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Extended Abstract

Background: The reduction of natural forests due to various factors has made afforestation
particularly important, aiming to increase forest area and wood production. Estimating forest
characteristics using remote sensing data has been proposed as a tool for sustainable natural
resource management. Remote sensing and geostatistical methods can be useful and cost-effective
in estimating canopy cover and aboveground biomass of forests for management and conservation
purposes. In the Hyrcanian forests, canopy structure and biomass are considered important criteria
for studying and monitoring changes in the forest. This study aimed to estimate and examine the
canopy cover and aboveground biomass of the afforested areas of Pilemebra, located in Guilan
Province, using Landsat 9 satellite imagery, remote sensing methods, and geostatistics.
Methods: To implement ground sample plots (in summer 2023), the plot grid was randomly and
systematically selected with a distance of 300 by 300 meters. A total of 120 sample plots were
collected. The data obtained from field surveys and statistical measurements were entered into
Excel to perform calculations related to canopy cover and aboveground biomass. Additionally,
vegetation indices (including NDVI, EVI, DVI, GNDVI, RVI, ARVI, SAVI, OSAVI, and IPVI)
were calculated using Landsat 9 images, and then the corresponding values for each sample plot
were extracted from each of the indices. Correlation and regression analyses were conducted on
these data. The Information Gain Ratio (IGR) technique and Average Merit index were used to
evaluate the predictive power of factors affecting canopy cover and biomass in the afforestation
areas of the Pilmabra region. The correlation between canopy cover and aboveground biomass in
the ground sample plots and their corresponding spectral values in satellite data was examined
using SPSS software and Pearson’s correlation analysis. Inverse Distance Weighting (IDW),
ordinary kriging, and radial basis functions (RBF) were employed for estimating the percentage
of canopy cover and aboveground biomass. Furthermore, Random Forest (RF) regression models
and support vector machines were used for variable selection and estimating the percentage of
canopy cover and aboveground biomass in the study area, which were analyzed and evaluated
using Weka software. In this study, 80% (96 sample plots) of a set of 120 existing sample plots
were used as training datasets. The ROC curve was utilized to assess the performance of
geostatistical methods and remote sensing in modeling.

Results: The results of IGR and the Mean Competence Index (MA) indicated that the highest
significant correlation was observed between the percentage of canopy cover and the variables
OSAVI (0.918) and NDVI (0.915), as well as the highest significant correlation between
aboveground biomass (tons per hectare) and the variables SAVI (0.913) and NDVI (0.902). The
presence or absence of spatial dependence of the canopy cover percentage and biomass, after
fitting several semivariogram models based on the residual sum of squares (RSS) and the
coefficient of determination (R?), showed that the exponential model for aboveground biomass
(R?=0.64) and the spherical model for canopy cover (R?=0.76) were selected as the most suitable
models. The validation results of the canopy cover percentage and biomass using RMSE and bias
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criteria indicated that the RF algorithm and Support Vector Machine (SVM) had a better status
and validity than the geostatistical approach due to having the lowest mean squared error and bias
values. Additionally, both the RF and SVM models performed well; however, the RF model
(92%) had a higher accuracy and sensitivity index in predicting the percentage of canopy cover
than the SVM model (83%). The results of this study showed a significant relationship and
correlation between the percentage of canopy cover and biomass (tons per hectare) with over 80%
of the studied variables. The ROC curve was used to evaluate the performance of geostatistical
and remote sensing methods in modeling. In this study, the AUC values based on machine
learning models for canopy cover and biomass (RF = 0.94, SVM = 0.93) outperformed
geostatistical methods for canopy cover (0.71) and biomass (0.76) in terms of predicting and
modeling these indices. Furthermore, there was no significant difference at the 99% and 95%
probability levels between the estimated values of canopy cover and aboveground biomass and
the actual values.

Conclusion: Awareness of changes in the canopy of vegetation is very important for application
programs, resource management, and the assessment of environmental services. Based on the
obtained results, it can be stated that the information derived from the main bands and spectral
indices played a significant role in estimating canopy cover and aboveground biomass.
Furthermore, the effectiveness of the models used in this study may indicate the selection of
predictive mapping techniques for modeling forest aboveground biomass. The ability of random
forests to estimate the forest variables mentioned in this research could pave the way for future
studies.
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Table 2. Correlations and relationships between forest canopy percentages and spectral variables
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Correlation coefficient nv :rli):t?l eesn Correlation coefficient Independent variables
0.537%* GRVI 0.674** ARVI

Greenness
0.84%* c. . -0.798** DVI
S
0.143% Brightness -0.823% EVI
LY
. Wetness .
0.266 Cagb,) 0.689 GNDVI
0.27** PCA-1 0.639** IPVI
0.986™ PCA-2 0.915** NDVI
0.029 ™ 2 s 0.918** OSAVI
Band2
0.119 " 3 3k 0.685°%* RVI
Band3
-0.263° 4 4L 0.905°* SAVI
Band4
0.636°° 5 3k 0.82°¢ LAI
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70,189 6 3t 0.855° MNLI
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**Significance at the 99% probability level, ns: the absence of a significant correlation, *significance at the 95% probability level. **
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Table 3. Correlation analyses and relationships between biomass (tons per hectare) and spectral variables

Correlation coefficient Independent variables
0.682% GRVI
Greenness
Brightness
Wetness
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0.868 s PCA-2
-0.146 ns 2 b
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3.b
-0.07 d
" Band3
-0/2154 4 xb
Band4
0/693 s 5 %k
Band5
0/342 s 6 LL
Band6
-0/039 ns 7 %k
Band7

Correlation coefficient Independent variables
0.634 % ARVI
DVI
EVI
0.614 54 GNDVI
0.565 %% IPVI
0.902 s NDVI
0.87 % OSAVI
0.643 5% RVI
0.91 s SAVI
-0.858 % LAI
0.909 53 MNLI
0.676%% GARI
0.838 3 GDVI
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**Significance at the 99% probability level, ns: the absence of a significant correlation, *significance at the 95% probability level.**
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Figure 2. The experimental variogram along with the fitted theoretical model for the canopy percentage.
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Table 4. Semi-variable parameters of the variables for the studied canopy cover and biomass
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Table 5. Evaluation results of geostatistical methods in estimating the canopy percentage
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Gaussian model
0.401 132.06 -1.24 Q Lmyis
0393 124.9 -4.17 RQ ooSen ooy liz (RBF) ek (ol al oy
0.387 151 351 TPS culies oS &)l

0Lo Bl a0 g0 0ol 4l 2 o s o (i
eSS bl 5l gy (R?) s o ps 9 (RSS)
L;:Lo.i J..\A 4 b?’)‘" (RSS) oJ.;Lau_‘?L ul:u)o Egoo )]J..ao

Jue plgsas Jao opl cplply 09 Koo S oligyd by

.m k:)‘.“‘l _ Leee

Wilp s Jae olends 055 pl)Se)ly e

[RW) djl)l Y‘ L}SAA ).) ()LS\D ).) u:) D.)y‘_g) ‘_5‘): DJ«:’D)‘)
03555 eSSy )lelime; sladyy (b))l s ol
03l 3l o OUSe p (5) 035555 el (S (Sl


http://dx.doi.org/10.61882/ifej.2025.578
https://ifej.sanru.ac.ir/article-1-578-en.html
http://dx.doi.org/10.61882/ifej.2025.578
http://ifej.sanru.ac.ir/article-1-578-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-08-25 ]

[ DOI: 10.61882/ifgj.2025.578 ]

033l 15 ecssle el o 63950 ) s il ety Pl ool 555 oo

Al

V¥ /Y O)low:} /ﬁ,h:.)).w; JL.u [)I):'.] LngJil.? wufy

Isotropic Variogram

244

18.3

122

Semivariance

0.0

0.00 1101.00

2202.00 3302.99 4403.99

Separation Distance

039353 ‘5‘)3 ISWISI w)l): d)la; JJ.A ol)a.mdg o Pl)fﬁ)b -y Jg.w
Figure 3. Experimental variogram along with the fitted theoretical model for biomass
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Figure4. The classification map of the canopy (A) and biomass (tons per hectare) (B) by the kriging method
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Table 6. Evaluation results of geostatistical methods in estimating biomass
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Table 7. Performance of RF and SVM algorithms for canopy modeling
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0.15 0.32 RMSE
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Figure 5. Modeling the percentage of forest canopy using the RF (A) & SVM (B) algorithms
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Figure 6. The ROC curve of the canopy percentage map based on RF and SVM models
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Figure 7. Modeling of yield (tons per hectare) using RF (A) & SVM (B) algorithms.
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Figure 8. The ROC curve of the biomass map based on RFand SVM models
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Table 8. The performance of RF and SVM algorithms for modeling the biomass
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Table 9. Investigation and modeling of the canopy percentage using the IGR index

Cauonl (eosls) Caonl (osl)
v Data \4 Data
0.77 3 sl 2.03 NDVI
Band3
0.75 7 s 1.9 SAVI
Band7
0.74 PCA-1 18 MNLI
Bright
0.74 T 1.66 OSAVI
b,
0.68 GRVI 1.63 Greenness
0.68 GNDVI 1.61 PCA-2
0.56 6 &l 1.41 EVI
Band6
0.54 RVI 1.41 LAI
0.54 PVI 119 DVI
0.53 243 118 GDVI
Band 2
0.48 4 1 5 xl
Band 4 Band 5
Wetness
0.35 ; 1.05 GARI
Cugb)
0.92 ARVI
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Table 10. Investigation and modeling of aboveground biomass using the IGR index

Coonl (W 00ly) Caonl (oosl)
v Data \4 Data
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0.16 s 0.62 OSAVI
2 9)
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7 b Greenness
0.33 : 0.58 c. .
Band7 (S
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0.42 GRVI 0.58 MNLI
03 3 3k 0.56 EVI
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0.33 4 b 0.56 LAI
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0.22 RVI 0.45 GDVI
0.23 IPVI 0.42 DVI
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0.32 5 sk
Band 5
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Table 11. Validation of algorithms in estimating the canopy percentage & biomass based on statistical criteria and
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Table 12. AUC values of quantitative variables based on RF and SVM models and geostatistics (kriging)
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