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Abstract
Small Island Developing States �SIDS� face persistent waste management challenges arising from
geographic fragmentation, limited infrastructure, and tourism pressures. This study develops an
integrated assessment framework combining the Efficiency Matrix and Distance-to-Target �DTT�
methodology to support evidence-based prioritization across 11 inhabited islands in Kepulauan
Seribu, Indonesia. Analysis of 2024 monthly data (mean DTT = 101.42 ± 19.74� identified three
statistically distinct performance tiers �Kruskal–Wallis H = 8.65, p = 0.0132, η² = 0.74�� High Priority
islands requiring major investment, Medium Priority systems suitable for optimization, and Stable
islands serving as best-practice models. Time-series decomposition indicated that seasonal
variation accounted for 43.29% of performance fluctuation. Integration of Traditional Ecological
Knowledge through fisheries cooperatives, women-led waste banks, and community-based
practices enhanced resilience and operational efficiency. The findings highlight that differentiated,
context-specific interventions outperform uniform approaches, achieving greater cost-
effectiveness and cultural legitimacy. This framework offers a replicable tool for adaptive waste
governance, supporting strategic resource allocation and sustainable development in resource-
constrained archipelagic contexts.

Keywords
Small Island Developing States �SIDS�, Waste management performance,
Efficiency matrix framework, Traditional Ecological Knowledge �TEK�, Distance-to-Target �DTT�

1. Introduction
Small Island Developing States �SIDS� face persistent challenges in achieving sustainable
waste management due to geographic and socioeconomic constraints. Limited land and
fragmented geographies restrict waste processing, especially in tourism-dependent islands
with fluctuating populations �Mohee et al., 2015�. Similar conditions in Gili Trawangan,
Indonesia, and across the Caribbean highlight these spatial limitations �Willmott and Graci,
2012�. Local socio-cultural factors further shape waste behavior, as traditional knowledge
and ethnobotanical practices influence resource use and disposal �Anokye & Mohammed,
2024; Asrawijaya, 2024; Cullen-Unsworth et al., 2014; Ibrahim & Surya, 2025; Resolute,
2024�. Yet, most SIDS still rely on end-of-pipe solutions, neglecting upstream issues such as
overconsumption and source separation, which sustain unsustainable waste cycles.

SIDS are also under global pressure to meet Sustainable Development Goals �SDGs�,
particularly Goals 12 and 14, emphasizing responsible production and marine protection.
However, context-specific strategies remain limited, weakening policy effectiveness and
international collaboration. Locally adapted approaches are needed to strengthen
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operational performance and environmental accountability. Meanwhile, climate change—
through sea-level rise, extreme weather, and ocean acidification—further threatens SIDS
ecosystems via erosion, salinization, and habitat degradation.

Tourism, fishing, and coastal livelihoods are major contributors to island waste. In Bali,
Indonesia, tourists generate 1.7 kg of plastic waste per person daily, over three times that of
residents �Jambeck et al., 2015�. On Gili Trawangan, local facilities cannot process 12�15
tons of waste daily during peak seasons �Anugrah et al., 2022�. Phuket, Thailand, manages
nearly 1,000 tons per day, projected to reach 1,400 tons �Watson, 2025�, while in the
Maldives, plastic waste constitutes 12% of total waste, threatening marine life and tourism
�Karasik, 2022�.

Waste patterns often reflect livelihood systems and cultural practices �Aswani et al., 2018�.
Tourism hubs generate single-use plastics, whereas fishing communities produce organic
residues and gear debris �Liu et al., 2024�. Fishing gear accounts for roughly 10% of marine
plastics, including most macro- and mega-plastic waste ��50 cm) �Yuwono et al., 2025�. In
Jakarta Bay, mismanaged urban and port waste pollutes surrounding ecosystems, including
the Kepulauan Seribu National Park �Yuwono et al., 2025�. Despite this, the interaction
between community practices, traditional ecological knowledge, and formal waste systems
remains poorly studied �De Vera et al., 2023; Gutierrez et al., 2024; Macusi et al., 2019�. The
lack of evidence-based prioritization hampers effective and cost-efficient interventions
across diverse island settings.

To address these gaps, this study develops an integrated assessment framework using
efficiency matrix analysis to optimize waste management in SIDS. The approach prioritizes
resource allocation among island clusters based on waste generation and recovery
performance. This methodological framework combines theoretical insight and practical
application, offering a systematic model tailored to SIDS operational realities.

Conceptual Framework

The analytical framework integrates five methodological components: �1� Descriptive
analysis employed the Waste Management System Development Stage Concept �WMS�DSC�
by Campitelli et al. �2022� to profile waste generation, analyze composition, and rank islands;
�2� Efficiency analysis used the Distance-to-Target �DTT� method proposed by Campitelli et
al. �2022� and Castellani et al. �2016� to calculate recovery rates and assess system
coverage; �3� Benchmarking analysis followed the comparative framework of Wilson et al.
�2012� to identify performance gaps against national standards; �4� Best practices
identification adopted Dhindaw et al. �2004� framework to evaluate success factors in SIDS
waste management; �5� Statistical analysis utilized Microsoft Excel for data processing and
visualization through interactive dashboards. Efficiency matrix analysis was visualized using
scatter plots based on generation contribution and recovery rate performance. The
methodology ensured internal validity through data cross-validation, adherence to
established frameworks, and objective evaluation criteria.
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To validate efficiency matrix classifications, the non-parametric Kruskal-Wallis H-test
�Kruskal & Wallis, 1952� assessed significant differences in recovery rates across three
categories: High Priority, Medium Priority, and Stable. This test was appropriate for small
samples (n = 3, 2, and 7� and non-normal data distributions typical in environmental studies
�McKight & Najab, 2010�. Post-hoc Mann-Whitney U tests with Bonferroni correction (α =
0.0167� determined specific group differences �Dunn, 1964�. Statistical significance was set
at p < 0.05, and effect sizes (η²) were computed following Cohen �1988� conventions. All
analyses were performed in Python 3.x using the SciPy library �Virtanen et al., 2020�.

Three priority categories were derived from DTT scores for Indonesian SIDS� High Priority
�DTT < 88.2; Recovery Rate < 75%� – critical systems needing immediate action; Medium
Priority �DTT 88.2�96.5; 75�82%� – systems requiring optimization; and Stable �DTT > 96.5;
�82%� – systems suitable for maintenance. Thresholds were based on: �1� Indonesiaʼs
JAKSTRANAS 85% national target �Presidential Decree, 2017�, �2� resource allocation
efficiency, and �3� statistical clustering in observed data. DTT scores were computed
monthly for 2024 and summarized using descriptive statistics (mean, standard deviation,
range) with 95% confidence intervals obtained via parametric and bootstrap resampling
�1,000 iterations). Analyses covered category distributions, quarterly trends, and sensitivity
tests. Sensitivity results showed that alternative targets �80% and 90%� altered
classifications for only 8�17% of months, while �5% threshold adjustments affected 17�25%.
These findings confirm the DTT frameworkʼs robustness, transparency, and suitability for
operational use in SIDS waste management, consistent with national policy standards.

2. Methodology

Location and Research Design

The study was conducted on 11 inhabited islands in the Kepulauan Seribu Administrative
Regency, DKI Jakarta Province, Indonesia �106°20′�106°37′ E; 5°10′�5°57′ S� (Figure 1).
These islands—Tidung, Pari, Harapan, Untung Jawa, Pramuka, Kelapa, Lancang, Panggang,
Sebira, Payung, and Kelapa Dua—represent the regencyʼs entire inhabited area and exhibit
diverse characteristics typical of Small Island Developing States �SIDS�. Population densities
range from 128 to 1,947 residents, with tourism varying from local destinations to
international ecotourism sites and infrastructure capacities from basic collection systems to
integrated waste processing facilities �Statistical Agency of Kepulauan Seribu, 2023�. This
diversity enables a comprehensive assessment of waste management performance across
distinct island typologies.

A mixed-method design with quantitative dominance was adopted, following a case study
approach suited to SIDS contexts �Mohee et al., 2015; Singh et al., 2023�. The study applied
a cross-sectional framework with longitudinal observation over 12 months �January–
December 2024� to capture temporal and seasonal variations �Wang et al., 2021�. The
integrated assessment combined waste generation analysis, efficiency evaluation,
benchmarking against national standards, and identification of best practices �Arbulú et al.,
2024�.
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Fig 1. Research Location Map of Kepulauan Seribu �Source: Basemap imagery, Openstreet Map, 2024�

Data Collection and Sources

This study employed a mixed-methods design integrating quantitative waste data with
qualitative socio-cultural insights to assess waste management challenges in Kepulauan
Seribu, Indonesia. Quantitative data were obtained from the Environmental Agency of
Kepulauan Seribu Administrative Regency through validated monitoring systems, ensuring
accuracy and consistency �Mmereki, 2018�. Data collection spanned January–December
2024 at monthly intervals to capture seasonal variations influenced by tourism and local
economic activities �Mendes et al., 2013; Cheela et al., 2021; Wang et al., 2021�.

Quantitative indicators included waste generation by source (residential, coastal, retribution),
performance metrics (recovery, recycling, and composting rates), infrastructure capacity
�Temporary Storage Sites/TPS coverage and island processing capability), and operational
measures (collection frequency and transport efficiency). Supplementary data comprised
national standards from Presidential Decree �2017� on National Policy and Strategy for
Household and Similar Waste Management �JAKSTRANAS�, Presidential Decree �2018� on
Marine Waste Management, and National Plastic Action Partnership �NPAP� Initiative 2022,
comparative SIDS studies, and demographic and geographic profiles.

Qualitative data were collected through semi-structured interviews and focus group
discussions following established SIDS ethnographic methods �Aswani et al., 2018�.
Participants, selected via purposive sampling, included community leaders, fishers, tourism
operators, and members of womenʼs �PKK� and youth �Karang Taruna) groups �De Vera et
al., 2023�. Discussions explored perceptions of waste, local management practices,
Traditional Ecological Knowledge �Berkes et al., 2000�, livelihood-related waste generation
�Aswani et al., 2018�, and the role of social norms and institutions �Zurbrügg et al., 2012�.
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Thematic analysis of transcribed data provided socio-cultural context for quantitative
findings, facilitating triangulation and a comprehensive understanding of island waste
management dynamics.

3. Result And Discussion

Waste Generation Pro�le and Inter-Island Disparities

Total waste generation across the 11 inhabited islands reached 11,822.3 tons annually �32.39
tons per day), exhibiting stark inter-island disparities, with a 15.2�1 ratio between Tidung
�1,946.7 tons) and Kelapa Dua �128.5 tons) �Table 1�. This heterogeneity reflects the
interaction of geographic fragmentation, population distribution, and infrastructure capacity
typical of SIDS �Mohee et al., 2015; Singh et al., 2023�. The results highlight that
standardized waste management approaches are inadequate for archipelagic systems,
where high-output hub islands require greater resource allocation and context-specific
interventions than smaller, low-generation islands.

Table 1. Waste Generation Profile by Island in Kepulauan Seribu 2024

No Island
Residents/PPSU

(tons)
Coastal
(tons)

Retribution
(tons)

Total
(tons)

Percentage
�%�

Daily Average
(tons/day)

1 Tidung 774.4 1,101.6 70.7 1,946.7 16.5 5.33

2 Pari 515.7 1,093.4 20.3 1,629.4 13.8 4.46

3 Harapan 604.6 792.5 0 1,397.1 11.8 3.83

4 Untung
Jawa

997.1 302.0 10.4 1,309.5 11.1 3.59

5 Pramuka 737.8 562.4 0 1,300.2 11.0 3.56

6 Kelapa 785.6 482.2 0 1,267.8 10.7 3.47

7 Lancang 784.1 341.2 0 1,125.3 9.5 3.08

8 Panggang 487.5 348.3 0 835.7 7.1 2.29

9 Sebira 468.1 190.9 0 659.0 5.6 1.81

10 Payung 138.0 85.2 0 223.2 1.9 0.61

11 Kelapa Dua 90.0 38.5 0 128.5 1.1 0.35

TOTAL 7,566.70 3,758.0 497.6 11,822.3 100 32.39

Source composition analysis showed that domestic waste from residents and PPSU
collections accounted for 64.0% of the total �7,566.7 t), followed by coastal waste at 31.8%
�3,758.0 t) and retribution waste at 4.2% �497.6 t). The high proportion of coastal waste,
influenced by tourism and marine debris inflow, indicates dual management pressures that
demand integrated strategies combining community-based domestic waste reduction and
targeted coastal cleanup efforts �Kaza et al., 2018; Mendes et al., 2013; Putera et al., 2024;
Wang et al., 2021�. Inefficient waste management further degrades soil, water, and air quality
through open burning, impeding vegetation growth and photosynthetic processes. These
findings emphasize the need for environmentally sustainable waste management systems in
Kepulauan Seribu �Katalin et al., 2022; Lucky et al., 2024; Selenge et al., 2025�.
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Table 2. Waste Generation Composition by Source in Kepulauan Seribu 2024

Waste Source Volume (tons/year) Percentage �%� Daily Average (tons/day) Category

Residents/PPSU 7,566.70 64.0 20.73 Dominant

Coastal 3,758.00 31.8 10.30 Significant

Retribution 497.60 4.2 1.36 Minimal

TOTAL 11,822.30 100.0 32.39

Island-level analysis showed distinct waste patterns influenced by tourism and livelihoods.
Tidung and Pari Islands contributed 16.5% and 13.8% of total waste, reflecting their roles as
major tourism and population centres �Arbulú et al., 2024�. In contrast, Untung Jawa and
Kelapa produced higher domestic waste shares, indicating stronger links to residential
density and subsistence activities. Qualitative insights revealed that fishing-oriented islands
generate organic waste from fish processing and maintain traditional resource cycling
practices �Aswani et al., 2018; Berkes et al., 2000�. Conversely, tourism-driven islands
produce large volumes of single-use plastics, introducing waste types beyond traditional
ecological knowledge and posing new management challenges �Willmott and Graci, 2012�.
These contrasts underscore the need for island-specific management strategies. Tourism
hubs require scalable waste-handling systems, while residential islands benefit from
improved collection and source separation. Adaptive, context-sensitive policies are essential
for sustainable waste governance in such heterogeneous SIDS contexts.

Distance-to-Target Performance Assessment

Distance-to-Target �DTT� analysis for 2024 revealed notable temporal variability with key
implications for operational planning. The annual mean DTT score was 101.42 ± 19.74,
slightly exceeding the national target �DTT = 100, equivalent to an 85% recovery rate).
Bootstrap and parametric confidence intervals �77.3�95.3% and 76.0�96.4%, respectively)
differed by less than 2%, confirming robustness despite seasonal fluctuations �Efron &
Tibshirani, 1993�. Unlike Mediterranean SIDS, where seasonality yields wider uncertainty
ranges, Kepulauan Seribu displayed greater performance stability �Margallo et al., 2019�.

Performance classification identified three tiers (Figure 2), with Stable Performance
dominating seven months �58.3%� and a mean DTT of 96.59 ± 12.64 �95% CI� 88.4�105.0�.
February and April recorded exceptional values �DTT > 130�, while June approached the
stability threshold �DTT = 97.55�. These results indicate consistent operational efficiency
under normal conditions, aligning with patterns observed in well-performing SIDS waste
systems �Meylan et al., 2018�.

Medium Priority months �16.7%� recorded a mean DTT of 79.78 ± 1.73, with low variability
�CV = 2.2%� indicating systematic seasonal transitions rather than random inefficiencies
�Cheela et al., 2021�. High Priority months �25%� clustered in Q4, averaging 66.25 ± 7.20,
with November showing the yearʼs lowest performance �DTT = 68.52�, 26.8 points below
target. This Q4 concentration aligns with peak tourism and operational turnover, reflecting
temporary capacity stress typical of Pacific SIDS �Singh et al., 2023�.
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Fig 2. Distance-to-Target Performance Distribution by Priority Category

Quarterly trends showed consistent stability across Q1�Q3 �83% of months) and
performance deterioration in Q4, where 67% of high-priority incidents occurred despite
representing only a quarter of the year. These results suggest that current systems
effectively manage baseline waste loads but lack surge capacity for seasonal peaks, a
pattern comparable to Caribbean Island experiences �Agamuthu & Herat, 2014�. A moderate
negative correlation between waste volume and DTT (r = �0.34, p = 0.28� indicates that
higher volumes contribute to reduced performance, though staffing, equipment, and
procedural constraints likely amplify Q4 shortfalls beyond simple load effects �Arbulú et al.,
2024�.

Statistical Validation of E��ciency Matrix Categories

The integrated efficiency matrix, combining waste generation and recovery performance,
refines previous SIDS assessment frameworks by enabling clearer intervention prioritization
(Figure 3). Earlier studies reported that uniform prioritization led to resource misallocation in
Pacific islands �Singh et al., 2023� and that seasonal planning without efficiency metrics
caused capacity underuse in Mediterranean contexts �Margallo et al., 2019�. Compared to
single-metric systems such as those applied in Brazilian coastal islands �Campitelli et al.,
2022�, this dual-axis approach provides a more adaptive and cost-effective framework. By
integrating temporal and performance dimensions, it supports differentiated management
strategies suited to the heterogeneity of archipelagic systems, avoiding inefficiencies
inherent in uniform intervention models.

High Priority Islands �Tidung and Pari) account for 30.3% of total waste generation but
exhibit low recovery rates �72�75%�. These islands reflect socio-ecological transitions where
rapid tourism growth has outpaced the adaptation of formal waste systems �Aswani et al.,
2018�. The diminishing influence of “malu” (social shame) in transient tourist communities
weakens informal enforcement of proper disposal �Schultz et al., 2013�. Their classification
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as high priority supports targeted interventions consistent with Pareto optimization �Wilson
et al., 2012�, requiring dedicated infrastructure, expanded technical capacity, and
revitalization of community-based practices for maximum systemic impact.

Fig 3. Waste Generation Contribution vs Recovery Rate

Medium Priority Islands �Harapan, Untung Jawa, Pramuka, and Kelapa) contribute 44.6% of
total waste and recover 78�85%. With substantial volume and moderate efficiency, this
group offers the highest potential for performance gains. Prioritizing efficiency over volume
alone �Campitelli et al., 2022�, these islands are well-suited for system optimization and
intensified 3R �Reduce, Reuse, Recycle) initiatives, offering high returns through capacity
utilization improvements �Margallo et al., 2019�.

Stable Islands �Lancang, Panggang, Sebira, Payung, and Kelapa Dua) generate 25.1% of
waste but sustain high recovery rates of 79�88% (Figure 4). Their performance derives from
preserved Traditional Ecological Knowledge and strong community stewardship rather than
infrastructure �Berkes et al., 2000; De Vera et al., 2023�. These islands serve as internal
benchmarks for replicating best practices and innovation testing.

Kruskal–Wallis analysis confirmed significant differences among categories �H = 8.65, p =
0.0132, η² = 0.74�, validating the frameworkʼs discriminative power. High Priority islands
differed significantly from Stable islands (p = 0.0167�, confirming the need for focused
interventions, while Medium Priority islands displayed transitional traits between both
extremes. Statistical validation confirms that the efficiency matrix effectively differentiates
islands by operational performance. The 30.34 percentage-point gap between High Priority
and Stable categories equates to roughly 3,600 tons of unmanaged waste annually on High
Priority islands—well above typical SIDS fluctuations �15�20% �Mohee et al., 2015�. This
finding underscores the frameworkʼs value for guiding resource allocation and targeted
interventions. Complementary spatial �Kruskal–Wallis) and temporal (time-series
decomposition) validations demonstrate that the matrix reliably captures both geographic
variability and seasonal dynamics fundamental to waste management in archipelagic
systems.
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Temporal Pattern Analysis: Time-Series Decomposition

Seasonal-Trend decomposition using LOESS �STL� identified clear temporal dynamics in
monthly recovery rates �January–December 2024�. The observed series (mean 86.2%, SD
16.78%, range 58.24�111.62%� was decomposed into trend, seasonal, and residual
components using Pythonʼs stats models �Virtanen et al., 2020�.

Fig 4. Distribution of Recovery Rates Across Priority Categories

Seasonal variation emerged as the dominant factor, explaining 43.3% of total variance
(amplitude 24.8 percentage points). High performance occurred in February ��15.0�, June
��14.8�, and October ��15.2�, while negative effects in January ��10.1�, May ��10.3�, July
��11.2�, September ��10.0�, and November ��11.4� corresponded with Medium and High
Priority periods (Figure 5). The trend component �18.5% variance) declined gradually by
18.9% from January �102.5%� to December �83.7%�, indicating system stabilization rather
than decline, consistent with patterns in maturing waste systems �Wilson et al., 2012;
Mmereki, 2018�.

The November performance drop �DTT = 68.52� resulted from overlapping negative
seasonal and trend effects, amplifying operational stress. Residual variance �49.4%�
reflected irregular fluctuations linked to operational and environmental factors such as
equipment downtime or weather events. These residuals represent opportunities for targeted
interventions during volatile months �Campitelli et al., 2022�.

Overall, seasonal dominance confirms the temporal validity of the efficiency matrix,
complementing spatial differentiation validated through Kruskal–Wallis testing. Together,
these analyses demonstrate that the framework effectively captures both spatial and
temporal heterogeneity essential for SIDS waste management planning �Singh et al., 2023;
Wang et al., 2021�.
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Performance Benchmarking Against National Standards

Evaluation against Indonesiaʼs official waste management standards revealed uneven
achievement across indicators �Table 3�. Overall performance reached 79.3%, surpassing
the JAKSTRANAS target of 70% by 9.3 points. However, source reduction achieved only
12.5% of the 30% target, indicating a 17.5-point gap requiring strategic attention. Under the
National Plastic Action Partnership (NPAP Initiative, 2022�, Kepulauan Seribu achieved 99.1%
compliance, with 79.3% progress toward an 80% target—well above Pacific and Caribbean
SIDS averages of 45�70% �Agamuthu & Herat, 2014; Mohee et al., 2015�. This superior
performance underscores the efficiency matrixʼs effectiveness for resource prioritization
over uniform strategies commonly applied in other archipelagic contexts.

Fig 5. Time-Series Decomposition of Monthly Recovery Rates �2024�.

Marine plastic waste reduction, however, achieved only 45% of the 70% target �Presidential
Decree, 2018�, reflecting global SIDS challenges where prevention measures lag behind end-
of-pipe solutions �UNEP, 2023�. While downstream operations—collection, treatment,
disposal—perform strongly, upstream prevention remains weak, signalling the need to shift
from reactive management toward preventive, source-focused strategies.

Table 3. Performance Evaluation vs Official Indonesian Standards

Indicator Actual �%� Official Target �%� Gap (points) Status Legal Basis

Waste Management 79.30 70 �9.3 Exceeds Target �Presidential Decree, 2017�

Waste Reduction 12.50 30 �17.5 Below Target �Presidential Decree, 2018�

NPAP Compliance 79.30 80 �0.7 Near Target �NPAP, 2022�

Marine Plastic Reduction 45.00 70 �25.0 Significantly Below �Presidential Decree, 2018�
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Despite a strong annual average recovery rate �79.3%�, Distance-to-Target analysis revealed
marked monthly fluctuations �SD = 19.74 points). Fourth-quarter performance fell 31.5%
below stable months, particularly in November �DTT = 68.52�, when seasonal transitions and
tourism pressures converged, mirroring constraints observed in other Southeast Asian Island
systems �Cheela et al., 2021�. Conversely, exceptional results in February and April �DTT >
130� highlight untapped optimization potential within existing infrastructure.

The benchmarking analysis confirms that national standards can be adapted to SIDS
contexts through contextualized frameworks like DTT. Achieving 75% compliance and
exceeding JAKSTRANAS targets demonstrates that locally optimized systems can meet
national benchmarks. Nonetheless, persistent shortfalls in source and marine plastic
reduction emphasize the ongoing need for tailored, preventive approaches that integrate
environmental, cultural, and operational dimensions in small island systems.

Best Practices and Context-Speci�c Solutions

Best practices analysis identified three replicable internal models demonstrating that
operational excellence can be achieved through optimization of existing resources �Table 4�.
The specialization strategy—where islands excel in distinct aspects—validates archipelagic
development frameworks advocating context-specific rather than uniform interventions
�Dhindaw et al., 2004; Willmott and Graci, 2012�.

The Untung Jawa Model exemplifies a community-enforced social contract system,
achieving 85% recovery rate—well above the 70�75% reported for Seychelles �Meylan et al.,
2018�. Success derives from integrating retribution systems with social values of gotong
royong (mutual collaboration) and accountability through neighbourhood networks
�Zurbrügg et al., 2012�. Community trust and local legitimacy drive participation more
effectively than bureaucratic enforcement �Willmott and Graci, 2012�, illustrating how socially
embedded financing mechanisms outperform top-down models in SIDS contexts.

The Kelapa Model highlights cultural continuity in organic waste management, achieving
25% composting rate by institutionalizing traditional practices such as bio pore composting
used by 70% of households �Ibrahim & Surya, 2025�. By scaling familiar methods through
formal infrastructure, the model preserves cultural legitimacy while enhancing technical
capacity �Aswani et al., 2018�, offering a transferable framework for islands with strong
ecological knowledge and organic waste dominance.

The Pramuka Model demonstrates infrastructure–governance synergy, reaching a 24%
recycling rate through coordinated municipal operations and partnerships with civil
organizations such as Yayasan Rumah Literasi Hijau and Get Plastic Foundation �Jati, 2024;
Violleta, 2024�. This integration of infrastructure and governance reflects findings that
institutional collaboration determines success more than physical capacity alone �Zurbrügg
et al., 2012�.
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Table 4. Best Practices Models Comparison and Success Factors

Model Island Specialization
Performance

Metric

Primary
Success
Factor

Secondary Success Factors Replication Criteria

Untung
Jawa
Model

Untung
Jawa

Recovery
Optimization

85%
recovery rate

Effective
retribution
system

Community engagement;
Domestic waste dominance
�76%�; Cost recovery
mechanism

Similar demographic-
economic profile;
Community readiness for
fee-based systems

Kelapa
Model

Kelapa Composting
Excellence

25%
composting
rate

Balanced
waste
composition
�62�38 ratio)

Medium-scale
manageability; High organic
content; Active community
participation

Organic waste dominance;
Suitable climate conditions;
Community acceptance

Pramuka
Model

Pramuka Recycling
Optimization

24%
recycling
rate

Strategic
location
with good
access

Infrastructure readiness;
Consistent waste volume;
Efficient logistics network

Transportation
connectivity; Infrastructure
capacity; Market access
for recyclables

Collectively, these models emphasize specialization as a sustainable strategy for
archipelagic systems. Rather than pursuing uniform modernization, focusing on island-
specific strengths—community engagement, cultural continuity, or institutional synergy—
enables complementary excellence across the archipelago. This optimization-based
approach aligns with resource-limited SIDS priorities, advancing self-reliant, culturally
grounded, and cost-effective waste management development.

Traditional Ecological Knowledge and Community-Based Waste
Practices

Waste management performance in Kepulauan Seribu is deeply rooted in Traditional
Ecological Knowledge �TEK� and cultural practices that guide community behaviour and
system outcomes. Island residents possess intergenerational knowledge of resource
conservation and organic cycling shaped by land-limited living �Aswani et al., 2018� Berkes
et al., 2000�. Fieldwork across 11 islands revealed enduring practices, notably bio pore for
household waste on low-tourism islands �Payung, Kelapa Dua, Sebira), where 60�70% of
households maintain subsistence gardens integrating organic recycling �Ibrahim & Surya,
2025�. However, the proliferation of single-use plastics has disrupted these traditional
systems, extending beyond TEK-based management capacities �Willmott and Graci, 2012�.

Communities have since adapted traditional frameworks to modern challenges. On Kelapa
Island, the fisheries cooperative recovers about 2.3 tons of marine debris annually through
collective action grounded �Liu et al., 2024; Permana et al., 2025�. Communal beach
cleanups have evolved into youth-led initiatives, such as Pari Islandʼs bi-weekly campaigns
removing 8�12 tons of debris per event during peak tourism periods, reinforcing local
stewardship �Tallei et al., 2013; Schultz et al., 2013�.

Womenʼs groups bridge traditional and formal systems through waste banks and upcycling
programs (Figure 6). The Tidung womenʼs waste bank processes 18�22 tons annually for 87
households, while Pramuka and Panggang womenʼs groups repurpose plastic into woven
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crafts, combining economic gain with waste reduction �Mmereki, 2018; Mayana, 2025�. Such
initiatives echo broader SIDS experiences where women-led programs enhance waste
segregation and recycling �Mohee et al., 2015; Meylan et al., 2018�.

Integration of TEK and technical systems explains differing performance among island types.
High-performing models, such as Kelapaʼs composting and Untung Jawaʼs retribution
systems, succeed by embedding cultural legitimacy within formal frameworks. In contrast,
tourism-intensive islands �Tidung, Pari) face eroding norms as rapid development increases
waste and weakens communal enforcement �Schultz et al., 2013�. Sustainable SIDS waste
governance thus requires hybrid frameworks combining municipal technical capacity with
community social capital, ensuring operational efficiency aligns with local values and
livelihood systems �Aswani et al., 2018; Berkes et al., 2000�.

Fig 6. Womenʼs groups operate waste banks

Framework Development and International Validation for SDIS

This study fills a major methodological gap by introducing an integrated assessment
framework tailored for waste management optimization in Small Island Developing States
�SIDS�. By combining efficiency matrix analysis with seasonal pattern evaluation, it provides
a multidimensional tool for evidence-based prioritization. Statistical validation using the
Kruskal–Wallis test �H = 8.65, p = 0.0132, η² = 0.74� confirms that the framework
distinguishes genuine performance differences rather than random variation. The significant
gap between High and Stable Priority islands (p = 0.0167; 30-point difference) empirically
supports threshold-based categorization, while the absence of significant variation between
adjacent categories indicates gradual performance transitions and highlights Medium
Priority islands as key targets for optimization rather than structural overhaul. This formal
validation advances beyond earlier SIDS frameworks that relied largely on descriptive
assessments �Mohee et al., 2015; Singh et al., 2023�, establishing a replicable, data-driven
foundation for resource allocation in archipelagic contexts.
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Comparative evidence from other SIDS supports these findings. Studies from the Philippines
and Indonesia emphasize that environmental awareness alone does not ensure behavioural
compliance without institutional and cultural reinforcement �De Vera et al., 2023; Macusi et
al., 2019�. Broader regional analyses—from Palawan to Jeju and Albania—demonstrate that
upstream interventions, participatory governance, and behavioural integration are critical for
effective waste governance �Gutierrez et al., 2024; Shumka et al., 2022�. The Efficiency
Matrix–Seasonal Framework developed here aligns with these international insights,
integrating socio-behavioural, institutional, and technical dimensions into a single adaptive
model. The consistency of patterns across geographically diverse SIDS—from Indonesia to
the Pacific and Mediterranean—underscores the frameworkʼs transferability, offering a
practical basis for developing differentiated, community-centred waste management
strategies that enhance sustainability under resource-limited conditions.

4. Conclusion
This study demonstrates that integrating the Distance-to-Target �DTT� methodology with
efficiency matrix stratification provides a robust framework for optimizing waste
management in Small Island Developing States �SIDS�. The DTT analysis (annual mean
101.42 ± 19.74� identified three performance tiers with significant seasonal variation
�Kruskal–Wallis H = 8.65, p = 0.0132, η² = 0.74�. High-priority islands require infrastructure
investment, medium-priority islands benefit from capacity enhancement, and stable islands
function as best-practice models. These differentiated strategies enable more efficient
resource allocation and adaptive governance. By combining Traditional Ecological
Knowledge �TEK� with technical assessment, the framework advances beyond end-of-pipe
measures toward preventive, community-based waste solutions. Overall, this study offers a
replicable, evidence-based roadmap for strengthening waste management resilience and
sustainability in island contexts.
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