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Awareness of organic carbon status of rangeland soil is important for erosion control and
soil protection management. The aim of this study is to prioritize the effective factors,
modelling and predicting organic carbon amount using Landsat 8 satellite imagery,
accurate digital elevation model (DEM) related to ALOS sensor and the combined
application of factor analysis and multivariate regression model in Semirom watershed
located in the south of Isfahan province. For this purpose, after determining the
homogeneous units and Stratified Random Sampling method of 218 soil samples from
these units, the amount of organic carbon, percentages of sand, silt and clay were
determined in the laboratory. The development of the combined method was performed
using 15 spectral and non-spectral variables and two sets of training data (70%) and test
data (30%) of soil samples in order to implement and validate the model, respectively.
Then, effective factor prioritization, determination of main components and spatial soil
organic carbon zonation map were prepared. Finally, using error measurement criteria,
the model was validated and evaluated in the training and test stages. The results showed
that fifteen independent variables in the form of six principal components namely
vegetation, soil particle size, surface reflectance, soil surface shape, moisture storage and
chemical properties have the largest contribution in soil organic carbon storage. Based
on the error evaluation metrics (RMSE) and correlation coefficients (R?), the model
implementation stage (Trainng Phase), with respective values of 0.23 and 0.84,
demonstrates higher efficiency and captures greater variability in soil organic carbon, as
compared to the prediction stage (Test Phase) characterized by a higher error (0.27) and
a lower correlation coefficient (0.80). Also, the soil organic carbon content classes of
0.70-0.80 and 1.20-2.35 with an area of 24% and 6% have the highest and lowest area
outcrops of soils in the study area, respectively. In order to increase the accuracy and
desirability of estimating soil organic carbon content and a more appropriate prediction
model, it is suggested to use the combined method of factor analysis using the principal
components method along with the multivariate regression method rather than using the
multivariate regression method with independent variables.
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EXTENDED ABSTRACT

Introduction: Given that the qualitative condition of rangelands is directly dependent on maintaining the quality and
quantity of rangeland soil and is tied to the management of soil carbon reserves, it is therefore critically important to
measure, monitor, investigate influencing factors, model, predict spatial distribution, and understand the status of soil
organic carbon in rangelands. Examining these influencing factors using advanced modeling methods and predicting the
levels of soil organic carbon reserves in rangelands, with minimal cost, on a large scale, and with adequate accuracy, is
an unavoidable necessity. For management, estimation, and modeling of spatial variations in soil organic carbon, reliable
methods for analyzing spatial distribution have been employed. Various statistical methods have previously been applied
to estimate organic carbon. The objective of this study is to prioritize influential factors and to model and predict organic
carbon levels using Landsat 8 satellite imagery, high-resolution ALOS digital elevation data, and an integrated approach
combining factor analysis and multivariate regression. The novel aspects of this research include: firstly, the utilization
of Landsat 8 satellite imagery data to generate influential factors affecting the distribution of organic carbon; secondly,
the application of a wide range of geomorphometric factors derived from high-resolution ALOS digital elevation data to
incorporate effective variables (independent variables); and thirdly, modeling and predicting organic carbon levels using
an integrated approach combining factor analysis and multivariate regression.

Materials and Methods: The study area, covering 420 km?, is located between geographical longitudes 51°38' to 51°49'
E and latitudes 31°05' to 31°26' N, corresponding to the Hana watershed and Jamab code 4-1-4-3. To implement this
research, a homogeneous unit map was first created by overlaying vegetation cover, slope gradient, geographical aspects,
and elevation classes, followed by their integration with land unit and geological layers. A total of 218 soil samples were
collected completely randomly from homogeneous units, and their geographic locations were recorded using a Global
Positioning System (GPS). The percentages of organic carbon, clay, silt, and sand in the soil samples were determined.
To quantify organic carbon content, the Walkley-Black titration method was employed. The timing of soil sampling
operations and the acquisition date of the Landsat 8 image were synchronized. For mapping and predicting organic carbon
levels, seven non-spectral factors derived from ALOS digital elevation data were used, including silt and clay percentages,
relative elevation, slope gradient, slope aspect (Franklin et al., 2000 method), general, horizontal, and vertical slope
curvatures, as well as eight spectral factors extracted from the Landsat 8 OLI sensor image dated August 25, 2019. These
spectral indices included surface albedo, clay index, carbonate index, particle size index, Normalized Difference
Vegetation Index (NDVI), and the three Tasseled Cap transformations (brightness, greenness, and wetness).

Errors in the digital elevation model (DEM) and atmospheric errors in reflective bands 2—7 of the Landsat 8 OLI sensor
were calculated and corrected. The overall framework for prioritizing influential factors utilized factor analysis, while
multivariate regression among principal component variables was applied for modeling and prediction. A multivariate
regression relationship was established between independent variables (covariates) or factors influencing the dependent
variable (organic carbon) and the response variable (training data). By developing a statistical relationship between
independent variables and the response variable at sampling points, a predictive model (f) for the dependent variable was
formulated. Notably, the model was calibrated with 70% and validated with 30% of the soil samples. The continuous
nature of the independent variables (influential factors) enabled the estimation of the response variable (organic carbon)
across the study area using the predictive model (f), resulting in the generation of an organic carbon zoning map.

Results and Discussion: Based on descriptive statistics of organic carbon and factors influencing its distribution in soils
of the Semirom watershed, the mean organic carbon content was 0.79%, with minimum and maximum values of 0.32%
and 2.30%, respectively. The average percentages of clay, silt, silt-clay mixture, and sand were 36%, 37%, 73%, and
27%, respectively, with the predominant texture class being silt-clay mixture. Mean values for brightness, greenness
index, wetness index, surface albedo, carbonate index, clay index, particle size index, and NDVI were 0.68, -0.02, -0.17,
0.32, 1.20, 1.04, 0.15, and 0.13, respectively. Average values for slope aspect (Franklin et al., 2000 method), slope
gradient (9.45%), relative roughness (389 m), horizontal curvature (-0.05), vertical curvature (0.16), and general curvature
(-0.22) were also calculated.

Soil organic carbon exhibited significant positive correlations (p < 0.05) with relative roughness, NDVI, greenness index,
slope gradient, clay index, silt-clay mixture percentage, clay percentage, wetness index, and slope aspect. Conversely,
significant negative correlations were observed with carbonate index, horizontal curvature, surface brightness, particle
size index, general curvature, and surface albedo. Silt percentage, vertical curvature, and sand percentage showed no
statistically significant relationship with soil organic carbon at the 5% significance level or higher. The factors silt, sand,
and vertical curvature, with the lowest factor loadings (0.167, 0.245, and 0.456, respectively), were identified and
removed from the variable set. The results of Bartlett’s test (KMO=0.661) indicated that the 15 influential factors were
sufficient and appropriate as independent variables for factor analysis. Principal component analysis (PCA) with
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eigenvalues greater than one revealed that the six principal components explained 20.08%, 14.23%, 12.72%, 9.28%,
7.21%, and 6.52% of the variance, respectively. After Varimax rotation, these components cumulatively accounted for
over 70% of the total variance.

Using the six principal components derived from factor analysis as independent variables and 70% of the soil sample
measurements as training data, a multiple regression model (Enter method) was applied to establish the relationship
between the influential factors (independent variables) and soil organic carbon (dependent variable). The multiple
regression equation yielded a coefficient of determination (R) of 0.66 at a significance level of p < 0.001. Based on this
model, an estimated organic carbon map for the entire study area was generated in a GIS environment. The resulting soil
organic carbon classes of 0.70—0.80% and 1.20-2.35% occupied the most significant (24%) and smallest (6%) surface
coverage of the study area, respectively.

Conclusion: The results demonstrated that fifteen independent variables, categorized into six principal components,
vegetation cover, soil particle size, surface reflectance, land surface morphology, moisture storage, and chemical
properties, collectively account for the highest contribution to soil organic carbon storage. Based on error criteria and
correlation coefficients, the model implementation phase exhibited higher efficiency, lower error, and greater accuracy
in estimating variations in soil organic carbon compared to prediction alone. With a coefficient of determination (R?) of
0.66, the multivariate regression model effectively captured a significant proportion of organic carbon variability in the
Semirom watershed. Key variables influencing organic carbon levels and distribution include the greenness index,
Normalized Difference Vegetation Index (NDVI), clay index, percentages of silt, clay, silt-clay mixture, and sand, surface
albedo and brightness, relative roughness, slope gradient, general and horizontal curvatures, wetness index, slope aspect,
and carbonate content.

The developed organic carbon zoning map revealed that approximately one-quarter of the study area’s soils exhibit
deficient organic carbon levels. Implementing appropriate organic matter management practices in these areas could
significantly control and mitigate soil erosion. This underscores the potential for targeted land management strategies to
enhance carbon sequestration and soil conservation in the Semirom watershed.
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