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Abstract: Urban areas are increasingly challenged by rising population densities, rapid urbanization, limited infrastructure, and the
resulting strain on mobility systems. These issues are most apparent in persistent traffic congestion, unreliable public transport
services, and adverse environmental impacts. In response, real-time geospatial data has emerged as a transformative tool to
enhance urban mobility planning and management. Real-time geospatial data refers to continuously updated, location-specific
information collected through various sources such as GPS, sensors, and IoT-enabled infrastructure. This data provides dynamic
insights into traffic patterns, transport infrastructure usage, service disruptions, and the movement of people and vehicles. Its real-
time nature enables cities to respond promptly to changing conditions, optimize transit operations, and improve commuter
experience.

The integration of real-time geospatial data enables a wide range of applications, including traffic flow analysis, dynamic route
optimization, public transportation performance monitoring, and infrastructure asset management. It also supports the development
of sustainable transport systems by informing decisions related to low-emission zones, non-motorized transport, and multimodal
connectivity. Transit agencies can leverage this intelligence to deploy resources efficiently, adjust service schedules, and increase
accessibility and reliability. Ultimately, real-time geospatial data is not merely a support mechanism but a foundational
component of modern urban mobility systems. By enabling data-driven decision-making, enhancing service efficiency, and
improving responsiveness, it empowers cities to build safe, inclusive, and sustainable transportation networks. As urban
environments continue to evolve, geospatial intelligence will be essential in shaping adaptive and resilient mobility solutions.

1. Introduction geospatial intelligence, data analytics, and sustainable mobility
policies will be vital in addressing India’s unique mix of high
population density, informal transit systems, and rapid
motorization while ensuring inclusive access for all socio-

economic groups

1.1 Background

Urban mobility today is shaped by rapid urbanization,
increasing vehicle ownership, changing travel patterns, and
evolving technology. By 2050, nearly 68% of the global
population is projected to live in cities, intensifying demands on

1.2 Role of geospatial data in urban mobility

Geospatial data refers to information linked to specific
geographic locations, often represented through coordinates,
maps, or spatial layers. In the context of urban mobility,
geospatial data—especially when collected and analysed in real
time—serves as a foundation for planning, monitoring, and
managing transport systems. It allows policymakers, urban
planners, and transport operators to understand the spatial and
temporal dynamics of mobility patterns, enabling more
informed and responsive decision-making.

Real-time geospatial data, integrating GPS tracking, IoT

sensors, and GIS mapping, enables city authorities to:

transport infrastructure and services. Mobility systems must
respond to growing pressures for efficiency, inclusivity, safety,
and sustainability.

In India, the scale and pace of urban growth present both
opportunities and challenges. With over 35% of the population
currently living in urban areas—a figure expected to exceed 600
million people by 2036—-cities are witnessing unprecedented
demand for mobility solutions. Rapid economic growth, rising
disposable incomes, and the availability of affordable motor
vehicles have contributed to a sharp increase in private vehicle

. . . . . e  Monitor traffic and public transport in real time.
ownership, leading to congestion, air pollution, and road safety P P

e  Predict congestion and adjust operations dynamically.

concerns.

e  Plan multimodal networks and low-emission zones.
Indian cities display diverse mobility patterns—from megacities e Identify service gaps and optimize resource
grappling with severe traffic congestion and overcrowded allocation.

public transport, to smaller cities where the lack of formalized
transit systems results in dependence on informal modes. The
imbalance between public transport capacity and demand
remains a critical challenge, with buses, suburban rail, and
metro systems struggling to keep pace with urban expansion.

At the same time, India is embracing smart mobility initiatives
such as metro rail expansion, electric vehicle adoption, and
Intelligent Transport Systems (ITS) under national programs
like the Smart Cities Mission, National Electric Mobility
Mission Plan (NEMMP), and Gati Shakti. The integration of

Geospatial data is not just a support tool—it is the backbone of
modern urban mobility systems. Its ability to provide location-
specific, real-time insights empowers cities to move from
reactive to proactive management, improving efficiency,
accessibility, and sustainability in transportation networks.

1.3 Application in Geospatial data in urban mobility

The application of real-time geospatial data spans multiple
aspects of urban mobility management:
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e Traffic Flow Optimization: Predictive algorithms process
spatial-temporal datasets to forecast congestion, identify
bottlenecks, and recommend alternative routes. (Zhang et
al., 2018) (LTA, 2022).

e Public Transport Service Enhancement: Passenger
demand mapping and route utilization analysis help
optimize scheduling, reduce waiting times, and improve
fleet distribution. (7fL, 2021) (UITP, 2020).

e Incident and Emergency Response: Location-based
detection of accidents, breakdowns, and weather-related
disruptions allows for faster emergency deployment and
traffic diversion. (LTA4, 2022) (MoHUA, 2022)

e Infrastructure Planning: Overlaying mobility data with
demographic and land-use layers informs investments in bus
corridors, metro expansions, cycle lanes, and pedestrian
infrastructure. (UITP, 2020) (NITI Aayog, 2021)

e Sustainability Measures: Environmental —monitoring
through geospatial data supports the establishment of low-
emission zones, EV charging networks, and multimodal
integration hubs. (UITP, 2020) (ITF, 2019)

1.4 Qualitative Parameters considered for study

e Governance Quality: Effective use of geospatial data in
mobility depends on strong governance systems. This
includes institutional readiness, inter-agency coordination,
and the ability to translate data insights into timely
decisions. Responsive governance ensures that data-driven
strategies move beyond pilots and become embedded in
everyday urban management.

e User-Centric Services: Mobility systems must prioritize
the end-user by making information accessible, reliable, and
inclusive. Real-time communication, journey planning
tools, and multilingual or universally designed interfaces
ensure that data benefits citizens across all social, economic,
and demographic groups.

e Integration: The true value of geospatial data emerges
when multiple datasets are interoperable. Integration across
transport modes (road, rail, metro, shared mobility),
infrastructure sensors (traffic, environment), and urban
systems enables holistic mobility management and supports
seamless multimodal journeys.

e Innovation and Adaptability: Urban mobility ecosystems
should remain flexible to evolving technologies and
emerging challenges. Innovation is not limited to new
tools—it also adaptive policy frameworks,
regulatory reforms, and the ability to experiment with pilot
projects that can later be scaled city-wide.

involves

e Sustainability: Sustainable mobility is central to long-term
resilience. Embedding environmental data—such as air
quality, emissions, and noise—into mobility planning helps
cities align with climate goals, improve liveability, and
design low-emission, energy-efficient transport systems.

2. Literature Review

2.1 Global best practices in real-time geospatial data for
urban mobility

The integration of real-time geospatial data into urban mobility
systems has moved from being a technological novelty to a core
component of transport governance in many leading cities
worldwide. International experience shows that when cities
invest in robust data collection infrastructure, adopt
standardized data formats, and integrate predictive analytics
into operational decision-making, they can achieve substantial
improvements in efficiency, safety, and sustainability.

Global best practices reveal three common pillars for success:

1. Predictive Traffic Management: using real-time and
historical data to anticipate congestion and manage
networks proactively.

2. Open Data Ecosystems: providing public access to
transport datasets to encourage innovation, improve
transparency, and enhance user experience.

3. Regulatory Frameworks for New Mobility: ensuring that
emerging services such as shared mobility are integrated
safely and equitably into the urban transport system.

Cities such as Singapore, London, Los Angeles, Barcelona,
and Tokyo have become benchmarks in applying these
principles, demonstrating measurable benefits such as reduced
congestion, improved public transport reliability, and enhanced
sustainability outcomes. In the Indian context, the Integrated
Command and Control Centres (ICCCs) established under
the Smart Cities Mission provide a partial foundation for such
approaches, but their capabilities remain underdeveloped in
comparison to these global leaders.

The following case studies examine six international and
domestic examples, detailing their data sources, technology
stacks, outcomes, and lessons for adaptation in Indian cities.

2.2 Singapore

The Land Transport Authority (LTA) of Singapore operates one
of the most advanced predictive traffic management ecosystems
in the world. The Traffic Prediction Tool (TPT) and Aimsun
Live integrate GPS feeds from taxis and buses, loT-based traffic
sensors, CCTV camera streams, and the Expressway
Monitoring and Advisory System (EMAS) to generate real-time
and predictive traffic models (LTA, 2022). These models
provide congestion forecasts up to 60 minutes in advance,
allowing authorities to implement dynamic traffic signal
adjustments, ramp metering, and route diversion strategies
before gridlocks occur. Additionally, the system is linked to
variable message signs (VMS) and mobile apps, so road users
receive live advisories. This integrated predictive framework
has achieved up to 90% forecast accuracy, contributing to
reduced travel times and improved network reliability

The Land Transport Authority (LTA) of Singapore operates
one of the most sophisticated predictive traffic management
ecosystems globally, designed to handle the city-state’s high-
density urban environment. Central to this system are the
Traffic Prediction Tool (TPT) and Aimsun Live, which
integrate:

e GPS feeds from approximately 28,000 taxis and over 5,000
public buses, transmitting location and speed data every 30
seconds.
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e JoT-based traffic sensors embedded at over 400 signalized
junctions, measuring real-time vehicle counts, queue
lengths, and speeds.

e CCTV camera streams from more than 700 locations for
visual verification and incident detection.

e The Expressway Monitoring and Advisory System
(EMAS), covering all expressways, which provides speed
and congestion data updated every 20 seconds.

The predictive engine processes over 1 terabyte of mobility-
related data daily, running spatial-temporal simulations to
forecast congestion patterns 10 to 60 minutes in advance. The
system’s forecast accuracy exceeds 90% during peak
periods, allowing the LTA to:

e Adjust traffic signal timings dynamically at over 200
critical junctions.

e Implement ramp metering on expressways to control
vehicle entry during peak demand.

e Issue real-time diversion advisories via over 250 Variable
Message Signs (VMS) and through the MyTransport.SG
mobile app, which has over 1.5 million active users.

According to LTA performance reports, these measures have

resulted in:

e Average expressway speeds maintained at 60—65 km/h
during peak periods, compared to 45-50 km/h without
interventions.

e Up to 15% reduction in congestion duration at major
bottlenecks.

e Travel time savings of 8—12 minutes per commuter on key
corridors such as the Pan-Island Expressway (PIE) and East
Coast Parkway (ECP).

Singapore’s model is widely regarded as a benchmark for

predictive urban traffic management, combining high-

frequency multi-source data collection, real-time public
information dissemination, and integrated response
strategies. It demonstrates how geospatial intelligence, when

backed by robust infrastructure and governance, can
significantly enhance mobility resilience in megacity
conditions.

2.3 Los Angeles

The Los Angeles Department of Transportation (LADOT)
created the Mobility Data Specification (MDS) to manage and
regulate emerging shared mobility modes such as dockless
bikes, e-scooters, and ride-share vehicles. (LADOT, 2020) MDS
requires operators to share real-time GPS data on fleet
locations, availability, and usage patterns. This information is
used for geo-fencing, ensuring vehicles operate only in
approved zones, and for planning micro-mobility
infrastructure like docking stations and protected bike lanes.
The framework also enables dynamic enforcement of speed
limits and parking restrictions for shared vehicles.

The Los Angeles Department of Transportation (LADOT)
developed the Mobility Data Specification (MDS) to regulate
30,000+ shared mobility devices (e-scooters, dockless bikes,
ride-share vehicles). Core features:

e Real-time GPS data sharing from all operators every 5-15
seconds.

e Geo-fencing enforcement to prevent parking or riding in
restricted areas.

e Dynamic speed limit adjustments in high-pedestrian
zones.

e Integration with ArcGIS-based dashboards for visual
analysis of usage patterns.

Impact metrics:

e 15% increase in equitable distribution of shared vehicles to
underserved neighbourhoods.

e Reduction of illegal parking violations by over 40% in geo-
fenced zones.

e Informed expansion of protected bike lanes and charging
infrastructure.

By 2022, MDS had been adopted by over 120 cities

worldwide, making it a global benchmark for regulating new

mobility services while maintaining data privacy standards.

2.4 London

Transport for London (TfL) runs an open data platform that
provides real-time GIS-enabled APIs covering bus and train
locations, service disruptions, cycling infrastructure, and
accessibility features (7fL, 2021). This open data policy has
resulted in the development of over 600 transport-related
mobile applications by third-party developers, significantly
enhancing user journey planning and accessibility to public
transport information. The platform also supports multimodal
integration by combining data from buses, underground trains,
trams, and bike-share schemes. TfL’s approach demonstrates
the effectiveness of open government data in fostering
innovation, improving transparency, and increasing public
transport ridership. According to TfL, over 42% of Londoners
use applications built on TfL’s open data at least once a week.

Transport for London (TfL) operates one of the world’s most
comprehensive open transport data platforms. Its Unified
API provides:

e Real-time GIS-enabled datasets for 19,000+ bus stops,
700+ rail/tube stations, and cycling infrastructure.
e Live crowding, service

information.

disruption, and accessibility

e Historical datasets for network performance analytics.

This open data feeds over 600 third-party mobility
applications, used by 42% of Londoners weekly. TfL reports:

® 3% modal shift from private cars to public transport in
areas with high app usage.

e 10% reduction in average passenger wait times for buses
due to real-time information availability.

Key enablers:

e Standardized GTFS feeds for multimodal integration.

e Public—private partnerships enabling innovation without
direct TfL investment in end-user applications.
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2.5 Barcelona

Barcelona’s Smart Mobility Platform is a core component of
the city’s Urban Mobility Plan, designed to optimize
transportation efficiency and reduce environmental impact.
Managed by the Barcelona City Council in partnership with
the Barcelona Metropolitan Transport Authority (ATM), the
platform integrates data streams from:

e Public transport fleets: GPS and operational data from
1,100 buses and the metro network (12 lines, 165 stations).

e Bicing bike-share system: Live status of 6,000 bicycles
(both mechanical and electric) across 500 docking stations.

e Taxi fleet: GPS positions from over 10,500 licensed taxis,
updating every 30 seconds.

e Traffic management sensors: Inductive loops, ANPR
cameras, and smart traffic lights at 1,100 intersections.

e Environmental monitoring network: 66 fixed and 15
mobile air quality stations measuring pollutants such as
NO2, PMio, and ozone.

The system processes over 3 million data points daily, feeding

into an Al-powered mobility dashboard that allows city

operators to:

e Dynamically adjust traffic light phases at key intersections
to reduce congestion and prioritize public transport and
cycling corridors.

e Rebalance bike-share fleets in real time based on usage
predictions.

e Optimize bus and tram schedules according to passenger
demand forecasts.

Environmental Integration:

The platform overlays mobility data with live pollution
readings, enabling automated enforcement of Low-Emission
Zones (LEZs). On high-pollution days, entry restrictions are
applied to 200,000+ high-emission vehicles, enforced through
ANPR cameras linked to the mobility database.

Measured impacts since LEZ introduction in 2020:

e 21% reduction in annual average NO: concentrations
within the LEZ.

e 14% increase in bike-share usage, attributed to improved
redistribution  algorithms and  expanded  cycling
infrastructure.

e 7% improvement in public transport punctuality during
peak hours due to adaptive traffic signal priority.

2.6 Tokyo

Tokyo’s Public Transit Data Hub, coordinated by the
Ministry of Land, Infrastructure, Transport, and Tourism
(MLIT) in partnership with East Japan Railway (JR East)
and other private operators, is one of the largest multimodal
mobility data systems in the world. It aggregates, standardizes,
and disseminates data from:

e Urban rail network: Live operational feeds from 1,200+
railway stations across multiple operators, including JR
East, Tokyo Metro, and Toei Subway.

e Bus networks: GPS data from 13,000+ municipal and
private buses, updated every 15-20 seconds.

Passenger crowding sensors: Infrared and weight-based
systems on platforms and in train carriages, monitoring real-
time occupancy.

e Traffic and event feeds: Data integration from Tokyo
Metropolitan Police Road monitoring systems and large-
event management databases.

The Hub is built on an open standard API architecture,

supporting multilingual traveler apps in Japanese, English,

Chinese, and Korean, making it accessible for Tokyo’s 14

million residents and over 15 million annual foreign visitors.

Predictive analytics capabilities:
The system uses Al-driven models to forecast passenger flows
up to 2 hours in advance, taking into account:

e Historical ridership patterns.

e Real-time disruptions (delays, accidents).

e Event schedules (sports, concerts, festivals).
e  Weather conditions.

These forecasts are used to:

e Trigger staggered train dispatch schedules to reduce
platform crowding.

e Send push alerts to commuters suggesting alternative
routes or departure times.

e Adjust bus headways to handle overflow from disrupted
rail services.

Performance outcomes:

o 98% on-time performance for urban rail services, one of
the highest globally.

e 20% reduction in peak-hour crowding on select lines
through targeted schedule adjustments.

e Improved intermodal transfers, reducing average transfer
times at key interchange stations by up to 3 minutes.

2.7 India

Under the Smart Cities Mission (SCM), launched by the
Ministry of Housing and Urban Affairs (MoHUA) in 2015,
Integrated Command and Control Centres (ICCCs) have
been established in 100 cities as central hubs for urban
operations. These ICCCs aggregate multi-source data,
including:

e GPS tracking for public transport fleets — covering city
buses in all 100 cities and, in some cases, feeder services
and e-rickshaws.

e CCTV feeds from traffic junctions, parking facilities, and
public spaces — in larger cities, this network exceeds 1,000

cameras.

e Environmental sensor data — including air quality
(PMz2.s, PMiw, NO2, 03), noise levels, and weather
conditions.

Operational capabilities include real-time monitoring of fleet

locations, traffic congestion, incident detection, law

enforcement support, and coordination of emergency responses

through integration with police and ambulance services.

Documented impacts:

e In Pune, ICCC-assisted traffic coordination and GPS-based
emergency vehicle tracking reduced average emergency
response times by 12%.
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e In Surat, integration of bus GPS data with operational
dashboards improved schedule adherence by 9%, reducing
passenger waiting times.

Emerging innovations:

While most ICCCs currently operate in a reactive mode,

focused on monitoring and response, several cities have begun

piloting predictive capabilities:

e Bhopal: Al-driven traffic signal optimization at high-
congestion intersections has shown early results of 8-10%
improvements in average travel speeds during peak hours.

e Surat: Predictive bus arrival systems, powered by historical
and live GPS data, are being tested on passenger
information displays.

Scalability potential:

With targeted investments in Al-based forecasting,
multimodal integration, and open data frameworks, ICCCs
could evolve into India’s equivalent of Singapore’s LTA
Operations Centre — offering nationwide predictive traffic
management and seamless multimodal coordination within
the next decade.

3. Discussion

Global best practices clearly demonstrate that three
interconnected strategies — predictive modelling (L74, 2022),
open data ecosystems (7fL, 2021), and regulatory
frameworks for emerging mobility modes (LADOT, 2020) —
have a direct and measurable impact on improving urban
mobility outcomes.

e Predictive modeling, as implemented in Singapore, enables
authorities to forecast congestion patterns with over 90%
accuracy, supporting proactive interventions such as
dynamic signal control, ramp metering, and diversion
strategies (LTA, 2022).

e Open data ecosystems, like London’s TfL, stimulate third-
party innovation and improve commuter experience,
resulting in measurable modal shifts towards public
transport (TfL, 2021).

e Regulatory frameworks such as Los Angeles’ MDS
provide governance tools for integrating new mobility
services while ensuring safety, equity, and high-quality
infrastructure planning (LADOT, 2020).

e In India, the Integrated Command and Control
Centres (ICCCs) [9] established under the Smart
Cities Mission provide a strong operational
foundation,  aggregating GPS, CCTV, and
environmental sensor data into central dashboards.
However, their current role is largely reactive. To
match global benchmarks, ICCCs need to incorporate
predictive analytics, multimodal data integration,
and open data policies (NITI Aayog, 2021) (ITF,
2019)

The transferability of these models to India depends on:

1. Institutional readiness — building skilled teams capable of
handling complex geospatial datasets.

2. ICT investment — deploying IoT infrastructure, upgrading
digital connectivity, and ensuring system interoperability.

3. Policy reform — adopting standardized data formats and
facilitating public—private data sharing while maintaining
privacy.

A phased adoption strategy is recommended:

e Phase 1: Pilot projects in Tier-1 cities with advanced
infrastructure and higher congestion.

e Phase 2: Expansion to Tier-2 cities, adapting solutions to
local governance and budgets.

e Phase 3: Scaling to Tier-3 cities, focusing on simplified,
cost-effective solutions.

4. Recommendations

The adoption of real-time geospatial data for urban mobility in
India requires a phased strategy that aligns technological
capability, institutional readiness, and policy frameworks. The
recommendations are grouped into short-term, medium-term,
and long-term actions to ensure a structured transition from
pilots to national-scale deployment.

4.1 Short-Term (1-2 Years) — Building Foundational
Systems and Pilots

4.1.1 Deploy GPS tracking for all public transport modes

Equip buses, metro feeder services, ferries, and other public

transport vehicles with GPS units capable of transmitting

location and operational status in real time.

e Purpose: Improve fleet monitoring, reduce bunching, and
enhance passenger confidence through accurate arrival
predictions.

e Example: The Bengaluru Metropolitan Transport
Corporation (BMTC) achieved better on-time performance
after GPS integration with passenger information displays.

4.1.2  Pilot predictive traffic management in Tier-1 cities
Select high-congestion corridors in cities like Delhi, Mumbai,
and Bengaluru for trials using Al-powered predictive models to
forecast congestion 10—30 minutes in advance.

e Purpose: Enable proactive interventions such as dynamic
signal timing adjustments, ramp metering, and route
diversions.

e Example: Singapore’s Traffic Prediction Tool (TPT)
demonstrates over 90% forecast accuracy, enabling pre-
emptive decongestion.

4.1.3 Implement open mobility data portals
Launch public APIs providing anonymized real-time and
historical mobility datasets — including public transport

locations, service frequencies, and disruptions — to encourage

private sector innovation.

e Purpose: Foster an ecosystem of journey-planning apps,
multimodal ticketing solutions, and accessibility-focused
tools.

e Example: Transport for London’s open data feeds have
enabled over 600 third-party applications and reduced bus
wait times by 10%.
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4.2 Medium-Term (3-5 Years) — Scaling Integration and
Enhancing Capabilities

4.2.1 Integrate multimodal transport data into unified
geospatial platforms

Consolidate data streams from buses, metro, suburban rail,
shared mobility (e-rickshaws, bike-shares), and walking/cycling
networks.

Purpose: Enable unified journey planning, seamless transfers,
and integrated fare management.

Example: Tokyo’s Public Transit Data Hub integrates rail, bus,
and crowding data to maintain 98% on-time performance.

4.2.2 Upgrade ICCCs with Al-driven
management

Expand ICCC software to include congestion forecasting
algorithms, incident probability modeling, and dynamic traffic
signal optimization.

Purpose: Shift ICCCs from passive monitoring to active,
predictive control centers.

Example: Bhopal’s Al-enabled signal optimization pilot
improved peak-hour travel speeds by 8-10%.

mobility

4.2.3 Develop national mobility data standards
Create uniform guidelines for data formats, sharing protocols,
and privacy safeguards, inspired by Los Angeles’ MDS and
GTFS standards used globally.

Purpose: Ensure interoperability across agencies, cities, and
states, enabling scalable solutions.

Example: The National Common Mobility Card (NCMC) is a
step toward interoperability but needs a geospatial data
equivalent.

4.3 Long-Term (5+ Years) — Institutionalizing Geospatial
Intelligence in Policy

4.3.1 Establish a National Urban Mobility Data Exchange
(NUMDE)

Create a centralized platform for aggregating, standardizing,
and analysing transport data from all major Indian cities.
Purpose: Support national policy-making, benchmarking, and
infrastructure investment planning.

Example: The EU’s Data for Road Safety platform aggregates
cross-country mobility data for predictive safety management.

4.3.2 Create low-emission zones (LEZs) and sustainable
mobility corridors

Use geospatial environmental monitoring to designate LEZs in
high-pollution areas and prioritize zero-emission transport in
key corridors.

Purpose: Reduce transport-related emissions and improve air
quality in urban hotspots.

Example: Barcelona’s LEZ policy reduced NO: levels by 21%
while increasing sustainable transport mode share.

4.3.3 Embed geospatial decision-support systems into
urban planning frameworks

Make it mandatory for all urban master plans and transport
policies to be informed by geospatial data analysis and
predictive modelling.

Purpose: Ensure that every major transport investment is
evidence-based, demand-driven, and aligned with sustainability
targets.

Example: Singapore integrates geospatial decision tools
directly into its Land Transport Master Plan, aligning
infrastructure expansion with forecasted demand.

If you want, I can also turn these recommendations into a visual
phased roadmap diagram similar to your earlier flowchart, but
fully aligned to these detailed points so it’s presentation-ready.
Do you want me to prepare that visual?

5. Conclusion

The integration of real-time geospatial data into urban
mobility systems is not merely a technical upgrade — it is a
governance transformation that enables cities to manage
transport systems more proactively, equitably, and sustainably.
The review of global best practices — Singapore’s predictive
traffic modelling, London’s open data innovation, Los Angeles’
regulatory governance, Barcelona’s environmental-mobility
integration, and Tokyo’s multimodal data hub — underscores
that such systems deliver measurable improvements in
efficiency, safety, and environmental performance.

In the Indian context, the Integrated Command and Control
Centres (ICCCs) established under the Smart Cities Mission
provide an existing technological foundation. However, their
current functionality is primarily reactive, focused on real-time
monitoring rather than predictive management or integrated
multimodal operations. This limitation can be addressed
through a phased implementation strategy — as outlined in
the recommendations — that prioritizes foundational
deployments in the short term, scaling integration in the
medium term, and institutionalizing geospatial intelligence in
the long term.

ICCCs already provide a technical base but remain
underutilized as strategic tools. Bridging this gap will require:

e Adopting predictive analytics for congestion and incident
forecasting.

e Integrating multimodal data into unified operational
dashboards.

e Establishing open data governance for innovation while
safeguarding privacy.

The transferability of global models hinges on a phased
implementation approach, starting with Tier-1 cities and
progressively scaling down to smaller cities. This ensures that
both technological and institutional capacities grow alongside
the system’s complexity.

The success of this roadmap depends on institutional
readiness, sustained ICT investment, and clear policy
reforms that enable standardized, secure, and interoperable data
sharing. A phased approach ensures that large metropolitan
areas — with higher technical and financial capacities — lead
the adoption, providing proven frameworks for replication in
Tier-2 and Tier-3 cities.

Ultimately, real-time geospatial intelligence should be viewed
not just as a technology upgrade but as a governance
transformation. It empowers decision-makers to anticipate
rather than react, optimize rather than expand indiscriminately,
and design mobility systems that are adaptive, resilient, and
citizen-focused. In the face of India’s rapid urbanization, these
capabilities are essential for building transport networks that
meet the dual challenges of economic growth and
environmental sustainability.
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