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Background and Objectives: Implementation of economic and hon-economic
functions of forests requires effective planning and management, which
requires reliable and dedicated information on forest resources, as well as
the information obtained from the details of forest stands parameters.
Probability distribution models of various tree parameters provide helpful
information about the complex interactions between trees and their
environment and accurately describe tree growth processes. This study
aims to develop suitable distribution models for the diameter, height, and
canopy area of Caucasian oak in the Arasbaran forest and to evaluate the
effect of altitude gradients on these models.

Materials and Methods: A selective sampling plot (100 x 100 meters)
was designed in Caucasian oak stands between 38° 54’ N latitude and
47° 17" E longitude at three altitude classes of 1200-1300, 1300-1400, and
1500-1600 meter above sea level with three replications, which include the
most presence for the Caucasian oak individuals. The diameter at breast
height, total height, and both canopy diameters of all trees were measured
within each sample plot. Quantitative statistics and comparison of means
were analyzed using ANOVA and Tukey tests in SPSS 16 software and
various statistical distributions were performed in Easyfit 5.5 software.
The Kolmogorov-Smirnov goodness-of-fit test was evaluated and reported
at 95% and 99% confidence levels.

Results: The results showed that the best function for the diameter
distribution at the first, second, and third elevations were Beta, Normal,
and Beta distributions, respectively. The goodness-of-fit test for tree
heights showed that a Weibull distribution at the first elevation and a Beta
distribution at the second and third altitude gradiants. The canopy area
showed that the Weibull distributions at the first elevation and the Beta
distribution at the second and third elevations were the most reliable
models to show the probability distribution of this parameter. Moreover,
the diameter of trees in the three altitude classes was not significant. In
comparison, tree height at higher elavations was significantly higher, and
tree canopy was strongly affected by increasing elevation and showed
significant differences in all altitude classes (P<0.05).

Conclusion: Based on the results, altitude is an effective factor on the
height and canopy area, as well as on the diversity of probability
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distribution functions of diameter, height, and canopy area of Caucasian
oak in Arasbarn forests. This information provides reliable results for the
Arasbaran forest managers and decision makers.
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Figure 1. Geographical location of the study area in northwest of Iran.
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Table 1. Statistical parameters of DBH (cm) of Caucasian oak at different altitudes.

Yl Yl \ gl EAR
Third elevation Second elevation First elevation Parameter
5
10 10 10 Sl
Minimum
a0 ‘
20 23 24 Yalng
Maximum
0
16 16 15 o
Median
ke
15.72°% 15.932 15.362 o
Mean
Lo 3l il
2.35 3.33 3.17 T S

Std. deviation

g
0.15 0.21 0.21 G
Coef. of variation
Lxo bl
0.18 0.30 0.28 ST
Std. errorr
-0.36 0.08 0.22 Nz
Skewness
0.51 -0.79 -0.69 e ted

Excess Kurtosis

(PS'/'O) CNA\)\}L;'\&A M| Sy slaasOLis qu;'.d s_éjfjjb@m quj S f')& s lasOlis AJLZJ k_;jf
Similar letters indicate the absence of significant differences and different letters indicate the presence of significant
differences (P<0.05)
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Table 2. Values of estimated parameters for DBH distributions.

G\)J Slaaasia yslis

values of functions characters

<32
v el Y gl ) ele Distribution
Third elevation Second elevation First elevation
a1=2.51, a,=1.70 o=0.95, a, =1.14 oy =1.45, o, =2.47 (&
a=9.17,b=20.13 a=10.0,b=23.0 a=9.76,b=2472 Beta
LE
a=44.80,  =0.35 a=2291,3=0.69 a=23.46, B =0.65
Gamma
Ly S
o=0.16,u=2.24 6=021,p=275 6=021,p=271 Jop S
Log-Normal
Jb 5
=235 u=15.72 6=3.33,u=1593 6=3.17,u=15.36
Normal
A=0.064 A=0.063 A=0.07 )
Exponential
a=7.74,p=16.69 a=5.59,p=17.17 a=>5.74,B=16.52 J?'“”
Weibull
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Table 3. Values of Kolmogorov-Smirnov goodness statistical test for DBH distributions at different altitudes.

Vgl
First elevation <32
s o5l ) istributi
Sl g Critical value ’ = Distribution
Sig. Statistic Rank
L
0.05"™ 0.121 0.102 1 )
Beta
Lo
0.05™ 0.121 0.118 2 ez
Normal
L&
0.05™ 0.121 0.120 3
Gamma
Ly S
0.01"™ 0.145 0.127 4 Jop S
Log-normal
0.01" 0.145 0.132 5 I3
Weibull
* L
0.05 0.121 0.479 6 o
Exponential
Y CLE.)!
Second elevation
I5, 2 oLl 5 o~
P b Critical value - = s
Sig. Statistic Rank Distribution
L
0.05™ 0.121 0.110 1 s
Normal
b &
0.05° 0.121 0.111 2 5SS
Log-Normal
s L
0.05 0.121 0.114 3
Gamma
0.05"™ 0.121 0.116 4 I
Weibull
Ly
0.01™ 0.146 0.122 5 )
Beta
* [
0.05 0.121 0.466 6 -
Exponential
Ay CU..‘)!
Third elevation
Is . ol 5y 3o
Sl e o Critical value ’ 0 &
Sig. Statistic Rank Distribution
* L
0.05 0.105 0.151 1 ’
Beta
* d
0.05 0.105 0.155 2 7=
Weibull
« L
0.05 0.105 0.178 3 e
Normal
« Lo £
0.05 0.105 0.188 4 doy S
Log-Normal
* L
0.05 0.105 0.190 5
Gamma
LS
005" 0.105 0.491 6 o
Exponential

*oEE

Al ol e M ol 5 003390 5 A4 slazel mlaw 53l e M| Sl s 0™ 57
** *and ™ indicate a significant difference at 99%, 95% level and no significant difference, respectively
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Table 4. Statistical parameters of height (m) of Caucasian oak at different altitutdes.

Y CL&J)l Y CL’:J‘ \ CLL”)\ ~LL
Third elevation Second elevation First elevation Parameter
5
2.7 3.19 2.52 Sl
Minimum
S|
7.4 6.5 6.7 e
Maximum
sl
5.27 5.1 5.02 "_
Median
. /'L.a
5.33° 5.022 4.91° ot
Mean
Lo 3l il
0.76 0.87 0.84 S

Std. deviation

A
0.15 0.17 0.17 G
Coef. of variation
Dbra oLz
0.06 0.08 0.07
Std. errorr
-0.17 -0.229 0.31 S
Skewness
/.,\,..iS\_A.: 5
0.30 -0.995 -0.18 SIS

Excess Kurtosis

(PS'/'O) CNA\)\}L;'\&A M| Sy slaasOLis qu;',d Q}f})\}@m quj S f')& s ka3 Olis AJLZJ k_;jf
Similar letters indicate the absence of significant differences and different letters indicate the presence of significant
differences (P<0.05)
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Table 5. Values of estimated parameters of height distributions.

G\)J Slaaasia ,slis
Values of functions characters

32
v 8—’:)‘ v &Uﬂ)‘ \ @UU Distribution
Third elevation Second elevation First elevation
o= 199, Oy = 3.39 oy =1.53, Q= 1.22 o= 663, oo = 3.81 L:'
a=131,b=2122 a=3.13,b=6.51 a=116,b=7.05 Bata
L&
a=5.13,p=1.69 a=33.11,p=0.15 0=34.14,p=0.14
Gamma
Ly S
o6 =0.49, un=2.05 0=0.18, pn =159 6=0.18, p =157 Joi 5
Log-normal
Jb 5
6=3.83,1=8.68 6=0.78, . =5.36 6=0.84,1=491
Normal
A=0.115 A =0.199 A=0.20 )
Exponential
=249, =971 0=6.64, =536 0=6.73, p=5.24 Jf*'“”
Weibull
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Table 6. VValues of Kolmogorov-Smirnov goodness statistical test for height distributions at different elevations.

Vgl
First elevation zoF
b s ol 5, istributi
< 5“‘_"& ch Critical value ’ 0 Distribution
Sig. Statistic Rank
0.05" 0.121 0.067 1 I
Weibull
0.05"™ 0.121 0.070 2 &
Beta
Lo
0.05™ 0.121 0.091 3 s
Normal
ns Lﬂg
0.05 0.121 0.112 4
Gamma
Ly S
0.01™ 0.145 0.123 5 Jop S
Log-Normal
. e
0.05 0.121 0.466 6
Exponential
Y CUJJ
Second elevation
I5, 2 oL 5 i~
Sl g Critical Value ) “ @
Sig. Statistic Rank Distribution
Ly
0.05"™ 0.121 0.067 1 ’
Beta
0.05™ 0121 0.105 2 s
Weibull
L
0.05™ 0.121 0.112 3 Jer
Normal
LS
0.05™ 0.121 0.114 4 Jep S
Log-Normal
L
0.05"™ 0.121 0.119 5
Gamma
* L
0.01 0.146 0471 6 <
Exponential
Ay CU..‘)!
Third elevation
s, 2 osbel 5, s 5
Sl e o Critical value ’ 0 &>
Sig. Statistic Rank Distribution
L
0.05"™ 0.105 0.096 1 ’
Beta
L
0.05"™ 0.105 0.102 2 e
Normal
0.01" 0.126 0.107 3 S
Weibull
s L
0.01 0.126 0.121 4
Gamma
* LS
0.05 0.105 0.133 5 Jop 5
Log-Normal
. sl
0.05 0.105 0.501 6
Exponential

A3l ol e Sl ke 5 Ao p3 90 544 ;wnchﬁjsj\;wqwuﬁg{%;y“}

** *and ™ indicate a significant difference at 99%, 95% level and no significant difference, respectively
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Figure 3. Histogram of height distributions at different altitudes.
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Table 7. Statistical parameters of canopy area (m) of Caucasian oak at different altitudes.

Y Cu;)\ Y CL’:J‘ \ CLL”)\ ~LL
Third elevation Second elevation First elevation Parameter
5
1.55 2.34 2.56 ol
Minimum
S|
19.23 13.73 16.78 Al
Maximum
sl
7.67 5.43 7.05 "_
Median
. /'L.a
8.68° 5.61° 7.26° o
Mean
Lo 3l il
3.83 2.35 2.90 S

Std. deviation

s
0.44 0.42 0.40 T
Coef. of variation

Dbra oLz
0.30 0.21 0.26

Std. errorr
0.39 0.814 0.51 s

Skewness

/.,\.«.:.5\_» 5
-0.58 0.729 0.084 SIS

Excess Kurtosis

(PS'/'O) QM\)\}L;'\&A M| Sy slaasOLis qu;',d Q}f})\}@m quj S f')& s lasOlis AJLZJ g_éjf

Similar letters indicate the absence of significant differences and different letters indicate the presence of significant
differences (P<0.05)
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Table 8. Values of estimated parameters of canopy area distributions.

G\)J Slaaasia ,slis
Values of functions characters

<32
vl Y gl ) gl Distribution
Third elevation Second elevation First elevation
a;=1.99, 0,=3.39 a; =1.17, 0, = 3.83 a3 =1.41,0,=3.31 &
a=1.31,b=21.22 a=2.33,b=16.24 a=251,b=18.30 Beta
L&
a=5.13,p=1.69 a=>5.68$=099 a=6.26,p=1.16
Gamma
Ly S
6=0.49,1=205 0=042,n=164 0=0.43, =189 Sy S
Log-Normal
Jb 5
=383, 1=8.68 0 =235 1=561 6=290,n=7.26
Normal
A=0.115 A=0.178 A=0.14 )
Exponential
=249, =971 0=2.82,3=623 0=279,4=726 Jf"‘”
Weibull

Y
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Table 9. Values of Kolmogorov-Smirnov goodness statistical test for canopy area distributions at different altitudes.

Vgl
First elevation zoF
b o Ll 5 istributi
< A“‘_M & Critical value Co = Distribution
Sig. Statistic Rank
0.05"™ 0.121 0.099 1 I
Weibull
L
0.05™ 0.121 0.104 2 s
Normal
LK
0.01"™ 0.145 0.122 3
Gamma
* LS
0.05 0.121 0.154 4 dosi S
Log-Normal
* L
0.05 0.121 0.155 5 ’
Beta
* sl
0.05 0.121 0.318 6 .
Exponential
Y CLE.)!
Second elevation
I5, 2 oL 5 i~
P b Critical value - = s
Sig. Statistic Rank Distribution
ns L
0.05 0.121 0.087 1
Beta
LK
0.05™ 0.121 0.099 2
Gamma
L
0.05™ 0.121 0.102 3 Jer
Normal
b &
0.05"™ 0.121 0.103 4 e
Log-Normal
d
0.05™ 0121 0.107 5 7
Weibull
* &LQJ
0.05 0.121 0.350 6
Exponential
Ay CU..‘)!
Third elevation
I . o5l 5y 3o
B dM Critical value - 2 &
Sig. Statistic Rank Distribution
L
0.05"™ 0.105 0.074 1 '
Beta
0.05"™ 0.105 0.077 2 S
Weibull
LS
0.05™ 0.105 0.086 3 S S
Log-Normal
LK
0.05"™ 0.105 0.091 4
Gamma
L
0.01™ 0.126 0.111 5 Jor
Normal
LS
0.05" 0.105 0.273 6 -
Exponential

A3l gr ls e Ml ke 5 s )3 90 544 ;wnchﬁjsj\;wqwuﬁg{%;y“}

** *and ™ indicate a significant difference at 99%, 95% level and no significant difference, respectively
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Figure 4. Histogram of canopy area distributions at different altitudes.
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