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Extended Abstract

Background: The increasing concentration of greenhouse gases, especially carbon dioxide
(CO), is the main driver of global warming and climate change. Urban forests, as part of green
infrastructure, play a vital role in absorbing and sequestering this carbon. However, the accurate
estimation of aboveground carbon storage in urban trees through traditional field methods is
costly, time-consuming, and limited in scale. In contrast, the integration of remote sensing data
and machine learning models provides a novel, rapid, and cost-effective approach for large-scale
monitoring. The main objective of this research was to estimate the aboveground carbon storage
of trees in Sari city using vegetation indices extracted from Sentinel-2 satellite images and to
compare the performance of four machine learning algorithms: Random Forest (RF), Support
Vector Machine (SVM), K-Nearest Neighbors (KNN), and the Generalized Linear Model (GLM).
Methods: This study was conducted within the three urban districts of Sari city (with a total
approximate area of 2970 hectares). One hundred and fifty sample plots (50 plots in each district)
were collected using selective sampling (with the transect method in boulevards and with the
circular sample plot method in squares). The Diameter at Breast Height (DBH) and height of all
trees were measured in each plot, and their locations were recorded with GPS. Stem biomass was
calculated using an allometric equation based on DBH, height, form factor (0.5), and wood
density, and carbon storage was estimated by multiplying it by a factor of 0.47. A set of cloud-
free Sentinel-2 satellite images (2021-2022 timeframe) was used to extract a wide range of
vegetation indices, including common indices (e.g., NDVI, EVI), red-edge band-based indices
(e.g., S2REP, REIP, & NDRE), and spectral transformations (e.g., TCB, TCW) on the Google
Earth Engine platform. After screening variables based on multicollinearity (removing variables
with Pearson’s correlation > 0.8), the data were prepared for modeling. The performance of RF,
SVM, KNN, and GLM models was evaluated using 10-fold cross-validation, and their accuracy
was assessed with the coefficient of determination (R?), Root Mean Square Error (RMSE), and
Mean Absolute Error (MAE) metrics. The relative importance of variables was also calculated
for each model. All analyses were performed in the R software environment.

Results: The mean aboveground carbon storage in district one of Sari city was significantly
higher than in the other two districts. The Random Forest (RF) model performed remarkably
better than the other models, showing the highest accuracy and lowest error. The observed vs.
predicted values plot for RF showed a close fit to the 1:1 line, and its residuals were symmetrically
scattered around zero, indicating no systematic bias. Although the SVM model showed acceptable
accuracy in some iterations, it was unstable and exhibited high dispersion in error metrics. The
KNN and GLM models performed weaker and showed a strong tendency to underestimate higher
carbon storage values. The examination of variable importance in all models indicated the key
role of red-edge band-based indices. The S2REP index had the highest relative importance in
predicting carbon storage across all four models. Subsequently, the REIP, NDRE, and EVI indices
ranked next in importance.

Conclusion: This research demonstrated that integrating advanced spectral indices from Sentinel-
2 (especially red-edge indices) with the RF machine learning algorithm provides an accurate,
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stable, and efficient method for estimating and spatially monitoring aboveground carbon storage
of trees in the complex and heterogeneous urban environment of Sari. The superiority of RF stems
from its ability to model complex nonlinear relationships, handle outliers, and deliver
generalizable results. The pivotal role of the S2REP index emphasizes the importance of spectral
information related to chlorophyll content and the advanced physiological structure of trees
(captured by red-edge bands) compared to conventional greenness indices for carbon storage
estimation. Urban managers and planners are suggested to use this framework as an operational
tool for periodic monitoring of carbon sequestration potential in green spaces, identifying
strengths and weaknesses, prioritizing the protection of mature trees (such as old plane trees), and
evaluating the effectiveness of green space development projects toward carbon reduction. For
future studies, integrating multi-source data (such as airborne LiDAR for vertical canopy
structure, Sentinel-1 radar data, and micro-scale environmental variables), developing ensemble
models, and adapting the model for different tree species are recommended to increase the
accuracy and reliability of estimates at the metropolitan level.
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Table 1. Technical specifications of the Sentinel-2 satellite imagery used in this study
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Table 2. The list, descriptive statistics, and abbreviation of environmental variables used in this study

Variables Abbreviation Minimum Maximum Mean Std. Deviation
Normalized Difference Vegetation Index NDVI 0.05 0.46 0.16 0.08
Green-Blue Difference Vegetation Index GBDVI 0.08 0.42 0.16 0.07
Difference Vegetation Index DVI 0.00 0.20 0.04 0.03

Enhanced Vegetation Index -0.99 1.05 0.15 0.17

Modified Chlorophyll Absorption in Reflectance Index MCARI 0.00 0.01 0.07 0.01
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Chlorophyll Index Red Edge CIRE 0.03 1.33 0.26 0.21
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Green-Red Normalized Difference Vegetation Index GRNDVI 0.06 0.44 0.16 0.08
Blue Wide Dynamic Range Vegetation Index BWDRVI 0.77 0.33 0.6 0.08
Normalized Difference Vegetation Index using Red Edge NDVIRE 0.01 0.33 0.096 0.06
Weighted Difference Vegetation Index WDVI 0.09 0.13 0.03 0.04

Tasseled Cap Brightness TCB 0.78 1.06 0.90 0.05

Tasseled Cap Greenness TCG 0.20 -0.01 0.13 0.03
Tasseled Cap Wetness TCW 0.02 0.09 0.04 0.019

Tasseled Cap Angle TCA 77.91 98.03 92.82 4.07

Tasseled Cap Distance TCD 0.82 1.12 0.95 0.05
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Table 3. Quantitative characteristics of trees in Sari city
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Figure 2. Pearson’s correlation results of the studied variables (red and blue colors indicate significant positive and
negative correlations, respectively, and blank squares indicate no significant correlation).
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Figure 3. Evaluation metrics of the applied models using cross-validation
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Figure 4. Residual values of the applied models in predicting aboveground carbon storage in Sari city.

12.5
10.0
7.5
5.0

Predicted

25
0.0

12,5
10.0
7.5
5.0

Predicted

25
0.0

Predicted

RF
== Fit Line == 1:1 Line
00 25 50 75 10.0 12.
Observed
kNN

== Fit Line == 1:1 Line

Predicted

SVM
== Fit Line == 1:1 Line
12.5
10.0
7.5
5.0
25
0.0
00 25 50 7.5 10.0 12.
Observed
GLM

== Fit Line == 1:1 Line

0.0 25 50 7.5 10.0 12.
Observed

0.0 25 50 75 10.0 12.
Observed

ol b 3> (05 895 1S 0D oty > 030l 350 (sl Jdo (g3)5] 2 g (ABly ool —0 IS
Figure 5. Observed versus predicted values of aboveground carbon storage obtained from the applied models in Sari
city.


http://dx.doi.org/10.61882/ifej.2026.603
https://ifej.sanru.ac.ir/article-1-603-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-07-05 ]

[ DOI: 10.61882/if€}.2026.603 |

Y4

b Loxs g e diye @M ol ¢ L3 ply)l

Ve /) a)L»f) /rvih.))le? JL.u U‘)“‘ ‘_g‘JbJ.iob wu‘by

S2Rep
REIP
NDRE
EVI
cccl
TCB
GLI
MCARI
cvi
TCW

II||:I
m

LT

Relative Importance (%)

KNN
S2Rep
NDRE
REIP

Ccci
MCARI
GLI
TCB
TCW
cvi

04—-..

25 50 75 100

Relative Importance (%)

25 50 75 100

7]
<
=

S2Rep
NDRE
REIP
EVI
cccl
MCAR
GLI
TCB
TCW
cvi

°l T " mmpg

25 50 75 100
Relative Importance (%)

GLM

S2Rep
NDRE
CccCcCi
TCW
EVI
GLI
MCARI
cvi
TCB
REIP

25 50 75 100
Relative Importance (%)

(At b pusito Y ygoro g W puiiio Caro] X jgmo) calisee (gla Jio (slp (awyp 350 (daszxo (sl psie o Cananl = JSUS
Figure 6. Relative importance of the environmental variables under study for different models (X-axis the importance
of the variables and Y-axis the variables)

Uly Seslie (olS Glde b b sbSHL &
(5390500 (5 )S0D gy 5> LB (S i 53 6 FVL
K SHb s (Mahmoudi ef al., 2021) ) 4
b (55 Cilses cboaigS a5 15,8 saalie ol 48 olg)
u‘).ee le ke u_:l.(bcb; 9 sl OJ; b)o.) » u"ﬁl‘m
50l QL&JU QQ&QQ Cﬂ}g ¢3)Lﬂg
S b)%lw 9 B jobas RF Jas caddllas oyl 5o
ol 1 L (6l b sted B (s Vb S
RMSE (5 el R? (0 5VL) (2l slayline )3 550
Suo 4 S35 g o8 (SS1p) osile Bl wje5 (MAE 4
2 2l plie sbaylsges g (Slatusw 595 (o
ol e 3 1) s 5S35 i) (el oo
Jdoas RF gy dgpaie (calisee (slaaioly ;o Soloituo
Cooglis odmy (Jad od Ll o pde 3 395 (VL (LUl
Sl b sloosls )3 gt 38 5 (il ot 9 298 20
2lS sl yasls usle  (high-dimensional) YL
o Olesay (red-edge (slanl  Joli) Sentinel-2
ddxie Glallles b adly pl .0 jalls jimgly cpl jd i yeSl
S 0533 5 (AGB) (s VU (ologer 39l e >
S Ka AGB 3)5ly 53 (Jlie sl ) Sleden (JKa

ol e 5 () e YL Gl gl ol 5

B U Jla 2980 03l Cod (g 1e8 o gL
4 o (§yder ()5 Gilwe B Cudyls 055 Cgr (YL
Heidarian & Ghasemi ) 3)b ;55 sloaisS 1 (6 )l
Coyw Yoame lgs ol 4,51 (Aghbash, 2020
ol )3 55 Pipee (U W VL (S oy
WS (oo 03D il @gon 1) Sl ke w2
Fiweid g )b 5l s, (Stephenson et al, 2014)
GV oy Bty (S35 4] Jole 3 5,05 lonisS
Eslamdoust ) 35" oo 033 |y (¢ s o9 )S  yologe Mg
Sl wle 05,058 clawisS 45 Jl> 3 (& Sohrabi, 2018
Joily S oVsb slaoygd )3 g YL oS5 Jbe
ol o (Vieira er al., 2017) k)b (g yidn (gjlwo pid
oielyg e Jlio (gly 5yl Jleden by slaadl b adllas
as wsb olas (Varamesh er al, 2013) o, Ken
Sk Spiee 9 Spo sbas L K
g JB yba ) S S cuey oSie S
obie g UL el s b GBI
23,5 45,155 (Ghasemi Aghbash & Heidarian, 2020)


http://dx.doi.org/10.61882/ifej.2026.603
https://ifej.sanru.ac.ir/article-1-603-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-07-05 ]

[ DOI: 10.61882/if€}.2026.603 |

b Lo g b diye @B yiuol (LG plall

x5k sl Jde ohgts Sl (sl yoSl (65,5
g JB b ) 008 g 03555 25l > oeitle
Ali et al., 2025; Gheysarbeigi et al., ) slosls i3]
oKl Sentinel-2 > red-edge slasil d954 (2024
b sl 5 (LS (ide Sjdgjud Candy yio oy
4 Caus e 3,S0as g Cage g Gl 03,5 pal )3 |,
o) sl cul ol g b SS& L pglal
& sad e ol ol G ol alie wlles
R ol Gy sl p i (LS saadls
O 03 i 3 1y S i red-edge o S
Sl ;3 by Jae duolie (uiman WS (o Wl (o) (9,
SR wile Jad e olapi oSl &S s o )l caliseo
Siledde 3 (Ul Jdsar cplatity Joy oedle g (Bolas
) g b lapste (S g odomn by,
L) Sl o ol Joe 4y Cunnss (6524 3, Sas Y gono
b Jb b .(Peng et al., 2023; Zhou et al., 2025)
Mirrajabi et al., ) 5,5 K> 5 spoi Oldlas Sy
Jslo by g SosS o bie 5 a5 wms e oL (2016
Sloglys 58150 555 5 sl e sl S i
cunlite Jde Gl Cucal ggb50 cpl aimd ) Joub L
iy, Sl iz 5 e polie e an |
S o |y (2LS

dad 50 oS Wb L b ke (oowd Cua] )y guls
oanls 0e Cuedl YL gll> S2Rep [asls b Juo
Wi o0 owesd |yred-edge calae dlads Cusdge 45 S2Rep
9 M) Cumdg (JBg S lye @ ) VL Coles
e lple g amde plis alS b el
P SRS G (e Vb (S 0y 0AS e
a8 WS o b Syl (Ali et al, 2022) 395 gyl youd
koo gl jasls o}g4) red-edge Sentinel-2 lassl
o b e gy (silede 3 1) sl L (e L
o by ) 5 05 ol 5 353 5 (LS i
gail s gaS (NDVI 15L) i lamsls &
Sloe 511y (64588 wledMbl 4 wgd o (saturation)
SPr IS st e ) gb Sle 5 LIS
, (NDRE REIP S2Rep) joo-ted-edge (slo jasli
Oy Oldlae slaasl L RF (5 ojgds da Jie plos
dygly 8> lajasls cpl wad o lis 45 3yl Sloden
d9me SR 9 K> sl 3 1y () 033 5 (legs
Nl 5 Jg )l Olpes 4 (6 5V Sl 1 it o0
O3y wbe) oSt sl by > ledl JSutio 5 35,05 £
Gao et al, 2024;) xad> o Lials 1) (L JlocrsS
(Wang et al., 2025

IS (S5 doeS
dlmubbﬁ jl odlaiwl 45 LD o ul*‘“' LYy O:{‘ CJL\J
S ) Sentir]el-2 obad 5l eddizl el alS e
slazel 8 9 Sol,§ L;J)iﬁ” copile L;),Sb\g. s i b
2 sl G LB ejig9) ()5 03D 2yl sl

sbodls Sl oolial b s 0 G153 (dejiss) (S 03> il e

Syt 3Sdes RF GEDI (glaosls jl oslazwl b ol g g
SFS0P ladashy 9 bl KNN  SVM & Cos
5 St slalae )3 ¢ piomad 0)S &Il Ably yiolie @
ol 1y b 8> del RF wudgiloil oo Sis
L XGBoost b yingh 5l Sy 0 a5 di> a8 0
b hg gloodls bulpd 5 bl cidgs 50 (oS 5 sla e
9 IS £95 b b o Six wile) dgiote sladiges
€8y g e o 295 P RE (Rl jlsls
b (RF) oolas JSia oo s 380ee 45 (0o )5
oo odly (Bily > ol (YL Uy @ Gl
A G @y sodly Co e g dad e balgy olulis
) i (slo i e ol Bl i | Jae
5 $)SS (gl pdises b g (Probst et al, 2019) sas o
LS o sySely sl i (bl 5l daedls 1 8ol
oy o5 [(Breiman, 2001; Catani et al., 2013)
o (ol Lolge o otz Ml Ul ;018 RF
31y a5 (a5 5 45 Bl Jao il 0 B s s
(Pecchi et al., 2019) an> &3l b yusio Coonl

2 bl (658 (as s by )3 4251 SVM e
)5l peS 4 bled g lmosile 3L > YU SuiSTy adllas oyl
oy s 1y (cpyS 03> (sYL polie )d 0fsds) Sladuumw
w4 5 g B8 Obsl a4 Colas I (5L Wl e oS
& (o e 55 KNN s 0l oy 55
Wle) (blydl polie ) paess 3 Sl 9 o5 sladiges
(8 iciens > Shae (¥l (8 0,85 i S ol
RE ol balgy (et e S lgieds GLM il
45) 938 il |y (LS shodly (s
IS oy onl & ol 4 g bcéS S ol
Syelp lp ool 333l il e Oldlas pswss
@bl glo b > b QLB (S 0pdd
S s sap)l5 3 RE (VL iliy onimsylits
YU (IaeS g dgize e slaodhy &S ol (sl
5anl aa Jolge 5 ( JlocaS iz oy M s5)
asl by &l 1y (6 5YL s s ds v ysl ol L35)1> 3939
S gl by blite o jliel 1) gyde gyl

035 39l 2 e 5 oy Slalllas b g3y (ol gl
3 ot goodls 5l odiial b (s 59y 03955 9 )5
o ol Llyen (ple (6350L 5 )bl slae 5 590
5SSy (Mirrajabi et al, 2016) )Kea o o)
olnl st sl )5 UK ) oadpll Gldllas s
9 u“""’ O%‘-‘“’)f) dLﬁJ.\A )'l odlaswl b > FLERTN UL....»
{GeoEye-1) YL o SS& @8 L yolas
3058 o9le 8L 9 NDVI ooy (LS (jiudgy (sl jad L
5 05 b Jpd B (Sten (NIR) S5
oleMbl a8 jzws ol Sl b ) sl dwjs,
olysa wlge hojlgale pglas I ordelsewl b
g dupry Sl glaciby JoSo b cuwlie (05500
WOllllas (pl pomme daldl )3 5,5 )8 edlatwl 5y50 e
5 Sentinel-2 (slaodls 5l (580,00 b suds sla g


http://dx.doi.org/10.61882/ifej.2026.603
https://ifej.sanru.ac.ir/article-1-603-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-07-05 ]

[ DOI: 10.61882/if€}.2026.603 |

¥y

b5 Lme g Slonds oy @M yiuol ¢ LSl plyll
Ve /) a)L«Z /,vma)le? JLu u‘).\‘ ‘_;hz:b].io wufby

Rl Bua b (slad g (gjayaely g &l (U
&S 39 oo dlpidy (Jb> opl b a8 S8 o8l s il )
s s LIDAR a5 _sionin (glaodls jl couss] cilalllas )
opde g ylidle sl ysie Sentinel-1 (g)bly glas
wile) gy b gabyin oo Guopes 5 (LS
o3zl (ensemble models 4 deep learning XGBoost
Aol alS egabd pae g ol5dl s yglp 8 b ags
bil sl ly Sdes s 5380 agle Ml oo e )
ol sladlaio g (e (ol 3 byl (21550058 sl

2y

8> (YL Al L RF )80l 0 gy 2 sl Jdo (o
melisl 3 jide )b g Gmoie glad (S
oXeal Lulyd gy Jho ppcwle plpedr ¢l
Sadls gy b a3l ()l b b sl K
NDRE 4 REIP S2Rep o394 aed-edge by  Jiwe
9 oyl b lasye (b Cledbl (oS (485 srimylis
(SR salaze ) ()8 033 (il e gl Sl
el @Slyte g6 b JlognS GUs ) jea > egade
Olpde & Wilg o (938 Yoo I adllas oyl (slaaidl
el guucaggl )8 033 Gl il > e

References

Alazmani, M., Hojjati, S.M., Waez-Mousavi, S.M., & Tafazoli, M. (2021). Effect of alder plantation age on
soil carbon sequestration. Forest Research and Development, 7(2), 279-291. [In Persian]

Ali, A., Imran, M., Ali, A., & Khan, M.A. (2022). Evaluating Sentinel-2 red edge through hyperspectral
profiles for monitoring LAI & chlorophyll content of Kinnow Mandarin orchards. Remote Sensing
Applications: Society and Environment, 26, 100719.

Ali, H. & Mohammadi, J. (2023). Estimation of above-ground biomass of Arabdagh reforested stands,
Golestan province using Sentinel-2 satellite data. Journal of Wood and Forest Science and Technology,
30(4), 93-110.

Ali, J., Haoran, W., Mehmood, K., Hussain, W., Iftikhar, F., Shahzad, F., Hussain, K., Qun, Y., & Zhongkui,
J. (2025). Remote sensing and integration of machine learning algorithms for above-ground biomass
estimation in Larix principis-rupprechtii Mayr plantations: a case study using Sentinel-2 and Landsat-9
data in northern China. Frontiers in Environmental Science, 13, 1577298.

Bolund, P., & Hunhammar, S. (1999). Ecosystem services in urban areas. Ecological Economics, 29(2),
293-301.

Breiman, L. (2001). Random forests. Machine Learning, 45(1), 5-32.

Cannell, M. G. R. (2003). Carbon sequestration and biomass energy offset theoretical, potential and
achievable capacities globally in Europe and UK, Biomass and Bioenergy, 24, 97-116.

Castillo, J. A. A., Apan, A. A., Maraseni, T. N., & Salmo III, S. G. (2017). Estimation and mapping of
above-ground biomass of mangrove forests and their replacement land uses in the Philippines using
Sentinel imagery. ISPRS Journal of Photogrammetry and Remote Sensing, 134, 70-85.

Catani, F., Lagomarsino, D., Segoni, S. & Tofani, V. (2013). Landslide susceptibility estimation by random
forests technique: sensitivity and scaling issues. Natural Hazards and Earth System Sciences, 13(11),
2815-2831.

Chicco, D., Warrens, M. J., & Jurman, G. (2021). The coefficient of determination R-squared is more
informative than SMAPE, MAE, MAPE, MSE and RMSE in regression analysis evaluation. Peerj
Computer Science, 7, €623.

Eslamdoust, J., & Sohrabi, H. (2018). Carbon storage in biomass, litter, and soil of different native and
introduced fast-growing tree plantations in the South Caspian Sea. Journal of Forestry Research, 29,
449-457.

Friedlingstein, P., O'sullivan, M., Jones, M. W., Andrew, R. M., Hauck, J., Landschiitzer, P., ... & Zeng, J.
(2024). Global carbon budget 2024. Earth System Science Data Discussions, 2024, 1-133.
https://doi.org/10.5194/essd-17-965-2025, 2025.

Gao, S., Yan, K., Liu, J., Pu, J., Zou, D., Qi, J., My, X. & Yan, G. (2024). Assessment of remote-sensed
vegetation indices for estimating forest chlorophyll concentration. Ecological Indicators, 162, 112001.

Gheysarbeigi, S., Pir Bavaghar, M. & Valipour, A. (2024.) Forest aboveground biomass estimation using
satellite imagery and Random Forest regression model. Geography and Environmental Sustainability,
14(1), 85-100.

Greener, J.G., Kandathil, S.M., Moffat, L. & Jones, D.T. (2022). A guide to machine learning for biologists.
Nature Reviews Molecular Cell Biology, 23(1), 40-55.

Heidarian, Sh., & Ghasemi Aghbash, F. (2020). Study of Carbon sequestration in trees and soil in two urban
parks of Kohdasht City. Journal of Environmental Science and Technology, 22(1),215-225. [In Persian]

Hojjati, S.M., Hashemi, S.A., Hosseyni, S.M., Asadiyan, M., & Tafazoli, M. (2020). The Effect of
plantation with native and exotic species on soil CO2 emissions (The case study: Darabkola forest).
Journal of Plant Ecosystem Conservation, 8(16), 95-110. [In Persian]

Hojjati, S. M., Tafazoli, M., Asadian, M., & Baluee, A. (2022). Estimation of carbon sequestration and
forest soil respiration using machine learning models in Eastern Forests of Mazandaran Province. Forest
Research and Development, 8(4), 371-388. [In Persian]


http://dx.doi.org/10.61882/ifej.2026.603
https://ifej.sanru.ac.ir/article-1-603-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-07-05 ]

[ DOI: 10.61882/if€}.2026.603 |

L Loxa g e diye @M ol ¢ L3 ply)l

¥ sbodls Sl oolial b s 0 G153 (dejiss) (S 03> il e

Hojjati, S. M., Tafazoli, M., Imani, M., Alazmani, M., Fallah, A., & Pourmajidian, M. R. (2023b). Variation
in carbon sequestration and soil properties in relation to stand age in maple and alder plantations.
Journal of Sustainable Forestry, 42(6), 640-654.

Kamer Aksoy, O. (2022). Predicting the Potential Distribution Area of the Platanus orientalis L. in Turkey
Today and in the Future. Sustainability, 14(18), p11706.

Ly, H. B., Asteris, P. G. & Pham., T. B. (2021). Accuracy assessment of extreme learning machine in
predicting soil compression coefficient. Vietnam Journal of Earth Sciences, 42(3), 228-336.

Mahmoudi, M., Ramezani Kakroudi, E., Banj Shafiei, A., Salehi, A., Pato, M., & Hoseinzadeh, O. (2021).
The study of soil carbon storage in Lavizan Forest Park, Tehran. Forest Research and Development,
7(2), 327-342.

Mi, C., Huettmann, F., Guo, Y., Han, X., & Wen, L. (2017). Why choose Random Forest to predict rare
species distribution with few samples in large undersampled areas? Three Asian crane species models
provide supporting evidence. Peer.J, 5, €2849. DOI 10.7717/peerj.2849.

Mirrajabi, H., Oladi, J., & Mataji, A. (2016). Estimating above ground carbon storage in urban afforestation
using satellite data (Case study: Chitgar Forest Park in Tehran). Ecology of Iranian Forest, 4(7), 35-42.

Namiranian, M. (2007). Measurement of tree and forest biometry. Tehran University Publications, 574p.
[In Persian]

Nedkov, S., Zhiyanski, M., Nikolova, M., Gikov, A., Nikolov, P., & Todorov, L. (2016, September).
Mapping of carbon storage in urban ecosystems: a Case study of Pleven District, Bulgaria. In
Proceedings, Scientific conference Geographical aspects of land use and planning under climate
change. Varshets, Bulgaria, 23, 09-25.

Nowak, D. J., Greenfield, E. J., Hoehn, R. E., & Lapoint, E. (2013). Carbon storage and sequestration by
trees in urban and community areas of the United States. Environmental Pollution, 178, 229-236.

Nowak, D.J., & Crane, D.E. (2002). Carbon storage and sequestration by urban trees in the USA.
Environmental pollution, 116(3), 381-389.

Nowak, D.J., & Greenfield, E.J. (2012). Tree and impervious cover change in US cities. Urban Forestry
and Urban Greening, 11(1), 21-30.

Osabohien, R., Matthew, O., Aderounmu, U., & Olawande, T. (2019). Greenhouse gas emissions and crop
production in West Africa: Examining the mitigating potential of social protection. International
Journal of Energy Economics and Policy, 9(1), 57.

Pecchi, M., Marchi, M., Burton, V., Giannetti, F., Moriondo, M., Bernetti, 1., Bindi, M., & Chirici, G.
(2019). Species distribution modelling to support forest management. A literature review. Ecological
Modelling, 411, 108817.

Peng, J., Zeiner, N., Parsons, D., Féret, J.B., Soderstrom, M., & Morel, J. (2023). Forage biomass estimation
using Sentinel-2 Imagery at high latitudes. Remote Sensing, 15(9), 2350.

Probst, P., Wright, M. N., & Boulesteix, A. L. (2019). Hyperparameters and tuning strategies for random
forest. Wiley Interdisciplinary Reviews: Data Mining and Knowledge Discovery, 9(3), e1301.

Reinaud, J., 2008. Issues behind competitiveness and carbon leakage. Focus on Heavy Industry. Paris: IEA.
IEA Information Paper, 2.

Shayesteh, K., Gharibi, Sh., & Attaiean, B. (2021). Estimation of greenhouse gases emissions from urban
traffic: a case study of Hamadan city. Iranian Journal of Health and Environment, 13(4), 653-68.

Srivastava, A. K., Gaiser, T., Pacth, H., & Ewert, F. (2012). The impact of climate change on Yam
(Dioscorea alata) yield in the savanna zone of West Africa. Agriculture, Ecosystems and Environment,
153, 57-64.

Stephenson, N. L., Das, A. J., Condit, R., Russo, S. E., Baker, P. J., Beckman, N. G, ... & Zavala, M.A.
(2014). Rate of tree carbon accumulation increases continuously with tree size. Nature, 507(7490),
90-93.

Strohbach, M. W., Arnold, E., & Haase, D. (2012). The carbon footprint of urban green space- A life cycle
approach. Landscape and Urban Planning, 104(2), 220-229.

Tafazoli, M., Attarod, P., Hojjati, S. M., & Tafazoli, M. (2020). Throughfall Chemistry of Persian Maple
(Acer velutinim) and Turkish Pine (Pinus brutia) Plantations in East of Mazandaran. Ecology of Iranian
Forest, 7(14), 39-47.

Vahedi, A. A., & Mattagi, A. (2014). Amount of carbon sequestration distribution associated with oak tree’s
(Quercus castaneifolia CA May) bole in relation to physiographical units of Hyrcanian natural forests
of Iran. [ranian Journal of Forest and Poplar Research, 21(4), 716-728.

Valizadeh, E., Asadi, H., Jaafari, A., & Tafazoli, M. (2023). Machine learning prediction of tree species
diversity using forest structure and environmental factors: a case study from the Hyrcanian forest, Iran.
Environmental Monitoring and Assessment, 195(11), 1334.

Varamesh, S., Hoseini, S. M., & Abdi, N. (2011). Estimating potential of urban forests for atmospheric
carbon sequestration. Journal of Environmental Studies, 37(57), 113-120.

Varamesh, S., Hosseini, S. M., & Sefidi, K. (2013). Evaluation of the amount of carbon sequestration in
biomass, litter and soil of acacia and silver cedar stands around Tehran. Journal of Environmental
Science and Technology, 16(4), 396-404.


http://dx.doi.org/10.61882/ifej.2026.603
https://ifej.sanru.ac.ir/article-1-603-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-07-05 ]

[ DOI: 10.61882/if€}.2026.603 |

A Lo 5 Slond (550 D06 il 36 o)
¥y Ve /) a)L«Z /,vma)le? JLu u‘).\‘ ‘_;hz:b].io wufby

Vieira, S., Trumbore, S., Camargo, P. B., Selhorst, D., Chambers, J. Q., Higuchi, N., & Martinelli, L. A.
(2005). Slow growth rates of Amazonian trees: consequences for carbon cycling. Proceedings of the
National Academy of Sciences, 102(51), 18502-18507.

Wang, X., Gan, Y., lio, A., & Wang, Q. (2025). Using vegetation indices developed for sentinel-2
multispectral data to track spatiotemporal changes in the leaf area index of temperate deciduous forests.
Geomatics, 5(1), 11.

Wu, L., Wang, L., Shi, C., & Yin, D. (2022). Detecting mangrove photosynthesis with solar-induced
chlorophyll fluorescence. International Journal of Remote Sensing, 43(3), 1037-1053.

Zhou, H., Shariff, A. R. M., Bejo, S. K., Jahari, M., Mohd Shafri, H. Z. B., Omar, H. B., Nordin, L.,
Trisasongko, B., & Takeuchi, W. (2025). Estimating Mangrove Aboveground Biomass Using Sentinel-
2 and ALOS-2 Imagery: A Case Study of the Matang Mangrove Reserve, Malaysia. Forests, 16(10),
1517.


http://dx.doi.org/10.61882/ifej.2026.603
https://ifej.sanru.ac.ir/article-1-603-fa.html
http://www.tcpdf.org

