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Figure 1. Geographical location of study areas (The photos on the right and left sides are from Google Earth and
depict the Nalas and Shiomere areas, respectively)
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Table 1. Standard forest fuel models (56) of study areas
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1- Normalized Difference Vegetation Index
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Table 2. Variance analysis of different quantitative and fuel variables in various forest types

Olyeets o o F Slaye (Sl 33l &> dasule
Coefficient of variation Mean squared df Characteristic
0.72 23.12* 0.38 2 (%) (LS hds £lis)] Sl
Maximum vegetation height (m)
0.41 18.58* 011 2 (120 LS by, gli5)| (Sl
Average vegetation height (m)
0.26 13.27* 0.04 2 (o) (2L iy glis)) Sl
Minimum vegetation height (m)
0.15 22.76* 0.02 2 (p55hS) aelonsy c g oor
1-hr fuel load (kg)
0.29 4.84% 0.02 2 (pSoLS) dicl Ve Ll g o2
10-hr fuel load (kg)
0.49 10.61* 0.08 2 (poToks) el Ve Co g o2
100-hr fuel load (kg)
0.56 213" 0.04 2 (p5k5) S5 g o>
Total fuel load (kg)
151 25.44% 175 2 (pS5kS) S oY o>
Litter load (kg)
12.66 56.92* 221.94 2 (esBl) S5edY Gos
Litter depth (cm)
o 5o dipaw ol b
24, 80 153.7 2 (e sBlu) a2
50 6.89 53.78 DBH (cm)
3.06 54.89* 13.59 2 (s2e) &b s
Crown diameter (m)
5.29 9.76* 1152 2 () e g )
Tree height (m)

1 11.30% 10. 2 (1%e) b gl
510 3 058 Crown height (m)

2.17 2.28" 0.49 2 (2e) &5 £l |
Trunk height (m)
0.11 197 0.001 2 (pS5S) S Y 5 0139
Litter fresh weight (kg)

02 64* ) 2 (p)55LS) aielucsy Cogm o> 139
00 36 0.000 1-hr fuel load fresh weight (kg)
0.05 0.86™ 0.000 2 (PThS) sl Vo Cogu o> 5 g

10-hr fuel load fresh weight (kg)
0.11 2.10" 0.001 2 (P 5kS) S oY SuiS g
Litter dry weight (kg)
0.02 3.38 0.000 2 (PSS ol g e Sl (5
1-hr fuel load dry weight (kg)
0.05 0.56™ 0.000 2 (pSPS) sieli Vo Clgus o> SIS
10-hr fuel load dry weight (kg)
0.17 237 0.002 2 (pS9kS) JS 5 s
Total fresh weight (kg)
0.16 2.46™ 0.02 2 (pS9ks) JS S
Total dry weight (kg)
70.65 0.41™ 39.07 2 S b lsime 22>
Total fuel moisture content (%)
41.18 417" 100.03 2 S Y (s lsime 20
Litter fuel moisture content (%)
18.98 0.04" 0.29 2 elucSy Clgu o> g, (g Lo
1-hr fuel moisture content (%)
13.46 1.80" 11.12 2 welo Vo Cgw p Ghgh, Sl Lo)d

10-hr fuel moisture content (%)
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*: Significant difference at 95% confidence level, ns: non significant difference
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FI?UI’E 2. Average quantitalive and qualitative parameters i studied regions with varying percentages of vegstation

uel load (kg.m?), e:

depth (cm.m?), f: Average litter load (kg. m

ense forest, and OP: open Forest) gfa Average fuel load (kg.m?), b:

Average litter
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Table 3. Average (+ Std. Error) vegetation features of trees in the studied areas with various vegetation percentages

(%) a5 gl (5) &b glis)) (30) e glis)) (ie) b kb (o 58l digus sl S g9
Trunk height (m) Crown height (m) Tree height (m) Crown diameter (m) DBH (cm) Forest type

1.47+£0.04 2.86°+0.24 4.32°+0.27 4.72°£0.09 19.53* + 1.28 D;?:'s‘e

1.77 £0.16 3.7+0.33 5.47%+0.38 3.76°+0.15 16.34" + 1.30 °?’jl b
Relatively dense
1.72+0.08 2.28°+0.12 4.00°+0.13 3.17°+0.09 14.3° £0.72 S
Sparse
1.66 + 0.06 2.79+0.14 4.46 £0.15 3.75+0.20 16.28 £ 0.64 ol

Different letters show a significant difference at the 95% confidence level
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Table 4. The average ( Std. Error) percentage of moisture content (MC) of fuel layers, litter and the entire study

areas
Voo gk gl ielo Ve b (dlgne S g gslyore Rl e e S g5
(Mo ) wisls Juoyd) (Mo ) wisls (Mo pd) S puisY (Ao ) Forest type
100-hr MC (%) 10-hr MC (%) 1-hr MC (%) Litter MC (%) Total MC (%)
5.10 +1.40 522 +£1.62 437 +£0.26 7.25 + 2.06 6.74 £ 2,57 °9°3\
Dense
3.23+£0.28 4.73 £0.62 4.25+0.31 3.69 £ 0.49 5.51+0.58 °’i’jl Gy
Relatively dense
- 3.16 £0.25 4.09+1.35 3.16 £ 0.36 4.02+0.33 S&
Sparse
4,17 £0.52 4.25 £ 0.47 4.25+0.43 4.44 +0.64 571+1.21 Total
ol b seyn A luebl Aew 3 (g)b pxe g Cute O g, (S 79 U

S fssine 3 ot day J3 ielncSy g o b Jole
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Table 5. Pearson correlation between the studied factors
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G e 5 wsSae dlayly dicl Voo Ciow ps b Jole
Ly o jl glasyl Jole )by duo > A0 liueb] pdaw o
gby Slgize g by Gos ity Ciguw x>
thw b pre 5 Cute dayly dicle Vo Bow oo
e bogla)l e fusen )b oy A0 lueb
A Glaebl maw (0 (gbpxe g Cuze Ay SylY
dayly SpdY oo g Bes b dlawply jhad )b dop
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Al
ataly sl pite Sl yiie
Dependent variables
10hftMC%  1hrtMC%  LMC% MC% LD LV TFL LF FL100 FL10 FL1 ln\;i;rfi)ggltéesnt
0.132"™ 0.171™ 0.326**  -0.059™  0.601**  0.463**  0.075™ 0.307™  -0.420*  -0.172"  0.591** ST;;
0.454* -0.019™ -0.067™  -0.075™  0.315* 0331**  0.118™  -0.509™  0.079™  0.110™  0.286** El S\E:t)i‘on
0.621* 0.251™ 0.132™ 0.412™ 0.301* 0.411** 0.214™ -0.412"™ 0.112™ 0.074™ 0.241* MD/‘Q);')B
2 s
0.363™ -0.085™ 0.153™ -0.122™  0.510**  0.350** 0.013™ 0.223™ 0.376™ -0.136™  0.458** Ero)vJ::
diameter
0.069"™ 0.182™ 0.192™ 0.143™ 0.202™ 0.089™ 0.139™ 0.836** 0.445* 0.159™ -0.080™ ;jé)h§5ﬁl
-G el
0.219"™ 0.207™ 0.202™ 0.106™ 0.222™ 0.145™ 0.183™ 0.883** 0.370™ 0.182™ 0.007™ cCrgwn)
height
-0.268™ 0.033™ -0.008™ 0.038™ 0.009™ 0.109™ -0.016™ 0.176™ 0.027™ 0.119™ -0.091"™ G gl

Trunk height

gl gyl gme pae ™ o )> AD lisebsl paw ;D I gxe Cglis T o )d A lisebsl o 5> > xe glis T
LD 5 Y oo LVl gw S o TFL 0k Sy g gl iLF iclo Vo v g (FL100 sl Vo Cogw po FLI0 cisho S Cégw poe FLL '
Slgire 10)> :10NMMC% ¢ diclo S (B g e Sugb) (slgizee Jopd «S Y ok, (glaime doyd (LMCY% ok, (glgixe Mo yd MCU S s Gas
cdielo Vo (Bgw dlge ugby

** and * Significant differences at 99% and 95% confidence levels, respectively, ns: non significant difference.

FL1: 1-hr fuel load, FL10: 10-hr fuel load, FL100: 100-hr fuel load, LF: Live foliage, TFL: Total fuel load, LV: Litter load, LD: Litter depth, MC%:
Moisture Content (%), LMC%: Litter MC (%) ,1hrMC% :1-hr MC (%) ,10hrMC% :10-hr MC (%).
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Figure 3. Input layers for modeling fire behavior and spread in the studied areas (Right: Nalas, Left: Shiomere)
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Table 6. The area (in hectare and percentage) of fire behavior simulation classified maps using the FlamMap model

o 0 o3
Nalas Shiomere
(Aoyd) colue (Hse) colos aib (M2y9) colus (NS colono ail giress
Area (%) Area (ha) Class Area (%) Area (ha) Class Variable

32.75 89.69 0-02 31.31 T11.59 0-0.1
411 11.27 02-04 92.43 156.53 0.1-0.3 () ales J
48.53 132.91 04-0.6 13.72 48.89 0.3-0.35 St s
12.20 33.41 06-1 5.93 21.14 0.35-0.4 Flame length (m)
241 6.59 1-32 5.12 18.23 0.4-0.64
34.07 93.30 0-0.3 31.31 111.59 0-0.1
51.79 141.84 03-1 48.24 171.91 0.1-04 (49..3.» L) sl 5 £
9.08 24.86 1-2 15.39 54.84 04-0.9 = )“’) U e Ty
2.89 7.91 2-10 4.35 15,52 09-21 Rate of spread (m/min)
2.17 5.95 10-34 0.71 2.52 21-54
34.04 95.97 0-30 39.29 140.03 0-10
51.63 141.41 30-90 2321 82.70 10-15 L oo Lt ey
7.79 21.33 90 — 160 29.57 105.38 15-30 (120 2 Syshs) 3l b oy
3.36 9.20 160 — 970 5.94 21.17 30-50 Fireline intensity (kW/m)
2.17 5.95 970 — 3264 1.99 7.09 5097
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Figure 4. Fire behavior characteristics map in Nalas (right) and Shiomere (left)
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Figure 5. Characteristics maps of FARSITE fire spread in Nalas region
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Figure 6. Fire simulation extents in 10-minute time steps and actual fire extent of Nalas region.
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Table 7. Comparison of the agreement and accuracy of the simulated fire spots to the real fire
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Extended Abstract

Introduction and Objective: The behavior, spread, and intensity of forest fires are heavily
influenced by the type and volume of fuels in a natural region, as well as topography and
climate. Assessing the volume of fuels in different forest canopies is very important for crisis

management and the prevention of possible fires. The purpose of this study is to determine the

amount and type of fuels and fire behavior of Iranian Northern Zagros forests in Sardasht
County in different forest densities.

Material and Methods: Therefore, according to the statistics of recent fires in Sardasht, the
study areas (Nalas and Shiomereh) were selected based on the percentage of forest vegetation

cover (open, relatively dense, and dense). In this study, one square meter samples were used to
measure the properties of fuels such as average vegetation height, 1-, 10-, and 100-hr time-lag
fuels, total fuel volume, and litter volume and depth. Study of fire behavior and spread in two
areas was performed using FlamMap and FARSITE fire models using slope, aspect, elevation,
fuel model, and canopy cover maps.

Results: The results showed that the total fuel volume in the studied forest areas is 3.9 kg/m?.
Also, the maximum 1-hr fuel volume was calculated in dense forest (Shiomereh). The highest

fuel volumes of 10-, and 100-hr time-lag fuels were observed in forest areas with relatively
dense canopy (Shiomereh). The calculation of the fuel moisture content percentage (FMC%)

also showed that forest areas with dense canopy have the highest amount of FMC% among
forest lands with relatively dense (Shiomereh) and open (Nalas) canopy. Also, comparison of
the real fire spot and the simulated fire spread map in the Nalas region with unintentional fire
(with open canopy) with a kappa coefficient of 0.83 was highly consistent and the model was
able to have a significant agreement with the actual extent of fire spread. The agreement
coefficient in the Shiomereh region with a dense and relatively dense canopy cover due to a
deliberate and controlled fire showed a 0.05 agreement.

Conclusion: These findings showed that in addition to the characteristics of the forest fuels, the
cause of the fire (intentional and controlled or accidental and unintentional) is also effective in
simulating the behavior and spread of fire. The results of this study can be used in firefighting,

crisis management, and many studies related to the study of fire behavior and management of
forest areas.
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