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Extended Abstract

Background: Human activities, climate variability, and environmental stress have strongly
affected forest ecosystems worldwide. Forest fires are among the major factors of glo%al
ecosystem destruction. Fires in the forest, whether of human or natural origin, have been raised
as a serious crisis in recent years. Hence, fire risk assessment plays an important role in forest
fire management because knowing where the highest risk is essential to minimize threats to
resources, lives, and property. Integration of spatial information from different sources using
statistical analysis in the GIS environment is a suitable tool for managing and spreading forest
fires, which is one of the main natural hazards in northern Iran. Therefore, it 1S necessary to
prepare a fire risk assessment map for the planning and protection of forests.

Methods: The current practical research concerning its nature is a combination of documentary,
descriptive, and quantitative model-based methods regarding the research method. In this study,
fuzzy and hierarchical (AHP) logic models were combined to investigate the risk of forest fire
in Mazandaran province in five classes, very high, high, medium, low, and very low,
respectively, using four main criteria and nine sub-criteria, namely topography (height, slope,
direction, and rivers), climatic factors (peak temperature and precipitation), human factors
(residential areas and the network of communication roads), and biological factors (vegetation).
To obtain the net vegetation cover, the Normalized Difference Vegetation Index (NDVI) was
applied to the Sentinel-2 satellite image set in a 5-year period (2017-2022) in the GEE web
system. The height, slope, and slope direction maps of the study area were prepared from the
digital elevation model (DEM) of 12.5 m from the ALOS AVNIR-2 dataset. The distance from
rivers, residential areas, and the road network was calculated using the Euclidean distance tool
in ArcMAP software. The geographic location of meteorological synoptic stations was obtained
from the Meteorological Organization, and its information was used as meteorological input
data. In the ArcMap environment, a map of average annual precipitation and maximum
temperature was prepared from synoEtic stations through interpolation for the period from 2007
to 2021. Based on this modeling method, experts' opinions were used for the relative importance
and priority of criteria and sub-criteria in the risk of forest fire in the study area to obtain the
fuzzy weight of criteria and sub-criteria. Based on the weighting coefficients applied in the
present plan, the final weights of the criteria and sub-criteria affecting forest Ere from the
highest to the lowest weights belong to the topographical, biological, climatic, and human
criteria. Among the sub-criteria, the highest and lowest weights belong to vegetation and slope,
respectively. The consistency rate (CR) for the matrices of the affecting factors is equal to
6.25%, which is less than 10%, actually indicating that the weight of the criteria is proportionate
and reliable. The highest weights were obtained for the vegetation cover and the slope direction,
and the lowest weights belonged to the distance from the river and the slope. Finally, the fire
risk assessment map was prepared by combining the fuzzy maps of the sub-criteria in GIS.
Results: Overall, medium to very high fire risk potential was found in 72% of the studied area.
From a total area of about 2373189 hectares, very low (8.4%), low (18.3%), medium (23.66%),
high (25.62), and very high (24%) vulnerability rates were identified in Mazandaran province.
Higher fire potential was detected in the East and Southeast parts than in other parts of the study
area. The aforementioned fuzzy layers clearly show that the height, slope, and amount of
precipitation are low and the density of residential areas and the network of communication
roads are high in these parts, with high temperatures. In fact, these factors have increased the
risk of fire in these areas. In the present study, the highest fire potential was observed at low
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altitudes, which could have resulted from the concentration of human activities at low altitudes.
Moreover, most fires occurred on low slopes in the studied area. The distance layer from
waterways also plays a dual role in the occurrence of fire. The results of the model show an
inverse correlation between the distance from roads and fire potential. Based on the results of
the fuzzy AHP model, the probability of fire increased with the decrease in precipitation and the
increase in annual temperature. A decrease in the amount of precipitation causes a decrease in
soil moisture and vegetation, elevating the possibility of fire. On the other hand, the increase in
temperature causes the drying of vegetation and reduces humidity, thereby increasing the
possibility of fire.

Conclusion: It can be concluded that preparing a fire risk assessment map can help managers
and planners in identifying areas with high potential and in crisis management in vulnerable
areas. The obtained fire risk assessment map can be used as a decision-making support system
to predict future fires in the study area.
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Table 2. The weight of criteria and sub-criteria involved in fire risk assessment
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Figure 5. Fire risk assessment map of Mazandaran province
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Table 3. Area and percentage area of fire risk assessment classes in Mazandaran province

(Ao ) NS colus (HSe) S colus Lo oS 0yl
Class area (percentage) class area (hectares) Classes number
8.47 201117.6 oS ok 1
very little
18.32 434987.1 o5 2
little
23.66 561552 Logto 3
medium
25.62 608208.7 25 4
Much
23.90 567323.2 o b 5
very much

SsSans Bolio 135 o]y ogMe 5 05 sk e 5
36 L Olie orizen 3 039 Y (bl slael, 45
Iy jawil slas Jlaasl Jole s oyl 28ly )5 .l YU

Caol 033 YU b yiso oyl 5o

25.62

L

Brd iy el paside (B) JS5 5l 48 psboplen

S oWlas ddlain gl yizw plo & Cowd L;)...uu}.b 5
@ ale s )60 VL Gawoisl Jely
@)l b yisn cpl )0 Cul jasie jeSie 556 slaasY

18.39

23.66

Shy By ke

3ot s o)) sl pedlS Colus sops - IS
Figure 6. Area percentage of fire risk assessment classes

alls o 1) ol (Hong et al, 2018) ., Sen
ol & oy cute (Stumed gl il b g5qm i
S8 Jledor pols dalllas gl b aisly

390 dilaio 3 o5 Scud 3 bigjw il Fote
Sobe cldlad Blg o yol cpl s ol ooy &y asdllae
P bt b Cap AL o slacad ]
2 85 )8 sl ol e 8 e bl
9 SIL i ek Cap adyt )95 uiitis (1m0
2 Sieoil g8y b 23 dgid &5 (Sjgledyge Sl
b Cps wlol pl o (Chen et al., 2015) cuwl bls)|
On e 45 392 (w5 S92 0 e Jalge 150> (S
odalie (Bpdogr g 3d sar » Sjowoil g5
)5 8Ly lie bews cpl jo @8ly ! 01,5
u_QLS uu.u)}) LC VN Cawl LEMP ):Lw )I )J\.”.J M)P
b lae 2 S8 Giautl (o 3 it S
Ashtiani et al., ) K 5 Slasl b iagh
(Mohammed et al., 2022) ,Ke2 § Jozo 4 (2013
e > Sjgwpts] @l ppuin & X3S SIS
Gl 03> &) oo

» b OIS Lol belgs I (S Sgmt5]

ol Gl (K et.o‘)g &S Canl Kis slbpiugmsS]
Jin et ) o)b oljms w36 (59T o g 9 (olon o
L5 g a3 el plelid Guzmes 5 (Al 2021
ol » (Marozas et al., 2007) cwl Sls b >
Sigootil s b5l gl 658 AHP Juo 93 | 30
ol 0 B byl Ol cwl oad eolal
s b)) iledae 0 Sl abe S gjgmotl
Sladlas b 3 opl 5 il b K> 3 (gjgw il
€w)) (2S5 Jolds Jlms 15 X g (Lol Jlas ¥ el
sl ()b o> aidin) (ol (Ladsldgy g i cudd
e 5 (L) Slaoly &d (S 3blo)
Gl S jgwtsl s byl caa (ol pide)
P» el Gk ) gl ey ook

by 35 p03 ooy Slg5 o oS o odmliio ol clela)]
= b ool sl el ol o Slul glcgls
9 delxo g (DOl'lg et al., 2005) ul)Ko.m 9 &353 adllao
» )b calls (Mohammed et al., 2022) Ko


http://dx.doi.org/10.61186/ifej.12.2.88
http://ifej.sanru.ac.ir/article-1-541-en.html

[ Downloaded from ifej.sanru.ac.ir on 2025-07-27 ]

[ DOI: 10.61186/ife}.12.2.88 ]

GYlo glod Il g 5k (il b (gipmtsl o]
S Cagby ialS el )l oz nlS .l Gl
Gl gl Jlaisl 4 )3 wad alS Jidy,
Syl Jais) el w135 Caghy nlS 5 LS
Ohles 5 uglage adlas b b laail, cpl 9,00 YU
OHlSer 5 dezee s (Mhawej et al., 2016)
s Sl oyl ciles (Mohammed et al., 2022)
a0 by Ladss ,> (Zhang et al., 2019) ) Sen
Sred (pz Sl 3 Ol e b gwoisl Hlad

Db callas pols imgh sbaaidl b as” oyl cuse

(5 degls

Slasyp YW s ol lis adllas oyl ol o IS eboay
b bowgio (559m0i1 slad ety (shyls adllas 390 dilaie
ohbd &) 5 @uin sl rlply cwl 2bj (s
adlbo dy90 adlaio L;LmJi;; 2 LS)?“’U‘"" d;.>|9> L;llo.o‘
ol 53l ol Lol i 9 3l lelsdl syl
sbwl b (s 50k jsmis] s bl L gble »
Slpicy 4 Joke dp anasS g gjgeil Blse
@ olyie B)laly S0 il el bdSa ole copte
gble 5l pBasSosliial 5 ohbeles lobios) 5o
)Mwu .3943 o)U}] &> clab] Ul)“?cz’ L L,’.:w.‘o
Sl > 45 Casl 03l 5 b ladl Lausgs b jgms y20]
» slaied glagl b S sl 98 by 5l 3L
b9y «Sigmoil E89 0 Fhe S Jalo dl WS
IS orlple g (BT (95 (589, 9 Shgels Cuwdl
e d do S (GiawiSl 6y slaol,
2 ol (o gl cpl 51 (o)l o a0 0970 5 Cucnl Hlas
et byl Al A & C8S amd plyie ol
5 Olpe & Wlge Jsire 9 38> e (gjaw ]
oo g Vb Juwily b sblie ololis 3 (540l
A8 S8 pdl (3blis ) ol o e

References

BB (staoma 5 0l 5 b o028 (el e Slozy Sarma amolarl oy 0,408 (50 (gnw

&8 AHP Jaw 3l oozl b Q\).\s}u QL’.‘...J s K 6)5""0‘"'] s (_ﬁl'l).)‘

@bl (S35 ) Sl glacld ()3 Vb 4 @25 L
CuoVl Ko u;\ P Gl sl SeSie
D381 b g5t Jlanl ol 1 09ds (Giglio, 2010)
Jole gl o STl o Jials (GgSus Gblio 5l alold
S 9 g9 > A9 (i Lol sl (gigm il (Lol
.(Rasooli et al., 2018) > l> 5!

O el e g8 baalyl Sl alols 4
aalpl laaSis cyglre o sl culled oyls B g
Bk 3o elul (A8 (5595 9 )3 9 035 S
Byl oxals ia (giew il g58y sl o ladalyl
S99 SFokn Cugb adilhdg; Gpslne )3 &5 gl
S8 Siowoil gdy Jlnl ) cugby cpl & )0
= olwly (Mohammed et al., 2022) 51> o550
g8y Jlen! nanlyl 5l dols gals L uols imgs
Abse (S (951

Shalol o & sad o sl Jio )"l Joobs ls
)3 2929 gSae (Shurer ($igmil Jruily g odl>
Jnl ail 58 bedls 5l dlold asya (> &yl
Fole cdld Jdsa ool og Wl Sute (e
dallas b iy oyl ol .l bodls jgle ol
» (Mohammed et al., 2022) Ko 5 Sooxo
B (yp b Cdlae ol 0pF ey IS
P Fok Sipeosl & b gl als iy
)b ¢ills (Bazyar et al., 2020) 4, Sen 4 ,b;0

sbs sl (Hong et al., 2018) oh)lSen 5 Son
38" (0 5903l gl g Sl ool L) (g5gmis]
e e > edlil glajially o8 wzih ol g
Cadl sl (ladlais wldo ) Lol (6l (65508 Cuonl
Db (B n95 Sl Shy ol ol > A 65
Syl Coenl (oo (oo )3 Sluil slacld o alS
..—\.;)]\)

OlFer igwtsl el p Sge (oodddl Jalse (s ]
3B AHP Jio gl sluly 55 0Ll 5k g bod &

Abedi Gheshlaghi, H. (2019). Using GIS to develop a model for forest fire risk mapping. Journal of the
Indian Society of Remote Sensing, 47(7), 1173-1185.

Abdo, H. G., Almohamad, H., Al Dughairi, A. A., & Al-Mutiry, M. (2022). GIS-based frequency ratio
and analytic hierarchy process for forest fire susceptibility mapping in the western region of

Syria. Sustainability, 14(8), 4668.

Adab, H., Kanniah, K. D., & Solaimani, K. (2013). Modeling forest fire risk in the northeast of Iran using
remote sensing and GIS techniques. Natural hazards, 65, 1723-1743.

Amalina, P., Prasetyo, L. B., & Rushayati, S. B. (2016). Forest Fire Vulnerability Mapping in Way
Kambas National Park. Procedia Environmental Sciences, 33, 239-252.

Ashtiani, E. F., Daryaei, M. G., Samani, K. M., & Amlashi, M. A. (2013). Review of fire sensitive areas
with emphasis on drought impact with the joint use of PDSI, AHP and GIS (case study: Forest
Saravan, Guilan province). Iranian Journal of Forest and Range Protection Research, 10(2).

Bager Rasooli, S., & Bonyad, A. E. (2019). Evaluating the efficiency of the Dong model in determining
fire vulnerability in Iran’s Zagros forests. Journal of Forestry Research, 30(4), 1447-1458.

Bazyar, M., Oladi Ghadikolaii, J., Pourghasemi, H. R., & Serajyan Maralan, M. R. (2020). Zoning and
Investigation of Factors Affecting Forest Fire Using Evidential Belief Function Algorithm and


http://dx.doi.org/10.61186/ifej.12.2.88
http://ifej.sanru.ac.ir/article-1-541-en.html

[ Downloaded from ifej.sanru.ac.ir on 2025-07-27 ]

[ DOI: 10.61186/ife}.12.2.88 ]

BB shomma S oSy 5 a1 (02,5 el oy dezme slor Glony w0)3l8 () (g

Ve VEX Y o)l [on3jled Lo ol slaSin liips:

Support Vector Machine in Boyer Ahmad City. Iranian Journal of Forest and Range Protection
Research, 17(2), 197-222.

Brown, K. J., Hebda, N. J., Conder, N., Golinski, K. G., Hawkes, B., Schoups, G., & Hebda, R. J. (2017).
Changing climate, vegetation, and fire disturbance in a sub-boreal pine-dominated forest, British
Columbia, Canada. Canadian Journal of Forest Research, 47(5), 615-627.

Bui, D. T., Bui, Q. T., Nguyen, Q. P., Pradhan, B., Nampak, H., & Trinh, P. T. (2017). A hybrid artificial
intelligence approach using GIS-based neural-fuzzy inference system and particle swarm optimization
for forest fire susceptibility modeling at a tropical area. Agricultural and forest meteorology, 233, 32-
44,

Chen, F., Du, Y., Niu, S., & Zhao, J. (2015). Modeling forest lightning fire occurrence in the
Daxinganling Mountains of Northeastern China with MAXENT. Forests, 6(5), 1422-1438.

de Zea Bermudez, P., Mendes, J., Pereira, J. M. C., Turkman, K. F., & Vasconcelos, M. J. P. (2009).
Spatial and temporal extremes of wildfire sizes in Portugal (1984-2004). International Journal of
Wildland Fire, 18(8), 983-991.

Dong, X. U., Li-min, D. A. 1., Guo-fan, S., Lei, T., & Hui, W. (2005). Forest fire risk zone mapping from
satellite images and GIS for Baihe Forestry Bureau, Jilin, China. Journal of forestry research, 16(3),
169-174.

Emami, H., & Shahriari, H. (2018). Quantification of environmental and human factors in the occurrence
of forest fire with RS and GIS methods; Arsbaran protected areas. Sepehr Scientific-Research
Quarterly of Geographical Information, 28(112), 35-53.

Eskandari, S. (2014). Assessing the forest fire risk potential using the Dong model, case study: the forests
of three Neka-Zhalemroud sectors. Journal of Geographical Survey of Space, 5(15), 195-210 (In
Persian).

Eskandari, S. (2012). Providing a forest fire potential model and its spread using RS and GIS. PhD
Thesis. Forestry Department. Department of natural resources. Sari University of Agricultural
Sciences and Natural Resources (In Persian). .

Eugenio, F. C., dos Santos, A. R., Fiedler, N. C., Ribeiro, G. A., da Silva, A. G., dos Santos, A. B., ... &
Schettino, V. R. (2016). Applying GIS to develop a model for forest fire risk: A case study in Espirito
Santo, Brazil. Journal of environmental management, 173, 65-71.

Falkowski, M. J., Gessler, P. E., Morgan, P., Hudak, A. T., & Smith, A. M. (2005). Characterizing and
mapping forest fire fuels using ASTER imagery and gradient modeling. Forest ecology and
management, 217(2-3), 129-146.

Fox, D. M., Laaroussi, Y., Malkinson, L. D., Maselli, F., Andrieu, J., Bottai, L., & Wittenberg, L. (2016).
POSTFIRE: A model to map forest fire burn scar and estimate runoff and soil erosion risks. Remote
Sensing Applications: Society and Environment, 4, 83-91.

Geng, M., Ma, K., Sun, Y., Wo, X., & Wang, K. (2020). Changes of land use/cover and landscape in
Zhalong wetland as “red-crowned cranes country”, Heilongjiang province, China. Global NEST
Journal, 22(4), 477-483.

Gerdzheva, A. A. (2014). A comparative analysis of different wildfire risk assessment models (a case
study for Smolyan district, Bulgaria). European Journal of Geography, 5(3), 22-36.

Giglio, L. (2010). MODIS collection 5 active fire product user’s guide version 2.4. Science Systems and
Applications, Inc.

Hong, H., Tsangaratos, P., Ilia, 1., Liu, J., Zhu, A. X., & Xu, C. (2018). Applying genetic algorithms to set
the optimal combination of forest fire related variables and model forest fire susceptibility based on
data mining models. The case of Dayu County, China. Science of the total environment, 630, 1044-
1056.

Jaafari, A., Gholami, D. M., & Zenner, E. K. (2017). A Bayesian modeling of wildfire probability in the
Zagros Mountains, Iran. Ecological informatics, 39, 32-44.

Jaafari, A., Zenner, E. K., & Pham, B. T. (2018). Wildfire spatial pattern analysis in the Zagros
Mountains, Iran: A comparative study of decision tree based classifiers. Ecological informatics, 43,
200-211.

Jaafari, A., Mafi-Gholami, D., Thai Pham, B., & Tien Bui, D. (2019). Wildfire probability mapping:
Bivariate vs. multivariate statistics. Remote Sensing, 11(6), 618.

Jaafari, A., Pazhouhan, 1., & Bettinger, P. (2021). Machine learning modeling of forest road construction
costs. Forests, 12(9), 1169.

Jin, X. Y., Jin, H. J., Iwahana, G., Marchenko, S. S., Luo, D. L., Li, X. Y., & Liang, S. H. (2021). Impacts
of climate-induced permafrost degradation on vegetation: A review. Advances in Climate Change
Research, 12(1), 29-47.

Kayet, N., Chakrabarty, A., Pathak, K., Sahoo, S., Dutta, T., & Hatai, B. K. (2020). Comparative analysis
of multi-criteria probabilistic FR and AHP models for forest fire risk (FFR) mapping in Melghat Tiger
Reserve (MTR) forest. Journal of Forestry Research, 31, 565-579.

Lautenberger, C. (2013). Wildland fire modeling with an Eulerian level set method and automated
calibration. Fire Safety Journal, 62, 289-298.


http://dx.doi.org/10.61186/ifej.12.2.88
http://ifej.sanru.ac.ir/article-1-541-en.html

[ Downloaded from ifej.sanru.ac.ir on 2025-07-27 ]

[ DOI: 10.61186/ife}.12.2.88 ]

BB aame S o5y 5l o) (el ¢Sl dozme ¢ srslole oy 0)ulE (6)I5 (gares

VoY 658 AHP Jso l oalizal L 55l il (sl JSiz (gjomisT s b))

Li, J., Zhao, Y., Zhang, A., Song, B., & Hill, R. L. (2021). Effect of grazing exclusion on nitrous oxide
emissions during freeze-thaw cycles in a typical steppe of Inner Mongolia. Agriculture, ecosystems &
environment, 307, 107217.

Liu, Q., Shan, Y., Shu, L., Sun, P., & Du, S. (2018). Spatial and temporal distribution of forest fire
frequency and forest area burnt in Jilin Province, Northeast China. Journal of Forestry
Research, 29(5), 1233-1239.

Mafi-Gholami, D., Jaafari, A., Zenner, E. K., Kamari, A. N., & Bui, D. T. (2020). Spatial modeling of
exposure of mangrove ecosystems to multiple environmental hazards. Science of the total
environment, 740, 140167.

Mahdavi, A. (2012). Forests and rangelands? wildfire risk zoning wusing GIS and AHP
techniques. Caspian Journal of Environmental Sciences, 10(1), 43-52.

Marozas, V., Racinskas, J., & Bartkevicius, E. (2007). Dynamics of ground vegetation after surface fires
in hemiboreal Pinus sylvestris forests. Forest Ecology and Management, 250(1-2), 47-55.

McGuire, S. (2015). FAO, IFAD, and WFP. The state of food insecurity in the world 2015: meeting the
2015 international hunger targets: taking stock of uneven progress. Rome: FAO, 2015. Advances in
Nutrition, 6(5), 623-624.

Mhawej, M., Faour, G., Abdallah, C., & Adjizian-Gerard, J. (2016). Towards an establishment of a
wildfire risk system in a Mediterranean country. Ecological informatics, 32, 167-184.

Mohammadi, F., Shabanian, N., Porhashmi, H., Fatehi, P. (2010). Preparing a forest fire risk map using
GIS and AHP in a part of Paveh forests. Iran Forest and Spruce Research, 18(4), 586-569 (In
Persian).

Mohammed, O. A., Vafaei, S., Kurdalivand, M. M., Rasooli, S., Yao, C., & Hu, T. (2022). A
Comparative Study of Forest Fire Mapping Using GIS-Based Data Mining Approaches in Western
Iran. Sustainability, 14(20), 13625.

Naderpour, M., Rizeei, H. M., Khakzad, N., & Pradhan, B. (2019). Forest fire induced Natech risk
assessment: A survey of geospatial technologies. Reliability Engineering & System Safety, 191,
106558.

Nuthammachot, N., & Stratoulias, D. (2021). A GIS-and AHP-based approach to map fire risk: a case
study of Kuan Kreng peat swamp forest, Thailand. Geocarto International, 36(2), 212-225.

Oliveira, S., Oechler, F., San-Miguel-Ayanz, J., Camia, A., & Pereira, J. M. (2012). Modeling spatial
patterns of fire occurrence in Mediterranean Europe using Multiple Regression and Random
Forest. Forest Ecology and Management, 275, 117-129.

Pourghasemi, H. R. (2016). GIS-based forest fire susceptibility mapping in Iran: a comparison between
evidential belief function and binary logistic regression models. Scandinavian Journal of Forest
Research, 31(1), 80-98.

Pourtaghi, Z. S., Pourghasemi, H. R., Aretano, R., & Semeraro, T. (2016). Investigation of general
indicators influencing on forest fire and its susceptibility modeling using different data mining
techniques. Ecological indicators, 64, 72-84.

Rasooli, S. B., Bonyad, A. E., & Pir Bavaghar, M. (2018). Forest fire vulnerability map using remote
sensing data, GIS and AHP analysis (Case study: Zarivar Lake surrounding area). Caspian Journal of
Environmental Sciences, 16(4), 369-377.

Saaty, T. L. (1980). The analytic hierarchy process: planning, priority setting, resource allocation.

Sachdeva, S., Bhatia, T., & Verma, A. K. (2018). GIS-based evolutionary optimized Gradient Boosted
Decision Trees for forest fire susceptibility mapping. Natural Hazards, 92, 1399-1418.

Sahana, M., & Ganaie, T. A. (2017). GIS-based landscape vulnerability assessment to forest fire
susceptibility of Rudraprayag district, Uttarakhand, India. Environmental earth sciences, 76, 1-18.
Salloum, J., & Abdo, H. (2016). Statistical modeling of conservation the vegetation of the land in

Algadmous area from rainfall erosion. Tishreen Univ J Res Sci Stud-Arts Human Ser, 38(3), 667-683.

Satir, O., Berberoglu, S., & Donmez, C. (2016). Mapping regional forest fire probability using artificial
neural network model in a Mediterranean forest ecosystem. Geomatics, Natural Hazards and
Risk, 7(5), 1645-1658.

Tabibian, S. (2022). Physical zoning of forest fire risk using fuzzy AHP and GIS methods (Case study:
Asalem). Physical Social Planning, 9(2), 61-72.

Tanvir, M. S., & Mujtaba, I. M. (2006). Neural network based correlations for estimating temperature
elevation for seawater in MSF desalination process. Desalination, 195(1-3), 251-272.

Tariq, A., Shu, H., Siddiqui, S., Munir, 1., Sharifi, A., Li, Q., & Lu, L. (2022). Spatio-temporal analysis of
forest fire events in the Margalla Hills, Islamabad, Pakistan using socio-economic and environmental
variable data with machine learning methods. Journal of Forestry Research, 33(1), 183-194.

Thach, N. N., Ngo, D. B. T., Xuan-Canh, P., Hong-Thi, N., Thi, B. H., Nhat-Duc, H., & Dieu, T. B.
(2018). Spatial pattern assessment of tropical forest fire danger at Thuan Chau area (Vietnam) using
GIS-based advanced machine learning algorithms: A comparative study. Ecological informatics, 46,
74-85.


http://dx.doi.org/10.61186/ifej.12.2.88
http://ifej.sanru.ac.ir/article-1-541-en.html

[ Downloaded from ifej.sanru.ac.ir on 2025-07-27 ]

[ DOI: 10.61186/ife}.12.2.88 ]

BB (stamma 5 0l 9 b (o025 (el e Slozy Sarma (amolarls oy 0408 (5 I (gnw

AR VY /Y o)wa; /WR’))b‘) JL» ul))l Lglhﬂ uwhwfy

Tiwari, A., Shoab, M., & Dixit, A. (2021). GIS-based forest fire susceptibility modeling in Pauri
Garhwal, India: a comparative assessment of frequency ratio, analytic hierarchy process and fuzzy
modeling techniques. Natural hazards, 105, 1189-1230.

Tuyen, T. T., Jaafari, A., Yen, H. P. H., Nguyen-Thoi, T., Van Phong, T., Nguyen, H. D., ... & Pham, B.
T. (2021). Mapping forest fire susceptibility using spatially explicit ensemble models based on the
locally weighted learning algorithm. Ecological Informatics, 63, 101292.

Vadrevu, K., & Lasko, K. (2015). Fire regimes and potential bioenergy loss from agricultural lands in the
Indo-Gangetic Plains. Journal of Environmental Management, 148, 10-20.

Veena, H. S., Ajin, R. S., Loghin, A. M., Sipai, R., Adarsh, P., Viswam, A., ... & Jayaprakash, M. (2017).
Wildfire risk zonation in a tropical forest division in Kerala, India: a study using geospatial
techniques. International Journal of Conservation Science, 8(3).

Verde, J. C., & Zézere, J. L. (2010). Assessment and validation of wildfire susceptibility and hazard in
Portugal. Natural Hazards and Earth System Sciences, 10(3), 485-497.

Wang, X., Wotton, B. M., Cantin, A. S., Parisien, M. A., Anderson, K., Moore, B., & Flannigan, M. D.
(2017). cffdrs: an R package for the Canadian forest fire danger rating system. Ecological
Processes, 6(1), 1-11.

Wotton, B. M., Martell, D. L., & Logan, K. A. (2003). Climate change and people-caused forest fire
occurrence in Ontario. Climatic change, 60(3), 275-295.

Zhang, G., Wang, M., & Liu, K. (2019). Forest fire susceptibility modeling using a convolutional neural
network for Yunnan province of China. International Journal of Disaster Risk Science, 10, 386-403.


http://dx.doi.org/10.61186/ifej.12.2.88
http://ifej.sanru.ac.ir/article-1-541-en.html
http://www.tcpdf.org

