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ABSTRACT

Tropicalrivers play an essential role in maintaining biodiversity, providing ecosystem services, and
supporting local livelihoods. However, river pollution caused by household waste, market waste,
plastic packaging, disposable diapers, organic debris, detergent foam, and riparian degradation
accompanied by localized sedimentation has become a major environmental challenge, particularly
in Samarinda City, East Kalimantan. This study investigates community-based river conservation
initiatives implemented by the Gerakan Memungut Sehelai Sampah Sungai Karang Mumus
(GMSS-SKM) and explores the contribution of drone-assisted spatial observation to river
conservation. The study employed a qualitative method combined with a spatial approach. Data
were collected through in-depth interviews with the head of GMSS—SKM, field observations,
documentation, literature review, and visual interpretation of drone aerial imagery. Data credibility
was strengthened through source, method, and theory triangulation, while the findings were
interpreted using a geographical perspective, particularly the regional-complex approach. The
findings indicate that inorganic waste, particularly plastic packaging, disposable diapers, bottles,
and food containers, predominated during the dry season, whereas the rainy season increased the
accumulation of organic debris, wood fragments, mixed domestic waste, and sediment transported
from upstream areas. Drone observations identified waste accumulation hotspots, degraded riparian
vegetation, drainage outlets, localized sediment deposits, and river segments with limited ground
accessibility. These spatial observations supported the prioritization of river clean-up, riparian
greening, environmental education, and future river monitoring. The integration of community
participation, local knowledge, and drone-assisted observation provides an effective decision-
support approach for community-based river conservation.

Keywords: Community-Based Conservation; Karang Mumus River; Spatial Monitoring, River
Pollution

ABSTRAK

Sungaitropis memainkan peranpenting dalam menjagakeanekaragaman hayati, menyediakan jasa
ekosistem, dan mendukung mata pencaharian masyarakat lokal. Namun, pencemaran sungai yang
disebabkan oleh limbah rumah tangga, sampah pasar, kemasan plastik, popok sekali pakai, limbah
organik, busa deterjen, serta degradasi daerah sempadan sungai yang disertai sedimentasi lokal
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telah menjaditantangan lingkunganyang serius, khususnyadi Kota Samarinda, Kalimantan Timur.
Penelitian ini mengkaji inisiatif konservasi sungai berbasis masyarakat yang dilaksanakan oleh
Gerakan Memungut Sehelai Sampah Sungai Karang Mumus (GMSS—SKM) serta mengeksplorasi
kontribusi observasi spasial berbantuan drone dalam upaya konservasi sungai. Penelitian
menggunakan metode kualitatif yang dikombinasikan dengan pendekatan spasial. Data
dikumpulkan melalui wawancara mendalam dengan ketua GMSS—SKM, observasi lapangan,
dokumentasi, studi literatur, serta interpretasivisual citra udara drone. Kredibilitas data diperkuat
melalui triangulasi sumber, metode, dan teori, sedangkan hasil penelitian diinterpretasikan
menggunakan perspektif geografis, khususnya pendekatan kompleks wilayah. Hasil penelitian
menunjukkan bahwa limbah anorganik, terutama kemasan plastik, popok sekali pakai, botol, dan
wadah makanan, mendominasi pada musim kemarau. Sementara itu, pada musim hujan terjadi
peningkatan akumulasi limbah organik, potongan kayu, sampah domestik campuran, serta sedimen
yang terbawa dari wilayah hulu. Observasi drone berhasil mengidentifikasi titik-titik penumpukan
sampah, degradasi vegetasi sempadan sungai, saluran drainase, endapan sedimen lokal, serta
segmen sungai yang sulit dijangkau dari darat. Observasi spasial ini mendukung penentuan
prioritas kegiatan pembersihan sungai, penghijauan sempadan, edukasi lingkungan, serta
pemantauan sungai di masa mendatang. Integrasi partisipasi masyarakat, pengetahuan lokal, dan
observasi berbantuan drone memberikan pendekatan pendukung pengambilan keputusan yang
efektif dalam konservasi sungai berbasis masyarakat.

Kata kunci: Konservasi berbasis masyarakat; Sungai Karang Mumus,; Monitoring spasial;
Pencemaran Sungai

INTRODUCTION

As Indonesia's second-longest river and the largest in East Kalimantan, the Mahakam
River spans approximately 920 kilometers. This river serves as the backbone of life and ecology
in the region, playing a crucial role in maintaining abundant biodiversity and supporting the
livelihoods of local communities along its course (Arsita et al., 2024; Kedhaton & Hastuti,
2023; Kedhaton & Krismondo, 2024). This rich river ecosystem is vital, serving as the primary
habitat for various endemic species, including rare aquatic mammals such as pesut, whose
population is largely concentrated in the Mahakam River (Kreb et al., 2020; Mustika et al.,
2022). Flowing through three main regencies/cities, West Kutai, Kutai Kartanegara, and
Samarinda, the Mahakam River is not only fundamental for the local fishing sector but also
supports various other human activities that depend heavily on its existence (Gani et al., 2021,
Nala & Indriani, 2020). The presence of a healthy river ecosystem directly contributes to the
provision of clean water, ensures food availability, facilitates transportation, and supports
diverse aspects of livelihood for local communities.

However, the Mahakam River ecosystem, particularly in the Karang Mumus sub-
watershed, faces various serious threats to its sustainability (Azzahra et al., 2025). Water
pollution, especially due to domestic and industrial waste, is a real environmental problem in
Indonesia that also affects river ecosystems (Husamah et al., 2023). Poor waste management,
including the direct disposal of household and industrial waste into waters, causes water and
soil pollution, ecosystem damage, and increased contaminant concentrations (Aboyitungiye et
al., 2021). Uncontrolled waste disposal also contributes to river shallowing (Pusmiati et al.,
2025) and, if it consists of plastic waste, significantly damages the river ecosystem network
(Sakti et al., 2023). This pervasive contamination severely compromises water quality,
rendering it unsuitable for human consumption and agricultural use, while simultaneously
endangering aquatic flora and fauna.

Facing these complex environmental challenges, the role of local communities becomes
central to river conservation efforts (Thornton et al., 2020). Locally led management
approaches that integrate traditional ecological knowledge have proven more effective in
achieving positive outcomes for human well-being and environmental integrity (Novick et al.,
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2022; Szatkiewicz et al., 2020). For instance, local communities, such as the Karang Mumus
River Clean Community, are empowered to make autonomous decisions that address their
needs and interests, ultimately improving living standards through sustainable resource
utilization (de Jong & Kuipers, 2020; Herawati et al., 2024). Community concern for the
condition of the Karang Mumus River has become the starting point for action to begin
repairing, following up on, and protecting the river from pollution caused by waste, which is a
long-term effect of community social activities (Priambudi & Utami, 2020).

The Karang Mumus River Clean Community not only conducts river clean-up activities as
a routine activity, but is also active in carrying out various educational programs aimed at the
wider community. As a community with a formal legal basis, they have a bargaining position
that facilitates cooperation and partnerships with many parties to support the development of
programs and obtain project funding from many stakeholders, including the government,
sponsors, and companies (Suharko & Kusumadewi, 2019). The educational activities were
reinforced by providing information that was easy for the younger generation to understand,
using a hands-on approach and encouraging behavioral change in order to preserve a
sustainable river ecosystem. Such initiatives are crucial for promoting a sense of shared
responsibility and collective action among residents, fostering sustainable practices that directly
mitigate pollution at its source.

To monitor the condition of the Karang Mumus River ecosystem, it needs to be supported
by the use of drones. The role of local communities has limitations in real -time monitoring of
river conditions. The use of drone technology presents a potential for effective technological
integration to reach wider monitoring areas. Not all coverage areas can be monitored via waste
transport boats. The limitations of human resources and the vastness of the river area pose
challenges in identifying locations of waste accumulation and polluted areas. This research
aims to explore community-based initiatives in river conservation, focusing on river cleaning
and preservation activities by the Karang Mumus River Clean Community. This research will
also discuss the utilization of drone technology to monitor the physical quality of the river and
ecosystem conditions, thereby supporting more effective river management decisions.

METHOD

This research employs a qualitative method combined with a spatial approach to
thoroughly investigate community-based river conservation efforts and environmental
monitoring. The qualitative component focused on understanding the intricacies of community
initiatives in river ecosystem conservation. This was primarily achieved through in-depth
interviews conducted with the head of the Gerakan Memungut Sehelai Sampah Sungai Karang
Mumus (GMSS-SKM) community in Samarinda City. These interviews aimed to capture
nuanced perspectives, local knowledge, and the practical challenges and successes encountered
in their conservation work.

Data sources for this study comprised both primary and secondary data. Primary data were
gathered directly from the community interviews. Field notes were taken to document the
physical conditions of the river, waste accumulation hotspots, and the spatial characteristics of
the surrounding environment. Secondary data consisted of scientific literature, government
reports, river conservation documents, and previous assessments related to river pollution and
the use of drone-based environmental monitoring in Indonesia. These secondary sources served
to contextualize the findings and support cross-verification. To ensure the robustness and
credibility of the findings, data validity was rigorously ensured through triangulation,
encompassing source triangulation (comparing information from different individuals or
documents), theory triangulation (interpreting data through multiple theoretical lenses), and
method triangulation (using different data collection methods to cross-verify findings).
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Spatial techniques were utilized to analyze the aerial photographs monitoring the physical
quality of the river. Aerial photographs were captured using drones. These photographs,
captured using advanced drone technology, were instrumental in monitoring the physical
quality of the Karang Mumus River. Drones provided a high-resolution, efficient, and
comprehensive view of river conditions, including the identification of waste accumulation
hotspots and polluted areas that are often difficult to access or monitor through traditional
means (Chiang & Juang, 2023; Gutsa et al., 2024). The collected spatial data allowed for a
detailed assessment of environmental elements. Finally, the findings derived from both
qualitative interviews and spatial analysis were integrated and analyzed using a geographical
approach, specifically the regional complex approach. This approach facilitated a holistic
understanding of the complex interrelationships between environmental elements, such as
pollution levels and ecosystem health, and the social conditions and community actions within
the Sungai Karang Mumus watershed (Azzahra et al., 2025).

RESULT AND DISCUSSION
Community-Based Initiatives in Mahakam River, Karang Mumus Sub-Watershed
Conservation

Community-based initiatives led by Gerakan Memungut Sehelai Sampah Sungai Karang
Mumus (GMSS-SKM) have become an important component of river conservation efforts in
Samarinda by complementing formal river-management programs through continuous public
participation, environmental education, and multi-stakeholder collaboration. Established in
2012 inresponse to the worsening condition of the Karang Mumus River, the organization has
maintained regular river-cleaning campaigns, environmental awareness activities, and
community outreach involving residents, students, universities, civil society organizations, and
local government institutions. Rather than functioning solely as a volunteer movement, GMSS—
SKM has gradually developed into a collaborative platform that connects local communities
with governmental stakeholders in addressing river pollution. Recent studies emphasize that
long-term institutional continuity, stakeholder engagement, and cross-sector collaboration are
among the principal indicators of successful community-based environmental governance
because they strengthen collective action and increase the resilience of local conservation
initiatives.

The contribution of GMSS—SKM has also been reinforced through collaboration with
governmental agencies and institutional partners. Since receiving formal recognition from the
Samarinda City Government, the organization has participated in various collaborative
activities, including community river clean-up campaigns, environmental education through
Sekolah Sungai Karang Mumus (SeSuKaMu), tree-planting activities along riparian corridors,
public awareness campaigns, and educational outreach involving schools and universities.
These activities have generally been supported through institutional partnerships, community-
service programs conducted by universities, logistical assistance from local government
agencies, volunteer participation, and collaboration with environmental organizations rather
than relying exclusively on dedicated project funding. Such collaborative arrangements are
increasingly recognized as an effective governance model because they combine governmental
capacity with local ecological knowledge and community participation to improve
environmental management outcomes.

Although the present study did not quantify changes in waste volume or water-quality
parameters before and after program implementation, qualitative evidence obtained from
interviews, field observations, and community documentation demonstrates several observable
outcomes. Informants consistently reported that regular clean-up activities reduced the
accumulation of visible floating waste in targeted river sections immediately after community
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interventions, while repeated environmental campaigns encouraged greater public participation
in subsequent conservation activities and strengthened awareness regarding household waste
management. Furthermore, the continued implementation of SeSuKaMu, sustained volunteer
involvement over more than a decade, and expanding collaboration with governmental and non-
governmental institutions represent qualitative indicators of program effectiveness. In
qualitative environmental research, institutional sustainability, repeated stakeholder
participation, and observable behavioural change are considered appropriate indicators for
evaluating community-based conservation initiatives when longitudinal quantitative
monitoring is unavailable (Conrad & Hilchey, 2011; Fraisl et al., 2022).

The findings of this study are further supported by recent evidence describing the
environmental condition of the Karang Mumus and Mahakam river systems. Previous
investigations have shown that the Karang Mumus River continues to experience significant
environmental pressures associated with domestic waste inputs, sedimentation, deteriorating
water quality, and elevated concentrations of BOD, COD, TSS, and microbiological
contaminants (Pramaningsih et al., 2023; Puspa et al., 2023). In response, the Samarinda City
Government has introduced complementary river-management measures, including
mechanical waste collection using trash-skimmer boats in strategic sections of the river,
demonstrating that community participation remains essential to complement government-led
waste management efforts rather than replace them (Setiawan et al., 2025). Consequently, the
activities implemented by GMSS—SKM should be understood as preventive upstream
interventions that contribute to reducing visible waste accumulation, strengthening
environmental awareness, and supporting early identification of pollution hotspots before waste
is transported downstream into the Mahakam River.

The integration of community participation with drone-assisted environmental monitoring
represents the principal contribution of this study. Community observations provide contextual
information regarding pollution sources and local environmental behaviour, whereas drone-
based monitoring enables rapid identification of waste hotspots, riparian degradation, and areas
requiring priority intervention. Although quantitative evaluation of waste reduction remains
beyond the scope of the present qualitative research, combining participatory environmental
governance with spatial monitoring offers an adaptive framework for urban river conservation.
Future studies should integrate qualitative community participation with systematic
measurements of waste volume, water-quality parameters, and longitudinal assessments of
environmental behaviour to provide a more comprehensive evaluation of conservation
effectiveness.

Field observations showed that the composition and distribution of waste in the Karang
Mumus River varied according to seasonal hydrological conditions. During the dry season,
visible waste was dominated by plastic packaging, disposable diapers, plastic bottles, food
containers, and mixed household waste that accumulated near densely populated settlements,
traditional markets, bridges, and low-flow riverbanks. During the rainy season, increased runoff
transported larger quantities of organic debris, leaves, branches, sediment, and mixed domestic
waste from upstream areas, resulting in waste accumulation around river bends, drainage
outlets, and floodgates. Although this qualitative study did not quantify waste composition by
weight or percentage, these observations are consistent with studies of Indonesian urban rivers
reporting that floating litter is generally dominated by plastic-based household waste, whereas
rainfall substantially increases the transport of organic material and mixed debris downstream
(Sousa etal., 2025). Furthermore, spatial analysis by Kedhaton & Krismondo, (2024) identified
approximately 2 km? of settlement areas encroaching upon protected riparian buffers in
Samarinda, indicating persistent anthropogenic pressure that contributes to recurring waste
inputs into the Karang Mumus River.
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Manual clean-up remains the primary conservation approach implemented by GMSS—
SKM because it enables volunteers to remove floating waste and debris from river sections that
are difficult to access using mechanical equipment. During field observations, volunteers used
small boats, hand nets, sacks, hooks, and personal protective equipment to collect floating litter
from the river surface and adjacent riverbanks. Interviews with community members indicated
that these activities consistently reduced visible waste accumulation immediately after each
clean-up event and improved the visual condition of targeted river sections. However, the
present study did not systematically record the weight or volume of collected waste, the number
of volunteers, or the frequency of clean-up events, making quantitative evaluation of program
effectiveness beyond the scope of this research. Consequently, the effectiveness of the program
is interpreted qualitatively based on direct observations, interviews, and community
documentation rather than numerical indicators.

Despite its contribution, manual clean-up has several operational limitations. Its
implementation depends heavily on volunteer availability, weather conditions, river discharge,
and accessibility of polluted river sections. In addition, manually operated clean-up activities
are unable to detect submerged waste, dispersed debris, or pollution sources located upstream
before waste reaches downstream segments. The broader environmental context also indicates
that waste removal alone cannot fully address river degradation. Previous studies in the
Samarinda watershed reported that Fe, BOD, and COD concentrations exceeded Indonesian
water-quality standards, suggesting that domestic wastewater and other pollutant sources
continue to degrade river health beyond the visible accumulation of solid waste (Hansen et al.,
2017; Kedhaton & Krismondo, 2024). These findings indicate that periodic clean-up activities
should be complemented by pollution prevention measures targeting upstream sources.

The findings of this study suggest that future conservation efforts should integrate
community participation with drone-assisted environmental monitoring and broader waste-
management strategies. Drone imagery can rapidly identify waste hotspots, riparian
degradation, sediment accumulation, and inaccessible river sections, thereby improving the
spatial targeting of community clean-up activities. At the same time, strengthening household
waste segregation, waste-bank programs, environmental education through Sekolah Sungai
Karang Mumus (SeSuKaMu), and routine municipal waste collection would reduce waste
inputs at the source. To enable quantitative evaluation in future studies, GMSS—SKM could
adopt standardized monitoring indicators, including the approximate weight or volume of
collected waste, number of collection sacks, cleaned river length, activity duration, volunteer
participation, GPS coordinates of clean-up locations, and before—after drone imagery.
Integrating these indicators with community-based monitoring would provide stronger
evidence for evaluating conservation effectiveness and support adaptive river management in
urban watersheds.

The scope of the GMSS—SKM clean-up program strategically covers critical river sections,
ranging from easily accessible populated residential zones, where the impact of human
activities is most acute, to more challenging, hard-to-reach areas that often serve as
accumulation points for waste. The effectiveness and reach of these initiatives are profoundly
shaped by the enthusiastic participation of diverse stakeholder groups. Key participants include
residents, whose intimate knowledge of the river’s dynamics, current patterns, and historical
pollution hotspots is invaluable (Okamoto et al., 2023). Alongside these experienced
community members, organized volunteers and university students contribute significantly,
bringing not only additional labor but also fresh perspectives and an opportunity for experiential
learning regarding environmental stewardship (Delamontano et al., 2025; Demssie etal., 2022).
Analogous community efforts in Indonesia have consistently demonstrated that increased
public involvement can lead to substantial reductions in waste reaching landfills and water
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bodies, sometimes up to 33% (Kristanto et al., 2021; Zahra et al., 2024). The sustained
engagement of these multi-sectoral participants is thus fundamental for the successful execution

and continuity of river conservation endeavors, fostering a broader sense of collective
responsibility (Mahadiansar et al., 2023; Zulkifli et al., 2025).

’ y . » ' \
Figure 1. Manual Waste Collection Process
Source: Author’(s) own work, (2025)

Consistent implementation of cleanup activities by the GMSS—SKM community typically
yields an observable reduction of waste, transforming visibly polluted sections of the river into
cleaner, more aesthetically pleasing environments. This immediate visual improvement is often
a precursor to more profound positive changes in the river’s physical condition. By removing
solid waste, these initiatives directly contribute to alleviating blockages, improving water flow,
and reducing the leaching of harmful substances into the aquatic ecosystem (Gunawan &
Santoso, 2021). Studies on the Karang Mumus River highlight existing pollution concerns such
as high biochemical oxygen demand, chemical oxygen demand, total suspended solids, and the
presence of heavy metals and coliform bacteria, indicating a clear need for intervention
(Nugroho et al., 2025; Pramaningsih et al., 2023; Puspa et al., 2023). Community-led cleanups,
by reducing the pollutant load, are instrumental in potentially mitigating these issues and
improving overall water quality parameters (Azzahra et al., 2025; Basuki et al., 2024). Such
sustained efforts also play a crucial role in raising environmental awareness among riparian
communities, fostering pro-environmental behaviors, and contributing to the long-term
ecological health and sustainability of the Mahakam River basin (Zunariyah et al., 2025).

Beyond river clean-up activities, GMSS—SKM conducts environmental education through
Sekolah Sungai Karang Mumus (SeSuKaMu), an informal community-based learning initiative
designed to strengthen public understanding of river conservation. The program primarily
targets students, university volunteers, youth organizations, community groups, and residents
living along the Karang Mumus River. Learning activities combine classroom discussion with
direct field experience through river walks, waste identification, observation of pollution
sources, participatory clean-up activities, and discussions on riparian ecosystems and
household waste management. This experiential learning approach enables participants to
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connect environmental concepts with the ecological conditions of the river and the
consequences of everyday waste-disposal practices. Recent studies have shown that field-based
environmental education encourages deeper environmental understanding and promotes active
participation because learning is directly linked to local environmental issues and community
action (Zeng et al., 2023).

Figure 2. The GMSS—SKM community, together with volunteers, collects waste along the Karang Mumus River
Source: Author’(s) own work, (2025)

The present study did not administer pre- and post-program knowledge tests, behavioural
surveys, or longitudinal evaluations of SeSuKaMu participants. Therefore, behavioural change
cannot be claimed as a quantitatively measured outcome. Instead, qualitative evidence obtained
from interviews, participant observation, and community documentation indicates that
SeSuKaMu has contributed to strengthening environmental awareness and encouraging
continued participation in river-conservation activities. Several informants described that
participants became more willing to join subsequent clean-up events, discuss household waste
management within their neighbourhoods, and disseminate environmental messages through
schools, youth organizations, and community activities. Although these observations cannot be
interpreted as statistically verified behavioural change, they represent qualitative indicators of
increased environmental engagement that are widely accepted in community-based
environmental research (Fraisl et al., 2022; Pratiwi et al., 2023). Future implementation should
strengthen program evaluation by documenting participant attendance, participant profiles,
activity frequency, repeated participation, and simple pre- and post-activity assessments to
complement qualitative findings with measurable indicators.

GMSS-SKM also conducts riparian greening activities as a complementary conservation
strategy to improve riverbank conditions and increase public involvement in river restoration.
Tree planting was undertaken collaboratively with volunteers, local communities, educational
institutions, and government partners during environmental campaigns. Because this
qualitative study did not record the number of seedlings planted, species composition, planting
locations, survival rates, or maintenance frequency, the greening program is interpreted as a
community conservation initiative rather than a quantitatively evaluated ecological restoration
program. Nevertheless, previous studies consistently demonstrate that riparian vegetation
contributes to reducing riverbank erosion, improving slope stability, filtering surface runoff,
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enhancing habitat quality, and increasing ecological resilience in urban river systems (Huang
et al., 2024; Lima et al., 2024; Sousa et al., 2025). These ecological functions support the
relevance of integrating community-led greening with broader watershed management despite
the absence of quantitative restoration measurements in the present study.

The findings suggest that the principal contribution of SeSuKaMu lies in fostering
continuous community engagement rather than producing immediately measurable behavioural
outcomes. Together with river clean-up and riparian greening activities, the program has
strengthened collaboration among local communities, universities, volunteers, and government
agencies while maintaining public attention toward river conservation. Although the present
research did not quantify participant numbers, behavioural changes, or tree survival rates, the
sustained implementation of these activities over more than a decade, supported by repeated
community participation and institutional collaboration, indicates the continuity of community-
based environmental stewardship. Future conservation programs would benefit from
integrating educational activities with systematic monitoring indicators, including participant
attendance records, repeated volunteer participation, environmental knowledge assessments,
georeferenced tree inventories, seedling survival monitoring, and drone-based documentation
of riparian vegetation. Such integration would provide stronger evidence for evaluating both
educational outcomes and ecological restoration performance while maintaining the
participatory character of community-based river conservation.

Use of Drone Technology for Monitoring River Physical Quality and Ecosystem
Conditions

Drone observations were employed in this study to complement field observations and
interviews by providing a broader spatial perspective of environmental conditions along the
Karang Mumus River. The aerial survey was conducted using a DJI Mavic Air 2S equipped
with a 20 MP camera incorporating a 1-inch CMOS sensor (22 mm equivalent focal length;
/2.8 aperture), flown at an operational altitude of approximately 50—100 m above ground level
(AGL). The flight path was designed to cover river segments characterized by dense
settlements, bridges, drainage outlets, riparian vegetation, and locations frequently used for
community-based clean-up activities. Unlike studies employing UAV photogrammetry for
quantitative terrain modelling or automated image classification, the drone in this study
functioned primarily as a qualitative spatial observation tool that enabled rapid visual
assessment of river conditions across multiple river segments. Consistent with the qualitative
design of this study, aerial photographs were visually interpreted in ArcGIS Pro to identify
environmental features relevant to river conservation, including waste accumulation hotspots,
riparian vegetation conditions, drainage outlets, localized sediment deposition, and river
segments with limited accessibility. The interpretation results were subsequently verified
through direct field observations, semi-structured interviews, and community documentation
to ensure consistency between aerial observations and actual environmental conditions. No
orthomosaic generation, digital surface modelling, object-based image classification, or
quantitative photogrammetric processing was performed.

Drone imagery was interpreted visually and subsequently verified through direct field
observations, semi-structured interviews, and community documentation. The interpretation
focused on environmental features directly relevant to river conservation, including visible
floating waste, waste accumulation along riverbanks, drainage outlets, riparian vegetation
condition, exposed riverbanks, shallow sediment deposits, and areas with limited accessibility
from ground level. The combination of aerial observation and ground verification enabled
cross-validation of observed environmental conditions and reduced the possibility of
interpreting aerial imagery without contextual understanding obtained from local communities.

Jurnal Riset Pembangunan Volume 8 Nomor 2 Tahun 2026 | 83



Community-Based River Conservation Initiatives and The Use of Drone Technology for Monitoring The Mahakam Sub-
Watershed Ecosystem, East Kalimantan

Arum Sekar Kedhaton, Sutriani, Fahma Mamlu’atul Mukarromah, Husnawati, Amalina Yusdianti, Prince Clinton
Immanuel Christian Damanik

Unlike quantitative remote sensing studies, this research did not estimate the volume of waste,
sediment thickness, erosion rate, or river morphological change from drone imagery. Instead,
aerial observations were used to identify qualitative spatial patterns of waste accumulation,
riparian degradation, and localized sediment deposition and determine river segments requiring
priority intervention based on field evidence.
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Figure 3. Map of the Karang Mumus River Area
Source: Author’(s) own work, (2025)

The drone survey demonstrated several practical advantages for community-based river
conservation. First, aerial imagery enabled rapid identification of waste accumulation hotspots
located near bridges, densely populated riverbanks, drainage outlets, and low-flow river
sections where floating waste tended to concentrate. Second, the aerial perspective facilitated
observation of riparian vegetation gaps, exposed riverbanks, and localized sediment
accumulation that were difficult to evaluate comprehensively through ground observation
alone. Third, comparison between drone imagery and interview findings confirmed that
locations identified by community members as problematic generally corresponded with
visually degraded river segments observed from the air. These findings indicate that drone
observation substantially improved spatial understanding of river conditions by integrating
community knowledge with visual environmental evidence. Rather than replacing conventional
field surveys, drone observation strengthened qualitative environmental assessment by
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expanding spatial coverage while maintaining direct verification through field observation and
interviews.

The integration of qualitative drone observation with community participation provides
practical support for river management in the Karang Mumus watershed. Information obtained
from aerial imagery assisted in identifying priority locations for community clean-up activities,
riparian greening, environmental education, and future water-quality monitoring.
Consequently, drone observation served not as a stand-alone analytical method but as a
decision-support tool that enhanced spatial planning for community-based conservation.

The Karang Mumus River is a tributary that flows through Samarinda City in East
Kalimantan. With a stream length of 34.7 kilometers, it forms part of the Mahakam River
system. The Karang Mumus River functions as a water transportation route for communities
within the watershed (DAS) area. Additionally, it is used for various activities such as washing,
bathing, and other industrial uses. These multiple human activities create complex
environmental pressures that necessitate accurate and timely monitoring.

Drone provides more detailed descriptions, supported by satellite imagery as an initial
overview of the study area. The drone images show that the Karang Mumus River in Samarinda
has become a critical point for household waste disposal and domestic wastewater originating
from densely populated settlements along the riverbanks. Market waste, plastics, and household
garbage accumulate in several segments, worsening the water’s turbidity and overall condition.
Drone cameras not only detect floating debris but also detergent foam on the water surface,
which serves as a visual indicator of surface pollution.

Drone technology enhances sustainable river management by providing crucial, near-real-
time, high-resolution data that fills spatial and temporal gaps in monitoring water quality and
quantity. Through detailed aerial imagery and photogrammetry, drones support timely
decision-making for diverse environmental management needs, ranging from water quality
assessment and sedimentation mapping to the detection of pollution hotspots, morphological
changes, and flood-prone zones (Acharya et al., 2021; Sibanda et al., 2021). This capability
supports timely decision-making for river health assessment, urban waterway management, and
detailed riverbed mapping for flood and ecosystem monitoring (Manfredaet al., 2024; Peko et
al., 2024).

According to Sanyata (Sanyata, 2010), penalties for residents who dispose of waste into
the river remain relatively light, causing waste dumping in the Karang Mumus River to
continue. Along the river, a trash-skimmer boat has been introduced as a solution to clean the
waste along the Karang Mumus channel. This boat can collect waste from the estuary along a
4.1 km route, with paths and holding capacity adjusted to existing conditions (Setiawan et al.,
2025). However, this solution has not been fully optimal, as significant waste is still present in
the river today.

In addition to waste monitoring, drones can also be used to analyze riparian vegetation
conditions along the riverbanks, which play an important role in preventing erosion and
maintaining water quality. Drone imagery enables assessments of vegetation health and land-
cover levels near the river (Song et al., 2024) to support decision-making for future river-
ecosystem conservation and restoration efforts (Medeiros et al., 2025). Currently, the Karang
Mumus River has undergone changes along its watershed area, where parts of the riverbanks
have become very gentle in slope. Drone visuals indicate that this phenomenon is influenced
by improper land use and the lack of vegetation in the watershed, resulting in erosion that causes
sediment to enter the river and reduce its carrying capacity.

The findings of this study support our initial assumption that drones can serve as an
effective tool to identify various types of waste discarded in open areas of illegal dumping sites.
The morphological results are closely related to potential flow disturbances; sediment
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deposition can narrow the channel, alter flow velocity, accelerate sedimentation, and lead to
water-quality degradation (Setiawan et al., 2025) going forward, the combination of drone-
based monitoring and laboratory analysis will be ideal for sustainable water-quality
management of the Karang Mumus River.

Technical and operational challenges persist, including adverse weather conditions (e.g.,
wind, rain, solar irradiance) that compromise flight capability and data quality (Gaoetal.,2021;
Slingsby et al., 2023). Limited flight duration and range also constrain widespread application
(Acharya et al., 2021; Dille et al., 2025). Addressing these requires advanced camera
calibration and rigorous data quality assessment (Lane et al., 2020). Despite these hurdles,
drones offer significant opportunities for sustainable, long-term river monitoring and
integration into broader environmental observation systems. Advancements in automation,
digital twin systems, and autonomous flight promise enhanced efficiency and consistency in
long-term monitoring (Hamzah et al., 2024; Kim et al., 2024). Integrating drone technology
with traditional methods, remote sensing, citizen science, and Al can revolutionize monitoring,
fostering comprehensive river management within wider observation frameworks (Lane et al.,
2020; Manfreda et al., 2024).

Community-based environmental monitoring has been successfully implemented in
several tropical regions through citizen-science initiatives that engage local residents in
collecting environmental observations, documenting pollution sources using smartphones, and
collaborating with universities and environmental agencies to support conservation planning
(Fraisl et al., 2022). Similarly, UAV-assisted monitoring has increasingly been adopted to
improve ecosystem mapping and support participatory environmental management by
integrating local ecological knowledge with spatial information. These examples demonstrate
that technology transfer and capacity-building programs can strengthen the effectiveness of
community-based conservation when accompanied by continuous institutional support. The
present findings demonstrate that GMSS—SKM already maintains regular community
participation, environmental education through SeSuKaMu, and collaborative river clean-up
activities. These existing institutional and social capacities provide a strong foundation for
introducing citizen-science monitoring, drone-based spatial observation, and technology-
transfer programs in future river-conservation initiatives.

CONSLUSION

Community-based river conservation efforts and the use of drone technology demonstrate
significant potential for enhancing the effectiveness of river ecosystem management,
particularly in tropical regions such as the Mahakam River. The river clean-up activities carried
out by GMSS-SKM have proven effective in reducing solid waste loads, improving the
physical condition of the river, and increasing community environmental awareness through
education and direct involvement. This participatory approach not only produces short-term
ecological benefits but also fosters a sense of collective responsibility that is crucial for the
sustainability of conservation programs. Drone technology provides precise spatial and
temporal data, enabling faster, more accurate, and more sustainable monitoring of water quality
and quantity. This technology supports the identification of pollution hotspots, mapping of river
morphological changes, and evidence-based decision-making. Although it faces technical
challenges such as limited flight duration and sensitivity to weather conditions, advances in
automation, sensors, and digital modeling systems continue to expand its potential for long-
term monitoring.
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RECOMMENDATION
Based on the findings of this study, the following recommendations are proposed to

improve the effectiveness, sustainability, and scalability of community-based river

conservation initiatives, particularly through the integration of local participation, drone-

assisted monitoring, and collaborative environmental governance:

1. Strengthen community-based river conservation through regular clean-up activities,
environmental education, and broader public participation.

2. Integrate drone technology into routine monitoring to identify waste accumulation, riparian
degradation, sedimentation, and changes in river morphology.

3. Combine drone-based spatial data with field observation and laboratory water-quality
analysis to improve the accuracy of river ecosystem assessment.

4. Develop collaborative governance among community organizations, local government,
universities, and technology providers to support sustainable, participatory, and data-
driven river management.
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