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Abstract The Moanamani-Waghete road section serves
avital function as a link and supports regional development
and socio-economic activities among districts in Central
Papua Province. The level of traffic growth is still relatively
low in relation to the economic growth of the community,
so it is suspected that the effectiveness of the road is still
low. This study aims to analyze the level of saturation and
effectiveness of the Moanamani-Waghete road section. The
analysis method employed for calculating capacity and
traffic volume to determine road performance adheres to
the Indonesian road capacity guidelines. The analysis
results show that the degree of saturation of the
Moanamani-Waghete road section is still very low around
0.06. Utilization of road traffic space is still very limited
and classified as ineffective. Effective conditions of road
use with V/C Ratio = 0.6-0.8 for traffic growth between
6%-10% will be achieved in 2045 -2060. This paper has
implications for efforts to make effective use of road space
by accelerating regional economic growth and developing
new economic centers so that the movement of vehicles
between regions in Central Papua Province can increase. In
addition, it is necessary to improve the geometry of the road
at several points of damage because it affects the speed and
capacity of the road.

Keywords Economic Growth, Level of Service, Road
Traffic, Trans Papua

1. Introduction

Central Papua Province is a new government area
formed on 30 June 2022 in accordance with Law No. 15 of
2022. One of the regencies in the province is Dogiyai
Regency, including the Mee Pago customary area whose
population distribution pattern is concentrated in
Moanomani District and Mappia District. Growth centers
in Dogiyai Regency as government and economic areas are
concentrated linearly (elongated) following the pattern of
the Trans Papua road network [1].

In the Trans Papua national road transport system, the
Moanamani-Waghete Road Section is in segment 2
(Nabire-Waghete-Enarotali) for 275.5 km. This road
section is an arterial road with national road status, being
the main access connecting Deiyai Regency and Paniai
Regency. Its function is very strategic in supporting
community activities in each district in Dogiyai Regency.
This involves ensuring economic access for the distribution
of plantation products, improving accessibility between
regions, and facilitating community public services (health,
education, and economy) [2].

The 40.2 km Moanamani-Waghete road section
currently has an average road width of 5.5 meters. However,
the volume of traffic traveling along the road is not
expected to be very large. In recent years, there has been no
increase in road capacity, only improvements in road
condition and stability. The facts on the ground show that
the level of service of road sections is not proportional to
the increase in demand for transport services. Demand for
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road transport is still lower than the available supply. There
is an increase in transport activities, especially logistics
distribution activities by truck transport, whose frequency
is also still very low [3]. This condition is expected to cause
ineffective service of the Moanamani-Waghete road
section.

However, theoretically, in the future, there will be an
increase in transport activity caused by an increase in the
population of 1.71% per year at the provincial level and per
capita income growth of 15.37 million rupiahs in the fourth
quarter of 2019. Likewise, the increase in the need for basic
commodities and strategic goods for the community in
Dogiyai Regency and Paniai Regency has caused an
increase in vehicles across districts. This is indicated by an
increase in economic growth, which averages 5.03% per
year, and an increase in vehicle growth of 3.25% per year,
encompassing both private vehicles and public vehicles as
well as motorbikes [4]. Unrestricted and increasing vehicle
growth in Dogiyai Regency indicates that it will affect the
effectiveness of the road network.

According to Jinca, M.Y [5], in general, transportation
problems are caused by the growth rate of transportation
infrastructure that cannot catch up with the high growth rate
of transportation needs. This can be seen in ideal conditions
where the magnitude of the need for transportation is
balanced with the capacity of the available transportation
infrastructure  system [6]. Therefore, to improve
transportation infrastructure, it is necessary to reduce or
minimize the growth rate of demand for transportation;
increase the growth of transportation infrastructure,
especially infrastructure facilities that are not functioning
properly [7]; Smooth the movement system through good
traffic engineering and management policies [8].

However, the opposite condition occurs on the
Moanamani-Waghete road section, where supply is greater
than demand, so it is estimated that ineffective road
services occur. The growth rate of transport demand is still
low compared to the existing road infrastructure [9]. The
growth of transport demand is reflected in the low
economic and social interaction of people who need
transport [10,11]. Capacity development of Dogiyai district
roads is still limited because the movement of people and
goods is not very significant. The development of the
motorized vehicle population of public transport, private
vehicles, and motorbikes in the last 5 years has been
recorded to increase by 1.05% per year. The social
characteristics of people living in high-altitude areas also
affect mobility. Movement patterns tend to be low, only
from home to the garden or daily activity center.

Road traffic growth will develop along with economic
growth [12]. The effectiveness of the Moanamani-Waghete
section of the Trans Papua road network is expected to
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increase as the interaction between regions increases in line
with regional economic growth [13]. Therefore, it is
necessary to provide road transport infrastructure that is
able to accommodate the needs of the community to
produce movement in a safe, fast, comfortable, cheap, and
reliable transport system.

In the future, along with economic development in
Dogiyai Regency, the pattern of movement of people and
goods will continue to grow, requiring reliable road
infrastructure [14]. Increased regional and economic
growth correlates with increased transport activities and
growth in the use of motorized vehicles in the Dogiyai
Regency, especially on the Moanamani-Waghete road
section. These conditions will affect future road
transportation infrastructure problems, so it is necessary to
develop road section services both from the geometric and
service aspects so that an effective and efficient
transportation system is realized.

The purpose of this research is to analyze the
effectiveness of road services by measuring the saturation
of the Moanamani-Waghete road section in Dogiyai
Regency, considering current conditions and future
economic development, so that in the future it can be
anticipated when to develop and increase road capacity due
to the level of road saturation. The findings of this study
are expected to be an input in policymaking in the road
transport sector, especially in areas where transport
demand is still very low.

2. Materials and Methods

This research is based on the problem that the
Moanamani-Waghete road section is not effective. The gap
between das sein (current conditions) and das sollen
(expected conditions), road capacity is not matched by the
volume of vehicles using the road. Based on these
conditions, a research framework was developed as shown
in Figure 1.

This research is located on the 40.2 km Moanamani-
Waghete road section in Dogiyai Regency, which is
included in segment 2 of the Trans-Papua national road.
The characteristics of the area are mountains and highlands
of 1700m above sea level. The research location is shown
in Figure 2.

This research is a quantitative study, using Indonesian
road capacity guidelines [15] to calculate the performance
of road sections. Primary data were obtained from surveys
of traffic volume, vehicle speed, side obstacles, and road
geometrics. The survey was conducted for 7 days on 6-12
February 2023. The location of the survey was taken at the
STA 227 segment in the Moenamani area.
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The analysis stages were carried out with road capacity
formulas, traffic behavior, speed, travel time, and degree of
saturation. Analysis of speed, road capacity, and degree of
saturation can be seen in equation (1) - (3):

Vs = (Vep + FVe.w) X FVe.us X FVe.r ®

where:

Vg is the free flow speed under field conditions
(km/hour)

Vep IS the basic free flow speed (km/ hour)

FVs.w Iisthe speed adjustment for the effective width of
the carriageway (km/ hour), the addition of

FVe.ns is the adjustment factor for the condition of side
obstacles, multiplication

FVe.r is the adjustment factor for road function class,
multiplication

C= Co X FCW X FCPA X FCHS (2)

where:
C is capacity (pcu/hour)

Research framework

AKHIR 015 (039+450) }
g Y

Waghete LW

Moanamani-Waghete Road Section Research Location

Co is the basic capacity (pcu/hour)

FCw is the adjustment factor due to the width of
traffic lanes

FCpa is an adjustment factor due to direction
separation

FCus is an adjustment factor due to side obstacles

D;=QIC (3)

where:

D; is the degree of saturation

Q is the total traffic flow Q (pcu/hour)

C is capacity (pcu/hour)

3. Results and Discussion

3.1. Road Segment Characteristics

The road section that is the focus of the research is a
national road (section number 62014) included in segment
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2 of the Trans-Papua road planned for 3,430 km from
Sorong (Southwest Papua province) to Merauke (South
Papua province). Included in the authority of the PJN
Satker region VIII, BPJN Wamena. This road only has an
average width of 5 meters, still limited due to its function
as an arterial road connecting districts and provinces on the
island of Papua. Existing road shoulders are between 1 - 2
meters, without road median. The road type is 2/2TT
(undivided). Separation of traffic flow per direction 50%-
50%, mountainous alignment type, with asphalt surface
type. The geometric condition of the road can be seen in
Figure 3.

The characteristics of roads in mountainous areas cause
vertical curves and horizontal curves (>2.5 rad/km) to
greatly affect road geometrics. Some sharp bends force
vehicles to move slower than the planned speed of roads
that function as arterial roads [16]. Vertical curves and
horizontal curves affect visibility so that road capacity
decreases compared to the planned capacity [17]. Land use
along the road is dominated by forests and gardens with a
very low class of side obstacles.

The Moanamani-Waghete road section from STA 0.01 -
STA 40.20 has different international roughness index (IRI)
values. A total of 6 points are classified as severely
damaged and 20 points are slightly damaged. In 2022,
reconstruction is programmed at 10 locations, holding at 9
locations, and routine maintenance at 8 locations.

3.2. Traffic Volume and Composition

Traffic flows on the Moanamani-Waghete road section
reflect the volume and composition of traffic arising from
the generation of daily vehicle movements. Traffic
volumes in the mountainous areas of Central Papua differ
from mountainous areas in other regions, as Central Papua
has distinctive geographical characteristics and limited
accessibility. Damaged and rocky road conditions can
affect traffic volumes in this area. In addition, high rainfall
in Papua often causes landslides that can disrupt transport
routes. The types of vehicles traveling on the Moanamani-
Waghete road are mostly light vehicles and motorbikes,
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and medium vehicles (trucks). The number of cars and
trucks traveling in the mountainous regions of Papua is
relatively less compared to other regions in Indonesia.

The results of the traffic survey showed that the total
volume of vehicles (motorbikes, public transport, pick-ups,
and trucks with 2 axles and 6 wheels) was highest on
Thursday with 508 vehicles, followed by 346 vehicles on
Monday, 287 vehicles on Friday, 265 vehicles on Tuesday,
245 vehicles on Wednesday, 165 vehicles on Sunday, and
143 vehicles on Saturday. The distribution of passing
vehicles is dominated by 2-wheeled vehicles, followed by
heavy vehicles (trucks) and light vehicles. The percentage
of each type of vehicle passing each day can be seen in
Figure 4.

The characteristic of the central mountainous region,
which has security risks, also affects vehicle travel patterns
that are different from the general travel patterns in other
regions. Peak hours for two-wheeled vehicles and light
vehicles occur between 9am and 4pm, with the highest pick
hour occurring between 1pm and 2pm. However, for heavy
vehicles across districts that distribute staple goods, the
peak hours of vehicles occur from 00.00 to 02.00 in the
morning. This happens because heavy vehicles cross the
Moanamani-Waghete road section in tandem on average
around 20-35 vehicles to avoid security disturbances.
Fluctuations in traffic volume based on peak times in
passenger car units (pcu) can be seen in Figure 5.

The alignment type of the Moanamani-Waghete road
section is mountainous (ups and downs > 30 m/km and
curved horizons > 2.5 rad/km), causing the light vehicle
equivalent to be different from other locations. For
motorcycles emp is 0.6, light vehicles are 1.0, while
medium heavy vehicles are 3.5. The pcu value is used to
determine the pcu per hour on the road section, the results
of which are shown in Figure 5. Pick hour on Monday
occurs at 13.00 - 14.00 amounting to 99 pcu/hour, Tuesday
at 12.00 - 13.00 amounting to 71 pcu/hour, and Wednesday
at 13. 00 - 14.00 by 70 pcu/hour, Thursday at 13.00 - 14.00
by 109 pcu/hour, Friday at 00.00 - 01.00 by 91 pcu/hour,
Saturday at 17.00 - 18.00 by 22 pcu/hour, and Sunday at
09.00 - 10.00 by 24 pcu/hour.
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Figure 5. Fluctuation of traffic volume at the study site (pcu/hour)

3.3. Free Flow Speed and Vehicle Density

The free flow speed of vehicles varies considerably
according to topography, road conditions, rainfall, and
vehicle volume [18]. The topography of mountainous areas
has sharp bends causing drivers to adjust their speed to the
existing road conditions. Calculation of free flow speed
according to formulation (1), where the free flow speed of
field conditions reaches 55 km/hour, speed adjustment for
5.5 meter effective width roads of -4, side obstacle
condition adjustment factor of 1, and road function class
adjustment factor of 0.95. From this value, the free flow
speed of the vehicle is 51 km/hour.

The density and speed of vehicles in mountainous areas
affect each other, mountainous areas have contours that go
up and down or even winding. This affects vehicle speed
because drivers must adjust their speed to road conditions
[19]. On the other hand, vehicle density can also affect
vehicle speed in mountainous areas. If there are many
vehicles that are in close proximity to each other, the
vehicle speed will tend to slow down because it must adjust
to the speed of the vehicle in front of it [20]. The highest
vehicle density is heavy vehicles (trucks) reaching 102
pcu/hour. This condition occurs because trucks usually
drive together at night, which causes the average speed to
be very low (ranging from 10-40 km/hour). Light vehicle
speeds ranged from 35-55 km/hour with the highest density
of 27 pcu/hour, while motorbike speeds ranged from 43-70
km/hour with the highest density of 19 pcu/hour. The
relationship between density and average vehicle speed at
the study site is shown in Figure 6.

3.4. Road Capacity

Determination of road capacity takes into account the
basic capacity, traffic lane width adjustment factor, side
obstacle adjustment factor, and road function class
adjustment factor according to equation (2). The basic
capacity of the 2-lane 2-way undivided (2/2TT) mountain
alignment type road section according to the PJKI standard
is 2,900 pcu/hour. The adjustment factor due to traffic lane
width (FCW) with an average road width of 5 meters is
0.69. The adjustment factor due to direction separation
(FCPA) on a 50%: 50% separation road is 1.00. While the
adjustment factor due to side obstacles (FCHS) in areas
with low side obstacles with an average shoulder width of
1 mis 0.95. Based on these coefficient values (equation 2),
the existing capacity of the Moanamani-Waghete road is
1,900 pcu/hour.

3.5. Road Level of Service and its Relationship to
Operating Speed

The degree of saturation is the ratio between the volume
of vehicles and the volume of the maximum capacity of the
road. The volume of vehicles is the space for vehicles to
move, while the volume of the maximum capacity of the
road is the maximum space that vehicles can accommodate
at a given time. If this ratio is more than one, then the
volume of vehicles exceeds the maximum capacity of the
road, indicating congestion and increased travel time. If
this ratio is less than one, then the maximum capacity of
the road is greater than the volume of vehicles, indicating
that there is free space for vehicles to move, so that the
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volume of vehicles can be optimized and travel speeds
increased.

Based on the results of the analysis of the degree of
saturation (Dj) of the Moanamani-Waghete road (equation
3), a VCR value of 0.06 was obtained. This figure shows
that the level of road service is classified as category "A".
The road space capacity used is only about 6%. There is
still a lot of space for vehicles to move that has not been
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maximized so the use of the road is considered ineffective.
The level of service according to vehicle operating speed is
in category "C". The low speed of vehicles is not caused by
the volume of traffic but is caused by the geographical
condition of the research location which is in a
mountainous area so that the speed of vehicles is not like in
a flat area. The relationship between road level of service
and vehicle operating speed can be seen in Figure 7.
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Figure 8. Predicted traffic volume versus road capacity

3.6. Traffic Prediction

To determine the effective use of the Moanamani-
Waghete road whether it reaches its maximum capacity and
how to anticipate it. Predictions are made with a simulation
approach to the possible growth of vehicle volumes in the
future (40 years ahead). When referring to the average
traffic growth on national roads according to the Ministry
of PUPR, the growth averages 6% per year. However, in
this study, alternative growth of 2%, 4%, 6%, 8%, and 10%
per year was carried out. Considering that the conditions in
the Central Papua province do not reflect the conditions of
traffic growth in general in Indonesia, because economic
growth is very limited and security conditions are not
conducive.

The prediction results show that in the 2% traffic growth
condition, the traffic volume ranges from 111 pcu/hour -
240 pcu/hour or the highest VC Ratio only reaches 0.13. In
the 4% traffic growth condition, the traffic volume ranges
from 113 pcu/hour - 523 pcu/hour, or the highest VCR only
reaches 0.27. 6% traffic growth condition, traffic volume
ranges from 115 pcu/hour - 1,120 pcu/hour, or the highest
VC Ratio only reaches 0.59. In the 8% traffic growth
condition, traffic volumes range from 118 pcu/hour - 2,365
pcu/hour, or the highest VCR reaches 1.24. The degree of
saturation is expected to reach 1 in 2061 (year 38). Similar
to the 10% traffic growth condition, the traffic volume
ranges from 120 - 4,927 pcu/hour or the highest VC Ratio
reaches 2.57. The degree of saturation is expected to reach
1 in 2053 (year 30). The complete comparison of traffic
volume prediction to road capacity can be seen in Figure 8.

The low saturation level (Dj) of the Moanamani-
Waghete road section at present and in the future indicates

that the use of road space is still very limited and ineffective.

Road utilization is not proportional to the amount of money
spent on road construction and maintenance. However, the
function of the road to improve accessibility and accelerate
the development of new growth centers must still be carried
out in order to serve the community.

As the main access road to districts in the mountains, the
Moanamani-Waghete road section has not effectively
utilized its traffic space. At least according to research
findings, the traffic space used is only 6% of the planned
capacity. Assuming that the current conditions will still
occur in the future, it is certain that the space utilization for
the Moanamani-Waghete road is still very low. The
effectiveness of road space is basically caused by an
imbalance between demand (vehicles) and supply (road
infrastructure). However, in the case of Central Papua,
especially the Moanamani-Waghete road section, the
supply is actually higher than the demand. This is due to
the low traffic activity of the movement of people and
goods across districts, which reflects limited economic
activity. Activity generation is still underdeveloped. The
center of economic growth is uneven, which has an impact
on the low utilization of traffic space.

3.7. Efforts to Increase Traffic Space Utilization

In addition to improving pavement geometry at several
points of damage because it affects road speed and capacity,
non-technical policies are needed to encourage increased
interaction and movement of people and goods on the
highway. To anticipate the low use of traffic space on the
Moanamani-Waghete road segment, it is necessary to
revive economic activity in Central Papua. Efforts to
encourage economic growth can be carried out in several
steps, including:
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a. Infrastructure development: Investment in adequate
infrastructure is essential to supporting economic
growth. This includes building roads, ports, airports,
and other transportation facilities to improve
connectivity with other regions. Good infrastructure
will facilitate accessibility, facilitate the distribution
of goods and services, and encourage investment in
other sectors. Facilitate the movement of goods and
services, reduce logistics costs, and expand markets
for producers and business people in Central Papua.
Thus, economic growth can occur through increased
trade and investment.

b. Empowerment of the agricultural and plantation
sectors: Central Papua has great potential in the
agricultural and plantation sectors. Increasing
agricultural production and developing plantation
commaodities such as oil palm, cocoa, and coffee can
be significant sources of economic growth. Technical
support, providing access to markets, and providing
incentives for farmers and smallholders can drive the
development of this sector.

c. Development of the tourism sector: Central Papua has
interesting natural and cultural wealth as well as
ethnic and cultural diversity. Enhancing the
development of the tourism sector through investment
in tourism facilities, promotion of destinations, and
training of the tourism workforce can make a
significant contribution to economic growth.

d. Improved access to education and training:
Investment in education and training is key to
enhancing the capabilities of the local workforce.
Through quality education and relevant vocational
training, people can acquire the skills necessary to
participate in growing sectors of the economy, such as
the tourism, agriculture, and fishing industries.

e. Investment facilitation: Creating an enabling
environment for investment will help promote
economic growth in Central Papua. This involves
simplified regulations, legal certainty, fiscal
incentives, and efficient services for investors. The
provincial government can also cooperate with the
private sector and financial institutions to encourage
investment in strategic sectors.

f.  Empowerment of local communities: Involving local
communities in economic decision-making and
promoting entrepreneurship can help create jobs and
increase people's incomes. Economic empowerment
programs such as entrepreneurship training, access to
venture capital, and business coaching can provide
incentives for local communities to contribute to
economic growth.

4. Conclusions

The Moanamani-Waghete Road Section (part of
segment 2 of Trans Papua) is an arterial road with national
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road status that has a strategic function to support
community activities in each district in Dogiyai and Paniai
Regencies in Central Papua Province. It provides economic
access for the distribution of plantation products and
facilitates public services. The research findings show that
the degree of saturation (Dj) of the Moanamani-Waghete
road is 0.06 with the level of road service classified as
category "A". This condition reflects the ineffective use of
the road because the current road space capacity is only
about 6% so there is still a lot of empty road space that is
not maximized. Prediction results with several growth
assumptions indicate that until the next 30 years, the road
capacity is still able to accommodate the volume of
vehicles that will pass (do nothing). Therefore, policies are
needed to encourage the acceleration of economic growth
between districts in Central Papua, so that the interaction
and movement of people and goods between Doiyai
Regency and other districts increases. The result of the
increase in movement is expected to be equivalent to the
growth in traffic volumes using road infrastructure.
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