sl
JKa g D92 659U 9 pole losiagds apul
IVA0 ¢, 0 )lowd o 9 Conmny Al
http://jwfst.gau.ac.ir

(i 1958 comilo Slayeid 39531 1 00kia! b 539w T E9Bg Sl 4id
(S50 (s A g SSolai >
(o)) B o Jlowt ¢ ylads’ o S 4U 280 590 axdling)

"ol s ik Gl o Slasal slaans’
OB S b i 5 53558 ke olKtils (g Il 05,8 il ki IS il 315"
UES L b 5 535518 ke olStils ¢ JSr ke Sy (5 MUSr 0 8 Sl
VWREN /o) 2 b e ¢ VAL FIA sl s

S

55 sl g5 bt sl il ag RETdl g5 el G it 15 5 aile
Gz pl 5 Gl ol (a1 St s Sk ladly Gl S b laas o
SR glagz oS 31 oslinl b QkdS e 5L 53 55wl gy dlaiml s siang,
Al ol o 5 Oty s pile (2 5me a4

S Jla| gledte Cgr (655w g5 Jome 3l i Vo addlls cnl 53 ila By, 5 5 s
S 58 S i Sl BT g8 2 g el A e S 5T g8
Cobe stk (giledbs pslea LS 4y OB bl sbdd 5 plulas Sl
2 S L Jelge saaY iy (550 5 A S S S 3ledde 5 (658 eeads
Aozt Jlezl (3ledie s S skl 5 sl Ss S mshe Joe s S5 51 g5
Dlsea SipmoiT Bl doys Ve gl eslinal b bbb gl 80 L5 ST ¢35

B T R O S T g5 At el a2l plndl edas (slad e

amin.eshaghi@gmail.com :31<e J o®

vy



Y0 (£) o )lond dTY) s SR> 5 g2 (5908 9 pole o sig sy & putd

S el baain gauaib Coo oLl s S gduag SU s 5 kel b
Wy oo o biledl (63 g 25T BLE Aoy Yo Sl eslized b IS G Slas b (g3led e
Sl $ A2 VO IS oo b sl R 25801 ol LS il 1 IS (g oS s 5 Laasily
Cillas Olze 55l i en S e ek s sl 5l e 1 $55m55T g i et Jlex
et a1 il adly bagn ) Sl aes oS s asiie agn ) SO o L Ryl g5
23 Sipe BT BlE dos Al iy S(ss b 4 dnled skl 55 pm iST g8 el s
LA @3l SU et 5 ey (slaandS L bl

OSSO

CVRN-VY
5l o515 s SSa A0 B e 3,50 L OLal dled 53 IS e b e sla S
on e o 51O Wtes wlidpnes pg Ol JBL 5aS S Clas oo ) Sl S L
55 bse Hsba ol 0T 55 3pmBT g8 WL dleml b K pl oiS i Jalye
D) el ol s Ko ol 55 JSa 080yl smdan it g Gl Jle a3 (5 s T VY
OldS Lo SHL SIS s sls K s wyu:ﬂ@s,pu,;,u,; Sble alas 51,00 )
5388 Sl SHL e QLS AVAQ0 Sy L OkdS e SHL e Ol s Jled s
Sy VAL0 sad 2 UL s (F0) ol esls ol s w |, e SHL Olge O
ol b ablie 5 Sty e calle (7)) ol sy S 4538 b K s (53w ST
szyujﬂ;\ )éJi;q-A{ob)U 6LAWI Ohile, Plas w0 Hshwa ol 55,5 0l Ol
Gladol b JolS cotlis 5l e s il awsdS lagsw sl Aol 5l s b el oY
b sy adlie a s il g S B cenlie S s Sl
B g 5 G S e 00 U (ALb Gl sV S s (Bl glagl
gort ozl o 358 o atiS bl 4 o Ghlie (FT) sl (5 5m 5T s Jlazml sy

e Jlasl ais ag b 5l el ol min LUK sl s OF SLasl 5 e 3T

e



Sl ol Gl g (Sloxw! (polaee

5 iy Cu e Sliged ) 5 VU (5mT Sy Sl b bl plalid 5 (55 pm 55T
55 able plals ¥ (V) Wl Plas 4 1) 655351 51 50 Sl 015 e 3> gl
(e e Jib 3 BT B8 5 s She Julae 03,5 et (sipmBT et 5 pme
o sh asie LL U L(0N) il e Ll ble 5 ol 5 OF Ll (S5 bl s
Gl b ool U slate cnl (sl 3503 g 5T 5Ll 5 g8 Ol 5 Jalse o slalail,
a0 N el a4 byse slaa¥ L1y bl cpl 5 O @2l Glao,ss L3 odd (g 551
5 Jelss S a s i T laagy 5 blE S5 sl s culg 3 5 Gk 5T
33 4 bl ledle IS jsba (M) 543 plil 3ludde jshe bl o Cileses Lol 3
s rie o Jaslgy (S3ladie (sl SRl Slans 25 oo plasil 2l S 2l o
o Bl (o B e mis K 58,5 b s sl e Cussdee 5 S 3 e golds sl
Jns balas lols o Oy ool alaly 0o (o cmaly lasmne ol Jbe s
ol 3 ks eslinal ol oS daen bl sl i, slacas s ale Sl s iz 03
SOl e Jigy ol 51 eslanal dsl ardlis |y Jde (o500 Jal i ¢ a3l laesls ST a5,
Loy ssledts B e gy ol 51 e e deas sl el an a5 LB Gllat L L 5 00y
0351 ol 835,55 Slaesls slias O3 5 5 gdoee LI 1 VG a5 filiwe M1 5 ot 2 Godomy
Dledas o Sy ol lacas gde ;—<-i> S gleesls skinaS laesls 4 bbdhe opl i
S5 i 5 Sitnd O g S5 e Sl s3ledde slaEss 5 cpl S ED) LT s
£55 o llss Sdamy S (0 01) @30S Sl s eslinal s slads 5 ket
P 383 sty by L e bl 5 23 OF 5 e Jelse 5 g3pm st
5 an s St a3l Gl JSe Giledde 5 e S SoulLL
Wile ol S35l Ol dle Al il 6,85k s L sl esls sl

Siledte e L @3Bl 35 2 fhe bl m s Sl W56 7 ol (S

1- Logistic regression

2- Linear combination

3- Avrtificial Neural Network
4- Support Vector Machine
5- Random Forest
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1- Single Layer Perceptron
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Figure 1. The position of the Golestan National Park in the study area.
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Figure 2. Fire points and roads in the golestan national park.
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Figure 7. a) Fire risk assessment map; b) Fire risk classes map prepared by ANN algorithm.
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Figure 8. a) Fire risk assessment map, b) Fire risk classes map prepared by SVM algorithm.
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Figure 9. Graph of average square error against number of trees in training and test data.
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Figurel0. a) fire risk assessment map b) fire risk classes map prepared by RF algorithm
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Abstract

Background and objectives: Spatial prediction of fire risk and preparing the
forest fire risk map across the natural areas are among the ways that can be used to
prevent and to manage fire. The aim of this research was zonation of forest fire risk
in Golestan National Park using non-parametric algorithms, namely Atrtificial
Neural Network (ANN), Support Vector Machine (SVM) and Random Forest (RF).
Materials and methods: About 100 occurred fire points were considered for
modeling the fire risk. The effective factors on fire occurring including vegetation
types, physiographic, climatic, and human factors were identified and their relevant
maps were prepared from different sources. To modeling purposes, initially the
zone was divided into 1-ha levels of decision-making and modeling and then the
pixel values of the effective factors on classes of fire occurring, across the 1-ha
levels, were extracted and standardized. Based on non-parametric algorithms, fire
risk was modeled with 70 percent of the fire points, as training samples. The
prepared forest fire risk map was zoned in terms of four classes of low-risk,
medium-risk, high-risk and dangerous. The classification accuracy of the maps,
resulted from this modeling, was assessed through the overall classification
accuracy given 30 percent of the remained fire points.

Results and Conclusion: The results indicated that RF algorithm, with the overall
accuracy of 75%, was the best algorithm in predicting the fire risk compare to other
ones. Likewise, after matching the fire risk occurring with the results gained from
algorithms, it turned out that all algorithms were able to classify the area properly
in terms of the fire risk, as more than 80 percent of fire points were placed in the
high-risk and dangerous classes.

Keywords: Forest fire risk map, Support Vector Machine, Artificial Neural
Network, Random Forest, Golestan National Park.
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