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Abstract
Climate change demands real mitigation action at the local level to maintain environmental stability. Although Mojokerto Regency has committed to emission reduction targets, the effectiveness of low-carbon development implementation represents only 0,12% of total emissions, indicating a very limited mitigation impact. This study aims to examines the enabling and constraining factors that influence low carbon development performance using thematic analysis and formulate priority strategies for reducing greenhouse gas emissions using the Analytic Hierarchy Process (AHP) method. Data collection was conducted through a dept interview and paired comparison questionnaire involving experts from local government planning and academision. The analysis results show that the enabling and constraining factors are multi sector engagement, cross program intersection, limited budgetary capacity and availability of activity data, limited political commitment and human resource, lack of regulatory and institution framework. The Community Involvement criterion is the most critical factor (31,32%), surpassing economic and technical factors. In line with this, Waste Management at TPS3R was determined to be the highest priority strategy with a global weight of 26,12%, followed by Tree Planting (20,09%) and Organic Fertilizer Use (13,88%). These three community-based solutions collectively dominate more than 60% of the priority weight, beating capital-intensive technology options such as Intelligent Transportation Systems (ITS) or Area Traffic Control System (ATCS). These findings recommend that local governments shift their policy focus from physical infrastructure development alone to social empowerment programs and nature-based solutions to achieve sustainable emission reduction targets.
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1. Introduction
Climate change is an urgent global issue that contributes to environmental instability and rising average global temperatures (Fahmi, 2025). In 2024, the Earth’s average temperature reached its highest level in the past 44 years since 1981, as reported by data from Indonesia’s national meteorological agency (2025). The Government of Indonesia has responded by establishing the Enhanced Nationally Determined Contribution (ENDC), aiming to increase the national emission reduction target to between 31,89% and 43,20% by 2030, depending on the level of international support. This national commitment is operationalized through key initiatives outlined in Indonesia’s National Medium-Term Development Plan 2025–2029, which include the transition to renewable energy, peatland restoration, and waste management (Bappenas, 2024).
Mojokerto Regency has integrated low-carbon development planning into its regional development mission under the Regional Medium-Term Development Plan (RPJMD) 2021–2026, aiming to align infrastructure expansion with environmental conservation. Statistics from the PPRK AKSARA Bappenas for 2024 indicate a regional emission reduction of 3.094,67 tons of CO₂-equivalent, representing approximately 0,12% of total existing emissions (Bappenas, 2024). Several factors influence this level of effectiveness. Studies conducted across various regions in Indonesia reveal that weak cross-sectoral coordination, limited institutional capacity, and suboptimal budgetary support constitute major barriers to the implementation of mitigation actions (Handayani, 2021; Husein et al., 2025; Kartikasari et al., 2019). These findings indicate that institutional and governance aspects play a significant role in the implementation of low-carbon development, in addition to technical considerations. In Mojokerto Regency, however, these factors have not yet been clearly identified, which contributes to the low level of effectiveness.
Ambitious targets for the forthcoming planning period require a significant improvement in the effectiveness of low-carbon development, particularly in terms of emission reductions. However, the implementation of low-carbon development remains sectoral across local government agencies, resulting in low-carbon development strategies for emission reduction in Mojokerto Regency that are still fragmented, subjective, and not yet comprehensive.
Although previous studies have examined greenhouse gas emissions at the local level, most have primarily focused on the analysis of planning documents without integrating multi-criteria assessments that comprehensively consider environmental, social, economic, and technical dimensions (Hardyanti et al., 2022; Huboyo et al., 2024; Samadikun et al., 2022). Furthermore, only a limited number of studies have combined the identification of context-specific factors based on local empirical conditions with the prioritization of strategies using quantitative approaches grounded in stakeholder preferences. Mojokerto Regency represents a significant case study, as it has demonstrated formal commitment to low-carbon development while still exhibiting relatively low emission reduction performance, thereby necessitating a more comprehensive and context-sensitive analytical approach. 
To address this complexity, the Analytical Hierarchy Process (AHP) offers a systematic approach to decision-making through the structuring of hierarchical criteria and the assignment of weights based on expert and stakeholder preferences (A. Nugroho et al., 2023). This method has been widely applied in various studies to determine strategic priorities by considering aspects such as cost, time, benefits, and other technical factors (Ardhiansyah & Novani, 2022) and (R. E. Nugroho & Iskandar, 2020). Nevertheless, the application of AHP preceded by factor identification grounded in thematic analysis of local empirical conditions remains limited, particularly in the context of low-carbon development at the regional level.
Therefore, the novelty of this study lies in the integration of qualitative and quantitative approaches, namely thematic analysis to identify enabling and constraining factors based on empirical data, which is subsequently combined with the AHP to determine strategic priorities grounded in local expert preferences. This integrated approach is expected to generate recommendations that are not only analytically comprehensive but also realistic and implementable within the regional context.
In line with this, the study pursues two primary objectives. First, the analytical objective is to identify the enabling and constraining factors in the implementation of low-carbon development and to determine the priority strategies for enhancing greenhouse gas emission reduction performance in Mojokerto Regency. Second, the policy objective is to formulate evidence based and actionable strategic recommendations to strengthen the effectiveness of low-carbon development and to support cross-sectoral decision-making at the local government level.

2. Materials and Methods
2.1. Study Area
This research was conducted in Mojokerto Regency, East Java, Indonesia as shown in Figure 1, with a total area of 98,438.09 hectares. Astronomically, Mojokerto Regency is located between 111°20′13″ and 111°40′47″ East Longitude and between 7°18′35″ and 7°47′30″ South Latitude. The study area was selected due to the unavailability of a greenhouse gas (GHG) emissions baseline in Mojokerto Regency, even though such a baseline serves as a fundamental reference for formulating climate change mitigation strategies within a low-carbon development framework.
Figure 1. Study Area
2.2.  Data Collection
This study employed a mixed-methods approach that combines qualitative and quantitative techniques. Primary data were collected through in depth interviews with key informants and the distribution of questionnaires to expert respondents for the purposes of the AHP. The selection of informants and respondents was conducted using purposive sampling, whereby individuals were chosen based on their capacity, authority, and technical knowledge related to climate change issues and low-carbon development policies. This approach was intended to ensure substantive validity in identifying enabling and constraining factors, as well as in determining strategic priorities.
In depth interviews were conducted with four key informants representing institutions responsible for the implementation of low-carbon development in Mojokerto Regency. The selection of four informants was based on the principle of information adequacy in qualitative research, given the specific focus of the study and the fact that the selected informants held direct authority in policy planning and implementation.
Subsequently, pairwise comparison questionnaires within the AHP framework were distributed to nine expert respondents who hold strategic roles in low-carbon development. The inclusion of nine respondents is considered adequate in AHP studies, as the method emphasizes the quality and consistency of expert judgments rather than a large sample size (Ardhiansyah & Novani, 2022; A. Nugroho et al., 2023; R. E. Nugroho & Iskandar, 2020). The AHP literature indicates that a limited yet competent number of experts can generate stable weighting results, provided that the Consistency Ratio (CR) satisfies the required threshold. Accordingly, the validity of the results is determined more by respondent expertise than by a large sample size.
The expert respondents consisted of representatives from the East Java Provincial Government, the Mojokerto Regency Government, and academia with experience in development planning, environmental management, and climate change mitigation policy formulation. In general, the respondent profile included (1) structural and functional officials within local government agencies responsible for development planning and environmental affairs, (2) provincial officials involved in coordinating low-carbon development policies, and (3) academics with expertise in regional planning, environmental studies, or climate change. All selected experts possessed a minimum of three years of experience in planning or implementing policies related to climate change and low-carbon development. This criterion was established to ensure that the judgments provided were grounded in empirical experience, regulatory understanding, and direct involvement in policy formulation and implementation processes.
2.3. Thematic Analysis
The analysis was conducted to identify enabling and constraining factors in the implementation of low-carbon development in Mojokerto Regency. A thematic analysis approach was employed, involving data familiarization, the generation of initial codes, theme construction and development, and theme definition. 
The coding and theme development process was conducted systematically with the assistance of NVivo qualitative data analysis software to enhance auditability and ensure analytical consistency.
To ensure the validity and credibility of the analytical results, source triangulation was conducted by comparing information across informants from different institutions. To minimize subjective bias in data interpretation, the researchers internally discussed the emerging themes through a peer debriefing process.

2.4. Analytical Hierarchy Process (AHP)
Data analysis was conducted using the Analytic Hierarchy Process (AHP) method developed by Thomas L. Saaty. This method was selected due to its capacity to address complex and unstructured multi-criteria decision-making problems. Problem-solving is carried out through the decomposition of the main issue into a linear hierarchical structure. The analytical process then proceeds with pairwise comparison assessments among elements at each level of the hierarchy in order to derive priority weights.
Pairwise comparison assessments refer to the Saaty Fundamental Scale (1–9) introduced by Thomas L. Saaty (1980). This scale converts respondents’ qualitative judgments into quantitative values to measure the relative importance of one element compared to its paired element. The details of the assessment scale are presented in Table 1.
Tabel 1. Skala Saaty
	Numerical Values
	Description
	Penjelasan

	1
	Equal importance of both elements
	Two elements contribute equally

	3
	Moderate importance of one element over another
	Experience and judgement favour one element over another

	5
	Strong importance of one element over another
	An element is strongly favoured

	7
	Very importance of one element over another
	An element is very strongly favoured

	9
	Extreme importance of one element over another
	An element is favoured by at least order of magnitude

	2, 4, 6, 8
	Intermediate values between two adjacent judgements
	Used to compromise between two judgements



[image: ] The hierarchical structure of this study consists of three main levels: (1) the primary goal, namely enhancing the effectiveness of low-carbon development in reducing greenhouse gas emissions; (2) evaluation criteria; and (3) alternative mitigation strategies. The evaluation criteria employed in this study encompass environmental, social, economic, and technical dimensions. The selection of these four criteria is based on the consideration that low-carbon development represents a sustainable development concept that requires the integration of ecological integrity, social welfare, economic feasibility, and technical readiness for implementation. Furthermore, previous studies applying AHP within the context of environmental and energy policy have adopted similar combinations of criteria to capture the complexity of decision-making processes (Ardhiansyah & Novani, 2022; A. Nugroho et al., 2023; R. E. Nugroho & Iskandar, 2020). Accordingly, these four criteria are deemed relevant and representative for evaluating strategic priorities in low-carbon development at the regional level. The alternative strategies within the AHP hierarchical structure were not determined unilaterally by the researchers; rather, they were formulated based on interview findings, documentation review of actions that have been and will be implemented in accordance with the regency’s authority, as well as expert input. This approach ensures that the selected alternatives reflect the empirical conditions and contextual needs of Mojokerto Regency. The visualization of the decision hierarchy structure is presented in Figure 2.
Figure 2. AHP Hierarchical Structure of the Study
The geometric mean was used to calculate the pairwise comparison weights from the nine expert respondents during the aggregation process. This is the standard way to combine group judgments in AHP. The use of the geometric mean aims to preserve the proportionality of ratios among elements and to avoid distortions that may arise when applying the arithmetic mean. The aggregated matrix was subsequently used to compute the eigenvector values, which represent the final priority weights at each level of the hierarchy.
The validation step was carried out through a consistency test of the comparison matrices. The validity of the weighting results was determined by the Consistency Ratio (CR) value. A CR value of ≤ 0.1 (10%) indicates that the respondents’ judgments are consistent and methodologically acceptable. If the CR value exceeds this tolerance threshold, the comparison matrix is re-evaluated to ensure logical consistency among the decision elements.



3. Result and Discussion
3.1.  Enabling Factors
[image: ] Based on the findings derived from in-depth interviews with the Regional Development Planning Agency, Environmental Agency, Department of Agriculture, and Department of Housing, Settlement Areas, and Transportation, several enabling factors were identified, as illustrated in Figure 3.
.
	  Figure 3. Enabling Factors for the Implementation of Low-Carbon Development
The findings indicate that the implementation of low-carbon development in Mojokerto Regency requires active engagement from multiple stakeholders. This result underscores that climate change mitigation at the local level represents a complex policy challenge, thereby necessitating a collaborative governance framework. As argued by (Mcnaught, 2024), cross-sectoral collaboration enhances policy capacity, which is reflected in the strengthening of inter-organizational networks, the achievement of policy consensus, and the improvement of policy development processes. Collaborative arrangements also help make climate action plans more effective by making them easier to create and carry out. This strengthens the long-term sustainability of mitigation and adaptation initiatives within the larger framework of climate and disaster resilience. Cross-sectoral collaboration is therefore a crucial enabling condition for enhancing the efficacy of climate change mitigation, as such efforts necessitate a holistic approach that includes governance frameworks, institutional capacity, community involvement, and thorough environmental management (Husein et al., 2025).
Accordingly, multi-stakeholder engagement in Mojokerto Regency can be understood as both social capital and institutional capital. The participation of non-governmental organizations (NGOs) helps make up for the local government agencies' lack of resources, while working together between different agencies improves the coordination needed for public programs and activities that cross different areas.
The second enabling factor is the alignment of low-carbon initiatives with other thematic programs. This programmatic overlap indicates that mitigation efforts at the local level are often operationalized through a mainstreaming strategy, whereby emission reduction objectives are integrated into more established development programs. This approach is particularly important, as local mitigation initiatives frequently face constraints related to budgetary support and sectoral prioritization. When mitigation objectives are embedded within other thematic programs such as health, sanitation, economic development, and food security the initiatives become more visible, more socially and politically acceptable, and more feasible in terms of financing. 
This phenomenon is consistent with the study conducted by (Fernandez-guzman et al., 2023) which demonstrates that climate change mitigation generates co-benefits for public health. Furthermore, the statement put forward by the Department of Agriculture aligns with the findings of  (Abd et al., 2024), which indicate that the addition of feed supplements in cattle production can enhance milk and meat yields, thereby supporting food security programs.
Programmatic alignment can be seen as a smart way to tackle climate change because it makes programs more credible, increases support from institutions, and creates various benefits that local governments and communities can directly enjoy.
In synthesis, the enabling factors of low-carbon development in Mojokerto Regency are anchored in two main aspects, strengthening institutional capacity through multi stakeholder engagement and mainstreaming mitigation strategies into regional thematic programs. These two factors not only enhance coordination effectiveness and implementation efficiency but also increase the likelihood of policy sustainability by generating co-benefits aligned with regional development needs. The findings indicate that successful mitigation at the local level does not depend solely on technical innovation but rather on the capacity for policy integration and the optimization of existing institutional support.

3.2. Constraining Factors 
There are six factors constraining the implementation of low-carbon development in Mojokerto Regency, namely limited budget allocation, the absence of activity data, insufficient commitment from the regional leadership, the lack of established institutional arrangements, limited human resource capacity, and the absence of supporting regulations or policy frameworks, as illustrated in the Figure 4.
Figure 4. Constraining Factors for the Implementation of Low-Carbon Development 
Conceptually, budgetary constraints indicate that low-carbon development has not yet been positioned as a strategic fiscal priority, but rather as an additional initiative that must compete with other sectoral programs. This condition is commonly observed within local government policy and program management systems, where a persistent gap exists between global climate agendas and local financing capacity.
Research conducted by (Lin et al., 2026) indicates that financing barriers in the clean energy transition in ASEAN are closely associated with funding gaps, policy uncertainty resulting from regulatory inconsistencies, as well as policy fragmentation and market design weaknesses, all of which simultaneously undermine investor confidence and constrain private capital inflows.
In addition, a study on the institutional design of climate finance conducted by (Bhandary, 2024) indicates that without robust financing structures and adequate institutional arrangements, implementation efforts are unlikely to be sustainable and tend to remain short-term, project-based initiatives.
In the context of low-carbon development policy, activity data constitute a key component of the Measurement, Reporting, and Verification (MRV) system. In the absence of reliable activity data, low-carbon development risks becoming merely a programmatic claim without quantitative evidence. This issue represents a significant barrier, as also identified in the study by (Perosa et al., 2023) on the development of MRV systems in the low-carbon agriculture sector, where the principal challenges include data availability, cross-institutional integration, and measurement reliability. Other studies further emphasize that MRV is not merely a technical procedure but rather a governance system that requires standardized methodologies, clear protocols, and sufficient institutional capacity to ensure that emission reductions can be accurately assessed (Thornbush & Govind, 2025).
The commitment of local political leadership constitutes a decisive factor in the successful implementation of low-carbon development, as regional leaders play a central role in setting policy priorities, mobilizing budgetary resources, and establishing cross-sectoral institutional arrangements. Insufficient leadership commitment prevents the low-carbon development agenda from evolving into a binding and institutionalized policy framework.
This finding is consistent with the study conducted by (Jannah et al., 2025) on the institutional dynamics of climate knowledge in rural Indonesia, which reveals a disconnect between global climate commitments and local realities in the study area, including political considerations and the priorities of local officials.
Institutional arrangements constitute the organizational framework required to ensure that mitigation programs possess cross-sectoral coordination structures, clearly defined roles, data reporting mechanisms, and accountability systems. In the absence of such institutional arrangements, low-carbon development efforts are likely to become fragmented. This condition aligns with the study conducted by (Hapsari et al., 2025), which emphasizes that climate-related challenges are not merely technical issues but rather problems of coordination and multi-level institutional governance.
Limited human resource capacity results in knowledge related to low-carbon development not being institutionalized as an organizational asset but rather remaining embedded within specific individuals. This condition creates systemic vulnerability, as mitigation-related systems tend to weaken when those individuals are reassigned or their responsibilities change.
Without a set of rules, low-carbon development lacks official legal support, causing agencies to be careful and not actively push forward climate change programs. Regulation serves as an instrument of legitimacy and governance stabilization in the implementation of low-carbon development. In the absence of a regulatory framework, sectoral agencies lack a formal obligation to provide data, institutional arrangements become difficult to establish, and budget allocations are challenging to sustain. This condition is consistent with the findings of  (Lin et al., 2026), which indicate that fragmented regulations and weak policy frameworks hinder climate transition efforts and limit access to green financing at the regional level.
The analysis of enabling and constraining factors indicates that low-carbon development in Mojokerto Regency has not yet been fully institutionalized within the regional development system but rather remains at the level of programmatic adjustment or alignment, without integration into institutional structures, performance indicators, and budgetary frameworks. While aligning low-carbon development with other thematic programs such as health and economic growth may enhance political legitimacy (Fernandez-guzman et al., 2023), it does not necessarily guarantee increased budget allocation. This raises a critical question as to whether such alignment serves as a mechanism for strengthening mitigation efforts or instead renders mitigation subordinate to other development agendas. Meanwhile, limited human resource capacity and the lack of activity data suggest that mitigation implementation continues to face structural barriers of both an institutional and a technical nature.
3.3. Model Consistency Validation
The initial stage in interpreting the AHP results requires testing the logical validity of respondents’ judgments. Thomas L. Saaty established that human judgments are considered acceptable when the Consistency Ratio (CR) is less than or equal to 0.1 (CR ≤ 10%). This threshold indicates that respondents’ perceptions in assigning priority weights among elements are logically consistent and free from contradictory inconsistencies.
The results of the consistency ratio calculations for all pairwise comparison matrices in this study indicate an acceptable level of consistency. A detailed summary of the CR values for both the inter-criteria comparison matrices and the alternative comparison matrices under each criterion is presented in Table 2.
Tabel 2. Recap of CR Results
	Comparison Matrix
	CR Value
	Validity Status

	Main Matrix: Inter Criteria
	0,002
	Consistent

	Alternative Matrix: Emission Reduction Criteria
	0,06
	Consistent

	Alternative Matrix: Sustainability Criteria
	0,04
	Consistent

	Alternative Matrix: Cost Criteria
	0,02
	Consistent

	Alternative Matrix: Community Engagement Criteria
	0,02
	Consistent


3.4. Criteria Priority Analysis: Dominance of Social Aspects
[image: ]The results of the expert judgment synthesis regarding the criteria for determining mitigation strategies reveal an interesting pattern of preferences, as illustrated in Figure 5. The highest priority within the decision hierarchy is assigned to the Community Engagement criterion, with the greatest weight of 31,32%. The second position is occupied by Program Sustainability (28,50%), followed by Emission Reduction Potential (24,05%). The Implementation Cost criterion ranks last, with a weight of 16,11%. This distribution of weights visualizes the hierarchy of importance upheld by the experts in formulating mitigation strategies.
Figure 5. Percentage of Priority Criteria
The dominance of the Community Engagement criterion indicates a paradigm shift in regional development from a purely technocratic approach toward a more participatory framework. The experts consider that the effectiveness of greenhouse gas emission reduction in Mojokerto Regency is highly dependent on social acceptance and behavioral change among citizens (Lennon et al., 2019; Menegatto et al., 2025). Studies have shown that technologically advanced mitigation programs with minimal public involvement such as rigid communal waste management systems tend to fail or lack long-term sustainability. The high weighting assigned to this criterion underscores that social legitimacy is regarded as the most critical asset in the execution of environmental policy (Cheng et al., 2019; Nielsen et al., 2022).
The program sustainability criterion, ranked second, reinforces the argument that policy orientation has shifted toward long term impacts. Respondents tend to avoid instant solutions that merely generate short term effects (one off projects). This sustainability dimension is closely associated with a program’s capacity to operate independently once government budgetary intervention has ended (Dushkova et al., 2025; Dushkova & Ivlieva, 2024). It is positively correlated with the Emission Reduction criterion in third place, indicating that the technical target of reducing CO₂ equivalent emissions remains a primary performance indicator; however, its achievement must be pursued through participatory and sustainable mechanisms (Novaes, 2025; Sebunya & Gichuki, 2024).
The placement of the Implementation Cost criterion at the lowest priority level provides strategic insight into the region’s resource readiness. The relatively low weight assigned to cost does not imply that budget efficiency is disregarded; rather, it signals the willingness of the Mojokerto Regency Government to allocate greater financial resources to programs that promise broad social impacts and high sustainability (Prastika & Candradewi, 2019; Supriono & Efendi, 2024). Decision-makers no longer regard the “lowest cost” as the sole determinant of project feasibility but instead prioritize the benefit-to-impact ratio in terms of long term value for money (Yasmi et al., 2023).
3.5. Evaluation of Strategy Alternatives Based on Criteria
A comprehensive evaluation of the alternative mitigation strategies was conducted by synthesising expert judgements based on the four main criteria that had been previously weighted. The data analysis reveals significant variations in preferences across each criterion, reflecting the complexity of emission reduction challenges in Mojokerto Regency. The percentage priorities assigned to each alternative within each criterion dimension are presented in Figure 6.
[image: ]Figure 6. Percentage of Priority for Each Criteria
The dominance of the social dimension is clearly reflected in the Community Engagement criterion, which holds the highest global weight of 31,32% within the hierarchical structure. Expert preferences under this criterion identify waste management through reduce reuse recycle based community waste processing facilities (TPS3R) as the top priority, achieving a score of 21,1%. The second position is occupied by tree planting (17,8%), followed by the use of organic fertilizers (16,5%). The high scores assigned to these three alternatives indicate that community-based strategies are perceived as more capable of accommodating active public participation compared to purely technical solutions (Irwan et al., 2025; Muhtadi et al., 2025). In contrast, technology-intensive and centralized alternatives such as the use of LED lighting for public street lighting and the implementation of Intelligent Transportation Systems (ITS) or Area Traffic Control Systems (ATCS) receive the lowest levels of attention, with scores of 3.1% and 3.9%, respectively. These findings underscore that the social legitimacy of mitigation programs in Mojokerto Regency is highly dependent on the extent to which participatory spaces are provided for communities during the implementation phase.
The subsequent analysis focuses on the program sustainability criterion, which carries an influence weight of 28,5%. The data reveal a linear pattern in which waste management through TPS3R once again ranks first, achieving a score of 29,3%. This advantage is followed by tree planting, which attains a score of 23,8%. The experts consider that both strategies possess long program life cycles and cumulative environmental impacts (Fidyariska et al., 2025; Sarahswati & Wedagama, 2025). In contrast, the Car-Free Day (CFD) initiative receives the lowest assessment in terms of sustainability, with a score of only 2,8%. This low rating suggests a perception that ceremonial or event-based activities are less capable of ensuring the long-term continuity of impacts required within the framework of regional low-carbon development (Glazener et al., 2022; Wahyudin et al., 2021).
The environmental technical perspective, reflected in the Greenhouse Gas Emission Reduction criterion with a weight of 24,05%, demonstrates a strong expert consensus converging on the waste management sector. Waste processing through TPS3R overwhelmingly dominates the assessment, achieving a score of 32,3%, significantly outperforming all other alternatives. Tree planting ranks second with a score of 22,7%, contributing to CO₂ sequestration throughout the life cycle of the trees and generating cumulative emission reductions, while the remaining alternatives fall considerably below ten percent (Pataki et al., 2021). These findings reflect the urgency of addressing methane emissions from the waste sector, which is perceived to offer the largest and most measurable emission reduction potential compared to the transportation or agricultural sectors within the study area. The transportation sector represented by alternatives such as public transport fleet renewal and the use of LED street lighting is considered to provide comparatively less substantial emission reduction impacts (Liang et al., 2025).
The economic dimension, represented by the cost or budget criterion with a weight of 16,12%, reveals an interesting preference pattern regarding budget efficiency. Waste management through TPS3R is assessed as having the highest cost efficiency, achieving a score of 21%. This evaluation is followed by the use of organic fertilizers (15,8%) and tree planting (14,1%). The relatively high preference for these three alternatives suggests that nature-based and circular economy strategies are perceived to offer a more optimal cost–benefit ratio compared to technology-intensive infrastructure investments (Akaravarothai et al., 2025; Jara-Samaniego et al., 2017). In contrast, the capital-intensive ITS/ATCS alternative receives only 6,4% budget priority, indicating that high-technology investments are not currently viewed as fiscally efficient options.
3.6. Priority Synthesis
The calculation of global weights, integrating the preference values of the criteria with the performance evaluation of the alternatives, produces a comprehensive ranking of mitigation strategy priorities for Mojokerto Regency, as presented in Table 3.
Table 3. Low-Carbon Development Strategy Priorities
	Priority
	Code
	Low-Carbon Development Strategy Alternative
	Global Weight

	1
	I
	TPS3R Waste Management
	26,12%

	2
	H
	Tree Planting
	20,09%

	3
	B
	Organic Fertilizer
	13,88%

	4
	A
	Low Emission Rice
	8,72%

	5
	F
	Transportation Rejuvenation
	6,86%

	6
	G
	Car Free Day (CFD)
	6,50%

	7
	D
	LED Street Lighting
	6,28%

	8
	E
	ITS/ATCS
	5,92%

	9
	C
	Cattle Feed
	5,59%



The final synthesis results position waste management through TPS3R as the highest priority mitigation strategy, with a global weight of 26,12%. The second strategic position is occupied by tree planting, with a global weight of 20,09%, followed by the use of organic fertilizers in third place at 13,88%. The cumulative weight of these three top ranked strategies reaches a dominant share of 60,09% of the overall decision preferences, indicating a convergence of expert opinion toward ecosystem based and community empowerment oriented mitigation solutions.
The significant advantage of waste management through TPS3R within the decision hierarchy reflects a strong alignment between the characteristics of this strategy and the priority criteria of regional development, which emphasize community engagement and sustainability. This strategy is considered capable of addressing multidimensional challenges simultaneously, namely effectively reducing methane emissions from waste generation, empowering the community through circular economy practices, and maintaining adequate budget efficiency (Astiti et al., 2025). The positioning of tree planting and the use of organic fertilizers within the top priority cluster further reinforces the direction of regional mitigation policy toward improving environmental quality through participatory, nature-based approaches, commonly referred to as Nature-based Solutions (NbS) (Badagliacca et al., 2024). 
The medium priority cluster is represented by the strategy of using low emission rice varieties, with a weight of 8,72%. Research indicates that newly developed rice varieties and irrigation techniques such as alternate wetting and drying (AWD) can reduce methane emissions by up to 40% while simultaneously increasing crop yields, thereby supporting low carbon agriculture objectives (Xuan et al., 2025). Transportation rejuvenation alternative receives a score of 6,86% and is considered important for transforming the public transportation sector to reduce carbon emissions, although its urgency remains moderate compared to the agricultural and environmental sectors (Khatri-chhetri et al., 2021). CFD initiative attains a score of 6,50%, reflecting its effectiveness as a public health campaign and an instrument for raising environmental awareness. However, its impact on pollution reduction and long term environmental sustainability is relatively limited (Glazener et al., 2022). Strategies within this cluster are regarded as moderately urgent yet still necessary to support the diversification of mitigation actions. The mid ranking position of Public Transport Fleet Renewal suggests that the transformation of the public transportation sector is viewed as important but not yet sufficiently pressing to dominate the allocation of primary resources compared to the urgency of waste management and urban greening initiatives.
The lowest priority strategies include the use of LED lighting for public street lighting (6,28%), the implementation of Intelligent Transportation Systems (ITS/ATCS) at 5,92%, and the use of cattle feed supplements at 5,59%. The relatively low ranking of technology-intensive strategies such as ITS/ATCS and LED lighting confirms earlier findings that capital intensive solutions with limited social dimensions receive lower preference within the current sociological context of Mojokerto Regency. The implementation of smart technologies appears to be positioned as a long term objective that requires adequate basic infrastructure readiness and greater societal behavioral maturity before being prioritized as a central mitigation focus (Niamir et al., 2024; Zhou et al., 2024).
3.7. Managerial Implication and Implementation Plan
The findings of this study provide significant managerial implications for the Mojokerto Regency Government in formulating low carbon development policies. The dominance of community based strategies comprising TPS3R waste management, tree planting, and the use of organic fertilizers collectively accounts for 60,09% of the total priority weight. These data call for a fundamental policy reorientation from a predominantly infrastructure-based (hard approach) toward a social empowerment oriented (soft approach) strategy. The principal implication is that the success of emission reduction efforts should no longer be measured solely by the sophistication of the technologies adopted but rather by the extent to which community participation is effectively integrated into each mitigation strategy. In this context, community engagement must be recognized as a valuable asset in program implementation (Gunawan, 2025; Øjvind Nielsen et al., 2024). 
The first ranked position of waste management through TPS3R, with a global weight of 26,12%, calls for short term policy prioritization over the next one to two years to be aggressively directed toward revitalizing waste management systems. Managerially, the relevant sectoral agencies should not focus solely on the physical construction of TPS3R facilities but must reallocate resources toward operational financing and managerial training for non-governmental organizations (NGOs) involved in implementation. The local government should also issue supporting regulations mandating the absorption of recycled products generated by TPS3R facilities such as compost and maggot based feed by villages, alongside fiscal incentives for villages that successfully reduce waste sent to landfills through independent waste segregation. Such measures would contribute to methane emission reductions and alleviate landfill capacity constraints (Astiti et al., 2025; Irawansyah et al., 2025).
The high priority assigned to tree planting and organic agriculture implies the need to integrate NbS more seriously into regional spatial planning. Tree adoption programs that incorporate periodic maintenance incentives can improve plant survival rates compared to ceremonial planting initiatives while simultaneously strengthening local community engagement (Barrios et al., 2025; Seddon et al., 2021). The reallocation of agricultural subsidies from chemical fertilizers to organic fertilizers supports greater cost efficiency and sustainability impacts while also enhancing cross sectoral synergies through the conversion of organic waste into compost, which sustains local agricultural productivity within a closed loop system (McPhearson et al., 2025; Nassary et al., 2022). The planning and implementation of NbS must take into account local contexts, inclusivity, and cross sectoral collaboration in order to optimize long term social and ecological benefits (Albert et al., 2021; Kabisch et al., 2022). This approach also requires strengthened governance mechanisms that promote active participation of communities and stakeholders to ensure that NbS deliver equitable and durable outcomes (Dushkova & Haase, 2020; Seddon et al., 2021). 
The low priority given to high technology strategies such as ITS/ATCS and LED public street lighting clearly signals policymakers to pursue efficiency measures or postpone capital intensive technological expenditures. From a managerial perspective, these infrastructure modernization strategies should be positioned as long term plans extending beyond five years, pending improved regional fiscal readiness and greater maturity in public traffic behavior (Alvarez et al., 2022; Gagliardi et al., 2020). Budget allocations initially earmarked for advanced transportation technologies may be reallocated (refocused) to support community empowerment programs that have demonstrated more immediate and substantial impacts on emission reduction and social welfare (Bachanek et al., 2021; Elassy et al., 2024; Gagliardi et al., 2020).
The overall implementation roadmap in Mojokerto Regency can be designed in a phased manner, beginning with a foundational social phase focused on the execution of waste management and urban greening strategies. Once environmental awareness has been strengthened, the subsequent phase may target the transition of the transportation sector through public transport fleet renewal before eventually progressing to the modernization of smart infrastructure. This synthesis underscores that social legitimacy constitutes the most critical asset that must be prioritized before advancing toward more complex technocratic solutions.
4. Conclusions
The effectiveness of low-carbon development in Mojokerto Regency is determined not only by technical aspects but is also strongly influenced by governance quality, data availability, institutional capacity, and political commitment, which at present remain insufficient to drive a substantial transformation toward significant emission reductions. Nevertheless, the potential for cross program synergies and multi stakeholder partnerships represents a strategic opportunity to enhance the effectiveness of low-carbon development in Mojokerto Regency. Such efforts are proven to be most optimal when adopting a participatory approach that positions the community as a primary asset. The priority analysis identifies waste management through TPS3R as the leading strategy, followed by tree planting and the use of organic fertilizers, which are considered to generate direct economic benefits for local residents. These three community-based solutions collectively account for 60% of overall decision preferences, surpassing costly technological options such as ITS/ATCS, which are not yet perceived as efficient under current conditions. This finding indicates the urgency of reallocating budget priorities from high-technology capital expenditures toward social and environmental empowerment programs. The local government is therefore advised to strengthen independent waste management systems and urban greening initiatives before advancing toward more complex infrastructure modernization. Theoretically, this study illustrates the value of integrating governance considerations and stakeholder preferences in multi criteria decision making at the subnational level through the combination of thematic analysis and AHP. Although limited to a single case study and a relatively small number of experts, this research opens avenues for further investigation through comparative inter regional studies as well as integration with emission scenario modeling and cost effectiveness analysis to strengthen the foundation for long term policy formulation.
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