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Table 1. Fine Woody Debris Volume stock attributes for different diameter classes in Kheiroudkenar

forest
¢ ik g2 akb Jsl aib
Third Class Second Class First Class
s X [ areS

10.11 3.12 0.83 LS 53 aSa j20) o ks

Min. Volume (m%ha)

a . | e 4ol

35.73 22.27 4.81 OlSa )3 onSle o) o Hlds il

Max. Volume (m3/ha)

S « LSl

16.23 6.01 2.14 OlSa 3 nSe ) o 0L

Mean Volume (m%/ha)

LS 20) s oLzl
1.14 0.41 0.11 LSn s cnSo j20) s o,

Std. Error (m%ha)
s
38 55 53 (Ao 3) D eitd s 2
CV (%)
(O
7.02 6.83 5.14 (M)J) Syl e
E (%)

e Gladde plad (6355 Sla e o (Stmen b alasly 53 SIS w0 a3 Sl ol 15 e s =Y oo
Table 2. The results of Contingency Table obtained from the chi-square test in relation to the
correlations of the input variables of all estimated models

Iz s S5 m ool
Likelihood ratio Chi-square
312.22™ 618.24™ S x Los a5l plis |
Altitude x Aspect
33421 582.66™ 25X 2 gl Sl 18
Altitude x Stand
181.49 ™ 299.11" 658 x Lo a5l L
Altitude x Species
192.82" 221.93™ 035 X g
Aspect x stand
57.98 60.94 15 48X Cg
Aspect x species
8.41" 6.32 S X S
Aspect x decay
568 x Ol ys en g
116.86™ 139.56™ G X Ol ys ex g
Stand x species
15.64" 13.26 1 (S e s X 0345
Stand x decay
17.11" 16.05 "™ S x 4655

Species x decay

*: P<0.05, **: P<0.01, ns: P>0.05
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Table 3. Cramer’s V and Spearman correlation coefficients between the input variables of all
estimated models
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L 5 el |
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\ - -
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Repetitive Repetitive Repetitive Species
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Repetitive Repetitive Repetitive Repetitive Decay

**: P<0.01, ns: P>0.05.
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Table 4. Validation and accuracy indices of the estimation models for the first diameter class fine
woody debris volume stock

Sl 2555 O

Test of goodness of

fit O e He Alp el

Model fitting
. . Pseudo R-square . .
Sl O s a2 information
Devience  Pearson
CAM)J V.:{.‘)K.S J
. : s e . Lo o sles
SSmr CSrr S5 Faos ol S350 Sl s -
X2 X? Nagelkerke Cox & N | Inputs No.
Snell X2 -2 log- Model
likelihood
L 5| ol |
5557™  47.38" 0.001 0.002 0.06 ™ 106.14 2 Ck“‘ Gl 1
Altitude
M.])f g
67.43" 71.42" 0.26 0.23 24.51m 105.38 §Mf 2
Aspect, species,
decay
S e 03¢5
2147 18.34™ 021 0.8 18.87" 60.13 e 025 3
Stand, decay
S s 65
17.53™ 15.11 0.24 0.21 22.61* 49.27 s &

Species, decay

*: P<0.05, **: P<0.01, ns: P>0.05

Sy Jf.'q): ks Jsladb 5, HbSis s (655 50 (8 Jie) 4 Jbe Slawle sla pul il -0 Jsas
Table 5. The calculation parameters of the optimum model (model 4) for the first diameter class fine
woody debris volume stock in Kheiroudkenar forest

Si Ay o] Slas ol el
ig. :
Wald Std. Error Estimate
0000  123.92 1.61 17.83 Sl o e (§3 5 50
0.000 160.66 1.54 19.81 Threshold Volume stock
0.000 151.72 1.57 19.39 e
Hornbeam
Lol
0.000 117.51 1.77 19.19 i
Ironwood
5
0.000 170.48 1.56 20.43 o
Beech P
- S sl bl slad S
0.000 140.88 1.68 20.07 > Fine woody debris
Alder .
species
0.000 123.73 1.76 19.58 :
Maple
Sldes
0.000 75.17 2.41 20.92
Linden
St
0.000 107.03 2.02 20.93
Box

A
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Continued table 5.
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Table 6. Validation and accuracy indices of the estimation models for the second diameter class fine
woody debris volume stock
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Table 7. Validation and accuracy indices of the estimation models for the third diameter class fine
woody debris volume stock
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Abstract

Background and objectives: Due to ecological and biological importance of fine woody debris (FWDs)
in forest ecosystems, it is essential to be clarified influencing factors on the FWDs volume stock through
appropriate model. One of the models can be decisively efficient for optimal management and control
of the FWDs volume stock is the ordinal logistic model. It is expected that the FWDs have a significant
contribution in the Hyrcanian forests where different types of plant communities and trees are widely
distributed across altitude gradients. Thus, the aim of this research is to use rank logistic analysis to
examine the impact of various factors on the volume accumulation of the FWDs in relation to the altitude
gradient of the Khairudkanar research forest.

Methodology: The current study was conducted in the Kheiroud forest using the cluster sample plots
implemented along the altitude (100- 1800 m). A total of 12 samples were arranged in an altitude
gradient from sea level. These samples consisted of three circular plots, each with a radius of 7.32
meters. The circular plots were positioned in the form of a triangle, with azimuth angles of 0, 120, and
240 degrees. Additionally, another sample with the same area was placed at the center of this design.
The distance between each of the circular plots in the cluster was 36.6 meters. In this study, the
placement of sample plots was conducted randomly within the specified altitude range, with an interval
of 150 meters. A total of 36 clusters were established, comprising 144 samples, within the research
forest. These samples were categorized into three diameter classes for the FWDs: 1-2.5 cm, 2.5-4.5 cm,
and 4.5-7.5 cm. To measure the diameter of these small dry trees, a linear transect was executed from
the center of each circular sample plot. The transect had a fixed azimuth of 150 degrees. Specifically:
The diameter layer within the range of 1-2.5 cm was measured at a distance of 4.27-1.6 meters, and For
other diameter layers, the measurements were taken at distances ranging from 7.32 to 7 meters.
Ultimately, a total of 4.27 meters were harvested during this investigation. During the evaluation
process, a transect line was used to measure the FWDs diameter whose central axis was obstructed by
the line. Additionally, the type of species, the decay or lack of decay of the FWDs were also recorded.
However, the length of these FWDs was not measured in the field due to the evaluation method used.
In the analysis, we employed Spearman’s test and calculated Spearman’s correlation coefficient.
Additionally, we utilized Chi-square statistics and the dimensions of the consensus table to evaluate the
significance of correlation intensity between variables. To model this relationship, we included all
uncorrelated variables as input variables, irrespective of any co-linear relationships among the factor
variables. Nominal and rank variables were introduced as factors with fixed effects, while quantitative
variables served as side variables during the implementation of rank logistic analysis. To validate each
model, we assessed various variables using the model fit index. Additionally, we considered the pseudo-
explanation coefficients. The significance of the model and its calculation coefficients was examined
using the Wald statistic. Furthermore, we evaluated the model’s accuracy in relation to estimated values
and observations using Pearson and standard deviation tests.

Results: The research findings indicated that the average volume of the FWDs per hectare in the studied
forest was 2.14, 6.01, and 16.23 cubic meters for the first, second, and third diameter classes,
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respectively. The results of logistic analyses based on the log-likelihood test (X2= 0.06; P > 0.05) and
pseudo-R2 (Pesudo-R2 = 0.001) showed that the altitude gradient has no significant effect on the volume
accumulations of the FWDs in different diameter classes. According to the Cramer's V and Spearman
correlation tests, the results demonstrated that altitude gradient significantly correlated with the stand
types, aspect, species and decay of the FWDs in the study forest. Moreover, the results obtained using
Kramer's correlation coefficient to eliminate the effects of collinearity between input variables indicated
that there is no significant relationship between the aspects and the species, and decay classes. Also,
there were no significant correlations between the stand type and decay, and the FWDs species. Taking
into account the non-collinearity and variance inflation factor (VIF), the final results of modeling
showed that the FWDs species and decay have only significant effects on variations of the first diameter
class of FWDs volume stock (Pesudo-R2= 0.24; P < 0.05; X2=22.61).

Conclusion: On the basis of the Wald test, effects of the FWDs species were similarly significant, and
the FWDs decay was inversely significant in association with the FWDs first diameter class response
(P < 0.01). It appears that the amount of volume accumulation of the FWDs in thicker diameters was
not affected by the factors that were introduced. This implies that many unforeseen events, such as
natural disturbances of varying scales and intensity, as well as the inherent nature of forestry - including
developmental stages - may be the foremost factors that significantly impact the volume inventory of
the FWDs in the thicker diameters.

Keywords: Altitude gradient, Fine woody debris, Ordinal logistic model, Volume accumulation.
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