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Abstract

The livelihoods, economies, and landscapes in mining regions are significantly
impacted by the closure and transition of coal mines. Recent policy developments
in India indicate a shift toward more inclusive post-mining futures. However, com-
munity participation is still limited in practice, and decision-support tools continue
to favor technical and expert-driven approaches. Building on insights from the exist-
ing literature on post-mining land use (PMLU) assessment approaches, this study
suggests a three-phase, people-centric PMLU assessment framework intended to
bridge the gap between spatial decision analysis and participatory engagement. The
approach recommends (a) thorough site and stakeholder assessments to identify
community needs; (b) social-ecological system mapping and causal-loop model-
ing to translate these priorities into possible land-use options; and (c) geographic
information systems-multi-criteria decision analysis to assess the spatial suitability
of shortlisted options based on expert-derived criteria. It preserves analytical rigor
while emphasizing local knowledge and regional social-ecological dynamics to iden-
tify technically feasible, environmentally sound, and economically viable PMLUs,
which also preserve sociocultural ties to the landscape.
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Introduction

As coal-dependent regions increasingly transition away from fossil fuels, ques-
tions about how to responsibly close and transform coal mines have gained
considerable attention. India holds an estimated 378.21 billion tons of coal
reserves as of April 2023, with Jharkhand, Odisha, and Chhattisgarh accounting
for roughly 70% of these resources (Geological Survey of India, 2023). Coal
remains central to India’s energy matrix, providing over 55% of primary energy
and fueling approximately 74% of electricity generation (CEA, 2022), while
supporting more than 7 million direct and indirect livelihoods (ILO, 2021). In
the face of ambitious climate commitments, including a 47% reduction in emis-
sions intensity by 2035 and net-zero emissions by 2070 (Gol, 2026), India con-
fronts the urgent challenge of phasing out coal mining in a just and sustainable
manner.

India’s 2025 mine closure guidelines, developed by the Ministry of Coal
(MoC), demonstrate a significant interest in the environmental, socio-economic,
and community-focused implications of selecting post-mining land uses
(PMLUs). They emphasize that mines cannot be abandoned or backfilled alone,
but must undergo a deliberate process of reclamation, regeneration, and ulti-
mately repurposing to benefit affected communities (MoC, 2025). These clo-
sure stages require technical planning alongside a robust system of criteria and
frameworks to assess if a site is environmentally stable, economically feasible,
socially acceptable, and technically suitable for future use. Recognizing the
multifunctionality of post-mining landscapes, the guidelines promote renewable
energy projects, sustainable agriculture, eco-tourism, and social infrastructure
development.

Despite having identified 299 mines for closure, only three have been formally
closed in the last 16 years, indicating substantial delays that exacerbate social
vulnerabilities and slow ecological restoration (CAG, 2023). Indeed, coal mining
regions have been transformed into “monoculture societies,” and mine closures
will not only cause significant unemployment among formal and informal mine
workers but also significantly reduce the income of local businesses, force work-
ers’ outmigration, and dampen local economic opportunities (Kime et al., 2023;
Pai et al., 2026).

In this perspective, we speak to several considerations and challenges per-
taining to effectively repurposing mines within the Indian context. First, we
highlight the relative disconnect between highly technical, site-specific post-
mining land management strategies that primarily focus on hazard mitigation
and safety, and a growing interest in engaging stakeholders (including mining
experts, decision makers, and communities) via participatory approaches and
place-based analyzes. We respond to these gaps by introducing a multi-stage
“people-centric” framework for assessing the suitability of coal mine repurpos-
ing projects in India that prioritizes community needs and is methodologically
flexible.



Ramachandran et al. 3

Assessing the Suitability of Post-mining Land Uses:
Methodologies and Limitations

The most commonly used research approach to assess the suitability of various
PMLUs is multi-criteria decision analysis (MCDA), a structured approach to
decision-making when conflicting economic, environmental, societal, technical,
and esthetic objectives are involved (either by identifying a most preferred option,
distinguishing between acceptable/unacceptable outcomes, or shortlisting and
ranking options). MCDA has been widely used to develop stakeholder-informed
suitability rankings of PMLUs (Demirkan et al., 2022; Eshun et al., 2018;
Soltanmohammadi et al., 2010), while geographic information systems (GIS)
have enabled the development of spatially explicit suitability assessments (Giri
et al., 2025; O’Donnell et al., 2024), including in the Indian context (Bhushan et
al., 2025). Some studies incorporate expert judgment into geospatial suitability
models (U.S. Geological Survey, 2024) or combine stakeholder-derived weights
with GIS-based criteria (Arratia-Solar et al., 2022). However, many PMLU stud-
ies start with pre-structured decision problems, which restricts transferability and
significant community involvement (Amaro et al., 2022). To address this, recent
approaches emphasize co-design, early-stage stakeholder participation, and
regionally aware assessments, indicating a shift toward more flexible, people-
centered PMLU decision-making (Simpson et al., 2025; Svobodova et al., 2021).

A growing body of research prioritizes community engagement during mine
closure and repurposing, primarily through participatory methodologies rooted in
the social sciences (Bainton & Holcombe, 2018). They have found that stake-
holder interviews/panels effectively surface diverse viewpoints and identify con-
flicts, though simpler metrics like consultation frequency, favored by mining
companies, fail to address fairness, trust, and community ownership (Everingham
et al., 2018, 2020). Furthermore, formal and adversarial consultation procedures,
strict deadlines, and the prioritization of techno-scientific variables challenge the
inclusivity of community impact assessments and highlight a need to epistemi-
cally prioritize communities’ experiential and cultural knowledge (Rodon et al.,
2025; Worden et al., 2024). In India, resources like the MoC and the Coal
Controller Organization’s R.E.C.L.A.IM and L.I.V.E.S frameworks emphasize
the centrality of community engagement, post-closure social development, eco-
system rehabilitation, and sustainability (Coal Controller Organization, 2025a,
2025b; Ministry of Coal, 2025). They advocate creating repurposing plans well
before the cessation of mining activities, including conducting comprehensive
assessments of land, ecology, and the socio-economic profiles of neighboring
communities.

Despite numerous calls for multi-stage community involvement in mine clo-
sure and repurposing processes in the academic and gray literature, it remains
relatively uncommon in practice (Measham et al., 2024; Schneider et al., 2023;
Unger et al., 2020). Arratia-Solar et al.’s (2022) review found 22 studies that
applied MCDA techniques to PMLU planning, of which two involved communi-
ties (and neither included a GIS analysis). We similarly found no GIS-MCDA
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studies that integrate community input into PMLU identification, criteria devel-
opment, or model weighting. This reflects broader global trends: only 23% of
governments report high levels of community participation in closure planning,
while 37% report none (Stevens & Brock, 2021). Where stakeholder perspectives
are included, expert and government views overwhelmingly dominate, with com-
munities typically consulted only at the final stage.

There is also a need for place-based research to identify mutually beneficial
outcomes, as geographic, cultural, and stakeholder specificities vary widely and
cannot be addressed by a generic, top-down approach to identifying PMLUs. For
instance, mine closure practices have been codified in high income, Global North
contexts (e.g., Germany, USA, Australia), where the emphasis was on returning to
the “natural” pre-mining land cover (Limpitlaw & Briel, 2014). In lower- and
middle-income countries like India, however, coal mining has an immense impact
on neighboring communities’ direct/indirect employment and access to free/low-
cost fuel and social services (e.g., schools, medicine) (Banerjee et al., 2024; Mitra
et al., 2024). When a mine closes, a regional-scale transition is experienced, and
effective planning thus requires understanding the ecological and socio-economic
dynamics of the surrounding areas (Cdte et al., 2022). Assessing the suitability of
PMLU:s for mine sites in India thus necessitates an understanding of the landscape
at the mine site and the potential knock-on effects across the region.

A People-centric Post-mining Land Use Assessment
Framework

Mine closure affects every dimension of community life: livelihoods, housing,
health, environment, and social cohesion (Ronyastra et al., 2023). The long-
term resilience of post-mining regions depends on establishing positive feed-
back loops that link environmental recovery with human well-being (Cao &
Tang, 2025). This underscores the need to move beyond narrow, hazard-mitiga-
tion or engineering-centered approaches (Huang et al., 2022) toward a social-
ecological systems (SES) paradigm that captures the coupled dynamics of
people and landscapes.

The SES framework conceptualizes post-mining areas as integrated systems of
social, economic, cultural, and ecological components. Building on Ostrom’s
(2009) foundational work, Cao and Tang (2025) propose a post-mining SES
framework that highlights the importance of identifying system components, hier-
archical levels, and cross-scale interactions. Core SES concepts, such as resil-
ience, may be mobilized to understand how effectively a post-mining area can
absorb the multifaceted impacts of mine closure (e.g., economic outmigration,
social instability, land degradation). The related concept of vulnerability (a com-
bination of exposure, sensitivity, and adaptive capacity to changes) is also crucial
to effectively managing the intense risks and changes associated with mine clo-
sure (Miller et al., 2010). Agrawal et al. (2024) operationalized this definition to
develop a coal vulnerability index to understand how the burden of coal phase-out
is distributed across districts in India. While the authors did not work within an
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explicitly SES framework, their work demonstrates that SES-related concepts are
already being used in the Indian post-mining context.

In response to the global research literature on PMLUs and the most recent
policy developments in India on mine closure, we propose a people-centric
approach synthesizing both bottom-up and top-down methods to assess the suit-
ability of mine repurposing projects in the Indian context. The driving goals of our
approach are to:

e Front-end community input and priorities, with multiple opportunities for
feedback throughout the process, building trust and confidence.

e Bridge the gaps between community and participatory approaches and
GIS-MCDA.

e Analyze post-mining areas and potential PMLUs as SES.

This strategy is in line with suggestions that mine closure procedures give priority
to long-term societal benefits, community and regional development goals, and
environmental protection (Rosa et al., 2018). We structure the approach into three
overarching phases: information compilation, system understanding, and PMLU
suitability analysis and planning, within which we recommend certain sub-steps
and associated methods (see Figure 1).

Phase I: Compile Information

A fundamental prerequisite for any repurposing project is ensuring that the mine
site is in a safe, stable condition, as failure to do so could jeopardize any future
developments on the site (Ronyastra et al., 2023). Before a closed coal mine can
be transformed into a new productive use, it must first meet baseline environmen-
tal standards, including soil health, terrain stability, contamination risk, and sur-
face structure. The foundational criteria associated with reclamation and
remediation thus determine these baseline standards and assess whether repurpos-
ing is feasible in the first place. This is especially important in India, where many
mines being considered for repurposing today were closed decades prior. Essential
steps at this stage include analyzing mine closure plans to identify mine charac-
teristics, year of closure, remediation or rehabilitation processes undertaken, and
the presence of settlements in the area. Fieldwork (e.g., soil/water/geotechnical
surveys) may also need to be conducted to assess the state of the mine lands,
including safety hazards, slope stability, water, and soil quality. Although this step
is mostly expert-driven (geotechnical surveys, soil and water testing, site inspec-
tions), incorporating local knowledge is beneficial, particularly in places where
communities have long interacted with post-closure landscapes. The availability
of land for large-scale PMLUs is impacted by settlements located within mine
boundaries, which may be included in closure plans, where applicable.

Eliciting the needs, goals, and priorities of impacted communities and regional
stakeholders is the other focus of Phase I. This process should closely involve
personnel from local non-governmental organizations and universities in addition
to collaborating with mining staff from the associated subsidiary. Activities such
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as focus groups, participatory mapping, visioning exercises, participatory GIS
techniques, and evaluations of development plans at the district and village levels
can be conducted as part of frameworks such as participatory rural appraisal,
which prioritizes participatory data collection processes and community owner-
ship and sharing of knowledge (Chambers, 1994). Crucially, communities should
not be viewed as homogeneous; conscious efforts are required to include voices
from women, marginalized groups, and people with different social backgrounds.
This process should also seek to incorporate inputs from regional decision makers
(e.g., District Collectors), miners, non-governmental organizations, and academ-
ics. These perspectives help to align PMLU options with existing plans and insti-
tutional realities, while simultaneously capturing regional social-ecological
interactions.

Phase II: Understand the System and Build a Shortlist

Phase II focuses on matching stakeholder priorities with technically feasible
PMLUs. Doing this effectively requires assessing how each proposed PMLU
might fit within and affect the existing SES that the mine site is embedded in.
Visualizing the structure of the SES helps to test and clarify system understanding
and identify potential feedback (both positive and negative). A useful method for
visualizing and examining feedback in intricate social-ecological contexts is qual-
itative system dynamics modeling, particularly through the use of causal loop
diagrams (CLDs) (Egerer et al., 2021). CLDs identify reinforcing and balancing
loops, map variables and their causal relationships, and show how system behav-
iors change over time. By co-creating CLDs, stakeholders and researchers can
identify leverage points, and develop a common understanding of the dynamics of
the mine site and its surrounding areas, articulate the SES-specific complexities of
assigning PMLUEs, and identify cause-and-effect dynamics between stakeholders
and the mining landscape. While co-creation with stakeholders is ideal, resource
or time constraints may necessitate researchers working alone to collate and syn-
thesize the information collected during Phase 1.

Once consensus has been reached on the CLD and its representation of the
SES, the next step is to develop a long list of potential PMLUs that match the
priorities identified by the communities. This should be refined to a shortlist
through a screening process, based on existing knowledge of the surrounding
landscape. Key components of this screening process include reexamining con-
straints (such as hydrology, topography, and energy resources) and determining
how each PMLU might affect the SES.

The next step is to translate the qualitative insights from the systems thinking
exercises and community engagement into quantitative scores for prioritizing the
PMLU selection (Figure 2). The CLD encodes causal connections between vari-
ables and can therefore be treated as a directed social-ecological network, wherein
the simplest proxy for “importance” is the degree (number of connected links)
(Chignell, 2023). Both qualitative and quantitative network analysis have a long
history of use in sustainability science, and network metrics are widely applied to
help conceptualize and analyze key SES concepts (Bodin et al., 2019; Sayles
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et al., 2019). In the context of coal-mine repurposing, for example, a higher total
degree (as well as other metrics like betweenness) signals a PMLU that is both fed
by many variables and feeds many others (i.e., a “lever” in the system).

Calculating the network-centrality weights (degree-based) tells us how struc-
turally important each PMLU is in the network, but it does not tell us how well
each PMLU meets community needs. To make the ranking responsive to what
communities actually want, a community-need score can be calculated, simply by
listing out the needs as stated in community assessment reports or interviews and
counting the number of needs met by each PMLU. These weights are purely
demand-driven: they reflect how many distinct community-stated priorities each
PMLU can address, ignoring any technical feasibility or cost considerations.

Combining the community need score with the earlier network-centrality
weights (or any cost-benefit analysis) can produce a balanced composite priority
index that respects both what the system needs to change and what the community
actually wants. This can then be used to create a final shortlist of ranked PMLUs
and even serve as weights in subsequent GIS-MCDA procedures. Prior to moving
to Phase III, the final CLD and ranked list of PMLUSs should be shared with the
involved communities and other regional stakeholders to corroborate the under-
standing of the system, reaffirm consent and transparent decision-making, and
reduce the chances of later conflict.

Phase IlI: Develop a Site-specific Repurposing Plan

The final phase is to identify the most suitable areas of the mine site for each
PMLU on the stakeholder-approved shortlist, and to use this to develop a repur-
posing plan. The first step involves conducting a suitability analysis of each short-
listed PMLU based on multiple biophysical and social criteria. The level of
complexity of the suitability analysis should match the specific context of the
mine site in question. For example, mine sites with smaller areas and dense popu-
lations are likely a better fit for low-tech approaches (i.e., small-scale interven-
tions co-developed with communities and limited use of GIS). Sites with larger
areas and limited human settlements would allow for a more complex, data-inten-
sive GIS-MCDA. In cases where the shortlist consists of only one or two PMLUSs,
it may be sufficient to conduct a GIS-MCDA for each PMLU and manually
resolve spatial conflicts in any areas where both PMLUs are highly suitable. In
cases with more than two PMLUs, the GIS-MCDA may benefit from the use of
conflict resolution algorithms such as multi-objective land allocation (MOLA)
(Eastman et al., 1993); MOLA can assign equal weights to each PMLU or incor-
porate custom weights such as the composite scores derived in Phase II, further
connecting insights gained in earlier phases into the suitability analysis.
Regardless, the GIS-MCDA should follow standard processes, tailored to the
specificities of the mine site in question. Resulting draft maps and plans should be
returned to communities and stakeholders for validation, ensuring transparency,
informed consent, and the opportunity to revise or reject proposals. This final
opportunity for feedback strengthens legitimacy and reduces conflict before pro-
ceeding to planning or implementation.
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Conclusion

This perspective has discussed the evolving policy landscape pertaining to mine
closure and PMLUEs, provided an overview of the main approaches used to assess
the suitability of PMLUs, and proposed a people-centric framework for repurpos-
ing India’s abandoned coal mines into sustainable, community-driven PMLUs.
Although there is a robust research literature about the technical and scientific
aspects of mine closure, socio-economic impact assessments remain uncommon,
especially those involving consultations with communities in post-mining areas.
A gap persists between grassroots, community-led initiatives and more technical
or formalized processes of mine repurposing, and research from the social sci-
ences remains notably scarce.

Our proposed “people-centric” framework for assessing the suitability of PMLUSs
aims to bridge this gap by integrating stakeholder engagement, spatial decision-
support tools, and SES thinking. It seeks to overcome the disconnect between par-
ticipatory, GIS, and MCDA approaches and guarantee that PMLU planning is not
only analytically sound but also socially responsive and based on the priorities of
impacted communities by directly incorporating community-driven inputs into the
spatial decision-making process. The novelty of this approach lies in its use of SES
and the explicit integration of participatory engagement with GIS-MCDA, bringing
together two methodological streams that are typically applied in isolation. This
enables the identification of coal mine PMLUSs that are not only technically feasible,
environmentally sound, and economically viable, but also deliver tangible liveli-
hood benefits and preserve sociocultural ties to the landscape.
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