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1. Geospatial Ecosystem - Governance

The Department of Land Resources recently emphasized that geospatial information has emerged
as critical infrastructure for effective land governance in India.

India’s land governance system has historically suffered from fragmented record-keeping,
disputed ownership claims, and outdated cadastral maps dating back to colonial-era surveys. These
deficiencies fuelled endless litigation, hindered property transactions, prevented efficient land-use
planning, and created opportunities for land grabbing and fraud. Traditional manual survey methods
proved too slow, expensive, and error-prone to address the complexities of modern land management
across India’s diverse geography. The technological revolution in satellite imagery, GPS positioning,
drone mapping, and Geographic Information Systems offered transformative solutions to centuries-old
problems. However, restrictive policies on spatial data access constrained innovation until recent
liberalization.

The 2021 geospatial guidelines and 2022 National Geospatial Policy marked watershed moments,
removing barriers to mapping and data generation while encouraging private sector participation.
These policy shifts recognized that accurate, accessible spatial data forms the foundation for resolving
land disputes, planning urban expansion, managing natural resources, and delivering citizen services
efficiently. The Department of Land Resources’ renewed emphasis signals governmental understanding
that geospatial technologies are no longer optional enhancements but critical enablers of transparent,
efficient, and equitable land governance.

1. A geospatial ecosystem refers to the integrated network of technologies, institutions, policies, and
diverse stakeholders involved in collecting, processing, analysing, and utilizing spatial data.

2. These systems enable real-time mapping, continuous monitoring, and evidence-based governance
of land resources and physical infrastructure.

3. The ecosystem functions through collaboration between government agencies, private technology
providers, research institutions, and civil society organizations.

1. Satellite imagery and remote sensing provide comprehensive overhead views capturing land use
patterns, vegetation cover, water bodies, and infrastructure development.

2. Geographic Information Systems serve as software platforms integrating multiple data layers for
spatial analysis, visualization, and decision-making.

3. Global Positioning Systems enable precise location determination through satellite signals,
supporting accurate boundary demarcation and navigation.

4. Drone technology facilitates high-resolution aerial surveys capturing detailed imagery for cadastral
mapping and infrastructure monitoring.

5. LDAR (Light Detection and Ranging) technology uses laser pulses to create precise three-
dimensional elevation models crucial for topographic mapping and infrastructure planning.

1. Land records remain scattered across multiple departments with inconsistent formats, outdated
information, and poor digitization levels.

2. Textual records describing land ownership often lack corresponding spatial maps showing actual
boundaries on the ground.

3. This fragmentation creates confusion, enables fraud, and complicates property transactions
requiring verification across multiple agencies.
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1. Land disputes constitute the largest share of civil litigation in Indian courts, clogging judicial systems
for decades.

2. Ambiguous boundaries, overlapping claims, and disputed ownership create endless legal battles
draining resources and preventing productive land use.

3. Prolonged litigation discourages investment, reduces property values, and creates uncertainty
undermining economic development.

1. Rapid urban expansion occurs without adequate planning, creating haphazard development
patterns straining infrastructure and services.

2. Unauthorized constructions, encroachments on public land, and violations of zoning regulations
proliferate due to weak enforcement mechanisms.

3. Urban sprawl consumes agricultural land and natural habitats without strategic planning for
sustainable growth.

1. Lack of accurate land-use monitoring enables illegal deforestation, unauthorized mining, wetland
encroachment, and environmental violations.

2. Ineffective tracking of land cover changes prevents timely intervention to protect ecologically
sensitive areas.

3. Unplanned development degrades ecosystems, reduces biodiversity, and increases vulnerability to
natural disasters.

1. Land-use planning operates with outdated maps and incomplete data, producing master plans
divorced from ground realities.

2. Absence of integrated spatial databases prevents evidence-based decision-making for
infrastructure placement and resource allocation.

3. Poor coordination between agencies results in conflicting land-use designations and inefficient
service delivery.

1. GIS technology enables accurate boundary demarcation through precise coordinate-based
mapping replacing ambiguous textual descriptions.

2. Digital cadastral maps linked to ownership records reduce disputes by clearly showing property
boundaries visible to all stakeholders.

3. Conclusive land titling systems become feasible when supported by authenticated spatial
databases guaranteeing ownership rights.

4. The SVAMITVA Scheme exemplifies this approach, using drone surveys to map rural residential
properties and issue property cards.

1. Geospatial platforms support comprehensive zoning analysis identifying optimal locations for
residential, commercial, industrial, and green zones.

2. Smart city planning leverages GIS for infrastructure network design, traffic management, utility
placement, and service delivery optimization.

3. Data-driven master plans based on accurate spatial information prevent haphazard development
and ensure efficient resource utilization.

4. GIS integration improves urban governance efficiency through transparent, evidence-based
decision-making accessible to citizens and administrators.
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1. Satellite monitoring tracks forest cover changes, detecting deforestation, encroachment, and illegal
logging in real-time for rapid intervention.

2. Water body mapping identifies shrinking lakes, wetland degradation, and river course changes
informing conservation strategies.

3. Agricultural monitoring through remote sensing assesses crop health, irrigation coverage, and land
productivity supporting farmer assistance programs.

4. Climate resilience planning uses geospatial data to identify vulnerable areas requiring adaptation
measures and disaster preparedness.

1. Real-time mapping during floods, cyclones, earthquakes, and landslides enables accurate
assessment of affected areas and population.

2. Geospatial platforms support emergency response coordination, resource deployment, evacuation
planning, and relief distribution.

3. Hazard vulnerability mapping identifies risk-prone zones requiring preventive infrastructure and
land-use restrictions.

4. Post-disaster damage assessment using satellite imagery accelerates compensation processing
and reconstruction planning.

1. GIS-based platforms enable integrated e-governance systems delivering land-related services
online reducing corruption and delays.

2. Public access to spatial databases empowers citizens to verify land records, check zoning
regulations, and track development projects.

3. Inter-departmental coordination improves through shared geospatial databases eliminating silos
and conflicting information.

4. Decision-support systems using GIS analytics inform policy formulation, budget allocation, and
program monitoring across government levels.

1. Multiple government agencies collect and manage spatial data independently without coordination
mechanisms ensuring compatibility.

2. Survey of Indig, state revenue departments, urban local bodies, and sectoral ministries maintain
separate databases causing duplication and inconsistencies.

3. Absence of unified spatial data infrastructure prevents seamless integration and comprehensive
analysis across jurisdictional boundaries.

1. Historical restrictions on spatial data sharing limited access to government agencies and approved
entities preventing innovation.

2. Lack of standardized data formats and metadata protocols creates interoperability challenges when
combining datasets from different sources.

3. Limited public access to geospatial information restricts civic engagement, academic research, and
private sector innovation.

1. Severe shortage of skilled GIS professionals trained in spatial analysis, database management, and
geospatial application development.

2. Limited local-level adoption due to insufficient training, inadequate equipment, and lack of technical
support for implementation.

3. Educational institutions produce insufficient graduates with specialized geospatial skills meeting
growing industry and government demand.
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Legal and Privacy Issues

1.

Data security concerns arise from detailed spatial information potentially enabling surveillance,
targeting, or malicious activities.

Privacy risks emerge when geospatial data combines with personal information revealing sensitive
location patterns and behaviours.

Regulatory frameworks remain unclear regarding data ownership, liability, permitted uses, and
protection mechanisms.

Socio-Political Dimensions

1.

Power asymmetry exists when government agencies control land data without mechanisms
ensuring marginalized communities access information.

Digital divides exclude rural populations, tribal communities, and economically disadvantaged
groups from benefiting from geospatial governance.

Risk exists that technology-driven land administration may overlook customary rights, informal
settlements, and traditional land management systems.

Government Initiatives Building Geospatial Ecosystem
Liberalized Geospatial Guidelines (2021)

1.

The guidelines removed decades-old restrictions on mapping activities and spatial data collection
previously requiring government permissions.

Private sector participation receives active encouragement, enabling startups and companies to
innovate in geospatial services and applications.

Simplified approval processes reduce bureaucratic barriers allowing faster deployment of mapping
projects and spatial data services.

National Geospatial Policy (2022)

1.

The policy aims to develop a self-reliant geospatial ecosystem reducing dependence on foreign
mapping services and technologies.

Innovation promotion and startup support create enabling environments for indigenous geospatial
technology development and commercialization.

Data democratization principles ensure wider access to government-held spatial data for research,
innovation, and public benefit.

Digital India Land Records Modernization Programme

1.

DILRMP integrates textual land ownership records with spatial cadastral maps creating
comprehensive digital land databases.

GIS-based cadastral mapping replaces outdated survey maps with accurate coordinate-based
boundary representations.

The program aims to establish conclusive land titling systems guaranteeing ownership rights and
reducing litigation.

National Digital Address System (eLoc)

1.

eloc assigns unique six-character digital addresses to every physical location functioning like
Aadhaar for places.

The system enables precise location identification for service delivery, emergency response, and
logistics optimization.

Digital addressing supports e-commerce growth, last-mile delivery efficiency, and location-based
service development.

SVAMITVA and NAKSHA Schemes

1.

SVAMITVA uses drone technology to map rural residential properties issuing property cards
empowering villagers with documented ownership.

2. NAKSHA provides digital building plan approval systems streamlining construction permissions and

ensuring regulatory compliance.
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Way Forward

Policy and Governance Reforms

1. Strengthen National Spatial Data Infrastructure establishing standards, protocols, and coordination
mechanisms ensuring interoperable geospatial databases across agencies and jurisdictions, while
promoting open data ecosystems enabling public access to non-sensitive spatial information for
innovation, research, and civic engagement through transparent data-sharing policies.

Technology Integration and Expansion

1. Integrate artificial intelligence with GIS for automated feature extraction, predictive analytics, and
intelligent decision support enhancing analysis capabilities, while expanding drone mapping
programs and real-time satellite monitoring providing current spatial information for dynamic land
governance and rapid response to changes.

Institutional and Legal Frameworks

1. Move toward conclusive land titling systems guaranteeing ownership rights through authenticated
spatial databases reducing litigation and improving investment climate, while ensuring community
participation and transparency in geospatial governance preventing exclusion of marginalized
groups and incorporating traditional knowledge systems.

Conclusion

Geospatial technologies represent transformative solutions to India’s chronic land governance

challenges including fragmented records, endless litigation, and inefficient planning. Recent policy

liberalization through 2021 guidelines and 2022 National Geospatial Policy has unleashed innovation

potential. Despite challenges around institutional fragmentation, capacity constraints, and data

accessibility, initiatives like DILRMP, SVAMITVA, and eLoc demonstrate commitment to building

comprehensive spatial data infrastructure. Achieving effective land governance requires sustained

investment in technology, capacity building, and inclusive frameworks ensuring benefits reach all

citizens.
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