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Abstract

Background and objectives: Degradation factors cause disruptions in the natural course of a
forest ecosystem, leading to a decline in its capacity and, ultimately, the destruction of forest
habitats. By examining and distinguishing these changes, it is possible to predict the current
status and future trends of forests and make informed decisions to improve conditions. This
study aimed to identify and prioritize the main degradation factors in the Arasbaran forest using
the multi-criteria Best-Worst Method (BWM) to determine the significance of each factor.
Additionally, the sub-criteria of each factor were identified and ranked in detail.

Methodology: The study was conducted in the protected forests of the Arasbaran Biosphere
Reserve, located in the north of East Azerbaijan Province in northwestern Iran. In this research,
degradation factors were categorized into three main criteria: human-caused, managerial-
executive, and natural factors. The sub-criteria for each category were identified, selected, and
grouped, consisting of nine, nine, and six sub-criteria, respectively. The survey participants
included experts and specialists in the field of natural resources. A specialized questionnaire
was designed based on the principles of the BWM method. After collecting responses and
performing the BWM analysis, the weights of the criteria and sub-criteria, along with the
consistency index, were calculated.

Results: The majority of participants (75.43%) had between 10 and 20 years of work experience
in natural resources, 38.59% held a master's degree, and 63.40% specialized in forest sciences.
The results of prioritizing criteria and sub-criteria indicated that human-caused factors, with a
weight of 0.400, played the most significant role in the degradation of the Arasbaran forest. The
ranking of sub-criteria revealed that Livestock grazing leads to the destruction of vegetation,
hindering the regeneration, and compaction of soil, and animal husbandry (W?®%= 0.119) was
the primary contributor to human-caused destruction in the study area. The ranking of the
managerial and executive factor sub-criteria indicated that the Lack of collaborative
management and protection (W%%= 0.130) was ranked first. The ranking of natural sub-criteria
revealed that pest infestations and plant diseases (W?%= 0.230) was effective natural factor.
Conclusion: Comparing the findings of this study with the current situation in the study area
demonstrated that the BWM analysis method provided reliable and acceptable results. The
prioritization of forest degradation factors will assist planners and policymakers in designing
and implementing targeted strategies to mitigate or adjust these destructive elements.
Additionally, forest managers will be able to identify key challenges and adopt suitable
conservation measures to improve or modify forest management plans. It is recommended that
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further research be conducted to identify and prioritize the most effective solutions for
preventing or addressing these degradation factors and their sub-criteria. By obtaining expert
recommendations, the findings can be made accessible to decision-makers to facilitate effective
actions for protecting this vital ecosystem. Moreover, any solution for preventing degradation
should comprehensively address human, managerial-executive, and natural aspects to ensure the
ecosystem’s recovery by minimizing these destructive factors. Furthermore, exploring the
potential of remote sensing technologies and artificial intelligence-based analyses for
developing a deforestation monitoring approach, particularly concerning natural factors, is
suggested.

Keywords: Forest degradation, forest conservation, multi criteria decision making,
prioritization, sustainable forest management.
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Figure 1. Geographical location of Arasbaran region in East Azerbaijan province in the north-west of Iran

S apie wlyr ol S L 88 S )

L W) dele psewealeS 5 (B) Jole o age
e B A e 5o ead 4 Sllne as sz S g
sl (S Al ds el Do S B 5 Sl
aal s OISE ke s e sl aulp el st

Lolre oo (20 Ao
Lolae e U (B) Slas o tage o (om0 annlie
oo 53 Dlme 2 Glaslae )y s 5 ol A e s
o el alon GBJ Slaie 5 552 e sl o
ol ) e 5l Q@xﬁfrﬁm &S e ool
olie ) Sl op ege Gl s alie )3 S
(Saaty, 1987) x5 o J o 4 b\ o glals
Lobas aer o (205 anclie cpen () Json)
aloe GW e 5 555 0 il Slas n goaanl S

WIRVPeS

G5 o

53 S5 ol ) 5 (Julse) bolwe Ol Gl 5
TR 9 9 o @\# sa bl S IR 5w
Bl s alg 3 S 15 Jos sl et ol 5ls
5 e sbme ol 64 Lol e Joli Jlias L
omm Dl ) 2 b b Dbae 5 Sl 3 4 L )2
B s bl 5 5 bylas f\-d Y Joun) as
VY DLl Loy o ileeslel e, banli i
5 a8 )3 aihie b wle i lbs)S ) s
5 ol 6)3%«—? el i ‘g;-<->w\= S
a3, besls Jow s e 4 4yl Sl

s G S el Sy 81 BWM i) sl 2l ol e
ol 25 e S o)l
A 3,550 § S peadl § 0 50 51 sline 45 e st

Slr B s bl s s Lolae 51 glae same
C1 &opon olas Ksd oo oot (5 S eadd § 5050
s 6 S eadi b by e $1 2 Co e Co
Dl op Sl oS 5 o ege Sl



Y\v

agy B0 amulw
Jae &S (5 cnl 4 B9 o dloe gy op Sat

Cosoa olas 05 amlse ol (Vo))

Q)M@ salaal (W*q, W*,, ..., w¥,)

min maxj {|WB - aijj| ) |Wj - CleWW| }

Min &
Wp

] j
w;j

— —ay| < &) |

Wiy iw &b aen ol

oty 5 IS ol ade Gl e o) 5o ] s
S 008 Bl Jo oy aiss oS 5 VL 0ol
bt lme o tage 005 Sl 5 baslas (o sicanen
Al n s 4 B F 5T a5 eslid

min w;
|WB aBjo| < &w;
|W] ajWWW| < &wy

max wi
(Wp — agjwj| < T'w;
|VV] - aijwl < E*WW
(0 alaly) w8 e e W™ WM s )

minx maxx*
(R

2

ol aslie Il 5 S Gl il lus s
M\.AA J-’“Lf ool 6:-}) 6\.&4\.....:\.&4 @L))‘ L;‘j
- Wl Loy & 255 amlie o850 s

YB)\A.\:‘YYAl?‘b'j.\cﬂf)wi;?&\iaj@.\»bwwkqﬁ

(Saaty, 1987) BWM b i, b)) s ulide =\ Jsi>

Table 1. Evaluation scales of BWM questionnaire
(Saaty, 1987)

Intensity Definition

Equal importance
Moderate importance
Strong importance
Very strong importance
Extreme importance
Intermediate values
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Table 2. Table of consistency inxex (Rezaei, 2015)

apw 1 2

4 5 6 7 8 9

Consistency index (Maximum &) 0 0.44

1.63 2.30 3.00 3.73 4.47 5.23

sl Jol s s (Mohammadi & Rezaei, 2019)
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Table 3. List of criteria (factors) and sub-criteria (Vasquaz-Grandan ef al, 2018; Paletto et al.,, 2021; Saleh et al.,
2021; Anuradha & Gupta, 2022; Bastit ef al, 2023; Bourgoin ef al., 2024; Gallardo ef al, 2024; Mansori ef al,
2023; Sironen et al., 2020; Babazakeri et al, 2017; Sadeghi ef al, 2016; Rezvani & Hashemzadeh, 2013)

Criteria No. Human-caused Management and executive Natural
(Factor)
1 Lack of agroforestry systems Insufficient quern forestry Plant pest and diseases
practices
Livestock grazing leads to the
destruction of vegetation, Lack of collaborative management
2 hindering the regeneration, and . 9 River floods and overflow
< o . and protection
compaction of soil; and animal
husbandry
Inadequate funding to establish a
comprehensive protection platform
3 Illegal logging and smuggling of (including permanent, temporary, The fires resulting from

Sub-criteria 4

wood

Weak culture of natural
resources protection and
intentional forest fires

Impact of tourism and
recreational activities

Population growth and rising
rural population density,
economic poverty, and
unemployment

Unsustainable harvesting of by-
products and medicinal plants
including logging and uprooting
shrubs for fruit or leaves

Changing forest land use for
activities like mining and
aquaculture

Charcoal production and fuel
preparation from forest trees

and voluntary options)

Failure to conduct silvicultural
operations to ensure the presence
of suitable seed trees or the
implementation of inefficient
silvicultural methods (opening of
the crown, fragmentation of the
forest, destruction of natural
regeneration, etc.)

Road construction

Dumping and landfilling of
municipal waste

Uncertain rights and ownership
issues

Outdated laws and lack of
deterrence and clear and
enforceable laws in natural
resources

Insufficient effective educational
and promotional activities

lightning strikes

Climate changes including
droughts, strong winds, and
frost, leading to tree damage

and falling

Landslides of forest roads

Widespread non-native
invasive tree and shrub
species that do not adapt to
the local environment
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Identifying the criteria (factors) of degradation (Table
3)

Categorizing sub-criteria

Selecting groups of responding experts and| | Developing a questionnaire based on the
specialists BWM method

Sending questionnaires to responding experts

Selecting of the best and worst criteria and sub-criteria by experts
and pairwise comparison based on the Saaty (1987) scale

Receiving the final answers

Performing BWM analysis, calculating weights and consistency
index

Presenting the results of prioritization in tables and charts

(w2l eSSl i IS S5 LS ol e e 3 i) Galow Jol e ola sl Y S

Figure 2. Flowchart of research steps
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Table 4. Profile of respondents

Years of work Level of education Field of work
. Percentage Percentage . Percentage
experience survey experience
<10 years 28.13 Advanced Diploma 0 Forest sciences 40.63
10 — 20 years 43.75 Bachelor of science 28.13 Pasture and 21.88
watersheds
> 20 years 28.13 Master of science 59.38 Agrlpultural 15.63
science
Doctor of Philosophy 125 Other science 21.88

Note: Agricultural sciences including agronomy and plant breeding, irrigation, biotechnology, agricultural economics, and
horticulture. Other sciences included legal expert, natural geography, soil science, geomatics engineering, geology, and

environment science
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Table 5. Values of weights and ranks of sub-criteria
Criteria (Factor) Sub-criteria Weight Rank
Lack of agroforestry systems
0.059 9
Livestock grazing destroys vegetation, hinders regeneration, and soil
compaction; and animal husbandry
0.119 1
Illegal logging and smuggling of wood
0.096 4
Weak culture of natural resources protection and intentional forest
fires
0.116 2
Human-caused Impact of tourism and recreational activities
0.080 6
Population growth and rising rural population density, economic
poverty, and unemployment
0.094 5
Unsustainable harvesting of by-products and medicinal plants
including logging and uprooting shrubs for fruit or leaves
0.079 7
Changing forest land use for activities like mining and aquaculture
0.106 3
Charcoal production and fuel preparation from forest trees 0.074 8
Insufficient modern forestry practices
0.060 9
Lack of collaborative management and protection
0.130 1
Management and executive Inadequate funding to establish a comprehensive protection platform
(including permanent, temporary, and voluntary options)
0.126 2
Failure to conduct forestry operations to ensure the presence of
suitable seed trees or the implementation of inefficient forestry 0.086 6



ryY vu)unA?‘Qlj.\é-lfjtg&;?gbu,j@.u,gug,;@kq,z

Criteria (Factor) Sub-criteria Weight Rank

destruction of natural regeneration, etc.)

Road construction

0.074 7
Dumping and landfilling of municipal waste
0.066 8
Uncertain rights and ownership issues
0.088 5
Outdated laws and lack of deterrence and clear and enforceable laws
in natural resources 0091 4
Insufficient effective educational and promotional activities 0.092 3
Plant pest and diseases

0.230 1

River floods and overflow
0.094 6

The fires resulting from lightning strikes
0.127 3
Natural Climate changes, including droughts, strong winds, and frost, leading

to tree damage and falling 0169 2

Landslides of forest roads
0.102 4
Widespread non-native invasive tree and shrub species that do not 0.096 5

adapt to the local environment '
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Figure 3. Final ranking of degradation factors in Arasbaran forest
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Table 6. Consistency rate and threshold values of comparisons

Human-caused Management and executive Natural Total

Consistency rate 0.176 0.170 0.225 0.0898

Threshold values 0.365 0.363 0.331 0.134
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