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Research Topic: Evaluation of Parametric and Non-Parametric Models in Estimating
Canopy Cover Density of Zagros Forests Using Remote Sensing and Machine Learning
Objective: This study aims to compare parametric and non-parametric methods for
estimating the percentage of forest canopy cover in a section of the Zagros
ecosystem.

Method: In order to achieve the research objective, field sampling was conducted
to determine the percentage of canopy cover, and high-resolution satellite
imagery was utilized. The vegetation indices TSAVI, NDVI, and WDVI were
calculated. Subsequently, the values derived from the vegetation cover indices at
the sample plots were extracted using the Zonal Statistics function in ArcGIS.
Multiple linear regression and artificial neural networks were employed to
estimate vegetation density. To compare the performance of these two models,
the metrics RMSE, RMSE%, and R2 were utilized.

Results: The results indicated that the MLR model achieved an R? value of 0.54
and an RMSE% of 10.4 at a 0.05 confidence level, while the MLP model yielded
an R2 of 0.82 and an RMSE% of 4.5.

Conclusions: The comparative analysis demonstrated that the artificial neural
network (MLP) provided more accurate estimates with lower error rates than the
multiple linear regression (MLR) method in predicting vegetation density.
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Materials and Methods

To assess the percentage of canopy cover in the selected area, a systematic random sampling method was
initially employed. The entire area was divided into a grid with dimensions of 200 x 400 meters. At the
intersections of the grid lines, 1,200 sample plots were established, and the variables of tree density (number per
hectare) and canopy cover percentage were calculated for each individual plot and subsequently for the overall
area.

For the purpose of utilizing vegetation indices, high-resolution satellite imagery from the Pleiades satellite
was acquired and subjected to preprocessing. This satellite provides two sets of data: one with a spatial
resolution of 50 centimeters (panchromatic band) and another with multispectral data at a resolution of 2 meters.
During the geometric correction process, ground control points were utilized to accurately position the pixels in
their true locations within the imagery. Typically, polynomial equations of degrees 1, 2, and 3 are employed for
geometric correction, necessitating 3, 6, and 10 control points, respectively.

To estimate tree canopy cover percentage, the aforementioned satellite images were used to derive remote
sensing-based vegetation indices. Specifically, the indices TSAVI1, NDVI, and WDVI were computed. In this
study, multiple linear regression (using the Enter method) was applied to estimate canopy cover percentage
based on these vegetation indices. The assumptions of regression analysis—including independence of errors,
homoscedasticity, and normality of the dependent variable—were thoroughly evaluated.

In the neural network modeling phase, the values of the vegetation indices NDVI, WDVI, and TSAVI1
corresponding to the sample plot locations were input as independent variables. The canopy cover percentage
obtained from ground sampling within the sample plots served as the dependent output variable.

Results

This study explored the correlation between the NDVI, TSAVI, and WDV indices and the percentage of canopy
cover in sample plots by utilizing the Zonal Statistical function within ArcGIS. The normality of the dependent
variable was validated using the Kolmogorov-Smirnov test, which indicated a normal distribution at a
significance level of 0.05. Both Pearson and Spearman correlation tests demonstrated significant relationships
between the vegetation indices and canopy cover. However, multicollinearity was detected between the WDVI
and TSAVI indices, necessitating the exclusion of WDVI from the analysis. The results of the multiple linear
regression revealed an R2 value of 0.54 and a root mean square error (RMSE) of 10.4%.

For optimal modeling, a neural network comprising two layers, with four neurons in each layer, was constructed,
achieving a coefficient of determination of 0.81. This model effectively predicted the relationship between
canopy cover percentage and the vegetation indices. Furthermore, the findings indicated a substantial reduction
in the area of dense forest (defined as having over 40% canopy cover) alongside an increase in the area classified
as having less than 25% canopy cover throughout the study period.

Conclusion

In conclusion, the utilization of high-resolution images for estimating vegetation density demonstrates significant
advantages when employing artificial neural networks, with estimation accuracy exceeding that of multiple
linear regression methods. It is recommended that future studies compare various algorithms of artificial neural
networks and evaluate their respective results.
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