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Abstract

Background and Objective: One of the important criteria for studying, assessing changes, and
monitoring forests is the canopy cover. Considering the role of Zagros forests in water and soil
conservation and the significance of canopy cover in these forests, timely mapping canopy cover and
cover changes are of special importance.

Material and Methodology: this research selected a total of 27 study areas throughout the Zagros
growth region. A total of 2637 plots of 400 meters were examined, and the actual percentage of canopy
cover was extracted. To estimate the canopy cover for Landsat 8 and Sentinel-2 satellites, data from the
calculation of four integrated indices were combined, and the Forest Canopy Density (FCD) map was
calculated. The model's performance was evaluated using statistical error metrics. Pearson correlation
was used to assess the correlation between Landsat 8 and Sentinel 2 derived FCD indices and measures
canopy cover.

Findings: The results showed that AVI and S, had a direct relationship, while Bl and T1 had an inverse
relationship with the canopy cover in all regions. Moreover, the highest coefficient of determination
among all regions was obtained for the Sentinel-2 satellite (86.64%) in the densely forested area of
northern Zagros. The lowest statistical error values, including RMSE (17.41%), RMSE% (31.57%), Bias
(1.57%), Bias% (2.70%), MAE (12.60%), and MAE% (24.28%), were all obtained for the Sentinel-2
satellite and areas with dense canopy cover. Additionally, the statistical error metrics in northern Zagros
showed lower values compared to central and southern Zagros, indicating the model's efficiency in
densely forested areas.

Discussion and Conclusion: In general, it was not possible to achieve canopy estimation with high
accuracy by the FCD model. The results obtained from the Sentinel-2 satellite performed better than the
Landsat 8 satellite. Overall, this model is not suitable for the estimation of canopy covers of sparser
semi-dense forests in Zagros.

Keywords: Forest Canopy Density, Zagros Forests, Sentinel 2, Landsat 8.
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Figure 1. Location map of the study area
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Table 2. Pearson's correlation matrix of the variables that make up the physical canopy model extracted from
satellite images with the CC Landsat 8 and Sentinel 2
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Table 3. Statistical criteria error for the estimation of forest canopy cover using the FCD model

<9 0053 S 051 Sl 0,51
Y b | A cawsdd | Y faow | A cawsdd | ¥ Jiiow | A Cawadd
R? 10 A -IYY Y- .I5¥F %0
RMSE VAIAY VYTV WIF VA/AN VA/E- YIS
o5l | RMSE% | ¥-/¥# FA/E- Y00 YANS YA/ov Yo/va
Bias a4 VYIAY Y a0 oy 7%
Bias% VA/AA Y4/a) ANOD VA YIVe \WAE
MAE VY/VE Vo8 \Y/$e A7AR VE/VA Vo
MAE% | Yvy YE/VO YEIYA YO/fY Yos WAS
R? -I5¥ -5 N -IYY L “/fA
_3 RMSE YO/ YA YEIY - YoV YO YA/YA
4 RMSE% | YYNY AVIA- VO/fY ANV £Y/Pa VEIYY




Jop g Wig (owlne VFeF e oF o lod s j Jumo g dmwgi (5l Y
Bias VY64 Yy/Ya A/-Y YYIAS \O/IVY Y-
Bias% fA/A7 RYARE VAR FAIVD Ya/A- YYIYY
MAE Yq/4Y YY/VQ ARTATA Y¥/IV- YV YYIfY
MAE% OOIFY #YITY 7% \ATANE ATARE ba/f-
R? < /0¥ JANs <IYY AR 34 AN
RMSE YZIEY Ya/of Ya/AD YAIAA YY/#Y YZIVS
RMSE% YYIYY AOIAY RAVIAS ARTAR O-/0Y OANIFD
é\ Bias YAIOA YY/-0 YYIVY Ya/#f ARTARS \#[+ )
’ Bias% Of/-Y ISR AYIEO VYA YOINY YYIYO
MAE \RIAR4 Yy/aa YOIYD Y-/-Y YAIY - YV/-A
MAE% IATER 7a/YY NV RA7AY4 \ATAR AAZEN

2 Oidazl ahe gonailb L (YY) ol 5 JlassSL
Se 5 il pesl b ez L) o9 it sl
LB copd g aeyo VI ) (5 Cono (e 00390 ¢l adib
eor b (VF) oK s Mondal .ass 51 covsas 1, +/8)
sl iz 0 FCD Jow 5l eolital b S bzl olab
s g 5 Coo jlade @il ez 5o Glagais s Sl
o) el anlie 0505l Cawdas /AL g oo, APNY I LIS
ol e FCD caés ans o olis gl G L wlidss
o Waee a5 cul odgs w515 sl S 5l s bl

Al (S5 by 26 o515 Jdo 4 wilys
G w5 (S sl wile (S15eS sble o
odd yiiie b)) @l 5 byl Jue ! @B Jia
oS5 and agd b V) ol)ea g jolosS Jeals .ol
L Olgre S U ogil ans gladlizr o S (iisgl
Jol> ey Zetdly b mls amlio 3 FCD Jua jf eslia]
O L ol 5 (IS Come Gl (s slagaSe
A0 59) Cawds VR g doys OY cuipa 1) gamandls
ool (ST AnE ad () s 5 gl e
1St 5 ) polss ) solitl b o 55 (sl JSi

Qoo ‘_g..\.».uM.Jc LnglS oyl 9 615 Cono )|..\.3.4 Lg‘o)fmj

G5 A g Sy

@ oS il S o Sy o e 3l S S Gbggl
la S s iy, o5 5 el sl comie slane Ol
145 sl b it ol Corat] 3,5 o 1,3 ool o )9
(V) sl asd, )57 4y ol iy a3 )0 Sy yad Jlore lsie
e sradads 5| (o ojlgan Sy (nl 428 a5 050
OgSL el 009y (LS 590 I phemiw 039> (Kt
350 sl e ol Siaghy Lawsi (goasie 053d 5 b,
oo oyl sl Sl ol osls (B8 e ol
sloosls 4 5Ls pae jui g Slawlxe 4o g Jdo 4 FCD
lacusgaze b a8 dnwgs Jl> 50 (sloy9aS 50 L (Bjgal
S Azl 0j90 dius axlge DUl g cols la 51 il
slo K> 0 9 Lis dalisee sla idw j0 (V)] a3 )8
sl 990 Sy crl 095 B gaite oS 5 b alisee
bges) Lz (0 b))l @ a5 cwl oud &8l
el 0035, gls Al 5,50 (5T jte LS sla JSix
gzl i (29l (o) L (YY) ol ISen g AGUsWAN
bl (5335l 3 (55w i 5l aa 00 (515 Sz 3blie
Cowo b1y og damme 6,5, L 6,805 ,0 wiejls a5
05,5 oo oliime ol oS lulid asye AJY- IS
oo b Aol 5 Jod 6 s FCD e 51 asliz



Y w51y (B UKs gzl o515 9591 2 612 FCD Juo (2L,

GinEl Jyene sl 4 azgi b 5 Gl GlSe SIS 0508
30 Ce 0 S Gidgzl ol a5 jse cpl 4 ail s e
Slesl b Sy G gy a5 Sl (o 51 2S5 150 51 (5 5lnms
ol ol Ll 58 o & a5 ams I8 3l o 1) e ¥
Ot paten 51 So el Bolo 5 e Ve slal b slanils (ol
anj Sb il S (il (omssl 9,510 0 DISas
9 S5 slaail )3 ohgd St (pl Sl (SR g
3,00 (6 dgad Cewl B aie) S QUL a5 ogl ans

(YY)
pobas as axils lo 0gm mls o (YO) o) ¢ lals
20ld & Cend S omd 3Skes T i o)lsale
o) U0 5 (2] )5 Al agd jo A Cwad s Jlsals
S sk s pole Gegh o bl lbdsllas adlais (o
@l o dbs bl glajlne rizen 5 e ol
A Casad ojlsals 4y o ¥ Jiiiw olsals 5l z s
Ot 31 (LaS Gighy ool glaandly cuils (g 5k o Slos
o515 b adlaie @ atte oS S )0 e e pd Ol
Oeized 390 ¥ Jiitios o)lgale I 7 5tne 5 0gul izl
Camn | (s %eS jlaie Jlad o 515 50 Uas (5 Lol (sl line
@B ewms plas as sl i g 5 She o ST @

o os.u‘ Ls.}aL»do (5‘)" JM

References

1. Aghabarati, A.; Marvie Mohajer, MR_;
Etemad, V.; Sefidi, K. (2018) Structural
characteristics of coppice forest stands
in Fandoghloo Forest, Ardebil Province
Province. Forest Research and
Development, 4(2), 223-239. (In
Persian)

2. Nazariani, N., Fallah, A.; Hamidi, S.
K.; Varamesh, S. (2022). Estimation of
quantitative characteristics of Zagros
forests using data mining
nonparametric algorithms (case study:
Olad Ghobad Watershed, Koohdasht,
Lorestan). Forest Research and

Szl plhw aib oz b o ST5 Sz o Gibnzl
358,591 Cwsds 18 g 00,0 Y ol jar iz jud alds G g
Wl ad slp Joe Gl Ol 2Ll sln e 3 e
G A5 i) oSl e i 3 bl o515
3lg Al gy FCD Jus sl 2l e Sen
wol ok e ( Swod BILAVI (asls g0 a5 olx]
Las ¥ i o lsale 5l z 5w FCD Jow ags ;o TIL
0,8 A ol Jow (0l solas] Sl & ale ezl
A asly glaie sgx ml jo (V) o) Ken g o0l o) yee
R o0 BI 5AVI ua?l...: 99 O ‘SA\JL GL..A M
B 1515 a3l (Joe olering s,y 4 axgi b cnlnle
P BIGAVI (a3ls g0 pol> i j0 el caws 4 Lo
JA.A.AAAA‘ 9 A Cewad] c)l}QLA 9o @ g aslllao Sy94 L5>|54 rﬂLAJ
ol S5 idgh b aS Wog oYU e (Sien gl)ls (Y

Ayl 18 Ll G e
FCD Jos a5 altws 0pl lo g (g onl slaaisl aaxgb
) Gt @ls o)y it Gidngl o515 a5 bl )
gzl o515 e s o)l la,lae S o 1)
oled e Hlade Sl Glas a5 8 S B cwyp 3590
Ol jaz dbs Sl e (2xke j32) Uas g 5le] sl )lns
Sl 1Sl o) 4 ool (om )l oy 4 Las Dl pe
O e po e o (S0 & Bllae sl 5. Sile (Bllae
oSy L sble o0V Jiciw g A cawad o)lanle 90 o gl
20 Jae ol aS sl S5l ol Cawd 4 ogul g ZU
o2 Ol 995 955102 G 9 oyl ST 5 4S5 (s 4l
e al i o515 2alS L sy b o150
=l oyl Gl ol Sl 3l ojlsale g0 anslie jo yuoren
olab a4l ;o FCD Jow cans kol s sy o0 Sl 4

L slojlgale pglai 5l oolawl o 0guil dows g ousST,y K>




S0 g wig owbe

9.

10.

11.

12.

13.

14.

15.

Azizi, Z.; Khalili, Z.; Soltani, A. (2018)
The effect of physiographic factors on
sudden oak trees death, case study area:
barz and Shvrs Watershed, Geospatial
Eng. J.; 9 (3): 19-25. (In Persian)

Phan, T.N.; Kuch, V.; Lehnert, L.W.
(2020) Land Cover Classification using
Google Earth Engine and Random
Forest Classifier the Role of Image
Composition. Remote Sensing 12 (15),
2411.

Taefi Feijani, M.; Azadnejad, S
Moradi, M. (2021). Improvement of the
forest canopy density model based on
the addition of the FCC index and the
average kernel implementation. Journal
of Space Science and
Technology, 14(2), 27-36. (In Persian)
Witharana, C.; Lynch, H.J. (2016) An
object-based image analysis approach
for detecting penguin guano in very
high spatial resolution satellite images.
Remote Sensing 8 (5), 375.

Taefi Feijani, M.; Alomphamadi, A.
(2016) The authors of the article
evaluate the FCD model in order to
estimate density classes of crown -
forest cover, Geomatics Conference,
Tehtan, Iran. (In Persian)

Mohamed, M.A. (2021) An
Assessment of Forest Cover Change
and Its Driving Forces in the Syrian
Coastal Region during a Period of
Conflict, 2010 to 2020. Land, 10 (2),
191.

Taefi Feijani, M.; Azadnejad, S. (2020)
Introducing a new local FCD model
based on local adaptive
thresholdingwith the aim of estimating
forest canopy density over large
areas. Scientific- Research Quarterly of
Geographical Data
(SEPEHR), 29(114), 37-49. (In
Persian)

Development, 8(3), 249-263. (In
Persian)

Ghanbari  Motlagh, M.; Kiadaliri,
M.; Halimi, M. (2023) Investigating
spatiotemporal changes in greenness of
Zagros Oak forests in response to
drought, Journal of Renewable Natural
Resources Research, 13(2), 131-143.
(In Persian)

Azizi, A.; Montazeri, Z. (2018) Effects
of microtopography on the spatial
pattern of woody species im West Iran,
Arabian Journal of Geosciences, 2018,
11-24.

Sohrabi, H.; Taheri Sarteshnizi,
M.J.  (2013) Fitting probability
distribution functions for modeling
diameter distribution of oak species in
pollarded northern Zagros forests (Case

study: Armardeh-Baneh). Iranian
Journal of Forest, 4(4), 333-343. (In
Persian)

Erfani Fard, S. Y.; Zobeiri, M.; Feghhi,
J.; & Namiranian, M. (2007).
Estimation of crown cover on aerial
photographs using shadow index (case
study: Zagros Forests, Iran). Iranian
Journal of Forest and Poplar
Research, 15(3), 288-278. (In Persian)
Beygiheidarlou, H.; Karamat
Mirshekarlou, A.; Sasanifar, S.; &
Khezryan, B. (2023). Forest cover
density mapping of Zagros forests
using  Landsat-9 imagery and
hemispherical photographs. Forest
Research and Development, 9(1), 47-
65. (In Persian)

Anand, A.; Singh, S.K.; Kanga, S.
(2018) Estimating the change in forest
cover density and predicting NDVI for
west  Singhbhum  using  linear
regression. International Journal for
Environmental  Rehabilitation and
Conservation 9, 193-203.


https://sanad.iau.ir/en/Journal/jrnr/Author/777175
https://sanad.iau.ir/en/Journal/jrnr/Author/993493
https://sanad.iau.ir/en/Journal/jrnr/Author/993493
https://sanad.iau.ir/en/Journal/jrnr/Author/998131
https://sanad.iau.ir/en/Journal/jrnr/Article/817197
https://sanad.iau.ir/en/Journal/jrnr/Article/817197
https://sanad.iau.ir/en/Journal/jrnr/Article/817197
https://sanad.iau.ir/en/Journal/jrnr/Article/817197
https://sanad.iau.ir/journal/jrnr
https://sanad.iau.ir/journal/jrnr

fo

w51y (B UKs gzl o515 9591 2 612 FCD Juo (2L,

22.

23.

24,

25.

High Resolution LISS-4 Data in
Yamunanagar  District,  Haryana.
International ~ Archives  of  the
Photogrammetry, Remote sensing and
spatial Information Sciences, 42, 5.
Aguswan, Y.; Gumiri, S.; Sukarna, R.
M.; Permana, 1. (2022) Mapping
Degraded Area for Tropical Peatland
Revegetation Using Forest Canopy
Density Model Landsat 8 OLI-TIRS in
Central Kalimantan, Indonesia.
Environment and Natural Resources
Journal, 20 (4), 426-437.

Pakkhesal, E.; Bonyad, A. E. (2013).
Classification and delineating natural
forest canopy density using FCD model
(Case study: Shafarud area of
Guilan). Iranian Journal of Forest and
Poplar Research, 21(1), 99-114. (In
Persian)

Mondal, 1.; Thakur, S.; Juliev, M.;
Kumar De, T. (2021) Comparative
analysis of forest canopy mapping
methods for the Sundarban biosphere
reserve,  West  Bengal, India.
Environment,  Development  and
Sustainability, 2021, 1-26.

Delfan, E., Naghavi, H., Maleknia, R.,
& Nouredini, A. (2022). Comparing the
Capability of Sentinel 2 and Landsat 8
Satellite Imagery in Land Use and Land
Cover Mapping Using Pixel-based and
Object-based Classification
Methods. Desert Ecosystem
Engineering, 8(25), 1-12. (In Persian)

16.

17.

18.

19.

20.

21.

Mirzaeizadeh, V.; niknezhad, M;
hojati, S.M. (2015). Estimation of
forest  canopy  density using
FCD. Ecology of Iranian Forest. 3(5),
63-75. (In Persian)

Shahvali Kouhshour, A.; Pir Bavaghar,
M.; Fatehi, P. (2012). Forest cover
density mapping in sparse and semi
dense forests wusing forest canopy
density model (Case Study: Marivan
forests). Journal of RS and GIS for
Natural Resources, 3(3), 73-83. (In
Persian)

Rikimaru, A.; Roy, P.S.; Miyatake, S.
(2002) Tropical Forest cover density
mapping. International Society for
Tropical Ecology 43(1): 39- 47.
Danoedoro, P.; and Gupita, D.D.
(2022). Combining Pan-Sharpening
and Forest Cover Density
Transformation Methods for
Vegetation Mapping using Landsat-8
Satellite Imagery. International Journal
on Advanced Science, Engineering,
and Information Technology, 12, (3):
881-891

Vafaei, S.; Maleknia, R.; Naghavi, H.;
Fathizadeh, O. (2022) Estimation of
Forest Canopy Using Remote Sensing
and Geostatistics (Case Study: Marivan
Baghan Forests), Journal of
Environment and Sciences
Technology, 24(1): 71-82. (In Persian)
Sharma, R.; Singh, T. (2018) Forest
Canopy Density Assessment Using




