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ABSTRACT: Road condition assessment involves evaluating the physical state of roadways to determine necessary
maintenance and rehabilitation, while traffic assessment focuses on analyzing vehicle flow patterns to improve traffic
management. This study employs Geographic Information Systems (GIS) to assess and evaluate road conditions and
traffic dynamics in the rural municipality of Odiongan, Romblon, Philippines. GIS mapping enabled a spatially detailed
classification of road conditions, identifying areas categorized as excellent, good, fair, or poor, and highlighted sections
requiring maintenance or rehabilitation. These assessments are crucial for enhancing the transportation framework
amid escalating developmental and demographic demands. Concurrently, GIS was used to visualize and analyze traffic
composition and flow, with the study measuring the Level of Service (LOS) for traffic, emphasizing vehicle composition
during peak and off-peak periods. Findings revealed a mix of good to fair road conditions across most of Odiongan, with
twelve (12) barangays suffering from poor conditions necessitating rehabilitation. Traffic composition was dominated
by motorcycles and tricycles, experiencing a significant uptick in volume during peak hours. The GIS-based evaluation
pointed out an unsatisfactory LOS (ranging from C to F) at all stations, underscoring the need for enhanced signalization
and intersection upgrades. By leveraging GIS to provide a comprehensive understanding of road and traffic conditions,
this study lays the groundwork for an integrated transportation management plan to bolster the efficiency and safety of
the municipality’s transportation network amidst ongoing rural development.
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1 Introduction

Roads, a critical element of the transportation system, facilitate significant contributions to a country’s
development, particularly in connecting rural areas to economic centers [1,2]. They are categorized into
paved and unpaved, with their performance largely dependent on the subsurface layer’s material, which
varies between gravel, aggregate, concrete, or asphalt for paved roads and natural materials like gravel and
soil for unpaved roads [3,4]. Maintenance, essential to preserve road conditions and ensure quality service,
can be monitored through dynamic and static methods, requiring human resources and automatic devices.
Proactive maintenance treatments are crucial for economic and environmental sustainability [5].
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The use of inferior materials and inadequate maintenance significantly compromises road integrity,
leading to accelerated deterioration and the potential for severe damage. Overloading exacerbates these
issues, with vehicles exceeding their capacity, contributing to rapid wear and structural failures [6,7].
Environmental factors, alongside mechanical stresses, induce a variety of pavement distresses like potholes,
cracks, and alligator cracking, with the study of Sulistyaningrum et al. [8] employing the Multiclass Support
Vector Machine method to classify these defects, highlighting the pivotal role of traffic loads, temperature
fluctuations, water exposure, and material quality in road degradation [9]. Furthermore, cracks and surface
defects emerge as the most prevalent types of road damage, significantly influenced by the neglect of sewage
systems. Using a severity rating system, the quantitative analysis of roads visible to slow-moving landslides
underscores the necessity for strategic maintenance and infrastructure resilience [10,11]. Regin et al. [12]
further corroborate the detrimental effects of vehicular stress on road longevity, emphasizing the critical
need for comprehensive maintenance and material quality standards to ensure road safety and durability.

Accurate and timely evaluation of road pavement conditions is essential for effective maintenance
strategies, highlighting the importance of monitoring systems as a preliminary step in the maintenance
process [4]. The ability to precisely assess road conditions aids decision-makers in determining the necessary
maintenance for specific pavement segments, with methods like the Bump Integrator and the International
Roughness Index (IRI) offering valuable insights into road performance [13,14]. Visual inspection, recog-
nized for its convenience and cost-effectiveness, especially in rural networks, relies on direct observation to
identify and quantify pavement distresses, thereby guiding maintenance decisions [13].

Several methodologies have been developed to standardize the assessment process, such as the Pave-
ment Condition Index (PCI) or the Pavement Surface Evaluation and Rating (PASER) method. The PCI offers
an objective evaluation from 0 to 100, facilitating a nuanced understanding of pavement conditions through
distress density analysis [15]. Conversely, PASER provides a swift assessment tool, assigning condition ratings
based on observed distress severity and extent, tailored to appraise pavement integrity [16] quickly.

The significance of early damage detection in road pavements cannot be overstated, as it allows for
immediate repair actions, extending the road network’ lifespan and enhancing its performance [16,17].
Efficient road management plans, informed by thorough condition assessments, are crucial in maintaining
road quality, particularly in rural areas where resources are often limited [18]. The adoption of compre-
hensive condition management and strategic planning models, such as the Modified Swiss Index (MSI)
and the methodology employed in Great Britain, underscores the global commitment to sustainable road
infrastructure through targeted rehabilitation and preventive maintenance [19,20].

In this context, the development of an optimization model for Pavement Management Systems (PMS),
utilizing PASER ratings to inform the Capital Improvement Plan (CIP), exemplifies the integration of
assessment tools in optimizing pavement conditions within budgetary constraints [21]. This approach, tested
in Fort Wayne, Indiana, demonstrates the practical application of condition assessment methodologies in
real-world settings, underscoring the pivotal role of systematic evaluations in maintaining and managing
road infrastructures.

Traffic flow analysis and congestion evaluation are critical components of transportation system
planning, aiding in creating efficient management plans, assessing current and future conditions, and
facilitating road network improvements. Understanding traffic volume and congestion patterns is essential
for informed road network planning and analysis decision-making. Traffic volume studies are instrumental
in identifying the movements and flow within specific areas, with increasing vehicular traffic volume
attributed to population growth and the enhanced mobility of goods and people [22].
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Traffic congestion, a growing crisis in developing areas, adversely affects residents and the environment,
with urbanization and increased vehicle use exacerbating the issue [23,24]. Analyzing traffic flow is funda-
mental to devising effective traffic management strategies [25]. For instance, Tufajjal Hossain et al. (2019) [26]
measured the concentration of traffic congestion in Pabna by analyzing traffic flow, density, and capacity,
identifying critical problems across different road sections.

Similarly, studies like those by Streets et al. (2015) [27] in Aquino et al. (2022) [28] at the intersection of
Molino Road and Daang Hari Road employ traffic flow analysis, pedestrian and parking considerations, and
manual traffic counts to evaluate congestion levels and develop management recommendations based on
the Level of Service (LOS). These assessments provide valuable insights into traffic performance, particularly
during peak hours, and underscore the importance of comprehensive traffic surveys, which can be conducted
manually or using automatic counters [29].

Such studies highlight the necessity of continuous monitoring and analyzing traffic behavior to support
the design and implementation of effective transportation plans, ensuring efficient traffic flow and addressing
future challenges within the road network system [13,30]. Awareness of traffic conditions facilitates the
formulation of transportation plans and designs that cater to current and future needs, underscoring the
significance of traffic surveys in urban planning and infrastructure development.

Determining the Level of Service (LOS) is crucial for assessing and enhancing the functioning of
roadways, with methodologies varying from essential traffic flow characteristics to sophisticated analyses
involving volume-to-capacity ratios, average vehicle speeds, and percentage speed reductions [31,32]. Babit
(2016) [33] identified differing LOS in urban areas compared to rural settings by examining load factor,
peak hour factor, and volume-to-capacity ratio under free flow conditions. In a study focused on Kolkata’s
metropolitan city, Biswas et al. (2016) [32] utilized videography techniques to analyze traffic flow, concluding
that the area studied exhibited a LOS of F, signaling an urgent need for improvement. Gireesh Kumar et al.
(2020) [34] advocated using the volume-to-capacity ratio as a straightforward method for determining
LOS, highlighting its efficacy among various approaches to analyzing road service levels. These studies
collectively emphasize the importance of accurately determining LOS to manage and improve roadway
facilities effectively.

In the evolving transportation and civil engineering field, Geographic Information Systems (GIS) have
emerged as a pivotal tool for enhancing road network planning, management, and analysis [35-37]. GIS’s
flexibility and efficiency in maintaining comprehensive road databases have been emphasized as crucial
for effectively managing and improving road sectors [38]. The application of GIS extends to road safety
management, where it has been utilized to collect, analyze, and visually present accident data, thereby
highlighting potential risks through GIS-based mapping [26]. This capability of GIS to model and analyze
road networks was demonstrated by Ahmadzai et al. (2019) [39] through their development of an “Integrated
Graph of Natural Road Network (IGNRN)” for Kandahar City and by Beto (2021) [40], who applied GIS to
map road distress and determine appropriate maintenance strategies.

Furthermore, GIS has proven instrumental in assessing road conditions and developing management
systems that provide essential accident information, including data visualization such as locations, nearest
hospitals, and optimal routes [41]. Studies like those by Praditya et al. (2022) [42] in Palembang, Indonesia,
and Cruz et al. [43] in the Philippines have utilized GIS for mapping road condition data and evaluating
road roughness, respectively, enhancing the understanding and management of road quality. The integration
of GIS in these studies showcases its capability in spatial analysis [44] and network overlays in generating
accurate traffic statistics and effectively presenting the relationship between various variables related to
road safety and condition [45,46]. The application of GIS across different studies underscores its value
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in improving road network planning, management, and safety, highlighting its significance in civil and
transportation engineering.

The introduction highlights the significant role of transportation in economic development and societal
progress, particularly in the Municipality of Odiongan, Romblon, where population growth and economic
activity have led to increased transportation demands and traffic congestion, particularly in the central
Poblacion area. Recognizing the importance of efficient road management, the study aims to conduct
a comprehensive road condition and traffic assessment using GIS-based solutions. By evaluating road
conditions and traffic flow at key intersections, the study seeks to provide valuable insights for improving
traffic management strategies, identifying areas for maintenance, and enhancing overall transportation
infrastructure. The study’s outcomes are expected to benefit local government units (LGUs) and institutions
in prioritizing infrastructure improvements and ensuring public safety while also serving as a reference for
future research endeavors to address community transportation challenges and enhance road network effi-
ciency. Unlike urban traffic studies that assess signalized intersections, this study evaluates traffic dynamics
in a rural setting where traffic lights are not yet installed. The findings serve as a baseline for future traffic
management improvements, justifying the need for appropriate interventions.

2 Methodology

The research methodology begins with identifying the problems and conducting a comprehensive
literature review on road conditions and traffic assessment to inform the study’s approach. Data gathering
commences by visually inspecting both paved and unpaved roads in Odiongan, focusing on surface
defects, deformation, and drainage conditions. Concurrently, manual traffic counts are conducted at selected
intersections in the Poblacion area to assess traffic flow. Following data collection, analysis is divided into two
phases: road condition assessment and traffic assessment. Severity levels are quantified in the former, and
specific maintenance actions are recommended based on the PASER system. Road condition data are then
inputted into GIS software for mapping. Traffic flow data are tabulated for traffic assessment, and the LOS for
each direction is determined to reflect traffic flow conditions. This information is visualized on a map using
GIS software, providing a comprehensive overview of road conditions and traffic flow in Odiongan (Fig. 1).
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2.1 Study Area

This study evaluated the road conditions and traffic dynamics in Odiongan, Romblon, a municipality
in the central-western region of Tablas Island in the Philippines. Positioned at approximately 22°04
East Longitude and 12°19" North Latitude within the archipelago [47], Odiongan is a vital hub [48] for
transportation and commerce in the area. With its strategic location, the municipality plays a significant role
in connecting various communities and facilitating movement across the island. This study aims to provide
valuable insights for enhancing transportation infrastructure and management strategies in Odiongan by
conducting a comprehensive assessment of road conditions and traffic flow (Fig. 2).
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Figure 2: Area focused on road and traffic assessment study

2.2 Road Condition

Road condition data were collected through direct observation of road damages using a manual method.
Parameters for assessing pavement condition were based on the PASER manual, including surface defects,
surface deformation, cracks, patches, potholes, and drainage for paved surfaces, and crown condition,
drainage, gravel layer, surface deformation, and surface defects for unpaved surfaces. Distresses were
categorized into minor, moderate, and severe levels, with specific descriptions outlined in Tables 1 and 2. The
road condition survey was conducted across the 25 barangays.
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Table 1: The severity of distresses for paved roads based on different manuals, guidelines, and standards

Source

Condition

Header 2

Header 3

Header 4

Colorado Department of
Transportation (2004)

Idaho Transportation
Department (2010)
Idaho Transportation
Department (2010)

Indiana IDEA (2021)

Idaho Transportation
Department (2010)

Miller and Bellinger 2014

Miller and Bellinger 2014

Idaho Transportation
Department (2010)

Miller and Bellinger 2014

Miller and Bellinger 2014

Idaho Transportation
Department (2010)

Wearing/Polishing

Scaling

Spalling

Blow-ups

Faulting

Longitudinal

Transverse

Meander

Corner Cracking

D’ Cracking

Fatigue/Map
Cracking

Surface defects

Minor distress indicates
initial wear of the aggregate
or binder, accompanied by

some pitting. Oil spillage
leaves visible stains, but the
pavement surface remains

largely unaffected.

Scaling is less than 1/2” in
depth.

Spalling is less than %’ in
area and does not occur
near a crack.

Surface deformation
Buckling or shattering has
not made the pavement
unusable, and only a minor
degree of roughness is
present.

Less than % “ depth

Cracks
Cracks narrower than 0.125
inches (3 mm), without
spalling, faulting, or
well-sealed with an
indeterminable width.

Cracks narrower than 3 mm
with no spalling, faulting, or
measurable cracks.

Meander cracks are hairline
in width.

The crack exhibits no
spalling for over 10% of its
length and no measurable
faulting. Additionally, the

corner piece remains intact,
with no loss of material or
patching.

Tight cracks with no loose
or missing fragments and
no patching have been
applied in the affected zone.

Large fatigue cracking, 3
feet or more in size

Moderate distress involves
more significant aggregate
and/or binder wear,
resulting in a moderately
rough and pitted surface. In
oil spillage, the surface
becomes soft and prone to
deformation.

Scaling is between %” and 1”
in depth.
Spalling is less than 3” from
the crack face.

Buckling or shattering has
not made the pavement
unusable, but there is a

notable roughness.

Between ¥ “and 1” depth

Cracks wider than 0.125
inches (3 mm) but less than
0.50 inches (13 mm); or with

spalling less than 3 inches
(75 mm); or faulting up to
0.50 inches (13 mm).
Cracks measuring 3 mm or
broader but less than 6 mm,
spalling less than 75 mm, or
faulting up to 6 mm.
Meander cracks are up to %~
in width and up to %” deep.

The crack shows low
severity spalling for more
than 10% of its total length,
or the faulting of the crack
or joint measures less than
1/2 inch (13 mm).
Furthermore, the corner
piece remains unbroken.

The cracks are clearly
defined, and some small
loose pieces or fragments
have become dislodged
from the pavement surface.

Fatigue cracking 1 foot to 2
feet in size

Severe distress signifies
considerable aggregate
and/or binder wear,
resulting in a highly rough
and severely pitted surface.
Potholes are considered
severe when they exceed 4
inches in diameter and are
deeper than 0.5 inches.
Scaling is deeper than 1” in
depth.

Spalling is greater than 3”
from the crack face.

Buckling or shattering has
made the pavement
unusable.

Larger than 1” depth

Cracks wider than 0.50
inches (13 mm), or with
spalling exceeding 3 inches
(75 mm), or faulting
surpassing 0.50 inches (13
mm).

Cracks measuring 6 mm or
broader, with a 75 mm or
more spalling, or faulting 6
mm or greater.
Meander cracks are larger
than %” in width and are
over %" deep.

The crack displays moderate
to high severity spalling for
more than 10% of its total
length, or the faulting of the
crack or joint exceeds 1/2
inch (13 mm). Moreover, the
corner piece is broken into
two or more pieces or
contains patch material.
A well-established cracking
pattern with a substantial
amount of loose or missing
material and pieces up to 1
square foot (0.1 square
meters) have been dislodged
from the pavement surface.
Fatigue cracking smaller
than 1 foot in size

(Continued)
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Table 1 (continued)

Source Condition Header 2 Header 3 Header 4
Other Issues
Miller and Bellinger 2014 Patches The patch displays, at most, The patch exhibits moderate The patch shows high
low severity distress of any  severity distress of any type, severity distress of any type;
kind, with no measurable  faulting, or settlement up to  faulting or settlement is >6
faulting or settlement and 6 mm. Pumping is not mm, or the patch contains
no loss of patching material. apparent. additional material within
Pumping is not apparent. it. Pumping may be
apparent.
Miller and Bellinger 2014 Potholes Less than 25 mm deep. Up 25 to 50 mm deep Greater than 50 mm deep.

Table 2: Condition rating per severity level of unpaved road distresses

Condition Header 2 Header 3 Header 4
General condition
Crown Adequate ditches cover The roadway crown is The roadway crown is
Condition over 50% of the roadway  reduced, measuring 2-3 minimal or absent,

with a good crown inches. measuring less than 3
measuring 3—-4 inches. inches.
Gravel layer The gravel layer is Less than a quarter of the =~ Approximately 25% of

generally adequate, but
additional aggregate may
be required in certain
areas to address
washboarding or to fill

area shows minimal to no
aggregate, while some
spots have moderate
loose aggregate
measuring 2-4 inches

the area exhibits little or
no aggregate.

potholes and ruts. deep.
Roadside Very little debris Debris, some standing Lack of water runoff
Drainage water
Surface deformation
Corrugation Ridges are less than 1inch ~ Ridges 1to 3 inches deep ~ Ridges are greater than 3
(Washboarding) deep inches deep
Potholes Less than 2 inches deep 2 to 4 inches deep Greater than 4 inches
deep
Rutting Less than 1 inch deep 1 to 3 inches deep Greater than 3 inches
deep
Surface defects
Dust No dust can be seen Visibility moderately Severe visibility problem
(See-through) obstructed
Aggregate loss Loose is less than 2 Loose 2 to 4 inches thick ~ Loose is greater than 4

inches thick

inches thick

Note: Source: South Dakota Department of Transportation (SDDOT) 2022.

The PASER method, initially ranging from 10 to 1, was adapted in this study to classify individual distress
by severity levels: minor, moderate, and severe. Ratings were assigned based on the percentage of the road
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section covered by distresses using the formula below.

Rating x area

100 + (1-%area/100)

New rating =

For paved roads, overall ratings for each station were summarized and grouped into four categories:
excellent, good, fair, and poor, based on similarities in maintenance needs, as shown in Table 3.

Table 3: PASER rating with equivalent maintenance required

Rating Condition Maintenance required
0 Excellent No maintenance required
1 Good Preventive or Routine Maintenance
2 Fair Road Rehabilitation
3 Poor Intense Rehabilitation/Reconstruction

Note: Source: Walker (2015); C. E. Raines Company (2014).
Gravel or unpaved road ratings ranged from 1 to 5, with varying degrees of condition encompassing

poor, fair, good, and excellent, and were summarized similarly for overall evaluation (Table 4). Averaging
was performed to determine the final road condition rating for each station.

Table 4: Ratings for gravel/unpaved roads

Rating Condition Maintenance/Repair
0 Excellent No maintenance needed.
1 Good Routine or preventative maintenance, including regular grading and dust control

measures, may be required.
2 Fair Regrading or reworking is necessary for ongoing maintenance. Improvement in
ditch conditions and culvert maintenance is essential, with specific areas possibly
needing additional gravel.
3 Poor Additional new aggregate is needed, alongside major ditch construction and
culvert maintenance.

2.3 Traffic Condition

The manual traffic counting method was employed to assess traffic volume and characteristics at
selected stations in the central part of Odiongan. This approach, although labor-intensive, allowed for the
collection of detailed data on traffic flow, vehicle types, and directional movement. By conducting counts over
three days, researchers could capture traffic pattern variations during peak and off-peak hours, providing a
comprehensive understanding of the area’s traffic dynamics. The selection of seven (7) specific stations was
strategic, focusing on intersections and areas prone to congestion, thus ensuring that the assessment targeted
critical points in the road network.

The manual traffic observation was conducted by a trained team of research assistants and civil
engineering students with prior experience in traffic data collection. Observers were stationed at seven key
intersections identified as high-traffic areas based on preliminary site assessments, with selection criteria
based on road network importance, traffic density, and accessibility. Traffic counting was performed during
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morning peak (6:30-9:00 AM), afternoon off-peak (12:00-2:00 PM), and evening peak hours (4:30-7:00
PM) to capture variations in vehicle flow patterns. Each observer was assigned a specific intersection and
equipped with traffic counting sheets, stopwatches, and a standardized classification guide for recording
vehicle types, including motorcycles, tricycles, passenger cars, and trucks. To ensure accuracy, observers
rotated shifts every two hours to minimize fatigue, and two independent observers conducted simultaneous
counts at randomly selected locations for validation. Discrepancies beyond a 5% variation were resolved by
cross-referencing with video recordings taken at the same locations. The collected data were then aggregated
and converted to Passenger Car Units (PCU) using standard equivalency factors. This approach ensured data
consistency and reliability while allowing for direct observations of road user behaviour, vehicle types, and
traffic congestion levels in a rural, unsignalized setting.

Analysis of the collected data involved calculating the average traffic volume for peak and off-peak
hours at each selected station. By identifying the vehicle composition at each station, researchers gained
insights into the types of vehicles traversing the area, which is crucial for understanding the road’s capacity
and traffic composition. Utilizing GIS tools facilitated the visualization of traffic volume across the study
area, allowing for a spatial representation of traffic flow patterns. Converting vehicle volumes to Passenger
Car Units (PCU) enabled a standardized assessment of traffic levels, considering the varying impacts of
different vehicle types on road capacity. Passenger Car Equivalent Factors (PCEF) for every kind of vehicle
is necessary for PCU calculation. The Highway Planning Manual of the Department of Public Works and
Highways (HPM-DPWH) recommends the equivalency factors in Table 5 for calculations of traffic levels for
standard two-lane roads.

Table 5: Passenger car equivalent factors (PCEF) are used to calculate traffic levels

Vehicle type Equivalency factor
Bicycle 0.3
Motorcycle 0.5
Tricycle 1.0
Car/Pick-up/Owner-type jeep 1.0
Jeepney 1.5
Standard bus 25
Light truck/Light commercial vehicles 2.0
Heavy trucks 25

The computation of the volume-capacity ratio (VCR) shown in Table 6 and determining the LOS
provided insights into the road network’s performance. By comparing observed traffic volumes to the road’s
capacity, researchers could identify sections experiencing congestion or operating below capacity. Apply-
ing DPWH Highway Planning Manual (2007) guidelines ensured a standardized approach to evaluating
LOS, considering factors such as road width and shoulder width adjustments. This systematic assessment
facilitated the identification of areas requiring intervention to improve traffic flow and enhance overall road
network efficiency.

When identitying the VCR, the capacity value depends on the carriageway width. The equivalent
capacity for each road width is computed. For a shoulder of 2 m or less, the capacity is reduced by 10%.
Given the absence of signalized intersections in Odiongan, the study adopted LOS evaluation methods
based on unsignalized intersection criteria. Volume-to-capacity ratios were computed to assess congestion,
as delay-based LOS measures are more applicable to urban areas with existing traffic signals.
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Table 6: Level of service (LOS) based on volume-capacity ratio

LOS Characteristics VCR

A Condition of unrestricted flow with high speeds and minimal traffic 0.00-0.19
congestion. Drivers have the freedom to choose their desired speeds without
encountering delays.

B Stable traffic flow zone where drivers have reasonable flexibility in selecting ~ 0.20-0.44
their speeds.
C Stable traffic flow zone with some limitations on driver speed selection. 0.45-0.69
D Trafhic flow is approaching instability, and most drivers are facing 0.70-0.84
restrictions. Service volume is nearing its tolerable capacity.
E Traffic volumes are reaching or at capacity, resulting in unstable flow with ~ 0.85-1.00
intermittent stoppages.
F Forced or congested flow at low speeds, leading to long queues and delays. >1.00
3 Results

3.1 Road Condition Assessment for Paved and Unpaved

The road condition assessment revealed varying deterioration and maintenance needs across different
barangays in Odiongan. Roads were rated based on severity levels and area coverage of distresses, with ratings
ranging from 3 (poor condition) to 0 (excellent condition). The assessment covered paved and unpaved roads
requiring specific maintenance or repair actions. Notably, drainage conditions were also considered when
determining overall road conditions. Fig. 3 illustrates the comprehensive road condition map of Odiongan,
with colored lines indicating the condition per station of the 25 barangays.

The assessment of paved roads highlighted significant variations in road conditions among barangays.
For instance, most roads were rated as good or fair in the Ligaya, Liwayway, Liwanag, Tabing-dagat,
Dapawan, and Poctoy groups, indicating the need for preventive maintenance or rehabilitation. However,
segments in some barangays, such as Liwayway, Dapawan, and Ligaya, exhibited poor road conditions, neces-
sitating intense rehabilitation or reconstruction. Conversely, in Tulay, Amatong, Mayha, Rizal, Taboboan,
Progreso Este, and Progreso Weste, most paved roads were in good or fair condition, with some requiring
routine maintenance or minor repairs. However, poor road conditions were observed in specific segments,
warranting reconstruction or intense rehabilitation efforts.

The assessment of unpaved roads also revealed varying conditions across barangays. In Tulay, Taboboan,
and Mayha, fair unpaved roads were predominant, requiring regrading or reworking to maintain usability.
However, poor unpaved roads were observed in Amatong, indicating the need for major reconstruction or
rehabilitation. Additionally, projects were identified in specific areas, highlighting ongoing efforts to improve
road conditions.

The observed variations in road conditions underscore the importance of targeted maintenance and
rehabilitation efforts to ensure safe and efficient transportation networks. The assessment provides valuable
insights for local authorities to prioritize infrastructure investments and allocate resources effectively. By
addressing maintenance needs promptly, authorities can enhance road safety, minimize travel disruptions,
and support regional economic development. Ongoing projects indicate a commitment to infrastructure
improvement, but sustained efforts are needed to address existing deficiencies comprehensively. Moreover,
the assessment highlights the importance of integrating drainage considerations into road maintenance plans
to mitigate the impact of adverse weather conditions on road integrity.
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Figure 3: A GIS-based map showing the road conditions in Odiongan, categorized as excellent, good, fair, poor, and
ongoing for both paved and unpaved roads

3.2 Traffic Condition Assessment
3.2.1 Traffic Volume

Understanding traffic patterns and composition is crucial for effective urban transportation planning
and infrastructure development. In this phase, the method analyzes the traffic composition and flow at
various stations in Odiongan during peak and off-peak hours, as shown in Fig. 4.

During both morning and afternoon off-peak hours, motorcycles dominated the traffic composition at
Station 1, comprising 68.04% and 75.25% of the total volume, respectively. Tricycles followed, representing
26.30% in the morning and 24.32% in the afternoon. Peak-hour traffic saw similar trends, with motorcycles
comprising the majority of passing vehicles. A notable increase in vehicle flow was observed during the last
15 min of the afternoon off-peak hour, indicating increased activity in the area. Motorcycles also dominated
the traffic composition at Station 2 during morning and afternoon off-peak hours, representing 66.15% and
68.45% of the total volume, respectively. Tricycles followed closely, with 26.83% and 25.69% during the
respective periods. Peak-hour traffic saw motorcycles comprising 69.74% in the morning and 72.44% in the
afternoon. The highest flow of vehicles during off-peak hours occurred from 9:00 to 9:15, while peak hours
saw significant increases in flow between 7:45 to 8:00 in the morning and 5:00 to 5:15 in the afternoon. Similar
trends were observed at Station 3, with motorcycles dominating both morning and afternoon off-peak hours,
comprising 67.68% and 72.31% of the total volume, respectively. Tricycles followed behind, with 25.95% and
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22.24% during the respective periods. Peak-hour traffic also saw motorcycles as the predominant mode of
transportation. Significant increases in flow were observed from 7:30 to 7:45 in the morning and 5:00 to 5:15
in the afternoon.

A. Morning Off-peak Hour Per Station B. Morning Peak Hour Per Station
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Figure 4: Morning oft-peak (a) and peak (b), as well as afternoon off-peak (c) and peak (d) hour data from the seven
(7) identified critical stations

At Station 4, motorcycles represented the majority of traffic during both morning and afternoon off-
peak hours, comprising 64.43% and 67.87% of the total volume, respectively. Tricycles followed, with 27.64%
and 26.37% during the respective periods. Peak-hour traffic saw motorcycles comprising 66.88% in the
morning and 73.24% in the afternoon. Significant increases in flow were observed during 9:45 to 10:00 in the
morning off-peak hour and 4:30 to 4:45 in the afternoon peak hour. Motorcycles also dominated the traffic
composition at Station 5 during morning and afternoon oft-peak hours, representing 66.06% and 68.55%
of the total volume, respectively. Tricycles followed, with 26.83% and 25.69% during the respective periods.
Peak-hour traffic saw motorcycles comprising the majority of passing vehicles. The highest flow of vehicles
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during off-peak hours occurred from 3:45 to 4:00, while peak hours saw significant increases in flow between
5:15 to 5:30. At Station 6, motorcycles represented the majority of traffic during both morning and afternoon
off-peak hours, comprising 66.92% and 72.41% of the total volume, respectively. Tricycles followed, with
26.31% and 22.39% during the respective periods. Peak-hour traffic also saw motorcycles as the predominant
mode of transportation. Significant increases in flow were observed at 7:45 to 8:00 in the morning and 5:00 to
5:15 in the afternoon. Motorcycles were the dominant traffic mode at Station 7 during morning and afternoon
off-peak hours, comprising 76.76% and 76.97% of the total volume, respectively. Tricycles followed, with
20.51% and 19.64% during the respective periods. Peak-hour traffic also saw motorcycles as the predominant
mode of transportation. Significant increases in flow were observed at 7:30 to 7:45 in the morning and 5:15
to 5:30 in the afternoon.

Across all stations, motorcycles were consistently the most prevalent mode of transportation during
peak and oft-peak hours. Tricycles also significantly impacted traffic composition, particularly during oft-
peak hours. The observed patterns provide valuable insights for traffic management and infrastructure
planning to ensure efficient transportation flow and address congestion issues in Odiongan.

Fig. 5a illustrates the morning peak hour traffic volume in Odiongan, with Station 1 recording the
highest volume at 3223 vehicles, followed by Station 3 with 2909 vehicles. Stations 2, 5, and 7 fall within the
dark green range, while Stations 4 and 6 are in the lightest red category. In Fig. 5b, depicting the afternoon
peak hour traffic volume, Station 1 again has the highest volume with 3054 vehicles, followed by Station 4
with 2709 vehicles. Stations 3 and 6 fall in the mid-range, while Stations 2, 5, and 7 are in the green category.
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Figure 5: Interpolated maps of the morning (a) and afternoon (b) peak hour traffic volume

3.2.2 Level of Service (LOS)

The LOS, a qualitative measure of traffic operational conditions, was evaluated across seven stations
during morning and afternoon peak hours. Speed drops, and the delay and frequency of stops increase when
aroad carries traffic equal to its capacity. LOS in this study is determined based on the volume-capacity ratio,
calculated by dividing the volume during peak hours in terms of PCU by the carriageway width. At Station 1,
during the morning peak hour (Fig. 6a), analysis revealed Flow 2 and Flow 4 operating at LOS B, indicating
a stable flow, while Flow 5 and Flow 6 maintained LOS C with speed restrictions. Conversely, Flow 1 and
Flow 3 approached an unstable flow at LOS D. For the afternoon peak hour (Fig. 6b), Flow 3 exhibited the
highest VCR and LOS D. Station 2 showed varied LOS patterns, with Flow 6 achieving LOS A during the
morning peak hour (Fig. 6¢), while Flow 3 approached instability at LOS D. In the afternoon (Fig. 6d), LOS
A was observed in Flow 6, with Flow 3 at LOS D. Station 3 (Fig. 6e) demonstrated LOS C for multiple flows
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during both peak hours, with one flow reaching LOS A in the afternoon (Fig. 6f). At Station 4, morning peak
hour analysis (Fig. 6g) indicated stable flows at LOS B, except for Flow 4 at LOS E and Flow 5 at LOS F. In the
afternoon (Fig. 6h), Flow 4 and Flow 5 approached capacity at LOS E, while others remained stable. Station
5 (Fig. 61,]) experienced mixed LOS conditions, with Flow 1 and Flow 4 at LOS A, Flow 2 near capacity at
LOS E, and Flow 3 congested at LOS F during both peak hours. At Station 6, as shown in Fig. 6lc,l, LOS
ranged from stable (A, B, C) to unstable (D) across flows, with Flow 12 exhibiting instability. Finally, Station 7,
shown in Fig. 6m,n, showcased predominantly LOS A during both peak hours, with Flow 1and Flow 5 at LOS
C. Figs. 1 to 6 provide detailed visual representations of the volume-capacity ratios and corresponding LOS
for each station and peak hour. The results indicate that several intersections exhibit high congestion levels,
with some locations reaching LOS E or F. While signalized intersection LOS criteria were not applied due to
the current lack of traffic lights, the findings provide crucial data to justify future traffic signal installations
or other traffic control measures.

Figure 6: (Continued)
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Figure 6: (Continued)
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Figure 6: Level of service flow for the morning (a, ¢, e, g, i, k, and m) and afternoon (b, d, f, h, j, 1, and n) peak hours
for seven (7) identified station in the municipality

4 Discussion

This study highlights the importance of a GIS-based approach in assessing road conditions and traffic
dynamics in rural settings. While GIS has been widely used for urban transportation planning [39], its
application in rural municipalities like Odiongan, Romblon, remains underexplored. Unlike urban areas,
where traffic congestion is typically attributed to high vehicle density and signalized intersections [32], rural
traffic is dominated by motorcycles and tricycles, which require different evaluation criteria. The study’s
reliance on manual traffic surveys allowed for direct observations of traffic patterns but also introduced
certain limitations that should be acknowledged in similar future assessments.

One of the key limitations of this study is data collection constraints, particularly in relation to manual
traffic counting. Unlike automatic traffic data recorders used in large-scale urban studies [31], this study relied
on human observations, which may introduce minor inaccuracies due to environmental factors such as poor
lighting, inclement weather, and observer fatigue. Similar challenges have been documented in previous rural
road assessments [9], where researchers have recommended using video-based traffic surveys to improve
data accuracy.

Another challenge encountered was the classification of road conditions, particularly in unpaved areas.
While the PASER system was effective in identifying surface degradation, the method has limitations
in detecting subsurface weaknesses that could impact long-term road durability [4]. Future studies may
consider integrating Ground Penetrating Radar (GPR) technology to supplement visual inspections, similar
to the approach used in road maintenance planning in Europe [49]. While this study successfully assessed
road quality and LOS using HCM-based unsignalized intersection criteria, additional factors such as seasonal
weather variations, enforcement policies, and road maintenance efficiency could influence long-term traffic
conditions. One critical missing element is the impact of heavy rainfall on road deterioration and traffic
flow, which has been shown to exacerbate congestion and reduce road lifespan in similar studies [10]. The
Philippines, being prone to typhoons and flooding, faces road degradation challenges that were not explicitly
accounted for in this study. Future research should incorporate climate-related parameters to enhance the
predictive accuracy of road deterioration models.

Additionally, governance and enforcement issues such as corruption in infrastructure projects and lack
of standardized road maintenance policies are factors that could significantly affect road conditions over
time [7]. In urban centers, effective traffic management systems can mitigate congestion [23], but in rural
areas, the lack of institutional enforcement may lead to deterioration due to poor maintenance practices. To
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address this, future studies should integrate road maintenance governance metrics when evaluating long-
term infrastructure resilience.

Compared to international studies in highly urbanized areas, this study’s focus on rural transportation
challenges provides a novel contribution to the field of transportation planning in developing regions. Studies
conducted in India [2] and Indonesia [42] have shown that rural road networks often suffer from low
investment in maintenance and inadequate data collection methods, leading to inconsistent road quality
assessments. This study aligns with similar GIS-based road monitoring efforts in Latin America and Africa,
where remote sensing and spatial analytics have been used to prioritize rural road rehabilitation [20]. Addi-
tionally, most urban studies analyzing LOS and traffic congestion rely on signalized intersection analysis [28].
In contrast, this study focused on unsignalized intersections and volume-to-capacity ratios, which are more
suitable for rural settings. A study by Tufajjal Hossain et al. (2019) [26] in Bangladesh emphasized the
importance of assessing traffic congestion levels in developing countries, using methodologies similar to
this study to analyze traffic flow and density at major intersections. However, unlike urban-focused studies,
rural municipalities like Odiongan lack structured traffic management tools, requiring a different approach
to assess road performance and congestion levels.

Furthermore, findings from European and Middle Eastern traffic studies [23,34,50] highlight the impact
of urbanization on traffic congestion, showing that high vehicle density and road capacity expansion strate-
gies significantly influence LOS. However, in rural areas, factors such as seasonal variations, enforcement
policies, and poor road maintenance play a more critical role in traffic performance, necessitating an
approach tailored to local conditions. The comparison with global studies underscores the importance of
developing customized traffic assessment frameworks for rural areas, as applying urban-centric models may
lead to misinterpretations of road capacity and congestion levels in non-urban environments.

This study lays the groundwork for future research by identifying key areas for improvement in rural
road and traffic management. One of the most significant areas for advancement is the automation of data
collection. The use of camera-based traffic monitoring, AI-powered object detection, and automated road
distress recognition [16] can enhance the accuracy of road and traffic assessments in rural settings, reducing
human error and improving efficiency. Additionally, given the impact of extreme weather events in the
Philippines, integrating hydrological and meteorological data in road condition modeling will provide better
long-term forecasts of road deterioration. Climate-responsive road assessment models can help in identifying
vulnerabilities and implementing proactive measures to improve road resilience.

Beyond technical advancements, sociopolitical factors also play a crucial role in road management.
Addressing issues such as local government maintenance inefficiencies and corruption in road construction
projects is essential for ensuring sustainable road development [7]. Transparent governance, accountability
measures, and proper allocation of resources are necessary to maintain road quality and efficiency over time.
Furthermore, conducting comparative studies across rural and urban areas will help assess road management
effectiveness in different settings. Cross-regional comparisons can provide valuable insights for policymakers
to develop tailored traffic management solutions suited to the unique challenges of both urban and rural
areas. By addressing these key areas, future research can contribute to more effective, data-driven, and
sustainable transportation planning for rural communities

5 Conclusion

The comprehensive assessment of road conditions and traffic flow in the municipality of Odiongan
provides valuable insights for transportation management and infrastructure planning. Using the PASER
method, road condition mapping identified areas needing routine maintenance and rehabilitation, par-
ticularly in barangays such as Liwayway, Ligaya, Tabing-Dagat, Liwanag, and Dapawan. These findings
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emphasize the importance of proactive maintenance strategies to preserve road quality and prevent further
deterioration. Additionally, traffic assessments revealed varying LOS across seven stations, with intersections
in Stations 1, 4, and 5 showing poor LOS, indicative of congestion. To address this, recommendations
include implementing signalized intersections, deploying traffic enforcers during peak hours, and exploring
advanced methods for road conditions and traffic assessments in future research endeavors.

The integration of GIS provided a comprehensive and visual assessment of road conditions and
traffic dynamics in the municipality of Odiongan. GIS mapping highlighted priority areas for maintenance
and rehabilitation, ensuring efficient resource allocation. Traffic analysis revealed congestion challenges,
particularly at key intersections, with LOS values indicating the need for traffic flow improvements. This
study demonstrates the effectiveness of GIS as a tool for enhancing transportation planning and supports its
continued application in developing sustainable infrastructure solutions for rural areas. This study highlights
the need for enhanced traffic management strategies in Odiongan. While signalized intersections were not
evaluated due to their absence, the results provide a critical basis for planning and implementing traffic
control measures, ensuring sustainable and efficient road use in rural settings.

Efforts to improve transportation infrastructure and management are crucial for enhancing safety
and efficiency in Odiongan. Local authorities can prioritize maintenance efforts and implement targeted
traffic interventions by utilizing the study results for informed decision-making. This proactive approach
will not only alleviate current congestion issues but also contribute to the long-term sustainability of the
transportation network. Furthermore, incorporating advanced methodologies and forecasting techniques
in future research endeavors will ensure that transportation planning remains responsive to evolving traffic
patterns and infrastructure needs, ultimately fostering a safer and more accessible environment for residents
and commuters.
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Abbreviations

GIS Geographic Information Systems

LOS Level of Service

PASER Pavement Surface Evaluation and Rating

PCI Pavement Condition Index

PCU Passenger Car Unit

PCEF Passenger Car Equivalent Factor

HPM-DPWH Highway Planning Manual-Department of Public Works and Highways
VCR Volume-Capacity Ratio
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