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Abstract 
Starting from the relationship between urban planning and mobility management, TeMA has gradually 
expanded the view of the covered topics, always remaining in the groove of rigorous scientific in-depth 
analysis. This section of the Journal, Review Notes, is the expression of continuously updating emerging 
topics concerning relationships between urban planning, mobility and environment, through a collection of 
short scientific papers written by young researchers. The Review Notes are made of five parts. Each section 
examines a specific aspect of the broader information storage within the main interests of TeMA Journal. 
In particular, the Urban Practices section aims at presenting recent advancements on relevant topics that 
underline the challenges that the cities have to face. 
This note provides an overview of soft adaptation measures and their role in promoting effective disaster 
risk reduction and urban resilience. It focuses on Early warning systems (EWS), governance and knowledge-
based instruments that enhance anticipatory capacity within urban systems by integrating risk knowledge, 
hazard monitoring and forecasting, communication and dissemination mechanisms, and response capability. 
Selected international case examples are discussed, illustrating how cities are operationalizing EWS to 
address extreme weather events. Finally, the contribution outlines policy implications and research 
directions, emphasizing the importance of integrating EWS deployment into spatial planning and resilience 
governance frameworks to strengthen city and community adaptive capacity. 
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1. Introduction: climate change and soft adaptation measures 
Global average temperatures continue to rise, with evidence of a growing rate of warming in recent decades 
(Berkeley Earth, 2026). This accelerating trend is driving an increase in the frequency and severity of extreme 
weather events and cascading risks (IPCC, 2022). These hazards trigger escalating social, environmental and 
economic impacts, particularly in urban areas where exposure and vulnerability are concentrated (European 
Commission, n.d.). This could lead to an increase in both health costs and socio-ecological inequalities that 
make vulnerable population groups more prone to heat-related impacts (Longato et al., 2025). 
In this context of polycrises and deep uncertainty, climate change adaptation and resilience have become 
strategic priorities to reduce current and future risk and to strengthen institutional, community and 
infrastructural capacities to cope with disruptive events (UNFCCC, n.d.; UNDRR, 2023). Adaptation options are 
commonly grouped into broad classes according to the type of intervention they entail (Klein et al., 2014; EEA, 
2025). Conventional “grey” measures rely on engineered infrastructure – such as dikes, floodwalls or drainage 
upgrades – to protect assets from hazards. However, they are capital-intensive, have long lifetimes, and can 
quickly become inadequate under higher levels of warming or changing risk patterns (Klein et al., 2014; IPCC, 
2022). Recognizing the limits of stand-alone grey solutions, “green” measures – such as nature-based 
solutions, urban forestry and green infrastructure – have emerged as important complementary options that 
enhance ecosystem services while contributing to risk reduction (EEA, 2025; Anderson et al., 2022). Yet these 
measures also face constraints, including land availability, context-dependent performance, and the need for 
continuous maintenance and monitoring to remain effective over time (Anderson et al., 2022; IPCC, 2022). 
Building on socio-technical and socio-ecological systems perspectives, recent literature underscores the central 
role of communities, institutions and practices in shaping risk, while co-producing and operating both grey and 
green measures (Chappin & Van der Lei, 2014; Hossain et al., 2024). This perspective is particularly relevant 
for cities, which are increasingly recognized as key arenas of socio-technical change (Pennino, 2025). This has 
brought renewed attention to so-called “soft” adaptation measures – non-structural or behavioral strategies 
that manage risk through governance, policy, planning and capacity-building rather than through large-scale 
physical works (GWP, 2017; Kehler & Birchall, 2023). Many of these measures directly overlay with disaster 
risk reduction and disaster risk management, for example land-use regulation, early-warning systems, 
preparedness planning and public awareness initiatives (UNDRR, 2019; 2023). 

 
Fig.1 Climate-resilient development pathways 
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The active interplay between human systems, technology and the environment links climate adaptation to 
broader sustainable development agendas. Framing adaptation not as an optional add-on but as an integral 
component of development pathways resonates with the IPCC concept of climate resilient development, which 
emphasizes the joint pursuit of adaptation, mitigation and sustainable development to reduce climate risk for 
all (Schipper et al., 2022). This Review Note examines the role of soft adaptation measures for disaster risk 
reduction and urban resilience, with a specific focus on multi-hazard early warning systems. It also discusses 
how urban planning can enable or constrain the integrated development of socio-ecological and socio-technical 
systems that can advance sustainable development while confronting climate change and moving towards 
more climate-resilient urban futures. 

2. Urban resilience and urban planning 
Urban planning directly shapes urban resilience by influencing how cities grow, function and are governed. 
General urban plans and building codes determine the form and performance of the built environment, steering 
land-development patterns towards more – or less – climate-resilient configurations and mediating the 
deployment of grey and green adaptation measures (Keith et al., 2023a). They guide land-use allocation, 
urban design and the integration of greenery, while disaster risk reduction and management plans, hazard 
mitigation plans and climate action plans articulate policies, governance arrangements and management 
actions for reliable energy access, public health interventions, emergency management and exposure 
reduction (Keith et al., 2023b; UNDRR, 2019). 
The inherently multidisciplinary nature of urban planning positions it as a key convenor in urban governance 
and disaster risk management. Strategic and action plans can provide platforms for bringing together the 
multiple actors involved in disaster risk reduction and management, and for coordinating urban resilience 
strategies across sectors and scales (UNDRR, 2019; IPCC, 2022). However, fragmented mandates, siloed 
knowledge and sectoral planning often limit their effectiveness, prompting calls for more integrated 
approaches that engage stakeholders horizontally – across urban management sectors – and vertically – across 
local, regional and national levels (Keith et al., 2023a; Oneto & Canepa, 2023). Planners might also lack 
training in urban climatology or have limited access to usable risk information and tools to translate it into 
spatially targeted strategies. These challenges underscore the need for closer collaboration with universities, 
research institutions and other knowledge brokers to embed climate and risk science in planning practice 
(Keith et al., 2019; IPCC, 2022). 
For urban heat, Keith et al. show that resilience requires integrated planning that prioritizes mitigation and 
management actions for the most vulnerable communities, yet this coordination is often missing in practice 
(Keith et al., 2023a). Their analysis highlights a lack of clear leadership and coordination in urban heat 
governance, and identifies a significant opportunity for urban planners to assume a leading role by integrating 
heat mitigation and management into comprehensive plans, besides hazard mitigation plans and heat action 
plans (Keith et al., 2023a; 2023b). Concerning urban flooding, the relative ease of spatially visualizing pluvial 
and fluvial hazards has fostered the development of planning-support tools that operationalize climate risk 
assessment and monitoring. Truu et al. propose the Extreme Weather Layer (EWL) method, which dynamically 
links land-development scenarios to the performance of urban drainage systems and other determinants of 
flood risk, supporting planners in identifying flood-prone areas and testing alternative spatial configurations 
(Truu et al., 2022). In a complementary review, Oneto and Canepa emphasize the active role of urban planners 
in flood risk management for climate adaptation, highlighting how their position at the interface between 
spatial analysis and policy design is crucial for integrating flood resilience into urban development pathways 
(Oneto & Canepa, 2023). Overall, the role of urban planning in promoting urban resilience is emerging as 
critical, yet remains only partially realized. Planning can intervene along the full disaster risk management 
cycle, from risk analysis and assessment to the design of spatial policies, governance arrangements and 
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community engagement processes (UNDRR, 2019; IPCC, 2022). Embedding these functions within integrated 
and adaptive resilience planning processes can enhance the coherence and effectiveness of both short-term 
and long-term actions. Within this context, instruments such as climate action plans and heat action plans 
offer important opportunities to coordinate and mainstream urban resilience strategies across sectors and 
scales (Keith et al., 2023a, UNDRR, 2019). 

3. Early warning systems 
With the rapid evolution of information and communication technologies (ICTs), disaster risk reduction (DRR) 
and disaster risk management (DRM) literature has highlighted a range of innovative strategies to support 
adaptive urban resilience (UNDRR, 2019; IPCC, 2022). Among these, early warning systems (EWS) stand out 
as a key soft adaptation measure, leveraging advances in weather and climate observation, forecasting and 
communication technologies, to protect lives and health in the face of extreme events (UNDRR & CIMA 
Research Foundation, 2024; UNDRR & WMO, 2025). 
EWS can be understood as integrated arrangements of processes, activities and actors that generate and 
disseminate early warnings – timely and targeted information on imminent or emerging hazards – to enable 
early action – anticipatory measures by authorities and communities to reduce impacts on people, 
infrastructure and other assets (UNDRR & CIMA Research Foundation, 2024). Recognizing their central role in 
DRR, international organizations have strongly promoted their expansion, most notably through the Early 
Warnings for All (EW4All) initiative. It is organized around four independent pillars: (i) disaster risk knowledge 
and management; (ii) hazard detection, observation, monitoring, analysis and forecasting; (iii) warning 
dissemination and communication; and (iv) preparedness and response capabilities (WMO, 2022; UNDRR & 
CIMA Research Foundation, 2024). EWS can be designed and operated at multiple governance levels – from 
national meteorological and hydrological services to regional platforms and local, city-scale systems – and 
differ in how comprehensively they implement and integrate these four pillars (UNDRR & WMO, 2025; UNDRR 
& CIMA Research Foundation, 2024). 

 
Fig.2 The four pillars of Early Warnings for All 
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Given the specific exposure and vulnerability of cities to climate-related extreme weather events, Sheehan et 
al. conducted a global assessment of urban extreme-weather early warning systems in large cities reporting 
to the CDP Carbon Disclosure Project Cities Adaptation Actions database (Sheehan et al., 2025). They classified 
city-reported systems against the EW4All pillars and identified substantial gaps in pillars’ coverage, geographic 
uptake, cross-sectoral coordination and public health engagement, particularly in low- and lower-middle-
income contexts. While many cities reported health and spatial justice as an objective of their EWS, fewer 
explicitly assigned roles to health agencies, and few appeared to target the most vulnerable communities, 
underscoring the need for more comprehensive, multi-sectoral and equity-oriented urban EWS (Sheehan et 
al., 2025). Their findings provide several critical entry points for DRR and urban resilience from an urban 
planning perspective. 
The first key aspect is the multi-hazard perspective. When viewed spatially, the same urban elements can 
simultaneously contribute to, and help reduce, different types of risk (IPCC, 2022; WMO, 2025). For example, 
green spaces can mitigate both heath and pluvial flooding, while dense urban fabrics may provide shading 
that lowers cooling demand yet also intensify the urban heat island effect and concentrate exposure (Klein et 
al., 2014; Anderson et al., 2022). Developing multi-hazard EWS therefore demands systemic thinking and 
planning, encouraging stakeholder engagement and multilevel governance so that trade-offs and co-benefits 
are understood and managed across hazards and sectors (UNDRR, 2019; UNDRR & WMO, 2025). 
Effective EWS also depend on robust spatial risk knowledge, including detailed information on local hazard 
patterns, exposure and vulnerability (UNDRR & CIMA Research Foundation, 2024). Identifying populations and 
places at risk, including particularly vulnerable groups, can reveal spatial patterns of inequality and climate 
injustice that are often embedded in urban development trajectories (Sheehan et al., 2025; IPCC, 2022). This 
evidence can inform both long-term urban policies – such as zoning, infrastructure investment and housing 
strategies – and short-term actions, including the targeting of warning messages, the design of communication 
channels, and the prioritization of field operations by civil protection and emergency services during extreme 
weather events (UNDRR, 2019; UNDRR & CIMA Research Foundation, 2024). 
Finally, the design and operation of EWS require coordinated governance, cross-sectoral cooperation and 
meaningful community engagement (UNDRR, 2019; WMO, 2022). Establishing networks of relevant city 
agencies (e.g. planning, health, emergency management, utilities) and co-developing protocols and response 
plans with local communities are essential conditions for effective local DRR, and at the same time foundational 
for long-term urban resilience where risk knowledge, preparedness and adaptive learning are embedded in 
everyday governance (UNDRR, 2019; UNDRR & CIMA Foundation, 2024). To provide empirical insight into 
how EWS deployment can be integrated within urban planning processes, the following sections present three 
case studies of urban practices. 
 

 
 

Fig.3 Early Warnings for All initiative’s logo 
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1.1 Taipei, Taiwan 

 
Fig.4 Taiwan Weather App 

Taipei, Taiwan stands out as one of the most comprehensively documented 
examples of a fully integrated, multi-hazard urban EWS. The city's system 
addresses a broad spectrum of hazards – including typhoon-induced flooding, 
dam failures, windstorms, fires, earthquakes, volcanic activity, explosions and 
chemical poisoning – reflecting the compounded and cascading risk profile of 
a dense metropolitan area located in one of the world's most exposed disaster 
hotspots. Institutionally, the EWS is coordinated across public health, 
networked infrastructure, social services and city administration, 
exemplifying the kind of cross-sectoral governance that the EW4All 
framework identifies as foundational to pillar integration (Sheehan et al., 
2025; UNDRR & WMO, 2025). On the technical side, flood control 
infrastructure leverages an IoT network integrating rainfall and stormwater 
monitoring with automated pump station operations, and recent advances 
have incorporated hybrid deep learning models – combining convolutional 
and back-propagation neural networks – into the real-time urban drainage 
early warning system, achieving high predictive accuracy for sewer and river 
water levels at short forecast intervals (Chang et al., 2025). Despite these 
advances, flood management remains challenging under typhoon-induced 
extremes, and decades of rapid urbanization in the Tamsui River floodplain 
have entrenched structural vulnerabilities that no warning system alone can 
resolve (Su, 2016). Taipei's experience thus underscores a central argument: 
technically sophisticated EWS, however effective in reducing mortality in the 
short term, must be coupled with land-use governance and long-term spatial 
planning reform to address the root drivers of urban exposure. 

1.2 Rio de Janeiro, Brazil 

 
Fig.5 Alarm sirens in a favela in Rio de 
Janeiro 

Rio de Janeiro, Brazil offers a paradigmatic case of a city-level EWS that 
evolved iteratively in response to repeated disasters, gradually expanding 
from single-hazard monitoring to a horizontally integrated, multi-agency 
arrangement. The primary hazards addressed are rainfall-induced landslides 
and flash floods – hazards disproportionately affecting favela communities on 
steep hillsides and low-lying floodplains, where informal settlement, 
deforestation and inadequate infrastructure converge to produce high and 
unequally distributed vulnerability. The system's technical architecture 
combines a rain gauge network and Doppler radar managed by GeoRio, the 
municipal geotechnical office, with the community-based alert and alarm 
system (A2C2), which operates through a two-tier protocol: Civil Defense 
agents transmit SMS alerts to trained community leaders at the first level, 
while imminent threats trigger sirens and mandatory evacuation at the 
second (Ortigao, 2013). Institutionally, the Center of Operations Rio (COR), 
established in 2010, centralizes data from over thirty agencies and serves as 
the coordinating body for all warning and response actions (Sandholz et al., 
2018). Sheehan et al. (2025) explicitly recognize Rio de Janeiro among cities 
demonstrating horizontally integrated multi-hazard EWS capacity, noting that 
its warnings are explicitly targeted to vulnerable groups – a feature consistent 
with the spatial justice dimension highlighted in this note. The demonstrable 
life-saving effectiveness of the system – zero fatalities recorded during a 
severe rainfall event in March 2013 – stands as evidence of what coordinated 
governance across pillars can achieve. Nevertheless, persistent inequities in 
coverage, chronic under-investment in favela communities, and the growing 
intensity of extreme rainfall events driven by climate change continue to 
expose the limits of warning systems operating within an urban fabric shaped 
by decades of unplanned growth (Bartaburu, 2025). Rio's case reinforces the 
imperative of coupling EWS deployment with long-term urban planning 
instruments capable of reducing exposure at source. 
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1.3 Rosario, Argentina 

 
Fig.6 Rosario’s 2030 Local Climate 
Action Plan 

Rosario, Argentina provides a compelling illustration of how risk knowledge 
generated through EWS processes can be progressively mainstreamed into 
urban planning frameworks, making it particularly relevant to the planning-
centered argument of this review. The city faces compound climate hazards, 
most critically river flooding from the Paraná – classified as high risk by 
international hazard assessments – alongside extreme rainfall events, 
heatwaves and urban drainage failures. The EWS operates across multiple 
governance scales: nationally, the Servicio Meteorológico Nacional (SMN) 
issues colour-coded storm alerts; at the provincial level, the Autoridad Hídrica 
Provincial manages a telemetric hydrological network linked to a distributed 
mathematical model for river level forecasting; and at the municipal level, the 
Department of Water Management, in collaboration with the University of 
Rosario, has developed risk thresholds based on precipitation records to 
redefine flood zones and restrict construction in high-exposure areas (Hardoy 
& Ruete, 2013). Crucially, Sheehan et al. (2025) document Rosario's public 
health agency as an active contributor to EWS across multiple pillars: under 
Pillar 1, it maps extreme heat and zoonotic disease risk and makes climate-
health epidemiological data publicly available to foster community 
participation in risk tracking; under Pillar 2, it monitors weather conditions in 
coordination with health authorities to anticipate vector-borne disease 
outbreaks. The municipality further published comprehensive climate risk 
maps in 2024, estimating that approximately 35% of the population is 
exposed to high risk from flooding and torrential precipitation (Municipality of 
Rosario, 2024). These data-driven outputs have been progressively 
embedded in spatial governance, informing density redistribution policies, 
construction restrictions along stream corridors, and nature-based solutions 
such as the Green Belt Project – a land-use ordinance permanently reserving 
peri-urban land for agroecological use that simultaneously delivers flood 
attenuation and urban heat island mitigation. Rosario's trajectory thus offers 
one of the more instructive examples available of risk intelligence – generated 
through EWS monitoring, community mapping and public health surveillance 
– feeding directly and iteratively into urban planning decisions. 

4. Considerations from case studies 
The urban practices presented offer multiple insights that can contribute to strengthening and furthering the 
development of EWS, while also surfacing limitations that warrant attention. Collectively, they provide evidence 
of the critical relevance of urban planning for the effectiveness of both short-term and long-term resilience 
and adaptation measures. 
Taipei’s EWS stands out for its multi-hazard integration within a single smartphone app, a design choice that 
reflects the inherent interconnectedness of hazards in complex metropolitan environments, where floods, 
windstorms, fires and infrastructure failures can cascade rapidly across an exposed urban system. Beyond its 
technological sophistication, the system is notable for the effective coordination of a wide range of institutional 
stakeholders and for its near-real-time monitoring infrastructure, which leverages IoT networks and advanced 
machine learning models to generate actionable forecasts at short temporal intervals. Rio de Janeiro’s EWS 
presents two distinctive features of relevance to equity-oriented DRR. The first is a deliberately differentiated 
warning communication strategy: the involvement of trained community leaders as intermediaries, alongside 
the activation of sirens for the most imminent threats, reflects a bottom-up approach that tailors the alert 
system to the social fabric and spatial characteristics of the communities at risk, rather than imposing a one-
size-fits-all broadcast model. The second is the explicit focus of the coupled landslide–heavy rainfall warning 
system on favela communities, a targeting strategy that directly addresses the most structurally vulnerable 
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groups through site-specific, proximity-based action. Rosario’s case demonstrates the most advanced 
integration across all four EW4All pillars and, critically, the most developed articulation between EWS 
operations and urban planning and development. It features cross-sectoral and cross-level cooperation 
spanning municipal, provincial and national institutions; the active involvement of the University of Rosario as 
a strategic knowledge partner; and a central role of the public health agency, which enables the system to 
bridge hydrometeorological hazards – flooding and extreme heat – with disease outbreak risk, extending the 
EWS’s anticipatory scope beyond conventional disaster management. The entire process is designed to be 
transparent and participatory, engaging the community both for awareness-raising purposes and as 
contributors to citizens science monitoring initiatives. 
Turning to the implications for urban planning, the three cases together illuminate both the current state and 
the potential evolution of the relationship between EWS and urban resilience governance. 
Taipei's technically advanced monitoring infrastructure, deeply rooted in the spatial analysis of the urban 
environment, demonstrates the transformative potential of integrating real-time data systems into city 
operations. Yet its predominantly short-term, event-response orientation also reveals a structural limitation: 
EWS reach their ceiling of effectiveness when the four pillars are not scaled up and embedded in long-term 
climate action plans, hazard mitigation plans or climate-proof urban development and redevelopment 
strategies (Sheehan et al., 2025; UNDRR, 2019). Warning systems can save lives in the immediate term, but 
they cannot reduce the exposure that makes warnings necessary in the first place – a function that belongs, 
ultimately, to spatial planning. 
Rio de Janeiro's case makes this tension even more explicit. Despite a well-tailored and demonstrably effective 
EWS, the system operates within an urban fabric fundamentally shaped by informal, unplanned development 
on hazard-prone slopes and floodplains. This structural condition imposes a ceiling on what any warning 
system can achieve and highlights the urgent need to adaptively transform those urban contexts that are 
recursively exposed to intensifying hazards – through managed relocation, incremental upgrading, and the 
integration of DRR objectives into housing and infrastructure policy (IPCC, 2022). 
The Rosario case, however, offers a more generative perspective on this relationship. Its sustained and 
recursive cycle of risk mapping, hydrological monitoring, public health surveillance and community 
engagement has demonstrated that iteratively produced, multi-sectoral risk knowledge can trace persistent 
spatial risk patterns with sufficient resolution and credibility to directly inform planning decisions. In Rosario, 
this has translated into modified zoning regulations along stream corridors, construction restrictions in flood-
prone areas, and the institutionalisation of nature-based solutions through binding land-use instruments such 
as the Green Belt Project. This trajectory suggests that when EWS are designed not merely as emergency 
response tools but as ongoing knowledge infrastructures embedded in urban governance, they can actively 
guide future development – limiting urban expansion into risk-prone areas, constraining hazard-generating 
land-use change, and orienting redevelopment towards more climate-resilient configurations. 
Taken together, the three cases point towards a progressive understanding of EWS as a connective tissue 
between disaster risk management and urban planning: most effective not when they operate in isolation, but 
when they are institutionally anchored, spatially informed, equity-oriented and iteratively integrated into the 
adaptive governance processes through which cities confront – and over time reshape – their relationship with 
climate risk. 
We can then reaffirm the importance of collection, management and representation of knowledge as 
operational instruments of action and decision that are as effective as possible in preventing what can be 
foreseen as likely (Stufano Melone & Camarda, 2025), therefore moving from analysis to planning and 
implementation. Moreover, the importance of land use for disaster risk reduction and climate change 
underlines the necessity of integrated and adaptive land use policies, that address climate-induced challenges 
and promote sustainable development (Okafor et al., 2025). 
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5. Conclusions 
In this note we reviewed climate adaptation categories and dived more deeply into soft adaptation measures 
and their role for disaster risk reduction and urban resilience. The close, causal, relationship between urban 
planning practice and urban resilience was analyzed, highlighting the crucial role of urban planners in 
integrating adaptation across sectors and governance levels, taking up a leading role in guiding both short-
term disaster risk reduction and long-term climate adaptation. We then focused on early warning systems, an 
effective disaster risk management measure that contributes to creating governance practices aimed at 
reducing impacts from extreme weather events, while contributing to strengthening long-term resilience, and 
institutional and community response. We proposed three exemplary cases of multi-hazard EWS in different 
contexts: Taipei in Taiwan, Rio de Janeiro in Brazil and Rosario in Argentina. The case studies proved the 
relevance of EWS in supporting urban planning practices in several ways. First, they encourage constant and 
updated risk assessment and monitoring, which can inform risk-informed urban policies and plans in the long-
term. Second, they enable the creation of a strategic network of stakeholders relevant both for short term 
DRR & DRM, and for long-term climate change adaptation, including universities, civil protection, and public 
health authorities. Third, they support the spatial analysis of specific contexts, identifying vulnerable 
communities to tailor communication and emergency procedures. Finally, they stress how cross-sectoral and 
cross-level cooperation are crucial, posing an incentive to integrated planning and the proactive role that urban 
planners assume in developing urban policies towards resilient urban futures. Further research is needed to 
tackle the bridge between EWS and DRM measures, including the identification and operationalization of 
climate shelters, and the development of emergency management plans. 
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