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1. Introduction

India is witnessing one of the largest and fastest urban transitions in
recorded history. By 2047, the nation’s centenary of independence, more
than half of the population is projected to reside in urban areas (Swerts
et al., 2014).1 These cities are both engines of economic development
and centres of climate change vulnerabilities. Heatwaves in Ahmedabad,
floods from cyclones in Chennai, waterlogging in Mumbai, flooding in
the streets due to the monsoon in Gurugram, and winter air pollution
emergencies in Delhi are extreme events that recur in multiple cities
across India.

The challenge before Indian cities, therefore, is not merely one of
infrastructure expansion, but of building adaptive, anticipatory, and
responsive urban systems capable of functioning under conditions of



uncertainty and rapidly evolving risks. Fragmented, sector-specific, and
reactive traditional governance approaches are increasingly insufficient
for managing such dynamic and interconnected challenges. There is a
need to develop institutional intelligence that can help in sensing, antici-
pating, and learning from these events, and responding to them through
adaptive measures.

Data, technology, and decision systems are emerging as key
building blocks of urban resilience (UN-Habitat, 2022; World Bank,
2022). Advances in digital infrastructure, geospatial technologies, earth
observation systems, artificial intelligence, sensor networks, and
real-time analytics provide unprecedented opportunities to transform
urban governance from reactive administration to anticipatory resilience
management. However, technology by itself does not create resilience.
Resilience emerges when scientific knowledge, institutional systems,
governance mechanisms, digital infrastructure, and community partici-
pation are integrated into coherent decision-making architectures.

India’s urban resilience journey, therefore, requires the creation of
integrated urban intelligence systems that combine climate science,
digital public infrastructure, data ecosystems, and governance platforms
to support planning, monitoring, preparedness, and adaptive response.
Such systems will be critical for achieving the vision of sustainable,
inclusive, and future-ready cities under the broader national aspiration of
Viksit Bharat @ 2047.

This chapter addresses the potential of the integration of urban data
ecosystems, geospatial platforms, artificial intelligence (AI)-based
analytics, and real-time monitoring systems within urban governance
infrastructure to foster climate resilience in Indian cities. This chapter
includes the role of the National Urban Digital Mission (NUDM) (Pilot)
and its underlying platforms (i.e., UPYOG – Urban Platform for DeliverY
of Online Governance and UMEED – Urban Monitoring for Efficient and
Effective Decision-making), as well as the potential contributions of
technologies such as the Integrated Command and Control Centres
(ICCC), early warning systems, and digital twin technology.

2. Conceptual and Policy Context

The interrelationship between climate risk, digital governance, and
urban resilience has received increasing policy and scientific attention in
recent years. As cities become more interconnected and exposed to
environmental, infrastructural, and socio-economic stresses, there is
growing recognition that resilient urban systems require not only
physical infrastructure but also integrated governance systems capable of
sensing, anticipating, and responding to evolving risks. Recent advances
in digital public infrastructure, geospatial technologies, earth
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observation systems, artificial intelligence, and real-time analytics are
transforming the possibilities for urban governance and resilience
management. At the same time, increasing climate uncertainty,
compound urban risks, and infrastructure interdependencies are
reshaping discussions on future-ready urban systems. In India, initia-
tives such as the Smart Cities Mission, Integrated Command and Control
Centres (ICCCs), and the National Urban Digital Mission (NUDM)
(Pilot), represent important steps towards building more integrated,
data-informed, and climate-responsive urban governance systems. This
section briefly discusses evolving perspectives on urban resilience,
digital governance, climate information systems, geospatial technol-
ogies, artificial intelligence, and institutional governance frameworks
relevant to future-ready urban resilience systems.

2.1 Urban Resilience: Conceptual Foundations

Resilience in the urban environment has shifted from its metaphorical
basis in engineering to a more dynamic definition based on systems
thinking. Resilience is defined by Folke et al. (2010) as the capacity for a
system to absorb disturbance, reorganise, and still retain its ability to
develop. Meerow, Newell, and Stults (2016) further apply this concept to
urban settings, focusing on the maintenance and transformation of
social-ecological-technological systems under stress. According to the
IPCC (2022), cities bear the brunt of climate risks and must develop
resilience through comprehensive risk assessment across levels of gover-
nance. Godschalk (2003) notes that resilient cities should not only be
robust but also redundant, capable of continuing operations through
alternative systems.

Case Study 2.1: Spain Electricity Shutdown – Understanding

Cascading Urban Infrastructure Risks (Stone, 2025)

The nationwide electricity shutdown across Spain and Portugal in April
2025 demonstrated how deeply urban systems depend on a continuous
and reliable power supply. The disruption was triggered in the summer
due to technical and planning failures in the electricity grid, leading
Spain to lose around 15 GW, or nearly 60% of its electricity supply,
within seconds. Its consequences spread rapidly across interconnected
systems, affecting rail and metro services, airports, traffic lights,
telecommunications, internet connectivity, banking systems, hospitals,
emergency services, schools, and water-related services. The event
highlighted that contemporary urban resilience cannot be assessed only
by the robustness of individual infrastructure assets but must also
account for the interdependencies between energy, mobility, communi-
cation, health, and emergency systems.
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2.2 Smart Cities, Digital Infrastructure, and Urban

Governance

Real-time data, sensor networks, and analytics are the pillars of smart
urbanism, says Batty et al. (2012), as cities need sufficient data infra-
structure for managing themselves as complex adaptive systems. Kitchin
(2014) argues that a data-driven approach should be coupled with appro-
priate regulatory mechanisms so that there are no abuses such as
surveillance creep, algorithmic bias, and disenfranchisement of
vulnerable communities. The Indian Smart Cities initiative led to ICCC
deployments in 100 cities, improving operational intelligence, but it
continues to suffer from ongoing interoperability and climate data short-
comings. Similarly, NUDM (Pilot) has attempted to address the issue
structurally through federation and digitisation, using UPYOG and
UMEED as building blocks.

2.3 Climate Information Systems and Early Warning

According to Hellmuth et al. (2011), climate services have to be
co-designed with governance systems for their practical utility. Similarly,
the WMO (2015) Multi-hazard Early Warning Guidance document
suggests that last-mile dissemination, institutional coordination, and
community engagement are integral components for complementing
technological forecasting tools. For India, Sharma and Tomar (2010)
observe that although the Heat Action Plan of Ahmedabad showcases
climate-guided governance, the scaling up of such plans in smaller cities
is hindered by data shortages and weak institutional capacities. More
broadly, important challenges remain in translating climate information
into actionable decision-support inputs for urban management, particu-
larly in the Global South. Mishra et al. (2023) highlight the need for
actionable and regionally credible climate projections that can support
long-term adaptation planning and policy decisions. Emerging regional
initiatives such as the South Asia Regional Climate Information (SARCI)
framework, developed at IIT Delhi, further demonstrate the importance
of coordinated climate services, regional scientific collaboration, and
institutional capacity-building for climate-informed planning and resil-
ience across South Asia (Bhuyan et al., 2026).

2.4 AI, Climate Services, and Urban Climate Analytics

In their recent study on the application of AI in urban climate adaptation,
Rolnick et al. (2022) provide examples like detection of heat islands,
flood risk mapping, energy demand forecasting, and vulnerability
assessment of infrastructures. According to Khandekar and Atale-Raval
(2023), GIS measurable design parameters, including green cover index,
impervious surface index, and tree canopy health become important
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factors influencing the overall thermal and hydrological performance of
the city. In terms of scientific advancement, recent initiatives and studies
from IIT Delhi have contributed significantly to improving climate
modelling, regional climate services, urban climate analytics, and
AI-enabled prediction systems relevant to urban resilience and
climate-risk management. A particularly important development in this
direction is the South Asia Regional Climate Information (SARCI)
framework, which aims to strengthen coordinated climate intelligence,
regional climate services, and actionable climate information systems for
South Asia and the broader Global South. Complementing this, recent
advances include applications of artificial intelligence in seasonal
monsoon prediction, improvements in regional climate simulations, and
developments in high-resolution urban climate modelling for heat stress
and flood-risk assessment (Narang et al., 2024; Pathak et al., 2025;
Namdev et al., 2024; & Bhuyan et al., 2026). Such developments demon-
strate the growing potential of integrating climate science, AI, and urban
analytics into future climate-intelligent urban governance systems.

2.5 Governance

Amidst emerging risks and opportunities, one should also acknowledge
the efforts spearheaded by the Indian Government. The recent
amendment process to the Disaster Management Act, 2005, has
strengthened the emphasis on preparedness, accountability, and urban
disaster management, including provisions for urban disaster
management authorities in large cities and municipal corporation areas.
This is important for Indian cities because it creates a clearer institu-
tional basis for city-level disaster planning, coordination, and
implementation, especially for compound risks such as heatwaves,
floods, fire, public health stress, and infrastructure disruption.

In recent years, the Government of India has taken a more active
role in reviewing preparedness before high-risk summer and monsoon
seasons. These high-level reviews help translate seasonal forecasts and
risk advisories into advance preparedness actions by states and cities,
including heatwave management, flood readiness, fire safety, emergency
response, water supply, health systems, and public communication.

The future trajectory of India’s development, therefore, will depend
significantly on the resilience of its urban systems, particularly as
growing evidence suggests that climate change could have major
long-term implications for economic growth, infrastructure, and devel-
opment pathways in the country (Mishra et al., 2020).

3. Urban Data Ecosystems and the NUDM Framework

Robust data systems are essential for resilient urban governance. Timely,
accurate, and interoperable data enables cities to plan effectively,
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manage infrastructure, assess risks, and respond to emergencies.
However, in many Indian cities, urban data remains fragmented across
departments and institutions, limiting integrated planning and coordi-
nated decision-making. Urban local bodies (ULBs), utilities, transport
agencies, disaster management authorities, and public health systems
often maintain separate datasets with limited interoperability or
common standards. Significant data gaps also persist in areas such as
informal settlements, environmental quality, infrastructure vulnerabil-
ities, and climate risk exposure.

To address these challenges, the National Urban Digital Mission,
launched on pilot basis by MoHUA in 2021, aims to establish a federated
digital infrastructure for Indian cities. The UPYOG platform serves as a
key data-generation interface by capturing geo-tagged and time-stamped
municipal transaction data, including property tax, building permits,
water connections, and grievance redressal. Complementing this, the
UMEED platform integrates city-level data into a national dashboard for
near-real-time monitoring of urban service delivery and governance
performance.

The India Urban Data Exchange (IUDX) by MoHUA also supports
this ecosystem by enabling data providers and users, including ULBs, to
share and access urban datasets related to governance and service
delivery. For resilient development, IUDX can help cities combine
mobility, environment, infrastructure, utilities, and service data to
support evidence-based planning, risk assessment, and targeted
investment decisions.

Case Study 3.1: Punjab – Integrated Data Governance

The adoption of the public grievance redressal system by Punjab within
the UPYOG framework showcases the successful integration of state and
municipal government IT systems. The single-window portal not only
channels citizen complaints but also monitors their resolution schedules
and creates geotagged records of delivery of services, thus making data
more accessible. The Punjab case study demonstrates that compatibility
between state-level legacy systems and the NUDM portals can be
achieved through a well-designed API architecture.

Case Study 3.2: Google Open Buildings – AI-Enabled

Exposure Data for Resilient Urban Planning (Graham and

Diack, 2024)

One of the persistent challenges in disaster risk assessment is the
absence of accurate, updated, and spatially disaggregated exposure data,
particularly in the Global South. Many cities and settlements do not have
reliable building footprint datasets and informal settlements, peri-urban
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growth, and rural-urban transition zones are often poorly represented in
official records. Google Open Buildings addresses this gap by using
artificial intelligence and satellite imagery to identify building outlines at
scale. The dataset includes approximately 1.8 billion building detections
across the world, covering a 58 million sq. km inference area. It provides
building footprints, confidence scores, and spatial identifiers, creating a
foundational layer for population estimation, urban planning, humani-
tarian response, and infrastructure risk analysis.

The solution is particularly relevant for India, where datasets are
fragmented or incomplete. By making building-level information
available, especially for Indian cities, this initiative can complement
UPYOG, UMEED, and GIS-linked municipal systems of the government.

4. Digital Platforms, IoT, GIS, and AI for Climate-Resilient

Planning

Climate-resilient urban planning requires cities to be understood as
interconnected spatial systems. The integration of GIS within National
Urban Digital Mission platforms such as UPYOG enables geo-tagging of
municipal services, including property tax, building permits, and
grievance redressal, generating spatially explicit data for planning and
infrastructure management. Experiences from states such as Himachal
Pradesh demonstrate how GIS-linked property records can support
identification of sanitation gaps, flood-prone areas, vulnerable popula-
tions, and infrastructure risks. Expanding GIS dashboards to include
climate indicators such as green cover, impervious surfaces, and urban
heat zones can further strengthen resilience planning.

Simultaneously, Internet of Things (IoT) technologies and
distributed sensor networks are increasingly supporting real-time urban
governance through applications such as flood detection, heat stress
monitoring, air quality surveillance, traffic management, water leakage
detection, and emergency response coordination. Earth observation
systems and geospatial analytics also provide critical insights into urban
expansion, land-use change, vegetation cover, thermal characteristics,
and environmental degradation. Additionally, Artificial Intelligence (AI)
is emerging as a key tool for predictive maintenance, climate-risk
assessment, mobility optimisation, demand forecasting, and data-driven
urban decision-making.

Many Indian cities already use SCADA systems, city operations
platforms, and citizen-service systems to monitor water supply,
sewerage, traffic, lighting, grievances, and other urban services in near
real time. When linked with emergency protocols, these systems can
help cities identify service disruptions early, prioritise repairs, and
maintain continuity of critical services during climate events.
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NDMA’s national alerting systems, including the SACHET portal
and the indigenous Cell Broadcast System, are strengthening the ability
to disseminate official warnings quickly to citizens. For cities, these
systems can support last-mile risk communication for floods, cyclones,
heatwaves, and other emergencies, especially when combined with local
ward-level action plans and citizen-facing advisory services.

Case Study 4.1: ICCCs as Climate Coordination Platforms

The 2023 floods in Ghaziabad highlighted both the strengths and limita-
tions of integrated command and control centres (ICCCs). While CCTV
networks, weather stations, and flood sensors provided real-time situa-
tional data, the absence of integrated flood prediction systems and
rainfall threshold analytics limited proactive decision-making.
Integrating rainfall forecasts from the India Meteorological Department
and water-level data from the Central Water Commission into ICCC
dashboards can transform these centres into predictive governance
platforms.

Artificial intelligence also offers significant opportunities for flood
forecasting, urban heat island detection, air pollution prediction, and
infrastructure risk assessment (Rolnick et al., 2022). However, such
capabilities must be extended beyond major metropolitan cities through
cloud-based platforms accessible to smaller urban local bodies (ULBs).

The Climate Centre for Cities at NIUA and the ClimateSmart Cities
Assessment Framework have created a basis for cities to assess climate
performance across areas such as green cover, energy, mobility, air
quality, water, and waste. This helps cities move from general climate
commitments to measurable indicators that can inform planning,
budgeting, and prioritisation of resilience actions.

Indian cities are also increasingly preparing climate action plans,
flood risk maps, and heat action plans to respond to localised climate
risks. These instruments can help cities translate climate data into
actionable decisions such as identifying heat hotspots, flood-prone areas,
vulnerable populations, emergency shelters, cooling interventions, and
priority infrastructure investments.

Repurposed ICCCs under the NUDM (Pilot) can evolve into
multi-hazard urban resilience platforms integrating climate forecasts,
flood warnings, heat monitoring, air quality intelligence, emergency
response systems, and infrastructure vulnerability assessments.
Alongside this, urban climate observatories and integrated earth-system
platforms can support climate-informed planning through continuous
monitoring, geospatial analytics, and risk assessment (WMO, 2021).
Strong governance frameworks for interoperability, cybersecurity,
privacy, and ethical AI use remain essential for trusted and resilient
urban data ecosystems (World Bank, 2022).
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Case Study 4.2: Brazil Disaster Impact Dashboard –

Real-Time Coordination During the Rio Grande do Sul Floods

(UNDRR, 2025)

The 2024 floods in Rio Grande do Sul, Brazil, created a major urban and
regional emergency, affecting housing, mobility, health facilities, public
services, and critical infrastructure. In response, Brazil’s Civil Defence
rapidly launched a public disaster impact dashboard that brought
together real-time information on road closures, shelters, healthcare
facilities, displaced populations, dam conditions, and river and lake
levels. This created a shared situational picture for government agencies,
emergency responders, and the public.

The dashboard improved coordination, public communication, and
response prioritisation by making critical information available in one
place. The floods affected more than 2.3 million people across 478
municipalities and displaced nearly 600,000 people, underlining the need
for stronger recovery readiness and multi-sector flood management. For
Indian cities, the case shows how ICCC dashboards could evolve into
transparent disaster intelligence platforms, integrating flood, transport,
health, shelter, utility, and relief information for operational response
and public communication.

5. Early Warning Systems and Real-Time Monitoring

Early warning systems are critical for climate-resilient urban
management. Effective systems must integrate weather forecasts, river
and urban flood monitoring, air quality data, and public health surveil-
lance to enable timely response and risk mitigation. The open API-based
architecture of the NUDM (Pilot) supports integration of such diverse
datasets and systems. Equally important is ensuring last-mile dissemi-
nation of alerts through mobile applications, SMS, web portals, and
other communication channels.

Recent advancements in climate modelling and risk analytics
further strengthen the potential of such systems. Studies have demon-
strated improved capabilities in forecasting monsoon conditions,
projecting regional rainfall patterns, and mapping urban heat and flood
risks at the city level. Integrating these multi-scale climate prediction
tools into platforms such as UMEED and Integrated Command and
Control Centres (ICCCs) can significantly enhance urban preparedness,
emergency response, and climate adaptation planning.

Case Study 5.1: Kerala – Digital Resilience through K-SMART

The K-SMART platform of Kerala is a significant example of what can be
achieved by investing in digital governance. With the high usage and
frequency of transactions of the K-SMART platform, an extensive set of
longitudinal data has been accumulated, which, together with
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climatological data, helps to manage the anticipated surge demand for
water, waste management, and emergencies during climate events.

6. Climate Intelligence and Decision Systems

Climate change is fundamentally reshaping urban risk landscapes
worldwide, requiring cities to integrate climate intelligence into
planning, governance, and infrastructure systems (IPCC, 2022). Climate
intelligence refers to the systematic use of weather, climate, environ-
mental, and risk data for informed decision-making. However, despite
growing availability of climate data, translating scientific information
into actionable urban planning inputs remains a major challenge, partic-
ularly in the Global South (Mishra et al., 2023). Climate information is
often fragmented, inconsistent, or insufficiently tailored to local gover-
nance needs.

This challenge is especially significant in rapidly urbanising regions
such as South Asia, where cities face increasing exposure to floods, heat
stress, water scarcity, and cascading infrastructure risks. In response to
this challenge, emerging regional initiatives such as the South Asia
Regional Climate Information (SARCI) framework, developed at IIT
Delhi, aim to strengthen coordinated climate services, regional scientific
collaboration, and institutional capacity-building for climate-informed
planning and resilience across South Asia (Bhuyan et al., 2026).

Climate-informed governance requires integration of multi-scale
information, including short-term weather forecasts, seasonal outlooks,
decadal projections, and long-term risk scenarios. Such systems can
support dynamic risk assessment, anticipatory planning, and adaptive
management across sectors such as water, energy, transport, public
health, and disaster management. Indian heat action plans demonstrate
how climate-informed governance can reduce vulnerabilities through
weather forecasts, risk thresholds, public advisories, and preparedness
measures (NDMA, 2019).

Emerging technologies such as digital twins further strengthen
urban resilience by enabling simulation of flood risks, heat impacts,
infrastructure stress, and emergency scenarios using real-time and
predictive data. As climate risks become increasingly interconnected and
capable of cascading across sectors, integrated climate intelligence infra-
structure must become a core component of future urban governance
and resilience planning in India (UN-Habitat, 2022).

Case Study 6.1: CReDO+ – Digital Twins for Climate

Intelligence and Interdependent Infrastructure Planning

(Connected Places Catapult, 2024)

CReDO+ in the United Kingdom demonstrates how digital twins can
support climate intelligence for interdependent infrastructure systems.
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The platform models how climate hazards such as floods, heatwaves, and
high winds may affect electricity, water, gas, and telecommunications
networks. By integrating historical, real-time, and predictive data, it
helps infrastructure planners identify shared vulnerabilities and under-
stand how failure in one system can cascade into others. The platform
converts climate risk information into practical decision support by
combining infrastructure modelling with economic and societal cost
analysis. This enables planners to compare resilience investments not
only by asset protection but also by avoided service disruption, repair
costs, and wider social impacts.

7. Challenges and Critical Gaps

Digital technologies provide significant opportunities to improve urban
resilience, governance, and service delivery, but they also introduce new
institutional and operational risks. Increasing dependence on intercon-
nected digital infrastructure exposes cities to cybersecurity threats that
can disrupt critical systems such as power, transport, water supply, and
governance platforms. Concerns related to data privacy, surveillance,
transparency, and public trust are also becoming increasingly important
as urban governance becomes more data-driven (World Bank, 2022).

Artificial intelligence and automated decision systems may further
reinforce social inequalities and institutional biases if not designed with
adequate transparency and accountability. Digital exclusion remains
another major challenge, particularly for vulnerable populations and
residents of informal settlements, who lack access to digital infra-
structure and literacy. Additionally, excessive dependence on technology
creates vulnerabilities during extreme events when digital systems may
fail due to blackouts or communication disruptions (Kitchin, 2014).

While the technology is moving at a rapid pace, a key challenge is
that many current statutory planning instruments still do not fully
embed climate and disaster risk information into land-use planning,
master plans, zoning regulations, building permissions, and infra-
structure investment decisions. As a result, risk information often
remains available as a technical output but does not automatically
influence where and how cities grow.

In India, structural gaps continue to limit integrated climate intelli-
gence systems. Environmental and climate datasets are often
disconnected from platforms such as the National Urban Digital
Mission’s – UPYOG and UMEED, while smaller cities frequently lack
access to advanced GIS, AI, and climate analytics tools. Strengthening
urban resilience, therefore, requires not only technology adoption, but
also robust institutions, ethical safeguards, inclusive governance, and
strong cybersecurity frameworks.
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8. Recommendations

Building resilient and future-ready urban systems for India @ 2047
requires coordinated action across governance, technology, institutions,
and capacity building. A national Urban Climate Intelligence Mission is
needed to develop integrated data systems, climate-risk analytics, urban
observatories, and decision-support infrastructure for resilient urban
governance. An interoperable Urban Resilience Data Framework should
enable standardised data sharing across ministries, states, urban local
bodies (ULBs), and sectoral agencies through common geospatial and
climate-risk protocols.

Going forward, resilient urban development will require stronger
integration of risk-informed planning into mandatory planning
processes, including master plans, local area plans, development control
regulations, and building byelaws. This shift is essential to ensure that
data, climate intelligence, and emerging technologies lead to enforceable
changes in siting, design standards, blue-green infrastructure, flood
buffers, heat mitigation, and protection of critical infrastructure.

Strengthening institutional and technical capacities of ULBs is
equally important. Dedicated urban resilience cells and climate analytics
units can support data-driven planning, adaptive governance, and risk
assessment. Partnerships between academia, scientific institutions, and
city governments can bridge gaps between research and implementation
while promoting innovation in digital twins, AI-enabled planning, and
climate-risk analytics.

The NUDM (Pilot) platforms – UPYOG and UMEED – should
integrate climate-risk information, while ICCCs should incorporate
real-time climate forecasts, flood prediction systems, heat-stress
monitoring, and emergency response protocols. Cloud-based GIS and AI
infrastructure support for smaller cities will further strengthen equitable
urban resilience. Importantly, these systems must remain
people-centric, transparent, and inclusive to support sustainable urban
transformation.

9. Conclusion

The urban future of India cannot be determined simply based on the
quality of its roads, drainage, and infrastructure. The National Institute
of Urban Affairs (NIUA), under MoHUA, has sought through a wide
range of research initiatives to encourage urban policy makers to look
beyond physical horizons and incorporate holistic changes. The initia-
tives of NUDM (Pilot), including the UPYOG and UMEED platforms,
the existing ICCCs across India, together with emerging advances in
climate intelligence, regional climate services, AI-enabled climate
prediction systems, and actionable climate information systems being
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developed at IIT Delhi, provide an important foundation for the next
generation of integrated urban intelligence systems required for future
Indian cities. What is now needed is the task of putting together the
pieces within a coherent, compatible, and accessible governance system
for cities of all scales. As India moves towards Viksit Bharat @ 2047, the
development of this intelligence is now more a matter of governance and
strategic national priority.
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