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Extended Abstract
Introduction: A forest is a natural ecosystem in which its components are in balance in a normal state, when

they are affected by one or more natural or artificial destructive factors, depending on the severity of those
factors, the state of balance and self-regulation is weakened or disappears. Nowadays, investigation and
evaluation of changes and disturbances using satellite images has become one of the important sub-branches in
natural resources sciences, and it is a tool for monitoring and controlling all kinds of changes in forest and
pasture ecosystems. Fire is among these changes and disturbances, especially in the forests of Zagros. Fire is
considered one of the important factors affecting natural covers, which can increase or decrease species
diversity. There are several methods to detect changes in an area using satellite images, each of which has
advantages and limitations. One of the methods of studying changes is the use of vegetation indices. Vegetation
indices are one of the most important remote sensing tools, which are widely used to monitor and evaluate
changes in vegetation, especially in the periods after a fire, and to prepare maps of burned areas in forests. The
present research was conducted considering the importance of forests and frequent fires in the Zagros forests,
especially the forests of the Bivareh region of Malekshahi county. In this case, the use of satellite data allows
for extensive study of vegetation. Therefore, the current research aims to identify and separate the burnt areas
to apply the correct management after the fire to help the vegetation cover by using remote sensing images.

Materials and methods :In this research, first, satellite images of fire-occurring years were obtained from the

USGS website, and then 20 important indicators in fire detection were prepared using TerrSet 19 software.
Then, ArcGIS 10.3 software was used to prepare maps analyze them, and provide outputs. In addition, the T-
student test was used to compare the spectral indices values in burnt and control areas Finally, by calculating
the statistical parameter M, the strength and ability of each of the spectral indices in separating and
distinguishing the burned areas from the adjacent areas was determined.

Results and discussion: The results of the mean comparison of spectral indices values in burnt and control
areas showed that there was a significant difference (P-value < 0.05) in terms of separability power of the
examined indices between fire and control. Based on the results, using V156 and CSI fire indices could be
recommended as the best indices to separate burnt and control areas with 1-3 years of fire occurrence, due to
their high efficiency and proper ability to separate burnt and control areas. Also, to identify and separate burned
areas that are older than 3 to 5 years, the use of V156, CSI, and MSAVI indices, and fire older than 5 to 7 years,
V156, and CSI indices can provide acceptable results.

Conclusion: By comparing the difference of fire indices in the years before and after the fire occurrence, it can
be concluded that the CSI index indicates the highest difference between pry and post-fire occurrence. It
expresses the difference better than other indices, and also this index is suggested for its advantage in identifying
the areas affected by fire, investigating the spectral behavior pattern, and monitoring the vegetation restoration
of the burned areas in Zagros forests. Based on the results, it is obvious that such research plays an important
role in examining and evaluating the sensitivity of forest areas and making correct fire-extinguishing
management decisions.
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6- Atmospheric Resistance Vegetation Index
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Table 1- Satellite data

pyal Cubls g b ooy gl lade Sbplas,s IR o,lsnlo
Acquisition date Georeferencing RMSE Cloud cover (%) Sensor Satellite
2009/5/13 4.816 0.00 TM-5 Landsat
2010/6/25 4.453 0.00 TM-5 Landsat
2013/6/25 5.510 0.00 OLI-8 Landsat
2014/6/17 5.271 0.10 OLI-8 Landsat
2015/6/20 5.089 0.09 OLI-8 Landsat
2016/5/6 5.579 0.84 OLI-8 Landsat
2017/6/9 5.316 0.47 OLI-8 Landsat
2018/5/27 5.763 0.29 OLI-8 Landsat
2019/5/30 5.682 0.21 OLI-8 Landsat
2020/5/17 5.338 0.02 OLI-8 Landsat
2021/5/19 5.899 0.01 OLI-8 Landsat
2022/6/7 6.247 0.08 OLI-8 Landsat
2023/5/17 5.769 0.02 OLI-8 Landsat
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Table 2- The list of indicators of the spectral images for evaluating the possibility of separating the burned
areas from the control areas.

s — s e
: Chuvi t al
Burned area index BAI (0.1+Red)?+ (0.06+NIR)? UVlzeOnge al.,
NIR — SWIR2

Normalized burned ratio NBR NIR + SWIRZ Key %O%EHSOH,

Normalized Burn Ratio 2 NBR2 M Guide, 2017
SWIR1 + SWIR2

Normallzet_j Difference NDVI NIR — Red Tucker, 1979
Vegetation Index NIR + Red
Char Soil Index csl NIR Smith et al., 2007
SWIR2

0.3037Blue+0.2793Green+0.4743Red+
0.5585NIR+0.5082Cirrus+0.1863SWIR2
Tasseled Cap Greenness TCG -0.2848Blue-0.2435Green-0.5436Red+0.7243NIR+
0.0840SWIR1-0.1800SWIR2
0.1509Blue+0.1973Green+0.3279Red+

Tasseled Cap Brightness TC-B Baig et al., 2014

Baig et al., 2014

Tasseled Cap Wetness TC-W 0.3406N1R-0.7112SWIR1-0.4572SWIR2 Baig et al., 2014
Mid infrared burn index MIRBI (10SWIR2)- (9.8SWIRL) + 2 T“ggzﬁ‘oFl'asse’
Normalized difference NIR — SWIR1 Wilson & Sader,
. . NDMI _—
moisture index NIR + SWIR1 2002
Normalized Burn Ratio NIR — (SWIR2 * THERMAL1)
Thermal NBRT NIR + (SWIRZ = THERMALT) Holden et al., 2005
Simple Ratio SR M Lu etal., 2015
Rll?D
Burned Area Index 5 5 .
Modified—LSWIR BAIML (NIR — 0.05*NIR)?+ (SWIR2 — 0.2 *SWIR2) Martin et al., 2005
1
Burned Area Index 5 > -
Modified-<SWIR BAIMS (NIR — 0.05*NIR)?+ (SWIRI — 0.2 *SWIR1) Martin et al., 2005
Green Normalized
NIR — GREEN
Difference Vegetation GNDVI 76 Taddeo et al., 2019
Index NIR + GREEN
. NIR Garcia-Llamas et
Ratio54 V154 Red al., 2019
Ratio56 VI56 NIR Garcia-Llamas et
SWIR1 al., 2019
Ratio67 V167 SWIR1 Garcia-Llamas et
SWIR2 al., 2019
NDVI-Thermal NDVIT (NIR — Red) « THERMAL1) Smith et al., 2007
(NIR + Red) * THERMAL1) K
Modified Soil Adjusted MSAV] 2NIR +1 - (2NIR +1)2 — 8(NIR — RED) Marshall, 2005
Vegetation Index 2 >

oSS 50,3 yg5le = SWIR2 olisS 50,3 (yg0le = SWIRL (53055 30,8 90ke = NIR 500 il =Green 1wl -BLUE 54,5 wil -RED
o> 50,3 eole = THERMAIZ 5> 50,8 30k - THERMAIL



https://wiki.landscapetoolbox.org/doku.php/remote_sensing_methods:modified_soil-adjusted_vegetation_index
https://wiki.landscapetoolbox.org/doku.php/remote_sensing_methods:modified_soil-adjusted_vegetation_index

0dls A gas dihaie b i)l Kl =Y

W) =L_‘>5.~u aalaie )L..ko d‘f?u‘ u.a.i:La.c:\G

00iS A2 gas dlaie HLre Gl il L Kle =Yo
Sobel Judxd' g 4 jxd

LY LA OLY YU Cmaglgo&bd)'w&s"
obes 8,8 plxl Jates T-test Qﬁ.o)"‘ 31 ool
Loy ba)logeld pu) g Skl ool g a5
<y bl Excel 2016 4 SPSS 25 15316 45

T Glaas L (5 523 S 08 dumg Lo

09 adlaio y3 J ;S5 g
S8 Lkl gyl e BB a8 ol las e
5 T e emin Sy slaatls ph SIS

NDVI Lglsbua_&l.& as 6)9“9 & .o)\o S¢>g JJ....S
MSAVI .GNDVI .CSI BAIMS BAIML BAI
NDVIT .NDMI NBRT NBR2 .NBR (MIRBI.

,» VIE7 4 VIS6 VIS4 TC_W .TC_G .TC_B SR
Awd (gl gae DS Gl vsn my mhaw

(¥ 55 9 ¥ Jgu)

BbLuo (5 31y S (5L (rntd g dumaslono

U8 Gl 5l ol (gjgm T

55598 plysoe (V Akl ) M (g Ll el alora b
5 Silelazr o b sla sy 5l Sy e Ul
Ot |y yglme Glolie 5l oads (559w i1 Glolie S8
o b alls Sl MLl sped
Bl o 0 A gas g 00 Al gt sbolie (glo Sy
Gble ilular 008 (M) s pdysesas el
On (1) Sl Jol Cod Goyb 5l 1 5sS
©) Jlxo Byl ggome g dilaio 93 Aib sloasls
M laie (Kaufman, 1994) wle oo dmmle Lyl
Sztsl Gblie o og3 SSw Sl G (g5lne
oalh az e fly )3 adbioe jolre Bblis g oud
g Gble SGS& wil e Mg pd S8
Alas S5l S M polie s o0 plol g oud
WS g g 0l 419 Bblie (o Glbgen GV ax o
sl adlate g0 ol canliol SISy Jxe 4y g 009y oouls
(Smith et al., 2007) el S50

_ (W1—u2) oy
" (o1+02)

oo 4t g dilaie il 5l nSile =

J5S 5 00 (5 9m T Gl o sy 32 2590 (SRS LS 1 0lie (ruKilno dumlio gl Y Jgur
Table3- The comparison results of mean values of indicators between fired areas and control areas
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Figure2- The comparison of the separability strength of the indicators under study
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