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Table 1. Characteristics of the studied forest sites
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Figure 1. The location of the studied forest sites; A: Badreh, B, C and D: llam sites



\A4

rDAS Bl u)‘):l.u bl d9>9 ‘:»L.wlyb oK Wy )90
dalas Dyg0 3blio )0 ouldl (glaysio a5 S aw Jo
uzlm Sl yuxio aiids 4 gly Lad 35l 9 (il Jre
gl @l slod lawgio cldls o)l ol5xe) (ol
JWelmes 5 IDW tslen (bssys csloghs) (k5 1o
el 4 ey bl g wBS 5 edlatl 55
Claysio o o e )S ) daly 5l he)y ol cawliol
sosl8l juolie 3505 (clys by o 5l lis) g (o> Sl
(5) b ookl )] aiiss 4 g adlllas 390 bl )
&y 3l Am alS Jhdg silell siledde pshaiea
P A (Y Jado) ab odlaiw] aliseo (slajusio I (gm0 yis]
0>z ayuiie cpl 4 basye slaodly as 050 daldl
Sl GilwJde Ul Loy VO USS 0 Cwl ond
ol o 03y L pols asdlllas j3 aLS iy

A AN
b ods A AN
Data Processing /
I

Gsmge ol 5 (5055 el calipee oz gy Gk (o) odmw
VY i e T olat feasile Jlu ol sl S i

BT (g,
83Law] 390 (5 puiio

OleMbl algs gl ooy zio pais I Baiss opl )
PLS Oibg ileil Giledae plaiear Sl 3)90 SIS
5 Slojlanle polay 5l jelaie cpl (gl Cowl odd odlail
A eolawl o claysie g sl S ol
P e Ve e K88 @b b OLI s gl
WY (5T g689 51 Jd) WWARNNS clago,l
g8 j) ax Jo 0) WYY 5 (L5 g8y 5l am Jlus)
I s olgale YV isd) 5 VPV e 3 g (s
0] oyl & ssodie WYLl e oylejlus Colung
oslazwl 3y90 5 24lly hittps://earthexplorer.usgs.gov
b S5 4t §| (DEM) £lis) oy Jow 45585 1,3
L sl o)lyzab s odly ilen 9 b dnps V:Vde .- u»l:.u
il wolislen GleMbl s ans (gt Yo s ojll
g Al Ve o0y50 (b e il wliilen olejls 5|
Bblie (19 > &Shl cde 4 .25 )13 bl 390 5

Loyt \\)
Variables /"
./

aBgu ibls gla o3h

Data of burned areas Data selection

|:> L ool \,Jl:'::.jl |:>

Sipw gl 0dgae ALE
Fire range map

U u’l’)L’ ildas
Vegelauon recovery
— modeling

AR sl
Cuski) poglal

Landsat images

Atomospheric correction

osly Ll
Data selection

ShSny
Topography :>

Modifing the coordinate
system
ey et

Pixcel size

o b oozl b s ooy by

Climate data

=

Data interpolation using
linear regression

‘:> Geometric correction I:>
S s

NDVI a3l ‘
NDVI index L s £33
S Gl ja3ls Decition tree

Severity bum index

e s g |:>

Slope
> e 15
Elevation above see level
o ok Cogi o3 S ‘

Aspect Boosting

ks L'Js:'-’_ﬁ) ] |:>

gradient |

aldl ol
Annual rainfall
Al g Lagie /
Average annual temperate
kg o> oy
Anomaly of temperate and
rainfall

Geiods plodl o lpo 5l glaos -y S
Figure 2. A summary of the research steps

S phunes] gonal 6l (YY) 298 pgliad (wdin mowas
2 odle Jio oyl i oslizd COST Jae §l ol
sly B9y (DOC) oy (b Jusio (sase ()] als
Iy by ST 5 pinees!] (G315 Ay i il 3,

V) 355 5

8)S 18 i 3y50 slojlgale yuglas Jol alsye )

Lgl.bdu\/ )l )3.9La.; (s d)ug.: Cono )‘ ul.m.lol L51)'.’
Sllail 4 as g b .ad oolaiwl ddlio 4 boyye ools (5555
cono jldmodls (5)58g 4V L yglal 3 3520 slaodl>

a4 sl ol g ad Jobs ekl pglad el


https://earthexplorer.usgs.gov/

Sgge ol 9 (0205 Sl i Sl 6y (S0 (o025 odens

Pl oo 515 (S Bilobopgy )3 (awme g (slojlgale (slamodls jloslazal b 3oy £98g 5l dn (aLS by (5lujl (s5lo s

_ o 2L e ileil ile e 3 (y 3)50 sl pite Cund Y 9>
variables examined in the modeling of vegetation restoration

Table 2. The list of

e sl Joly Olxusss
Variable Name Unit Desgription
NDVI+1 BEA: (YA) a3 00 Lt 1) (53551 £68g jl dns LS gy Cumsy
Between -1 and 1 It shows greenness after 1 year of fire
Dependent NDVI+5 VoV o (YA) 325 g0 5Li5 (555551 £589 31 Jlo O 5l am ]y (LS [idgy Cumdy
Between 1 and -1 1t shows greenness after 5 year of fire
ol s dNBR APRIANW (VW) YL Cas VY — +/8F (g o8 ot +IYEA— o\ [y
Fire intensity Between 0.1 and 1.3 Between 0/1- 0/269: low intensity and between 0/66-1/3 high intensity
&)l S pe
Elevation Metric
G bl
o Aspect Gradian _
T;:ggfgg‘r‘]y s R (TA) Gl JLo ez (sline 2V S35 9 o o &0 4sb Cgr 425 ogian |
Northern Between 1 and -1 Obtained from Cos map of aspect and E/;ésje close to 1 means the northern aspect
By Vo) o (YA) Canl (B e (slime 4V 035 9 Ll oo Cowd 4 kol g b woginas |
Eastern Between 1 and -1 Obtained from Sin map of aspect and(\égl)ue close to 1 means the eastern aspect
JLo) WAF Jlo 55 (Jlo pgd ole & 5> a¥lo (5, doyd A+) g)}lo—).c Jhad 3 (glial
ook 7 value (YA) WA= WWRE la Lo o s bxial (Sils o (LT go89
ram The total anomaly in the wet season $80 % of annual rainfall
o b i in the second 6 months of the year) in 2015 (fire occurrence) and the average
< ¥ anomaly between 2015-2020 (28)
\l/ﬁ/h 5th“<" ol (3 o Lo Jal Sbe 9 WYAF Jlo y3 olo (63 > Jlogsl
eather ini :
anomalies ter'r\]/lplgrlmrrg i Z value (YA) WA= WWAF ol o Jlogs]
January Anomaly in January in 2015 and the average anomaly between 2015-2020 (28)
olo 3350 3 Lo yiSTas - .
Maximum Z value (YA) WAAYAF olo Jlo oy Jlogil (3:5ko 9 WFAF Lo j0 olo sy pe 5o Jlogil
temperature in Anomaly in August in 2015 and average anomaly between 2015-2020
August

L alS Gube snad i pYL Cuse polde Liwly ol )
(M) ol G (S g

Ca g b by gl eB)l) Sl Sng sl jeie
(Slo it M55 sliiods 505 a8 A Sps5 ads  (als
9 g Al Cua te Sl osndis spScus
Capr 4 ot arimd L5 ity 45 03 4B ugisaS
DAl a el o] e a5 H(YA) cusl Gyb g Jlod
@ dog bl puie =) 9 4 G (B g Jled Sl
29 olidlon oSl 0ud (giow il bl yo aS
Sswo Sy Llyy J) olidlon (slaosls 25l (gl cudls
loolSia] 5 Ly phw i) 5 Lasldl polie
Sbysie (o Sow)S) Lailyy (F) 48 odlatul (owlidles
G698 (S gl 0oly api cunl b pd xdaws 51 gl g ol
d)5 yao Arc GIS 10.8 1381 p 5 layses 50
Jo 58 b g (Sl slagbual eores
0)9> Glp bylual (:Sle 5 (WAF) (gl
Ol e & el 5y A dusbre VFAR-IYAY
OSwo Sk g Jilio (slod (izmen g o Jilis 5 oo
Ol bl > culply (V7)) sl Jgl Jole cun
Jolis Jlosl oo 5 ogoye ole # Jsb 13 ik Jlog
dusloee 3dye g (60 laole > Cuipa b Sl 5 Lo
by sl Gl 0Bk Ol & sl il g B8 S
OSe g3le et Gl b YL laled (piomen g s> | yieS
oie Gl slp 0aiS dgaote Jelge laisdy
2 el ol oo ual (WYA) LS s alS
3 sl ey 4l (Z) Sy o ol

g

slagadly hjlgale polai (Biby (e 5l om
I b gl pglai ol G 05 LS
$xS5 Cud I Job alS lagadls (ppop)l
S b Jolw jasls (cbylgale polas ab
5058 ygdbe el oS 5 b & Cawd (NDVI) 00 Jlo
adlhs cpl lp (V) d9dcn dnsbre jo)f 5 Sudj
3 ool b (gjgm il 5l dm w2y 9 Jgl Jo > NDVI
NDV| = NR=ReD) | dla
" (NIR+Red) . -

Cuol 30,8 8L Red 5 30,8 g3l b NIR ] s &S
ol yiize Y =Y JINDVI ppolis .(1F)

CAb(eyn D pe slpadls 1S (S
ol (NBR) 015 Jloyi (S55 g0 G bl ¢S5 900
el S & el iglite Sy yto Ky (¥ abayl,) NBR
0555 308 oo 5l 5 (NIR) o5 308 gpole i
V5 INBR s adgime 45 oo duslis |, (SWIR)
LS s slixe 4 Yoane NBR (Yl polis .ol
) ol (K3 g 386 g s

NBR = (MR=SWIR) ¥ ala

" (NIR+SWIR) -

Jboy (Sigw Consd lgie NBR avuloes 5l an
dulio b (2t ls oyl o) dule |, (dyNBR) glate ol
e | (alS by (i gl ) am g S8 gl
L;ibo )J.)LQ.A A.Su.c d).:foél.ﬁ‘ 1) d)?"“"u“’l )J‘ 5 4.75)
sto pdlie .Cunl (gi0mw 53] 51 s ddzme Ay odimd Ll
b S Sy oxm3 S Cue b SasS
g Cuwl b g bl gz & Cuo pdlie a5 Jbspd ol



va

(¥'+) L edlawl (Cross Validation) ilize b5, o,
0l am NDVI jasls sl ool Jao b5, sla edld
i) @l wog 48,8 Gl b 5 i sy 5l o
Couo o) UL‘“" c.‘?‘g 2 4 W )90 dLmJ.\n Jél.o.m
w).«o dLbo)LoT )] ool L» Al (owyp D)y90 ‘SLQJJA
oSbe 9 (MSE) s luye 5ke g (R?) (s

(YY) 5 0ol lis (RMSE) es chlay o jgions

ol lapiia o dbly Jl Job @l ¥ Jg

223 o bl gl e o i |y adllas 5y50 3ble o
&l <9 4]43‘) ‘jou.lﬁl dl.m),.,&;n P Ly G‘a.w )‘] EL&.’:’)\ O as
29p lp e ol Olgie culple g 2l e
oslits] pulidlon oSty 156 3l ;5 oddl (oo pito
www,mduﬁmwa@b@uaw
Sigwil g9y 5l woxy Jlo 3 NDVI (a3ls 5
Ol bl (pl p ol odd wdly ol ¥ JSS
Oibg il Gl b AVl bwgie gl 5 (Swb
&89 3l a2 ooty Jlo )3 NDVIE (a3 ls (e (o (LS
il lial b Joleds o)l puiiins § Cutto dlayly 351
9 (BLS Lidg Cumdg ()lmal (e bod buwgio o
Dby Camdy g (Sipm il Cad Ly gaw I el
Ol gl 20> g2y uSe daly (551 g489 5l an (BLS
ol Sl 5 J5las) ooloxial e L2l L a8 Sl
sl D90 (2L Lidg (3loil (0393 SS9 989 Jlo 5

Sgge el 9 () deal el e Slg> (> e (oS odn
WY gl 5 jlee /MY o)l /sl Jlo plnl la S (cwlidps:
oyt iyl olls) sl Sy Slaio X o o oS
oo Blzsl 0 g 0ke L (CO sy bod g o o
]
€59 3l o (2L b ilejl il Jre pslates
&, (Random Forest) oolay i (sl Jao 51 5]
Gradient ) ;Lsl,3 cosas 4 (Decision Tree) maewss
degadme paeusd A Sl oad edlausl (Boosting
@ (e dbabs (5l68 5y S bl |y S5 slaosls
Sloj U8 (oo ol (28 Ologudi 4 (293 93 ©jg0
o Cootl Syg0 s LB s Gl Sod oS
2 (V0) 2980 (Aas)y sl ) (SeS (slapsie
L1yl g ale ppod cip0 ks bokad JSi> oo
SHINb g Jrome laidupin U A8 o pled) S50
Geile xS sy Ko oS Cogh Nsd ol
J«.Sun odla] ‘_’Jl /‘J O%“")f) 9 (SAdiw) dl).g &S Conl
Sl S €850 Sy ol S0l 48 b,
Ol b ple 0js S clalie I S pp sl & 3980
Jol <30 ol 5l G &S Cjge cpl A Dgd o s
S o iy Nigd oo (gl ot &S (93)l50 (g
FoS Ngib oo (gl (] 4 &S Shwlie )y Bl
Soge ol @ siledse B9y (YY) d9d 00 a5 L
3 5 ol 5 S5 cilie sloyeite o el
9 Jws sloyiio plyieds NDVI g (S50 003 gla
olyear (51 g8y jl am ety Jlo NDVI adls pize
g0l g odly 3,5 5)lg b .Sad Jde 3l disly yusio
Jo (e oles 2 g Bad ol (Bgel b Jas (e
2350 39 251 £33 5l Jlo 0 3l amy alS by 250 &S
JRL ey b Joo ) )3 (oxiw Cono g (b))
5l e sl gy como byl (gl aus 151 Orange

ol8l gl i o by o 5l Eld)] o alasl) Y Jgi>

Table 3. The relationship between elevation and climatic variables
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The dependent variable
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Extended Abstract

Introduction and Obijective: The occurrence of fires is one of the important factors that
determine the different characteristics of many terrestrial ecosystems. For a long time, fires have
severely affected forest areas, and sometimes their negative effects remain for several years
after the occurrence of the fire, so that the state of vegetation does not return to its previous
state. The aim of this study is to model the restoration of vegetation in Zagros forests (llam
province) following fire.

Material and Methods: We used various climatic and environmental data as independent
variables (vegetation at the time of fire (NDVI+1), burn severity index, temperature and
precipitation anomaly, average temperature, annual precipitation, slope, aspect, and elevation)
and NDVI +5 as dependent variable for the modeling (using random forest, decision tree and
gradient boosting) the vegetation recovery following fire. Landsat satellite images were used to
prepare indices indicating vegetation density status and burn severity, and after preprocessing
the images, these indices were prepared by spectral ratio. Climatic variables (precipitation,
average temperature, minimum temperature and maximum temperature) were also estimated
according to the regression relationships between these variables and the elevation in the study
area. Finally, three machine learning algorithms, including decision tree, random forest, and
gradient boosting, were used for modeling, and also the accuracy of these models were
evaluated.

Results: The results showed that among the various variables investigated, the annual
precipitation, average annual temperature, normalized vegetation difference index (NDVI) and
burn intensity index at the time of fire were the most important factors affecting the vegetation
restoration post fire in these forests. The precipitation and temperature were the most important
factors affecting the restoration among the mentioned factors. Also, the results showed that
among the different models, the gradient boosting algorithm with R? = 0.66 models vegetation
restoration better than other models. In this model, the climatic factors were the most important
in the vegetation recovery.

Conclusion: According the relationships between the NDVI and other studied factors and the
results of the modeling; it is possible to explain the effective role of climate factors in the
vegetation restoration in the study area.

Keywords: Burn severity index, Machine learning, Satellite images, Vegetation recovery,
Zagros



