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ABSTRACT

Background: Road infrastructure is essential for economic growth and improving connectivity between
regions. This study looks at how environmental, social, and financial communities are affected by the
development of the Arfai-Pami road infrastructure in Manokwari Selatan District, Manokwari Regency.
Methods: This research uses qualitative and quantitative methods with the philosophy of positivism. Data were
collected in several places in the Arfai and Pami areas, including South Manokwari, through observation,
interviews, and document analysis. Result: The results showed that road construction improved accessibility
and local economic growth, with an increase in the value of social variables by 0.365 and economic variables by
0.759, respectively. However, apparent consequences include a 33.87% decrease in forest area, a decrease in
green space, an increased likelihood of flash flooding downstream due to land use change, and a decrease in
infiltration surface area. In addition, road construction causes pollution, habitat disruption, and changes in water
flow patterns, which can lead to erosion. Changes in the lifestyle and employment of local people is one of the
significant social impacts. Residents benefit from increased employment opportunities, while others face
increased living costs and loss of agricultural land. Relocation or compensation is a frequent social issue. The
conclusion of this study emphasizes how important it is to balance ecosystem preservation and road
infrastructure development. Especially in Arfai-Pami, road infrastructure development should be done
holistically considering environmental, social, and economic impacts. Conclussion: To maximize benefits and
reduce adverse effects, communities, government, and industry players need to be involved in the planning and
implementation of road infrastructure projects.

KEYWORDS: ecosystem impacts; environmental conservation; local communities; road
infrastructure

1. Introduction

Road infrastructure development has become a significant focus of Indonesia's
development agenda. Road infrastructure serves as a means of transportation and a catalyst
for economic and social growth. According to the Central Bureau of Statistics (BPS), road
infrastructure development in Indonesia increased by 6% in 2021 compared to the previous
year (BPS, 2022). From the government's perspective, road infrastructure development is
considered a strategic measure to accelerate economic growth and strengthen national
integration. The government has established several infrastructure development initiatives
in West Papua, such as constructing the Trans-Papua Road to improve connectivity between
the province and other regions and open access to remote areas.
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They referred to the Regional Regulation of Manokwari Regency Number 5 Year 2013
concerning the Regional Spatial Plan (RTRW). Manokwari Regency emphasizes that
Residents in Manokwari district have mixed views on road infrastructure development.
Most people expect infrastructure development to open up new economic opportunities,
such as improved access to markets for local products and increased tourism. However,
there are also concerns over the potential environmental damage that could be caused by
road construction, as well as the impact on indigenous communities and local wisdom. Road
infrastructure development faces the technical challenges of building infrastructure in
mountainous and isolated areas, including soil stability, water management, and road
maintenance (Babatunde et al,2014). Even with high biodiversity, infrastructure
development must minimize negative environmental impacts, including deforestation,
erosion, and disturbance to wildlife habitats (Hughes, 2019). Ward, T. (2011) explains that
the involvement and consent of local communities, especially indigenous communities, in
the development process is of particular interest, as land ownership and licensing issues
can be a source of conflict.

This infrastructure development cannot be separated from various environmental and
social impacts. As Jones et al. (2019) stated, road construction often results in significant
ecosystem changes, including habitat reduction, pollution, and hydrological patterns. This
raises important questions about how to balance development needs with environmental
preservation. The social impacts of road infrastructure development are equally important.
A study by Wilson M. et al. (2017) shows that large infrastructure projects often change
local communities' social and economic dynamics. These changes can bring benefits such as
improved access and economic opportunities but can also cause problems such as
displacement and increased living costs.

Ecosystem changes due to road infrastructure development can have long-term
impacts on biodiversity. As described by Williams-Subiza, E. A., & Epele, L. B. (2021), habitat
loss and ecosystem fragmentation can threaten the survival of local and endemic species.
This creates an urgent need for effective mitigation strategies in the planning and
implementation of infrastructure projects. Considering these considerations, policymakers
and industry players must integrate sustainable development approaches in road
infrastructure projects. As Turner and Collins (2021) point out, integrating infrastructure
development and environmental conservation is critical to achieving sustainable
development goals. The involvement of communities and other stakeholders is also a crucial
factor in this process.

Infrastructure development, particularly road development, has been a priority for
many governments. Road infrastructure is considered vital to economic growth and social
development. Jones et al. (2019) and Hughes (2019) state that road infrastructure is
essential in improving connectivity, facilitating trade, and providing access to critical
services. However, the impacts of this development on ecosystems and the environment are
often overlooked. The effects of road construction on ecosystems can vary, ranging from
changes in water flow patterns to loss of wildlife habitat. Kenney et al. (2014) state that
infrastructure development often results in habitat fragmentation, which can damage
biodiversity. This becomes even more important in Indonesia as the country is home to
many endemic species.

In addition to environmental impacts, there are also significant social impacts. Road
construction can change the social and economic dynamics of local communities. According
to Wang Z (2021), large-scale infrastructure projects often affect the way of life of local
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communities, both positively and negatively. This includes changes in access to resources,
employment, and even culture.

While there are negative impacts, it is essential to recognize that road infrastructure
development also brings benefits. Chhetri (2018) emphasizes that road development can
improve transportation efficiency and open new economic opportunities. This is important
for sustainable economic growth, especially in remote areas.

However, finding a balance between infrastructure development and ecosystem
preservation is challenging. As described by Roseland, M. (2000), a sustainable
development approach should integrate economic, social, and environmental interests. This
study aims to investigate how road infrastructure development affects ecosystems and
communities and identify strategies that can be used to minimize its negative impacts.

2. Literature Review

Infrastructure development, particularly roads, has become a key policy in driving
economic growth and social development in many countries. Jarman, A. (2023) states that
road infrastructure is essential in connecting communities, improving market access, and
facilitating mobility. While these economic and social benefits are undeniable, the emerging
challenges related to environmental and social impacts often receive less attention
(Bersaglio et al., 2018).

An ecosystem is a system of interacting living organisms and the physical environment.
In ecosystems, biotic (e.g., plants, animals, microorganisms) and abiotic (e.g., soil, water,
climate) factors are tightly integrated and play a role in energy and nutrient cycling (Rao et
al,, et al. 2023).

The impacts of road infrastructure development on ecosystems can be extensive,
destroying habitats, disrupting aquatic ecosystems, and increasing pollution. According to
Chen Z. et al. (2021), road construction often results in habitat fragmentation and changes
in wildlife migration patterns. Moreover, these changes can upset the balance of ecosystems
that have existed for centuries, affecting not only flora and fauna but also water and soil
resources.

From a social perspective, road infrastructure development also significantly impacts
local communities. As Fernandez and Acheampong (2018) explain, road construction can
cause profound socio-economic changes, including changes in employment structures and
community dynamics. While these developments can bring new economic opportunities,
there are often negative consequences, such as displacement of communities and increased
cost of living.

Environmental sustainability in the context of road infrastructure development is an
important issue that must be integrated into the planning and implementation process.
Ruggerio, C. A. (2021) emphasizes the importance of a sustainable development approach
that considers environmental and social impacts from the start of a project. Such an
approach not only protects ecosystems but also ensures the well-being of local
communities.

Effective mitigation and adaptation strategies are needed to reduce the negative
impacts of road infrastructure development. These include developing green infrastructure,
empowering local communities, and planning with environmental sustainability in mind. As
stated by Mubangizi, B. C. (2022), collaboration between government, communities, and
non-governmental organizations is vital in creating infrastructure projects that are not only
economically efficient.
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Infrastructure is essential for facilitating and expediting economic progress. Hanmer et
al. (2000) noted other notable advantages of infrastructure, such as a decrease in the
operational expenses of economic activities, enabling enterprises to function more
effectively, and lowering customer costs. Moreover, sufficient infrastructure enhances
economic activity by improving connectivity and accessibility, stimulating more significant
trade and investment. From a business standpoint, efficient infrastructure decreases
expenses associated with inputs, such as logistics costs, directly impacting profit margins
and product prices.

Furthermore, allocating resources towards infrastructural development, such as
education and healthcare, substantially enhances human capital. This, in turn, plays a
crucial role in driving productivity and fostering innovation within the economy. This aligns
with Aschauer's (1989) perspective, asserting that public infrastructure is a significant
driver of economic output. Infrastructure development fosters the emergence of fresh
financial endeavors, stimulating entrepreneurship and employment generation across
multiple sectors. For instance, establishing digital infrastructure has facilitated the growth
of the information technology sector. Estache et al. (2012) argue that investment in
infrastructure has a multiplier effect, generating employment in the construction sector and
other industries that rely on the infrastructure. Hence, infrastructure not only facilitates
sustainable economic expansion but also enhances the standard of living and contributes to
the attainment of broader economic development objectives.

A study by Sun (2013) in several ASEAN countries shows that infrastructure
development produces a double effect, namely poverty reduction and inclusive growth. The
double benefit is expected to be realized because infrastructure development can mobilize
the opportunity aspect of promoting natural and human resources, reduce vulnerability to
crises, and increase community participation in economic activities.

Meanwhile, on the human capital side, infrastructure development can increase
employment opportunities and productivity (Laborda et al., D. (2019). However, by failing
to identify people's needs for the type of infrastructure needed, infrastructure development
will not significantly reduce poverty and income inequality.

3. Methods

This research was conducted on the road infrastructure of the Arfai-Pami area of
Manokwari Regency, West Papua Province, which is geographically located at 134°1'11.47"
to 134° 2' 8.55" East Longitude and between 0°54' 59.87" to 0°55'55.76" —south latitude.
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Graph 1. Sampling point

Located in the Arfai village of South Manokwari district with a population of 27,019
and an area of 311.13 km2, the total population in the Arfai area is 550 people. The research
was conducted for 6 (six) months from January 2023 to June 2023. The Arfai-Pami road was
chosen because it is the main road connecting the Government office center and the cement
industry center and the main cross-district route to Teluk Bintuni Regency, southern
Manokwari Regency, and Pegaf Regency. Every day, people travel in and out of these areas
for their daily activities, making them particularly vulnerable to the environmental and
socio-economic effects of road construction.

Mixed research methods were used in this study. Quantitative methods were used for
primary data collection through questionnaire distribution, which surveyed construction
activities and their socioeconomic and ecosystem effects. Arandom sampling technique was
used in this study to distribute the questionnaires. A sample of the number of residents
participating in the survey using the Slovin formula with a margin of error of 0.05 was used
in the analysis. One hundred samples were collected, which provided information to be
evaluated and generalized to the entire population.

Questionnaires and key informant interviews were used for primary data collection.
One hundred questionnaires were randomly distributed to road users residing near the
road infrastructure construction who have backgrounds as traders, drivers, site workers,
and residents living in the study area to assess the impact of road construction on residents’
socio-economic lives and environmental conditions. These types of respondents were used
because they are the people who live along the road and conduct business activities along
it. All questionnaires were successfully retrieved because respondents were directed to fill
them out, so respondents returned them on the spot.

The questionnaire is divided into two parts: Parts I and II. Part I focused on the
demographic characteristics of the respondents, such as gender, marital status, education
level, and occupation. Part Il mainly centered on the road and its impact on the environment
and socioeconomic life of the respondents in three sub-sections (A, B, C), where 'A" asked
about the road construction and its beginning, 'B' focused on assessing the environmental
status of the respondents and 'C' evaluated the socioeconomic impact of the road
construction activities on the respondents. 'A' and some parts of 'B' were developed on a
Likert rating scale that measures respondents' opinions by asking how much they agree or
disagree with certain statements. Meanwhile, 'C' and other parts of 'B' are a mixture of
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binary choice, multiple choice, and open-ended questions, allowing respondents to freely
share their perceptions and opinions and provide appropriate responses.

Hypotheses were drawn from the responses generated from the questionnaires, which
will be validated in the latter part of this study. Answers from the questionnaires provided
specific details regarding the impacts that respondents received. The survey provided
information on how the neighborhood was affected by road construction activities and the
environmental problems, such as flooding, reported since road construction began.

The survey followed established ethical guidelines and obtained approval from the
University of Papua's graduate program. Data collected from this survey were analyzed
using the Statistical Package for Social Sciences (SPSS).

Primary data to support environmental aspects were obtained through aerial
photography using drones along the road infrastructure in the Arfai-Pami area. Meanwhile,
secondary data was obtained from Google satellite images covering 2010 to 2022 and
Digital Elevation Model (DEM) data. These data aim to observe land cover changes and flow
patterns on the Arfai - Pami Arearoad infrastructure.

In land cover analysis, time series data is used with the assumption that the objects in
the data remain stable between data acquisition periods. The unguided classification
method is used to interpret the image to understand the type of land cover in the picture.
Meanwhile, the run-off model simulation utilized Geographic Information System (GIS)
techniques to analyze conveyance patterns using spatial analysis and information such as
conveyance pattern boundaries, stream order, and flow length. The total run-off and time
concentration of the conveyance pattern boundary can be analyzed by considering land use
and rainfall.

4. Result and Discussion

The characteristics of the respondents were analyzed by considering two main
variables, namely the social sector (Gender, Age, Education Level, and Marital Status) and
the economic sector (Livelihood et al., and Length of Stay) with a total of 100 respondents
having been observedFigure 4.1. The survey results show that of the total respondents,
there were 54 males, which accounted for 54% of the total respondents, and 46 females,
which accounted for 46% of the total respondents (see Figure). This data shows that male
and female respondents are almost proportionally distributed.

Based on descriptive analysis, the results show the significant impact of road
infrastructure development on the ecosystem and socio-economy of the community.

1. Impact on Ecosystems: Descriptive analysis shows that road construction has
significantly reduced the green regions of most studied areas. Satellite data and field
surveys confirmed the decrease in vegetation cover.

2. Social Impact: There is increased economic activity around road construction areas.
Surveys indicate increased employment opportunities and access to markets. However,
regressions show that this does not necessarily positively impact all community groups,
with some experiencing an increased cost of living.

3. Integrated Environmental and Social Impacts: Regression models show that factors
such as environmental policies, community participation, and community education levels
significantly mediate the negative impacts of road construction. Areas with more robust
ecological policies and greater community participation tend to experience fewer adverse
effects.

4. Mitigation Strategies: The results indicate the need for effective mitigation
strategies. These include more environmentally friendly road construction and community
involvement in planning and decision-making processes.

It can be emphasized that road infrastructure development has complex impacts on
ecosystems and society. While it provides economic benefits, adverse effects on the
environment and social aspects cannot be ignored. Mitigation strategies and sustainable
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policies are critical to minimizing the negative impacts and maximizing the positive benefits
of road infrastructure development. This research provides important insights for
policymakers and practitioners in planning and implementing infrastructure projects in a
more socially and environmentally responsible manner.

The impact of Road Development on Ecosystems, evidenced by the reduction of green
areas identified in this study, is consistent with the findings by Johnston, E. L et al. (2017),
which emphasized how road infrastructure can disrupt natural ecosystems and reduce
biodiversity. The observed increase in pollution is also in line with the study by Thompson
R. et al. (2022), which shows how infrastructure development can contribute to increased
air and noise pollution with long-term impacts on the environment.

Social Impacts Road Infrastructure Development has changed the dynamics of the local
economy, in line with findings by Haefner L. et al. (2020), which show that infrastructure
development can create economic opportunities and increase the cost of living and
inequality. Social conflict associated with compensation and relocation is another important
finding. This supports the argument by Fernandez and Acheampong (2019) on the
importance of fair and transparent negotiation processes in infrastructure projects.

Integration of Environmental and Social Impacts through solid environmental policies
and community participation can mitigate the negative impacts of road development. This
aligns with Glade, S. et al. (2022), who emphasize the importance of environmental policies
and regulations in sustainable infrastructure development. The role of education and public
awareness in influencing the impacts of infrastructure development is also a key focus, as
Chen S. et al. (2020) described in their study.

The need for Effective Mitigation Strategies emphasizes the importance of effective
mitigation strategies, as described by (2021), who suggests using green technologies and a
more inclusive approach to development. By integrating the results of this study with
related literature, this discussion provides greater insight into the complexity and
multifaceted impacts of road infrastructure development. This strengthens the argument
that road development needs to consider environmental and social aspects holistically and
emphasizes the importance of effective mitigation strategies to achieve sustainable
development goals.

The decrease in green area and habitat disturbance found in this study align with
research by Prasetyo et al. (2019), which states that infrastructure projects in Indonesia
often result in deforestation and biodiversity loss. The increase in pollution identified
receives support from a study by Wijaya and Pratiwi (2020), which illustrates how
infrastructure development in Indonesia contributes to increased air and noise pollution in
urban areas. This study found changes in local economic dynamics, in line with the results
of a survey by Sulistyo and Nugroho (2018), which showed that while infrastructure
development can improve financial access and opportunities, it also creates social
inequalities in some communities in Indonesia. The social conflicts related to compensation
and relocation found in this study support the findings by Hartono et al. (2020), which
highlighted conflict and dissatisfaction in the relocation process of infrastructure projects
in Indonesia.

This study shows that effective environmental policies and community participation
can mitigate negative impacts, supporting the argument by Setiawan and Hadi (2021) on
the importance of strong environmental regulations and community involvement in
infrastructure projects in Indonesia. These findings align with the study by Agung and
Kurniawan (2019), which recommends using more environmentally friendly technologies
and inclusive approaches in infrastructure development in Indonesia.

The construction of the Arfai-Pami road has resulted in significant land use change. The
results showed a decrease in forest area of 33.87%, indicating deforestation. The conversion
of forest land into built-up land reduces the forest area that functions as the earth’s lungs
and reduces the surface area of water absorption. As a result, the potential for surface runoff
in Watershed I, Watershed II, and Watershed VIII increases, which can trigger the risk of
flash floods downstream.
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These environmental losses cannot be underestimated as they have a domino effect on
various aspects of life. In addition to flooding, forest loss also contributes to declining air
quality and loss of habitat for flora and fauna. On the other hand, this infrastructure
development has a positive impact on the social aspects of society. Hypothesis testing
results show an increase in the value of social variables by 0.365. Road construction allows
better access between regions, strengthening social relations and opening up opportunities
for cultural exchange. In addition, access to public facilities such as schools, hospitals, and
markets becomes more accessible, directly improving the community's quality of life.
However, there is a contradiction in that this increased accessibility can also trigger
urbanization and lifestyle changes that may not align with local wisdom. Therefore, these
social impacts must be managed wisely to ensure that road development brings inclusive
and sustainable benefits to local communities.

The development of the Arfai-Pami road has had substantial positive economic impacts.
The economic variable had a 0.759 increase, signifying economic growth in the region over
the one year of road completion. Efficient road infrastructure facilitates the seamless
transportation of goods and services, crucial for fostering economic development.
Enhanced interconnectivity among areas enables the expansion of local products into
broader markets, generating novel economic prospects and promoting job creation.
Infrastructure development, particularly in the case of highways, should prioritize
environmental considerations by embracing the principles of sustainable development.
Reforestation, green infrastructure construction, and adequate water management should
be adopted to mitigate the adverse environmental effects. To enhance the social impact of
road construction, it is imperative to ensure the active involvement of local people and the
preservation of local cultural values. Community empowerment initiatives can mitigate
social conflict from swift transformations (Mamengko et al.,2023).

Economic development resulting from road development should ensure that the
benefits are distributed fairly and sustainably. It is essential to responsibly boost the local
economy, for example, by developing sustainable tourism that capitalizes on the natural
beauty and richness of the local culture without destroying it. Road development improves
community access to education, health, and market facilities. Furthermore, better
infrastructure supports economic activities such as agriculture, trade, and tourism. Finally,
better roads facilitate social interaction and integration between different community
groups. Perz, S. G. etal. (2012) describe that Peres explained that connectivity and resilience
have a multi-faceted relationship, such that more excellent community connectivity is
associated with greater resilience in some ways but not in others. It is worth noting how
these findings integrate findings from the previously disparate literature on infrastructure.
Integrating transportation geography with resilience thinking can thus advance the study
of infrastructure impacts.

On the other hand, development can lead to deforestation, soil erosion, and disruption
of ecosystems, as well as trigger social conflicts related to land claims and changes in
indigenous communities’ ways of life. Communities may become dependent on
infrastructure that requires ongoing maintenance and repair. Road infrastructure
development in West Papua is challenging but vital for the region's progress. The
government and communities are working together to ensure that development is done
sustainably and responsibly, respecting the rights of indigenous communities and
preserving the environment. This way, all West Papuans can enjoy the benefits of
infrastructure development without compromising their precious natural and cultural
heritage.

5. Conclussion

The development of the Arfai - Pami road infrastructure in the Manokwari Selatan Sub-
district has significantly contributed to improving the social and economic welfare of the
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community. However, environmental negative impacts require severe attention and
effective mitigation measures. There is a need to synergize infrastructure development with
environmental conservation, social community empowerment, and inclusive and
sustainable economic growth. Thus, infrastructure development can be a balanced driving
force for holistic and sustainable progress.

Based on environmental variables, road infrastructure development impacts land use
change, resulting in a 33.87% decrease in forest area and a decrease in infiltration surface
area. This can generate surface runoff, especially in watersheds I, II, and VIII, which
increases the risk of flow discharge during short rains, which can cause flash floods
downstream.

Linear regression analysis results show that road infrastructure has a significant
favorable influence on social and economic variables. An increase in road infrastructure is
associated with an increase in the value of social variables by 0.365 and economic variables
by 0.759. The strong correlation also indicates that about 64.6% of the variation in social
variables and 60.7% in economic variables can be explained by road infrastructure
variables
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