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Article Info ABSTRACT

Article type: Background and Objectives: Reforested stands are recognized as crucial

Full Length Research Paper  contributors to forest carbon storage and play a significant role in

mitigating the destruction of natural areas. Aboveground biomass (AGB)

N serves as a vital component in sustainable forest management, contributing
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the Random Forest algorithm, have gained widespread popularity for

estimating forest tree biomass. This study aimed to evaluate the capability
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Allometric equation, above-ground biomass in Arabdagh reforested stands located in Golestan
Near-infrared band, ;

, province.
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Materials and Methods: In this study, a total of 180 circular sample plots,
each with an area of 400 m’, were measured using the cluster sampling
method. Measurements of the diameter at breast height (DBH) and tree
height (H) were recorded. Additionally, the precise coordinates of the
sample plot centers were captured using DGPS. Subsequently, the above-
ground biomass of trees was calculated using the developed allometric
equations. For this study, pre-processed radiometric and geometrical data
from Sentinel 2 were utilized, enabling the creation of various vegetation
indices. The random forest algorithm was employed to explore the
relationship between biomass characteristics (dependent variable) and the
spectral values of vegetation indices (independent variables). The modeling
process involved using 75% of the sample plots (135 sample plots) for
training the random forest algorithm, while the remaining 25% (45 sample
plots) were reserved for validating the estimates.

Results: The findings showed that the NDVI and GNDVI indices exhibited
the strongest correlation in estimating above-ground biomass. By
employing the random forest algorithm with 310 trees and 5 predictors, the
percentage root mean square error was determined to be 35.83%, while the
coefficient of determination was 0.51, indicating the algorithm's capability
to estimate the above-ground biomass of Arabdagh reforested stands.
Furthermore, the results indicated that the random forest algorithm,
utilizing Sentinel 2 data, provided higher estimates for the above-ground
biomass of trees compared to the actual values. However, at a 95%
probability level, there was no significant difference between the estimated
and real above-ground biomass values (p-value > 0.05).
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Conclusion: The findings demonstrated that Sentinel 2 data successfully
estimated the above-ground biomass of Arabdagh reforested stands with
satisfactory accuracy. Based on the results presented, it can be concluded
that the information derived from the main bands and spectral indices
played a crucial role in the estimation of above-ground biomass.
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Figure 1. Location of the study area in the North of Iran (A), examples of stands in the study area (B),
distribution of field plot network in the study area (C and D).
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Table 1. Allometric equations developed for three species (16).

doles o led s S S e SYsles

Eq. number Species Allometric equations
1 P. brutia AGB=exp (-33.87+1 .05xIn(DBH? XH) +1.001x In(p))
2 P. pinea AGB=exp (-9.15+6.66 x In(DBH) -0.7 x(In(DBH))?
3 C. sempervirens AGB=exp (-2.75+0.93xIn(DBH?xH))
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Table 2. Spatial and Spectral characteristics of Sentinel-2 images.
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Bands Spatial resolution (m) Central Wavelength (nm)
Blue _f 10 490
Green ;... 10 560
Red ;. 3 10 665
Vegetation red edge ;. 5 «J 20 705
Vegetation red edge ;. 5 «J 20 740
Vegetation red edge ;. 5 «J 20 783
Vegetation red edge ;. 5 «J 20 865
NIR 35 30 3053 10 842
SWIR o5 S 36 3055l 20 1610
SWIR o5 S 36 3055l 20 2190
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Table 3. Vegetation indices extracted from Sentinel 2 image.

Jslee

P b el &
Vegetation indices Equation Reference
Normalized difference vegetation index NDVI=(NIR-Red)/(NIR+Red) (20)
Soil adjusted vegetation index SAVI=1.5x( NIR-Red)/(NIR+Red+0.5) (21)
Ratio vegetation index RVI=NIR/R (22)
Modified soil adjusted vegetation index MSAVI2=(0.5)x(2(NIR+1)-sqrt((2xNIR+1)*-8(NIR-RED))) (23)
Difference vegetation index DVI=(NIR-RED) (20)
. . . GNDVI = (IR_factor x near_ IR - green_factor x green)/
N - N 24
Green Normalized Difference Vegetation Index (IR_factor x near IR + green factor  green)) (24)
Transformed N lized Diffe v ion Ind TNDVI = sqrt( (IR_factorx near IR - red_factor x red) 25
ransformed Normalized Difference Vegetation Index / (IR_factor xnear IR + red_factor xred) + 0.5) (25)
P dicular v ion Ind PVI = sin(a) xIR_factor x near_IR - cos(a) x 2%
erpendicular Vegetation Index red_factor x red (26)
. . . . MSAVI=(1 + L) x (IR_factor x near_IR - red_factor x red)
Modified Soil Adjusted Vegetation Index n - = (23)

/(IR_factor x near IR + red_factor x red + L)
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Table 4. Descriptive statistics of AGB all plots (training and test data).
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Above-ground biomass (ton per hectare)
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Test data Training data All plots
s el sl
45 135 180 o e e
Number of plots
. /'L.a
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Standard deviation
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Table 5. Correlation coefficient between Above-ground biomass, vegetation indices and bands.
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Correlation coefficients

bl 5 oS ab s el
Vegetation indices and bands

0.57

0.42

0.54

0.40

0.35

0.56

0.54

0.35

0.39

-0.26

-0.23

-0.36

-0.19

0.15

0.16

0.10

-0.18

-0.25

-0.25
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Table 6. The calculated R%, RMSE and RMSE% using random forest algorithm and Sentinel 2 data.

ssdemas Ao 5 U ey o (oS0l 5 5dms
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2 -
Percentage root mean Root mean square error R N. of Predictors (k) No. of trees
square error (RMSE%) (RMSE (ton.ha ™))
36.41 20.30 0.49 3 310
36.13 20.14 0.49 4 310
35.83 19.97 0.51 5 310
36.35 20.27 0.49 6 310
36.34 20.26 0.49 7 310
g |
- 2
2 8-
=
[=
S
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Figure 2. Graph of the mean square error of the training data against the number of trees for AGB.
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Table 7. The differences between the actual values for validation data and the estimated values of biomass
using the Random Forest algorithm.
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Figure 3. residuals against the estimated above-ground biomass.
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