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Article Info ABSTRACT

Mapping soil properties using hyperspectral and multispectral satellite images, along with
statistical approaches, and machine learning models such as Random Forests (RF), has shown
great progress in accurately preparing agricultural maps. This study aimed to compare the
performance of PRISMA and Landsat 8 images in modeling calcium carbonate and clay
percentage using a Random Forest model. Firstly, Surface soil data was collected from Abik
Received: Aug. 22, 2023 region of Qazvin province from October 2020 to October 2022. Furthermore, PRISMA and

. Landsat 8 spectral datasets were extracted from images downloaded from the websites of these
Revised: Jan. 1, 2024 two satellites, and soil reflectance data were obtained. The Random Forest regression model

Avrticle type: Research Article

Article history:

Accepted: Jan. 11, 2023 was then calibrated to estimate soil properties. The results of this study showed that the best
. . accuracy in estimating soil characteristics using PRISMA data was obtained by using
Published online: May. 2024 Auxiliary Variables such as principal components analysis, spectral indices, and indices

extracted from the digital elevation model. The use of these three data sets provided the
uppermost value for following statistical indices for estimating calcium carbonate and soil clay

Keywords: percentage: coefficient of determination (R2), and Ratio of Performance to Inter Quartile range
Calcium Carbonate, (RPIQ), Ratio Performance Deviation (RPD) and the lowest Root Mean Squared Error
Clay Percentage, _ (RMSE) and Normalized Root Mean Squared Error (NRMSE). The best model for estimating
PRISMA Hyperspectral Satellite,  ¢jay percentage, using the Random Forest model and statistical indices, had an R2 of 0.90,
Random Forest. RMSE of 4.11, NRMSE of 0.18, RP1Q of 0.95, and RPD of 2.29. The best model for estimating

calcium carbonate, using the Random Forest model and statistical indices, had an R2 of 0.62,
RMSE of 0.72, NRMSE of 0.20, RPIQ of 0.77, and RPD of 1.27. The results supported the
expectation of the good ability of the PRISMA imager to estimate surface soil properties.
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Digital Mapping of Soil Properties (Calcium carbonate and soil clay percentage)
Using Landsat 8 and PRISMA Satellite Images by the Random Forest Algorithm

EXTENDED ABSTRACT

Introduction

Land management is recognized as a major challenge in solving global issues such as food, water, energy,
environment, biodiversity and human health. To have accurate information about soil, soil mapping and
assessment are essential. Imaging sensors including Landsat 8 and PRISMA with a wide range of spatial,
temporal and spectral resolutions are important tools for soil mapping. In this research, the zoning of soil
properties using PRISMA and Landsat 8 data and the effect of different inputs on the accuracy and correctness
of maps have been investigated using the RF algorithm.

Material and Methods

In this study, soil properties in a region of Abik City in the Qazvin province of Iran were delineated using
an RF algorithm based on laboratory data and remote sensing images. L2D surface images from PRISMA and
Landsat 8 satellites, as well as a 30-meter digital elevation model, were employed for soil mapping. The remote
sensing data underwent preprocessing steps, including the removal of problematic bands, geometric correction,
and image calibration using ENVI 5.6 software. Additionally, 12 spectral indices, such as NDVI, and 20
indices were derived by combining two or more bands in the images with the assistance of SAGA GIS software
and the digital elevation model.To analyze the spatial diversity of hyperspectral images, the principal
component analysis (PCA) method was used and also the effect of different inputs on the RF algorithm were
investigated. The random forest algorithm has very high accuracy in predicting soil properties due to its ability
to model non-linear relationships between auxiliary variables and the target soil. This algorithm provides the
possibility to determine the relative importance of environmental auxiliary variables simply. In this research,
to validate the performance of the random forest model using data obtained from laboratory analysis and
remote sensing images, RMSE, RPD, RPIQ and R? statistics were calculated from the measured values of soil
properties.

Results and discussion

The results show that the simultaneous use of spectral indices and principal component analysis does not
improve accuracy, and the use of Digital elevation model indices has a great effect on improving the results.
In general, using principal component analysis to improve the quality of generated calcium carbonate maps is
more effective than using spectral indices. But it cannot be said which of the maps obtained from the analysis
of the main components of satellite images or the maps obtained from spectral indices extracted from satellite
images are more accurate and precise. Also, the results did not show that the derivatives of Landsat 8 or
PRISMA images are more effective for preparing maps of soil CaCO3 values, but the predicted values using
PRISMA and Landsat 8 satellite spectra were consistent with the trend of soil calcium carbonate changes in
the region.

Also, the results showed that soil clay percentage maps that PRISMA-based models provide better results
compared to Landsat8-based models. The accuracy of PRISMA satellite images for preparing the clay
percentage map in the study area is higher than that of the Landsat8 satellite, due to the typical absorption
characteristics in the SWIR spectral region. The use of the digital height model and the indicators derived from
it increases the performance of the models. Also, the maps obtained from the analysis of the main components
of satellite images are less accurate than the maps obtained from spectral indices extracted from satellite
images. The values of clay percentage predicted using PRISMA and Landsat8 satellite spectra were consistent
with the trend of changes in soil texture and soil clay percentage in the region.

Conclusion

The results showed that PRISMA images are more accurate than Landsat 8 due to their higher number of
bands and greater spectral resolution. However, the high cost of PRISMA and its limited access to complete
time series images are limitations of this method. The combined use of spectral indices, principal component
analysis, and digital height models significantly improved the model's performance. However, a large number
of inputs can limit the model's inputs, and optimizing the selection of features from each category can identify
the best features and improve the model's performance.

Keywords: Calcium Carbonate, Clay Percentage, PRISMA Hyperspectral Satellite, Random Forest.



