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Abstract
Background and Objective: The forests of the Zagros region in western Iran have experienced notable
environmental shifts in recent years. Investigating the vertical and horizontal forest structures across
different timeframes offers a window into these transformations.
Material and Methodology: Remote sensing methods, alongside satellite imagery, present a cost-
effective and accurate means to monitor temporal changes in forested areas. In this study, image
integration techniques and spectral indices were employed to assess the scale of these variations.
Findings: Initially, Gram-Schmidt integration was used to enhance the satellite imagery to the fourth
order of spatial resolution. Subsequently, changes in the horizontal forest structure of the Sardasht region
were examined by evaluating three vegetation indices (NDVI, EVI, and LAI) over a decade (2011, 2015,
2018, and 2021).
Discussion and Conclusion: The findings highlighted the efficacy of image integration in detecting
pixels with small tree presence on the forest floor, with NDVI emerging as a particularly suitable index
for discerning changes in the forest's horizontal structure.
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Figure 1. Geographical location of the study area
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Table 1. Specifications of satellite images used in the study area

suizxiww ol RPaS &b o,lgalo
™ WGS84 YNV AIYY B Cawad
oLl WGS84 Yevo/een Y A cawadd
OLlI WGS84 ARRVNENTEPN A Cwadd
OLlI WGS84 YeYVVINE A Cewadd

wbe b gl atls b b wslh Zl sl
25 23l (NDVhess Jlys ogles olS a3l
pobas I (LAD Sy v a3ls 5 (EVI) sos cosis
A dsloee o0 s sla Jlo 51 S e ol Landsat

Weodlow ilidee s CoeS s Glp boasls )l

SLELY
ax LS, Suss ((Gram-Schmidt) p guas plé s SuosS
polai b Wle s5.p0 51 Gram-Schmidt gai o5l
Sy 4 bgye o g oledbl #lsel o Landsat
OSel SSS l o aliisl o) ()5 Sl 5 S
PS5 by lpds a5 WS oo o2l 2 1) (oS 5 pglas olx)

D)5 iz alllas 5,50 098 Jsb 01 (poy mhaws Lyl g


https://www.usgs.gov/landsat-missions/landsat-surface-reflectance

ny e pLESN 31 (i 1alhs p S S 0y (rligr ard SOl

S ssd asie b ad plowl b a5ls (gl awglio b
Sype adhaie jo M gy Slpdi (akiS Glp a3
5SS 5l 0 s 4 T ol bl anlllas
O el globs Sl S el b (LS Al
sl Al 5o Cudgamme ( SRz i pantds lp als

0 )l paslh 2
AL o e goas Gl daloe 092 g Slesl ) alal,

ik o T b e le
near infrared=NIR sred =R L, ls s

NDVI = (NIR - R) / (NIR + R)

St Gl atll 5 Web oo dnlne (AL b 5 o515
DS o0 ) pnnnsS T Ol s oz by 2 oyl 1
oy addlas )90 adlate G0 ulul i (glojlgale yglal lo
9 pg B3> lp Ghilon i Jolpe (ol 5l ey i 00l
0,8 bl bs ools jo  olas

2 Sl edd Gt slo Jge,8 5l oolil Lo al> e o
o8 09l 5 jo,8 slaail 5l QUL polie Lulul  asls
Ao dwlxe o ND gl ;o SGo3

2 Gl peai o JuSo o slp LAL g EVIE VI jolis

9 4355 ol pl dcnle 5l o ol Casns (Jlo L

In Landsat 4-7, NDVI = (Band 4 — Band 3) / (Band 4 + Band 3).
In Landsat 8-9, NDVI = (Band 5 — Band 4) / (Band 5 + Band 4).

EVI=G*((NIR-R)/(NIR+C1*R-C2*B +L))
In Landsat 4-7, EVI = 2.5 * ((Band 4 —Band 3) / (Band 4 + 6 * Band 3— 7.5 * Band 1 + 1)).
In Landsat 8-9, EVI =2.5* ((Band 5 —Band 4) / (Band 5 + 6 * Band 4 — 7.5 * Band 2 + 1)).
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In Landsat 4-7, EVI = 2.5 * ((Band 4 —Band 3) / (Band 4 + 6 * Band 3 — 7.5 * Band 1 + 1)).
In Landsat 8-9, EVI=2.5* ((Band 5-Band 4) / (Band 5 + 6 * Band 4 — 7.5 * Band 2 + 1)).
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Figure 3. Landsat images from 2011 to 2021
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Figure 6. The results of production of leaf area index (LAI) in the studied years
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