectance spectra on selective factors, G) Total explained variance (by number of
independent variables), H) Influence diagram by relationships between variances of dependent variable, independent
variable and adjusted leverage
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Continued Figure 3. Model output: principal components analyses of PLSR, 1) F-residuals of Hotelling test, J)
Hotelling stat’s (LV=4); K) Scoring of selected components for first, second and third factors, L) Scoring for fourth,

fifth and sixth factors, M) Diagram of calibrated silt predicting model based on predicted vs reference values
(LOOCV), N) Comparison of reference and estimated values in calibration set
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Continued Figure 3. Model output: principal components analyses of PLSR, O) Characterization of important spectral

bands in cali

calibrating regional model of silt based on b-coefficients, P) Spectral loading We:jg_hts (LV=4), Q) Simple b-
coefficients, R) Matrix diagram of relationships between b-coefficients, dependent and independent variables

(characterization of effective spectral bands in modeling process of silt prediction), S) Averaged squares of error by

LVs, T) the ratio between residuals and predicted values in silt calibrated model
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Continued Fi?ure 3. Model output: principal components analyses of PLSR, U) Residuals of variates by independent

variables, V

Residuals of variates by dependent variables (silt content), W) Leverage chart on samples, X) Matrix

chart on samples (dependent variables), independent variables and their residues
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Figure 4. Model output: The final silt predictive model based upon the samples of calibration subset: predicted vs

measured silt values with model specifications (LF=4)
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Figure 5. Model output: Validation of silt predicting model: A) predicted vs measured values, B) predicted values
with errors in standalone set, C) calculative leverages on validation samples (LV=4)
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Table 2. Model output: statistical characteristics of the validation of silt predicting model on standalone sample-set
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Figure 6. Correlogram of two-tailed Pearson coefficient between the active soil spectral constituent (the silt
parameter) and the reflected hyperspectral bands of samples in the study area
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Extended Abstract

Introduction and Objective: Silt is one the most important constituents of soil texture that
directly influence the soil erosion process and should take into account in many projects of soil
erosion management and conservation. The study of this fraction using the traditional and
prevalent lab methods, especially on large scales, is time-consuming, laborious and costly.
Today, this can be done in a quick and cost-effective method applying new high-techs such as
the spectroscopy technology. The present work intends to investigate the spectral behaviours of
the soil silt fraction using the reflectance spectroscopy technology in Mazandaran province.
Material and Methods: Accordingly, 128 soil samples were collected from 20 cm of soil
surface using the SRS method and auxiliary info-layers like as geology, pedology, landuse and
road map of Mazandaran province. First, the sample set was sub-divided into two subsets:
calibration and validation. Spectral signatures and domains specific to the silt components were
detected and specified utilizing the PLSR and Cross-Validation techniques, as well, the
hyperspectral pre-processing methods such as averaging, smoothing and 1% derivative
algorithms based on the Savitzky-Golay Algorithm were done.

Results: Modeling process was done based on the PLS technique to investigate the spectral
signatures and behaviours of silt constituents. The final model with 4 latent factors (LFs) was
calibrated with these specs: Rc: 0.55, RMSEc: 8.31 %, RPDc: 1.20 and RPIQc: 1.71 and was
eventually selected as the best model for studying the soil silt of Mazandaran province. Results
showed the model potentiality in prediction of soil silt of the study area, as well, the most
influential spectral domains and ranges were detected and recognized. The correlation
coefficients of silt contents with the influential spectral ranges and wavebands were also defined
as follows, UV-390 nm: 0.27, Vis-680 nm: 0.31, NIR-970 to 990 nm: 0.32, SWIR- 1400 to
1410 nm wavebands: 0.34, 1910-1930 nm: 0.38, 2200-2210 nm: 0.39, 2340-2350 nm: 0.41 and
finally, for 2430-2460 wavebands calculated as 0.43. The obtained spectral wavebands with the
highest correlation coefficients (R(CCmax)) indicate the high impact as the independent
predictor variables in the processes of soil silt modeling of Mazandaran province. Finally, the
capability of the proximal sensing of diffuse reflectance spectroscopy technology (VNIR-PS)
was demonstrated in the study of silt contents of Mazandaran province.

Conclusion: In this approach, the spectral ranges and bands affected by the silt components
were defined, in addition to the predictive modeling processes. That can be used as a basis for
studying silt contents at large scales applying the upscaling operation via airborne/satellite
hyperspectral data. Also, it indicates the importance of soil reflectance spectroscopy technology
as a fundament for detecting and recognizing the useful and effective spectral wavelengths as
well as creating the optimized model for the utilization by remotely sensed satellite data.
Moreover, the use of data with higher coefficient of variation and greater amplitude is highly
recommended to improve and boost the model preciseness so that, the PLS algorithm can
process better.

Keywords: Digital mapping, PLSR, Proximal soil sensing, Silt, Upscaling
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