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Extended Abstract

Background: Forest roads serve as essential communication links to forested areas, playing a
pivotal role in a wide range of forestry activities. These roads not only facilitate access to forest
resources for exploitation, conservation, and restoration but also contribute significantly to non-
productive sectors, such as tourism and recreation. In the absence of these roads, many forestry
operations and forest management practices would be unfeasible. However, numerous forestry-
related functions have been suspended due to the cessation of logging activities and inadequate
funding. This disruption has resulted in a halt to the ongoing maintenance and repair of forest
roads, which are critical for the continued functionality of these transportation networks, leading
to considerable deterioration. In this context, understanding the extent, nature, and trends of
damage to these roads is of paramount importance for effective management and maintenance.
Especially in light of the implementation of the "Forest Breathing Law" and reduced monitoring
of forest roads, this study aims to identify and analyze the damage sustained by forest roads during
this period. The primary objective of this research is to pinpoint damaged areas along forest roads
and precisely map their locations, providing vital information for the optimal management and
rehabilitation of these infrastructure assets.

Methods: Due to the absence of prior data and concerns about the uneven distribution of road
damage, this study initially employed a comprehensive 100% inventory and field survey approach
to collect accurate and reliable information on all existing forest roads in the counties of Neka
and Behshahr, covering a total length of 333.6 kilometers. During this phase, all road damages
were recorded as point-specific observations, with each damage event fully documented in terms
of its characteristics. To compare the results from the 100% inventory with a sampling-based
method, the roads in both counties were divided into segments according to various factors,
including topography, slope, accumulation points, and other relevant criteria. These segments
were then subjected to random and systematic sampling. The length of each sampled section was
determined to range between 100 and 200 m, depending on local conditions. A random number
between zero and twenty was first generated to establish the starting point for the survey, and the
survey began at a point on the road corresponding to this number. A linear transect perpendicular
to the median axis of the road was then placed, with additional transects set at 20-meter intervals
along the road's length. This methodology enabled a comprehensive assessment of the current
road conditions, providing forest managers with reliable, statistically sound data to facilitate
informed and evidence-based decision-making.

Results: The results of this study revealed a total of 1,030 instances of various forms of damage
across the surveyed forest roads. These damages encompassed a diverse array of structural
failures and infrastructural issues, each of which significantly compromised the functionality of
the roads. Specifically, 106 instances of soil embankment failure were documented, typically
resulting from the instability of soil on slopes and the inability to adequately stabilize
embankment walls against natural forces, such as rainfall and ground movement. Additionally,
48 cases of embankment sliding were observed, where the displacement of soil materials caused
structural damage to the road. Furthermore, 74 instances of road slippage were identified,
particularly on sloped sections of the roads, posing considerable risks to vehicular traffic. In terms
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of surface-related issues, 167 instances of speed-restricting potholes were recorded, primarily
attributed to heavy traffic and inadequate maintenance of the road surface. Moreover, 280 cases
of blocked roadside ditches were documented, resulting from the accumulation of sediments and
organic matter in surface water drainage channels, thereby obstructing proper stormwater flow.
Additionally, 116 instances of blocked cross-drainage culverts and 98 instances of damaged
cross-drainage culverts were identified, typically caused by insufficient maintenance and repair
of the water passage systems across the roads. Finally, 141 cases of road blockages due to fallen
trees were observed, usually caused by the fall of trees from adjacent forested areas, which
obstructed vehicular passage. In Behshahr County, the distribution of damages was as follows:
83 instances on primary roads, 61 on secondary roads, and 36 on tertiary roads. This distribution
suggests that primary roads, which are the main transportation routes with higher traffic volumes,
are more susceptible to damage. In contrast, the damage distribution differed in Neka County:
108 instances on primary roads, 469 on secondary roads, and 273 on tertiary roads. Notably,
secondary roads in Neka exhibited the highest frequency of damage, likely due to their weaker
substructures and lower traffic volumes than primary roads, which, although receiving less traffic,
tend to suffer from structural weaknesses, rendering them more prone to damage.

Conclusion: In Behshahr, the majority of damage is concentrated on primary roads. These roads
are more vulnerable to damage due to their greater length and higher traffic volumes. As key
transportation routes, they bear significant pressure from daily traffic, resulting in various forms
of deterioration, such as slippage and structural wear. Conversely, the most severe damage in
Neka is observed on secondary roads. This is primarily due to the relatively consistent traffic flow
on these roads, coupled with their weaker substructures than primary roads. Although secondary
roads generally experience less traffic pressure, their less robust construction and substructure
make them more prone to damage and failure. The results of this study indicate that the cessation
of forest utilization and the prolonged lack of maintenance have led to significant deterioration in
the condition of forest roads. Specifically, in the counties of Neka and Behshahr, the damage is
more prevalent on secondary and tertiary roads, underscoring the need for targeted intervention
and budget allocation for their repair and upkeep. These findings suggest that immediate action
is necessary to restore and maintain forest roads in these areas to prevent further degradation and
the loss of natural resource productivity. Furthermore, the implementation of rehabilitation
programs and improvements to road infrastructure should be prioritized in forest management
policies to not only improve road conditions but also facilitate the sustainable management of
forest resources.
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Table 3. The guide to codes
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Table 4. Speed-limiting pothole damage
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Figure 10. The view of an open path from the fellen tree
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Figure 11. Coordinates of damaged points in the sampling method
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Figure 12. The coordinates of the damaged points in the 100% method

5 ek Mg ol i ogrge slaodls (65155 5 e
o ay Glo oo ly owyp onl @l sl Cunj lao Laas
R ekl 3)90 (S (gloosl 8Sd il ol XIS
oy )5 @ adlles )50 dilain )d 39390 (slaodls (sloygd
28 Gl bodls o35 Jelge (npipre Sl S g b
oils S5 slial 4 (oS g (2L pae 50
Caodl 5l UK loidbo (s peadds (S 0 3905 ool
(_sJﬁ)JY 9 Lbb.)l} L{.‘&tb) 6&1)JLJ w‘)‘b)?ﬁ d.)l;)
b g L Lol o310 b &5 s (63)l90 3l ool> (sla JUI
Sb Lials ool s By bedls 4y cjlus ol o )8 o)
SRS 5 yrasd glyy Yl )3 00553 5)l5e &y x5 L
(JJI Moﬁ J gk d‘)) ‘) u.:Ltbu»s) u‘yw Lfli"} L;Lm:b
o9 oyp ol eyl des Glob lpady esls
d)b){;{l& o)]%.) 9 Lb:JJ wdl> C.]a.w ‘LM9).31 Al ‘LQJLK
soaiods Slyens 9 gl 5l O (295 oo 5251 5
9 Lhd.n> bl.’>u| Jle le}a:.o J—’L"j .).))5 )J‘ » OD)|5 Slodo
odl> éb,..: s slo s s
=9 sl 0nd canl bl JolS bl il 4 angi b -
ololp b paiges Mo ol €85 dy5l 5 )bl )b
AR slagbey by sy e cile sl oyl
caliseo dlge slacuS 5 b iolw,d s sl eolatwl -
o> dhw]; P e 033 g Culgijell “_).Jf 9 oS wilo
o yolateds (LS gy (g S (Gl & (S
(Askari et al., 2024) S cé),an ¢ il
590 bl 5o il ciladsy sl -
5 K> bl ;o 29350 pos L slaodls awlis -
K e
e glie ol Lausg osls oS late il -
iz laosly (551055 5 ypess Sllos aBge 4 sl 2] -

I (55 e
i gl s S ele s dlas ) ISt slaols aSus
5 b @le Copde (S (b slag b
g ol pleidle JymS cuwl )olS (laawyi slagb
9 e Sldas )3 wre 3)lge 5l ol o Sly s )lul
Sl o eyl 4 gy pie &S im0l ()l ST
5 oolelpj el gleaY 4 was olls cel,
5 e Olhlae Il Gin 98 ool SB (gla gy
L;AJJI) wdl> )l;'ﬁL.: Lhos ‘gli;.} L;Lma)l? d)l’\-@
2970 9 9355 s e Cunnj (i Ol (93,5 JBlas (yiokae
Sldas lpl pas sl 0 g adi Plug JSiio 9
Ol 15le g (JSis slaodls (6105 5 ass
Rl gl 5 s (1R Al Jlog pran gladiy o
aip g ol 8y o jl g bame p g SISy g,
Olpte (IS ysbdy S e Sl |y duze cile (YL
ol (615 5 Lais gl oS b e LISin slaol,
d hotecan) § (Sewed Blal ¢y JKs sleodls
s b 5 gt o Bl o5 o3 55 5
Sy 5 M g e oAl S S lsm 5
] ‘_5_9‘.: ul*’“*”j Lmd.,g)f Oﬂl ‘_5|)?| ‘_5|)_3 LS)SW
Bl izl 1 L ol lhade o5 (laills (55
P& s Slegdge den byl s adg 9 slos]
ey coiaRy Cnl 3 4513 3929 lojluo b g (e aw
WSS dmyd slaodly ) A i 4D 0l Cd ol
g0 doyd slrodls i g 15 50 g Cuwl 03 F) dw g 90
O (Sl sa Bpo 392 b dgd e ol ) o g
5 cdalllas 350 ddlaio 3 JKix odls 4 cilo g o)k
5 Sare SRS g e Slles 31 bl
iy il d ot Aol Wl ) oS (g uSutn
EMaCaglgl g cpud G bodls A o3l g dlozel LB
o ) phbolinl Cgpo S (eSS g e slajls


http://dx.doi.org/10.61882/jwmr.2024.1259
http://jwmr.sanru.ac.ir/article-1-1259-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-25 ]

[ DOI: 10.61882/jwmr.2024.1259 ]

V93 239 9 595 e e s e «63)5T Jogmy Ay oy pain o e bailal aee
W Sl ize B 5l it 5 15 oo (i loodls andy (o)

References

Askari, B., Nasiri, M., & Lotfalian, M. (2024). Effects of temporary erosion control blanket and grass cover
on the rates of runoff and sediment in the cut and fill slopes of forest roads using a rainfall simulation
test. J Watershed Manage Res. 15(1), 52-62. doi:10.61186/jwmr.15.1.52

Azizi, Z., & Hosseini, A. (2015). Evaluation of slope failure potential in forest roads (Case study: 46th
watershed, North of Iran). Iranian Journal of Forest and Poplar Research, 23(3), 573-582. doi:
10.22092/ijfpr.2015.105661. [In Persian]

Demir, M. (2012). Interactions of Forest Road, Forest Harvesting and Forest Ecosystems. In Forest
Ecosystems-More than Just Trees, InTec, 415-431.

Ehsani, A. (2003). Reviewing the role and rejation between xoil geomorphology and vegetation cover in
Behshahr water basin. Pajouhesh-va-Sazandegi, 16(60), 93-102. https://sid.ir/paper/20058/en. [In
Persian]

Eskandari, S., & Jalilvand, H. (2017). Effect of weather changes on fire regime of Neka and Behshahr
forests. Iranian Journal of Forest and Range Protection Research, 15(1), 30-39. [In Persian]

Fakhri, M., Alaleh, M., & Edrisi, A. (2016). Pavement Maintenance and Rehabilitation Optimization Model
by Considering User Costs for Iran. Quarterly Journal of Transportation Engineering, 7(3), 523-540

Ghajar, 1., Pooremam, A., Naghdi, R., & Nikooy, M. (2019). Shade trees effects on some forest road
pavement destruction indexes. [ranian Journal of Forest and Poplar Research, 27(1), 77-89. doi:
10.22092/1jfpr.2019.119183

Ghavidel, P., Naghdi, R., Ghajar, 1., & Mirzaei, M. (2021). Evaluation of pavement distress on forest road
curves (Case study: Shanderman watershed). Forest Research and Development, 7(2), 249-261. doi:
10.30466/j1rd.2020.53081.1499

Gholizadeh, O., & Khormali, F. (2018). Clay mineralogy and evolution of soils in a catena in Behshahr
area, Mazandaran Province. Journal of Soil Management and Sustainable Production, 8(3), 97-114.
doi: 10.22069/¢jsms.2018.8656.1520

Goudarzi, R., & Najafi, A. (2017). Multi-criteria decision-making methods in the management of forest
road maintenance. Forest and Wood Products, 70(4), 627-636. [In Persian]

Grajewski, S. M. (2022). Forest road engineering in Poland: current status and development perspectives.
sylwan, 166(02).

Grigolato, S., Pellegrini, M., & Cavalli, R. (2013). Temporal analysis of the traffic loads on forest road
networks. iForest-Biogeosciences and Forestry,6(5), 255.

Hamzeh, S., & Amiri, A. (2020). Landslide hazard zoning using weighted overlay and Analytic Network
Process Methods-Case study: Nasrabad region in Golestan Province. Scientific-Research Quarterly of
Geographical Data (SEPEHR), 29(114), 117-132 [In Persian]

Heidari, M. J., Najafi, A., & Alavi, S. J. (2017). Detecting the warning level of forest roads pavement using
the genetic algorithm. Iranian Journal of Forest and Poplar Research, 24(4), 577-586. [In Persian]
Hosseini, S. A., Sarikhani, N., & Majnounian, B. (2004). Study of the Landslide and its Classification in
Khyroudkenar Forest (Noushahr-Mazandaran Province). Caspian Journal of Agricultural Sciences and

Natural Resources, 2, 32-39.

Kazemi, S., Hojjati, S. M., Fallah, A., & Barari, K. (2015). Effect of single selection Method on woody and
herbaceous plant biodiversity in Khalil-Mahale forest, Behshahr. Iranian Journal of Applied Ecology,
4(11), 15-26 [In Persian]

Law of the 6th five-year economic, social and cultural development program of the Islamic Republic of
Iran. (2016). Center for Documents, Records and Publications, Tehran, p175 [In Persian]

Lotfalian, M., & Parsakhoo. A. (2012). Forest road network planning. Aizh Publications, Tehran, p155. [In
Persian]

Majnounian, B., Abdi, E., Zoberi, M., & Puya, K. (2010). Monitoring the constructed forest road network
in terms of longitudinal axis and transverse profile standards. Forest and Wood Products, 63(2), 177-
186 [In Persian]

Mohammadzaei, S., Hosseini, S. A., Lotfalian, M., & Nasiri, M. (2014). Investigating the sliding and sliding
of forest roads according to the characteristics of soil and bedrock. The second national conference on
sustainable agriculture and natural resources, p7 [In Persian]

Morgan, R. P. C., & Nearing, M. A. (2011). Handbook of Erosion Modelling.

Nekooimehr, M., Rafatnia, R., Raisian, R., Jahanbazi, H., Talebi, M., & Abdolahi, K. (2006). Impact of
road construction on forest destruction in Bazoft region. lranian Journal of Forest and Poplar Research,
14(3), 243-228

Ouma, Y. O., Opudo, J., & Nyambenya, S. (2015). Comparison of fuzzy AHP and fuzzy TOPSIS for road
pavement maintenance prioritization: methodological exposition and case study. Advances in Civil
Engineering, 2015.

Parsakhoo A, Rezaei motlagh A, Matin Nia B., & Gholami, Z. (2022). Effect of the road technical and
drainage properties on roadside landslides in watershed 85 in Golestan province. Ecology of Iranian
Forest, 10(19), 47-55. doi:10.52547/ifej.10.19.47

Parsakhoo, A., Khandouzi, R., Sheikh, V., & Mohammad Ali Pourmalekshah, A. A. (2019). Comparison
of the effect of riprap, herbaceous textile and grass cover on reduction of sediment yield from the ditch



https://doi.org/10.61186/jwmr.15.1.52
https://sid.ir/paper/20058/en
https://doi.org/10.52547/ifej.10.19.47
http://dx.doi.org/10.61882/jwmr.2024.1259
http://jwmr.sanru.ac.ir/article-1-1259-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-25 ]

[ DOI: 10.61882/jwmr.2024.1259 ]

EN05y M9 9 (S pS] Cyu> (S ymas e ‘Lgb)fi Sy Ay (g)ypaie | oyllral) womo

WY VEF /Y olous /pmd s Jlo 50l 0565 o pde 4al g

of forest roads. Jowrnal of Water and Soil Conservation, 25(6), 255-267. doi:
10.22069/jwsc.2019.15142.3031

Ramezani Mileh Sera, F., & Namiranian, M. (2020). Identifying and locating wind-fallen trees in the forest
and providing quantitative components using rotational forest operations (case study: Khairud
Nowshahr Forest Nursery Series). The 8th National Conference on Civil Engineering, Architecture and
Sustainable Urban Development of Iran, p7 [In Persian]

Safaei, S., Akbari, H., Lotfalian, M., & parsakhoo, A. (2023). Determination of the most Important Factors
of Pavement Demolition of Forest Roads in Azar Roud Watershed. J Watershed Manage Res. 14(28),
68-77. doi:10.61186/jwmr.14.28.68 URL: http://jwmr.sanru.ac.ir/article-1-1057-fa.html

Safari, A. (2010). Optimum primary transport network assessment and evaluation economic investment
stakeholder (Case study: vaston distric Mazandaran province). Sth Nation conference of Civil
Engineering.

Sarie, F., Bisri, M., Wicaksono, A., & Effendi, R. (2015). Types of Road Pavement Damage for Road on
Peatland, A Study Case in Palangkaraya, Central Kalimantan, Indonesia. Journal of Environmental
Science, Toxicology and Food Technology, 9(12), 53-59.

Sarikhani, N., & Majnounian, B (2011). Guide to planning, implementation and exploitation of forest roads.
Publication No. 131, Vice President of Strategic Supervision of Technical System Affairs. p159 [In
Persian]

Talebi, M., Majnounian, B., Abdi, E., & Elahian, M. R. (2017). Assessment of forest road drainage system
in Arasbaran region. Scientific journal of protection and exploitation of natural resources, 6(1), 51-61.
doi: 10.22069/ejang.2017.8553.1247

Visser, R., McGregor, R., & Fairbrother, S. (2009). Forest road pavement design in New Zealand.
http://hdl.handle.net/10092/2621

Washburn, S., & Mannering, F. (2019). Principles of Highway Engineering and Traffic Analysis, 7th
edition.


https://doi.org/10.61186/jwmr.14.28.68
http://jwmr.sanru.ac.ir/article-1-1057-fa.html
http://hdl.handle.net/10092/2621
http://dx.doi.org/10.61882/jwmr.2024.1259
http://jwmr.sanru.ac.ir/article-1-1259-en.html
http://www.tcpdf.org

