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ABSTRACT

Cities stand at the focal point of vulnerability to heat waves (HWs) as they threaten urban liva-
bility and sustainability. National, regional, and local heat-health action plans (HHAPs) are vi-
tal for combating HWs and are increasingly crucial as adaptation measures to extreme heat. 
The present article highlights the most recent development on the working mechanism of 
HHAPs, its contemporary challenges, barriers to it and a range of operational heat manage-
ment and planning strategies. It introduces the concept of ‘smartness’ to the existing mech-
anism of HHAPs which holds a significant potential to be intelligent, explicit and dynamic to 
address the growing and multifaceted impacts of extreme heat. It emphasizes urgent priori-
ties including long-term heat planning, multisectoral heat-early warning systems, building ur-
ban heat resilience and recommends the application of eight core elements endorsed by the 
World Health Organization (WHO) for effective implementation of HHAPs. Collaboration 
among meteorological, epidemiological, public health, and urban planning experts is essen-
tial for addressing the multidimensional challenges of extreme heat.
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Introduction 

The phenomenon of global warming has substantially es-
calated climate-related challenges and occurrence of ex-
treme weather events. Global climate change causes a seri-
ous increase of the frequency, magnitude and duration of 
extreme heat events (EHEs) or HWs (Perkins, 2015). HWs 
are characterized as extended durations of abnormally el-
evated temperatures and has emerged as the deadliest cli-
mate risk contributing to thousands of preventable deaths 
each year (IPCC, 2018, 2022). Extreme heat is a complex 
hazard that presents risks both acute and chronic. Recent-
ly, climate scientists and experts have dedicated their at-
tention to a greater disconcerting occurrence commonly 
referred to as ‘global boiling’ indicating a heightened in-

tensification of temperature extremes (Amnuaylojaroen, 
2023; Thomas, 2023). In the context of the shift from glob-
al warming to global boiling, an expanding corpus of re-
search efforts have underscored scientific investigations 
of EHEs in urban areas (Santamouris, 2020; Nazarian et 
al., 2022, 2024; Feng et al., 2023; Ghosh & Vidyasagar, 2023). 

Urban heat island (UHI) is a widely environmental 
phenomenon where urban areas experience significant-
ly higher temperatures compared to their rural surround-
ings (Wouters et al., 2017; Kotharkar et al., 2024c). Urban 
overheating is the combined effect of frequent HWs and 
growing heat islands associated with anthropogenic cli-
mate change and rapid urbanization (Santamouris, 2020; 
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Kotharkar et al., 2024a). Their significant ramifications on 
environmental, economic, social, and health aspects have 
also been widely reported (Ebi et al., 2021; Kotharkar et al., 
2019, 2021, 2022). In recent years, the frequency, duration, 
intensity, and seasonality of EHEs have escalated quick-
ly, and are projected to increase in the future (IPCC, 2022). 
The multifarious impact of HWs is threatening the liveli-
hoods and sustenance of urban dwellers and profoundly 
affects the livability and sustainability of cities (Kotharkar 
et al., 2024b). Such a scenario presents an immense threat 
to swiftly urbanizing areas and burgeoning populations.

In this context, HHAPs and heat action plans (HAPs) were 
introduced as a guide to minimize the adverse effects of ex-
treme heat and enhancing public health responses to ex-
treme heat through a series of coordinated efforts between 
specialized agencies (WMO and WHO, 2015; Casanueva et 
al., 2019; He, 2023; Ulpiani et al., 2024). HHAPs provide a 
strong framework dedicated to address heat vulnerability 
and serve as an effective tool for directing heat-related ad-
aptation and mitigation strategies across different spatial 
scales. In scientific literature, the terms ‘HAP’ and ‘HHAP’ 
have been interchangeably used. While both plans aim to 
mitigate the effects of extreme heat, HAPs have a broader 
focus on overall heat management, and HHAPs specifical-
ly address health-related concerns and strategies (Guarda-
ro et al., 2020; He, 2024). A HAP is primarily concerned with 
general strategies for managing and responding to extreme 
heat which includes measures related to infrastructure, 
emergency response, public awareness, and logistics. HAPs 
have a broader scope that includes general preparedness to 
address a wider range of stakeholders and is particularly 
evident in Asian and Western Pacific countries. In contrast, 
HHAPs specifically target the health impacts of extreme 
heat and is focused on protecting public health and mini-
mizing heat-related morbidity and mortality (Martinez et 
al., 2019; Li et al., 2022). HHAPs, a characteristic of Europe-
an and Eastern Mediterranean nations often targets health 
professionals and protect vulnerable populations (Martin-
ez et al., 2022). 

In this regard, the sixth assessment report (AR6) of the 
Intergovernmental Panel on Climate Change (IPCC) alerts 
of a faster warming trend across most of the land areas 
(IPCC, 2022). It confirms that without constructive adap-
tation solutions, heat extremes will be unbearable for hu-
man health. The present study undertakes the following 
key pointers:

1. The escalation of extreme heat poses growing health 
hazard, propelled by the rapid urbanization and de-
mographic shifts in nations with aging populations.

2. Globally, the exposure of populations to HWs is 
poised to amplify alongside further warming, ex-

hibiting pronounced geographical variations in 
heat-related fatalities unless additional adaptation 
measures are undertaken.

3. Projections suggest that potent geographical differ-
entials in heat-induced mortality will emerge in the 
latter part of this century, predominantly steered by 
population expansion in regions characterized by 
tropical and sub-tropical climates.

4. Within cities, hot extremes including HWs have in-
tensified, amplifying heat risks, particularly within 
urban areas, attributable to alterations in regional 
heat patterns compounded by the ‘heat island’ phe-
nomenon.

5. Adaptation strategies necessitate action plans inte-
grating early warning systems and responsive pro-
tocols to mitigate heat-related risks.

6. Future heat risk adaptation options entail compre-
hensive arrangements featuring early warning sys-
tems and response strategies tailored for both urban 
and non-urban locales, with a focus on safeguard-
ing vulnerable demographics through iterative en-
hancements.

7. Addressing short-term heat-health hazards can be 
complemented by long-term urban development 
strategies, incorporating nature-based solutions to 
mitigate UHI effects.

8. Embracing a multi-sectoral approach, involving di-
verse stakeholders, holds promise in fortifying re-
sponses to enduring heat risks, with initiatives en-
compassing climate-conscious urban planning and 
design measures.

Aim, objectives and scope
Underscoring these facts, this paper aims to detail the sig-
nificance and critical functioning of HHAPs apropos of 
rapid urban growth and rising EHEs and envision a smart 
version to tackle the multi-dimensional nature of extreme 
heat. The research is primarily divided for a three-fold 
purpose with a intent to serve unique objectives, which are 
to (i) outline contemporary extreme heat-related efforts 
within the HHAPs including the wide range of extreme 
heat countermeasures as prescribed by international bod-
ies or organizations; (ii) identify the limitations, barriers, 
and challenges in operationalizing heat management and 
heat planning strategies/efforts; and (iii) propose the de-
velopment of a smart HHAP which is an evidence-based 
programmatic and progressive pathway to counter the 
evolving and multi-faceted impacts of extreme heat. The 
present study does not account for the cultural, political, 
economic and complex physiological factors related to the 
operational mechanism of HHAPs.
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Methodology

The present research critically examined the current pro-
gress in extreme heat management and planning with a 
focus on identifying the key concerns in the operation-
al mechanism of HHAPs. It adopts a mixed-method ap-
proach and go beyond a review of existing literature. It 
recognizes limitations and barriers in the effective func-
tioning of a HHAP via a critical review and suggests key 
recommendations to augment the overall efficacy and op-
eration of action plans. In addition to policy documents, 
the representative sample of peer-reviewed original re-
search was limited to those focused on mitigation or ad-
aptation solutions as a part of broader action plans (HAPs, 
HHAPs, and heat response plans). The review was restrict-
ed to publications available online, excluding those pub-
lished in physical journals or books and any studies with 
restricted access. The paper concludes with key recom-
mendations for both researchers and policymakers in-
cluding the need for a smart HHAP to offer a dynamic 
stance involving active collaboration among various spe-
cialized sectors.

Literature review
This section summarizes the global efforts to counter the 
threat of HWs including the discussion of internation-
al polices and guidelines and their recent developments. 
Thirdly, it details the core concept or the basic working 
mechanism of HHAPs which includes a range of contex-
tual and cross-cutting extreme heat countermeasures. 
Lastly, it discusses the issues, barriers, and challenges in 
the contemporary extreme heat management and plan-
ning efforts which paves the way for the ideation of smart 
HHAPs.

International ef forts and guidelines 
to address extreme heat
International scientific bodies including the IPCC, WHO, 
and WMO, concur that the impacts of extreme heat can 
be mitigated through concerted efforts, necessitating a 
comprehensive array of actions with active coordination 
among diverse agencies (IPCC, 2022; WHO, 2008; WMO 
&WHO, 2015). In response to the rising incidence of EHEs, 
national governments and international organizations in-
stituted heat-health warning systems (HHWSs) during the 
1990s (Ebi, 2007, 2019; Sheridan & Kalkstein, 2004). The in-
ception of the first hot weather health watch/warning sys-
tem in Philadelphia, USA, in 1995 marked a pivotal mo-
ment (Kalkstein et al., 1996), followed by the large-scale 
public health interventions initiated in the aftermath of 
the 2003 European HW (Wilhelmi & Hayden, 2010; Keith 
et al., 2022). These initiatives catalyzed the development of 
numerous national and sub-national heat-health frame-

works worldwide. Subsequently, various countries em-
barked on heat-health research to formulate implementa-
ble action plans. Many communities and states have since 
established HHAPs to effectively manage the public health 
consequences of HWs, incorporating early warning and 
effective response systems (Casanueva et al., 2019; Mar-
tinez et al., 2022). In 2008, the WHO Regional Office for 
Europe played a crucial role in guiding the development 
of HHAPs, providing comprehensive guidance documents 
and supplementary materials for the preparation of these 
plans (WHO, 2015; WMO & WHO, 2015). These resources 
have been widely adopted by national, regional, and local 
authorities as a blueprint for the prevention and manage-
ment of HWs (WHO, 2011; WMO & WHO, 2021; Martinez 
et al., 2019, 2022; WHO, 2021). 

The establishment of the Ahmedabad HAP in 2013 
marked a significant milestone, pioneering the approach 
in the South Asia region (Kotharkar & Ghosh, 2021b). 
Since then, many countries have adopted similar action 
plans, wherein the onset of hot weather triggers a range 
of interventions aimed at minimizing health impacts. 
However, national HHAPs are currently operational in 
only 47 countries, with the majority situated in Europe 
(35), followed by South-East Asia (5), Western Pacific (4), 
Americas (2), and Eastern Mediterranean (1) (Kotharkar 
& Ghosh, 2021a). In 2021, the WHO Regional Of fice for 
Europe conducted a survey on the status of national/fed-
eral heat-health prevention across its member states, re-
vealing significant variations in the implementation of 
core elements of HAPs (WHO, 2021). Nevertheless, there 
is strong evidence of progressive improvement in the 
development and implementation of HHAPs within the 
WHO European and South-East Asian region (Martinez 
et al., 2019, 2022; WHO, 2021). 

Recent developments on extreme heat-related 
countermeasures
Extreme heat prevention efforts became more systematic 
and institutionalized since the aftermath of the 2003 Eu-
ropean HW which led to over 70,000 excess deaths (He et 
al., 2023). HHAPs have surfaced prominently in regions 
grappling with rapidly escalating urban heat challenges, 
showcasing promising momentum, particularly in South-
East Asia, the Eastern Mediterranean, and the Pacific. Ad-
ditionally, stakeholders from diverse disciplines and or-
ganizations, including the Natural Resources Defense 
Council (NRDC), Red Cross, and regional partners, are ac-
tively collaborating with national governments to deepen 
understanding of the causes and formulate effective re-
sponses to this pressing risk. Concurrently with preven-
tive measures, there has been a surge in research and pub-
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lications focusing on HHAPs, both on a global scale and 
within Europe (Campbell et al., 2018; Casanueva et al., 
2019; Santamouris, 2020; Nazarian et al., 2022, 2024; Ulpi-
ani et al., 2024).

Over the past decade, numerous member states with-
in the WHO European Region have instituted HHAPs of 
diverse scopes and complexities. Major states/cities in In-
dia vulnerable to HWs have their own plans, though ac-
tive participation of local governments is limited (NDMA, 
2019). Several states in the US including Kansas, Minne-
sota, and Wisconsin have developed specific guidelines to 
increase awareness and readiness among the population 
while a few others have employed heat officers to ensure 
priority action for local governments (Keith et al., 2021). 
Select cities including Arizona and Sydney have collabora-
tively developed extreme heat planning toolkits with sup-
port from local governments. These toolkits harness the 
latest research, information, and innovative ideas to fa-
cilitate the adaptation of urban spaces and enhance re-
silience against extreme heat (WSROC, 2021; Keith & 
Meerow, 2022). Additionally, collaborative efforts by the 
international organizations are underway to enhance 
guidance on heatwave and heat health early warning sys-
tems, through the Global Heat Health Information Net-
work (GHHIN).

Understanding the working mechanism of HHAPs
The beginning of the twenty-first century has witnessed 
the initiation and development of cross-cutting ex-
treme heat countermeasures. HHAP epitomizes practical 
and policy action/response to the negative effects of ex-
treme heat to be undertaken at different levels and scales. 
HHAPs offer a comprehensive guide to minimize the neg-
ative impacts of extreme heat and delineate a portfolio 
of actions for the prevention and management of HWs. 
It offers a definitive mechanism to inf luence built envi-
ronment outcomes, improve public health responses and 
controls that have the potential to reduce the impacts of 
urban heat. This includes a wide range of guidelines rang-
ing from the formation of a lead body, meteorological ear-
ly warning systems, timely public and medical advice, im-
provements to housing and urban planning and ensuring 
preparedness of health care and social systems (WHO, 
2008; WMO & WHO, 2015, WHO, 2021). Additionally, it 
outlines a variety of spatio-temporal actions for concerned 
stakeholders and advocates periodic monitoring and eval-
uation of processes and outcomes to ensure the effective-
ness of intended activities. 

HHAPs encompass a comprehensive set of guidelines 
designed to facilitate various facets of heat risk reduction 
and preparedness. They serve as a vital tool for identify-
ing and implementing heat-related adaptation and miti-
gation strategies. In recent years, HHAPs have emerged as 
indispensable instruments for guiding measures against 

extreme heat, continually evolving to enhance their ef-
fectiveness. Established HHAPs have demonstrated suc-
cess in mitigating heat-related mortality and its adverse 
impacts. The WHO’s guidance on HHAPs acknowledges 
that the detrimental effects of HWs are largely prevent-
able, necessitating specific actions at multiple levels for 
successful implementation (WHO, 2008). These actions are 
integrated within HHAPs, which comprise robust health 
preparedness systems, epidemiological evidence, precise 
meteorological early warning systems, and enhancements 
in urban management and planning. Further, it acknowl-
edged the need for heat-health systems to strengthen 
stewardship functions and a proactive, multidisciplinary, 
and multi-sectoral approach with governments, agencies, 
and international organizations. 

Contemporary issues, barriers, and challenges  
in extreme heat management ef forts
Despite making commendable national and regional in-
itiatives along with international efforts, there remains 
significant gaps in the HHAP apparatus and its opera-
tion. The current mechanism of HHAP remains static in 
function, rigid in replication, and unprogressive in na-
ture. Most of the heat plans focus on managing the neg-
ative consequences of extreme heat rather than long-term 
climate change adaptation and heat-health planning. It is 
also evident that response measures to HWs are primar-
ily short-term, reactive in behaviour, and fail to capture 
and treat pseudo-effects at large. Current heat plans do 
not account for changing climates and hence do not pro-
vide a dynamic solution to the multifarious impacts of 
HWs. Furthermore, the effectiveness of HHAPs is signif-
icantly hampered by the absence of periodic monitoring 
and evaluation mechanisms. There is a notable deficiency 
in frameworks designed to assess the efficacy of policies 
in diminishing heat-related mortality and morbidity. The 
present study highlights a few shortcomings in contempo-
rary extreme heat management efforts:

1. Lack of consistency in defining HWs and its poor 
scientific understanding

2. Threshold definition and its limited application in 
HHWSs

3. Static heat alert systems and action plans
4. Restricted coverage of HHAPs
5. Limited knowledge of intra-urban heat vulnerabili-

ty and heat hotspots

It is clearly manifested that the widespread impact of 
HW leads to public health deterioration and increased risk 
of heat-related morbidity and mortality. In addition to 
this, the present research identified several ripple effects 
of extreme heat on urban systems which adds further bur-
den on intended measures:
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1. Higher energy consumption coupled with danger-
ous levels of pollution

2. Damage to urban infrastructure and services
3. Loss of economy and workers’ productivity
4. Exacerbated water stress and widespread droughts
5. Power outages and energy crisis

In addition to the above-listed issues, HHAPs also face 
implementation failures, data-sharing and are not ade-
quately resourced. Most heat plans specify roles and re-
sponsibilities at the national level but lack specificity at 
the sub-national and local levels. In terms of linkages with 
other policies, HHAPs are less frequently integrated and 
barely a part of environmental/disaster management poli-
cies. The key challenges for HHAPs that hinder their over-
all functioning are: 

1. Lack of trained/skilled manpower to implement 
heat-related countermeasures

2. Inadequate weather stations to record meteorolog-
ical data

3. Poor integration of HHAPs with national planning 
policies & development plans

4. Limited real-time surveillance 
5. Inadequate monitoring and evaluation of processes/

outcomes

Smart HHAP: A programmatic, progressive  
and dynamic framework
In view of the growing heat stress in urban areas, it is im-
portant to expand extreme heat adaptation and improve 
heat-related preparedness through a holistic and anticipa-
tory approach. The multifaceted and growing impacts of 
extreme heat call for an urgent and collaborative mecha-
nism coupled with long-term investment in research and 
innovation. The global community and policymakers need 
to look beyond short-term solutions to promote long-term 
urban heat resilience. The next section outlines a range of 
constructive recommendations best suited to application 
in their unique contexts in synchronization with the sug-
gestions given by the IPCC AR6 report.

In this context, we introduce the concept of ‘smartness’ 
to the existing working mechanism of HHAPs. A smart 
HHAP by design refers to a programmatic, progressive and 
dynamic framework to mitigate urban overheating involv-
ing the collaborative intervention of multiple specialized 
sectors (see Fig. 1). This enables its operation to be intel-
ligent, explicit, and dynamic to address the multifaceted 
aspects of extreme heat primed for effective reduction of 
negative heat-health outcomes. It involves a combination 
of countermeasures to protect public health, infrastruc-
ture, and the environment. The present work proposes a 

Figure 1. Working framework of a functioning smart HHAP
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few directives as a part of smart HHAPs against the set-
ting of changing urban landscape, f luctuating climate, 
and worrying future weather projections of temperature 
extremes. It sets an agenda to augment the overall effica-
cy and operation of HHAPs via condensed multidiscipli-
nary directives which includes: 

a) Long-term planning
Extreme heat is a silent killer and poses a huge challenge 
to sustainable development. The majority of contempo-
rary extreme heat countermeasures and their respective 
application remain reactive and short-sighted. Urgent at-
tention should be directed towards substantial and target-
ed adaptive investments, particularly aimed at safeguard-
ing the most vulnerable populations (WHO, 2008; WMO & 
WHO, 2015; Ebi, 2019; Ebi et al., 2021; WHO, 2021). Com-
prehensive efforts must encompass year-round planning 
and the development of threshold-based heat metrics to 
bolster early warning systems (Li et al., 2022; Brimicombe 
et al., 2024). Smart HHAP offers a holistic approach en-
compassing diverse actions such as land-use planning, 
climate-responsive building design, community resil-
ience, and emergency planning and response to effective-
ly manage long-term heat risks. Furthermore, advance-
ments should entail documenting the contributions and 
interactions of controllable and non-controllable factors 
inf luencing the UHI effect, identifying and addressing 
sources of heat vulnerability among the population, and 
enhancing heat risk management through comprehensive 
emergency response preparation and inter-agency collab-
oration (WHO, 2021; Keith et al., 2022). These multifacet-
ed approaches hold promise in mitigating the impacts of 
EHEs, thus fostering greater resilience within communi-
ties. 

b) Mandate: apply eight core elements  
and involve specialized domains
Extreme heat countermeasures often remain ineffective 
and fail to cover a wider audience due to their siloed op-
eration. This creates and calls for the need for an inclusive 
approach consisting of diverse stakeholders with a set of 
expertise to join hands and effectively contribute towards 
a holistic reduction of heat-related impacts. This particu-
larly applies to the formulation of HHWS, which is part of 
wider HHAP and can be improved by knowledge sharing 
and active collaboration between stakeholders (WMO & 
WHO, 2015; WHO, 2021; Brimicombe et al., 2024). There-
fore, it is urgent to prioritize the development of a robust 
plan that integrates meteorological warnings and public 
health interventions, supported by epidemiological data, 
coupled with appropriate urban planning strategies. Lo-
cal conditions will dictate the plan’s details, but practice 
in different parts of the world has demonstrated that core 
elements are indispensable (Casanueva et al., 2019; WHO, 

2021). These have been highlighted by a guidance docu-
ment for the preparation of HHAPs as published by WHO 
including (WHO, 2008):

1. Establishing agreement on a lead body tasked with 
coordinating and facilitating collaboration among 
relevant stakeholders.

2. Ensuring clear links and effective communication 
channels between national and community early 
warning systems, extending to all pertinent stake-
holders for achieving last-mile connectivity.

3. Identifying vulnerable groups and areas requiring 
priority response guided by a comprehensive heat-
health information plan.

4. Implementing evidence-based triggers and gradu-
ated thresholds for action, tailored to locally appro-
priate metrics such as temperature, humidity, and 
the anticipated duration of the heat event.

5. Enacting appropriate early and anticipatory actions 
to mitigate risks and safeguard both people and live-
lihoods.

6. Establishing operational preparedness and read-
iness measures for local first responders for swift 
and effective response.

7. Developing a robust public communications plan, 
incorporating nationally harmonized, action-ori-
ented key messages, for disseminating critical in-
formation to the public.

8. Implementing real-time monitoring, evaluation, 
and learning mechanisms for continuously assess-
ing the effectiveness of interventions and fostering 
iterative improvements.

c) Identify and apply strategic actions  
across spatial scales 
Smart HHAP advocates the application of temporal ac-
tions i.e., short-term, medium-term and long-term meas-
ures to manage, respond, and plan for extreme heat risks 
respectively (refer Fig. 2). While short-term actions are 
aimed at immediate or relatively temporary solutions (0-6 
months) and are usually applied after a HW has struck or 
during a hot weather season, medium-term actions (6-24 
months) cover extended efforts to manage/control the ad-
verse effects of HWs. Long-term efforts are largely execut-
ed through substantial time and planning involving future 
considerations for several years. Smart HHAP embraces a 
nested governance approach which entails working con-
currently across various scales, ranging from the design of 
microclimates at specific sites to broader neighborhood, 
city, and regional planning scales, and can lead to sustain-
able extreme heat considerations (Keith et al., 2019; 2022; 
WHO, 2021). Growing emphasis on regional heat planning 
recognizes the territorial impact of HWs and the climat-
ic effects of different land use or policy changes (Nazari-
an et al., 2022; Ulpiani et al., 2024). A robust action plan 
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should entail these strategies and planning interventions 
to prevent as well as to prepare. Subsequently, implemen-
tation of the plan and its elements depends the periodic 
monitoring and evaluation of intended measures drawing 
from past experiences. This forms a circularity in action 
planning template which can break large plans into small-
er implementable actions while providing clarity towards 
the course of action.

d) Conduct systematic evaluation  
and periodic monitoring 
Evaluation of HHAPs encompasses two primary cate-
gories: ‘process’ evaluations, which assess whether their 
implementation aligns with its intended objectives, and 
‘outcome’ evaluations, which gauge their ef fectiveness in 
mitigating the adverse impacts of extreme heat (WHO, 
2021; Dwyer et al., 2022). However, the evaluation of pro-
cesses remains largely underrated and undervalued, im-
peding the formal assessment of HHAP components, 
roles, and the potential ef ficacy of implemented meas-
ures. Thorough assessment and evaluation of actions 
taken before, during, and after HW events are crucial 
for enhancing the ef fectiveness and continual improve-
ment of HHAPs. Subsequently they can serve as crucial 
adaptation solutions, thus underscoring the importance 
of their evaluation and iterative updating in response to 
evolving climate dynamics and changes in heat-health 
associations. The development of progressive methodol-
ogies and inclusion of socio-economic factors are critical 
aspects and can facilitate ef fective and comprehensive 
responses. Evaluation involves a multidisciplinary and 
collaborative ef fort among various stakeholders to ad-
dress the diverse aspects and components of the HHAP, 
including user needs and potential challenges (refer Fig. 
3). Formal evaluation of HHAP ef fectiveness is impor-
tant to:

 – assess whether activities are achieving their intend-
ed outcomes;

 – evaluate the cost-effectiveness of activities;
 – assess whether the implemented measures are ethi-

cal and address health inequalities
 – determine if activities are acceptable to the target 

population;
 – ensure that evaluation is integrated at every stage of 

the planning, development, implementation, and re-
view of programs

 – track health impacts and changes over time

e) Establish a multidisciplinary  
and multi-sectoral warning system

As a wider component of HHAP, HHWSs use forecasts 
of high-risk weather conditions to trigger public health 
warnings (Sheridan & Kalkstein, 2004; VanderMolen et 
al., 2022). Ideally, warning systems should encompass a 
comprehensive, multi-stakeholder action plan that can 
be established at various levels, including national, re-
gional, or local. The efficacy of HHWSs should rely on 
threshold-based assessments rather than absolute weath-
er parameters (Li et al., 2022; Brimicombe et al., 2024). It 
is imperative to develop thresholds that integrate ther-

Strategic actions
to heat waves

Longer-term
development
and planning

Monitoring
and evaluation

Specific responses
to heat waves

Prevention during
summer season

Learning and experiences

Preparation before
summer season

Short-term measures
+

Medium-term actions

Figure 2. A periodic extreme heat planning and management cycle

Heat Action Planning

Continuous cyclic process

Diagnostic
evaluation

Learning
+

Experiences

Modifications
+

Iterative updations

Figure 3. Evaluation and monitoring of HHAPs
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mo-physiological considerations and account for season-
al variations (Casanueva et al., 2019; Martinez et al., 2022). 
Such efforts should be founded on robust scientific prin-
ciples, drawing upon extensive and long-term data, com-
plemented by relevant health statistics. This approach can 
significantly enhance the applicability of thresholds and 
indicators in decision-making contexts. Substantial in-
vestments can be directed towards impact-based fore-
casts, which integrate meteorological data with vulner-
ability information to offer timely analyses and provide 
lead time in diverse settings.

f) Promote and develop multi-disciplinary,  
multi-scalar and multi-dimensional action plans
The existing HW management and planning systems lack 
the ability to replicate adaptation efforts across different 
spatial scales. Current efforts primarily focus on physical/
engineering and health aspects, with insufficient consid-
eration given to urban climate recommendations. This un-
derscores the imperative to develop robust mechanisms 
and resilient systems capable of coping with escalating 
heat stress. Addressing this challenge entails embracing 
a dynamic array of adaptation and mitigation strategies 
to address the multifaceted impacts of HWs comprehen-
sively. HHAPs must be meticulously tailored to the specif-
ic climate, demographics, geography, infrastructure, and 
socio-economic dimensions of the communities they aim 
to safeguard. Integration of state-of-the-art knowledge is 
indispensable to ensure that HHAPs can effectively deliv-
er on their intended benefits. WHO’s guidance to HHAPs 
also outlines several principles to be adopted for plan-
ning and responding to extreme heat which underlines 
the need to use existing systems and response arrange-
ments, effective communication, a multi-agency and in-
tersectoral approach (WHO, 2008; 2021). Several princi-
ples linked with planning for and responding to extreme 
heat revolves around relying on established local, region-
al, and national emergency response systems and embrac-
ing a long-term vision. Additionally, plans require a multi-
agency and intersectoral approach, ascertaining formal 
evaluation, effective communication to target groups and 

warrant that countermeasures do not worsen the issue of 
climate change (refer Fig. 4).

In the present study, we urge practitioners and policy-
makers to effectively frame a set of objectives (tasks) with-
in each domain (meteorological, epidemiological, pub-
lic health, and urban/regional planning) as a part of smart 
HHAPs. A detailed list of actions (short-term, medium-term 
and long-term) complementary to the objectives is provided 
in Annexure 1. This provides a clear-cut objectives and tem-
poral actions to be taken (short-term, medium-term and 
long-term) by individuals/agencies directly linked with dif-
ferent core elements. The proposed working principle of an 
objective-based execution of tasks within a wider HHAP in-
volves a circular approach which is cost effective, iterative 
and allows easy implementation on ground. This will pro-
vide clarity for concerned stakeholders to understand, as-
sess, and execute intended measures. It should essentially 
encompass the active involvement of multiple domains (D) 
which typically includes experts from meteorological (D1), 
epidemiological (D2), public health (D3) and urban/regional 
planning (D4) background (see Fig. 5). 

In this workf low, task managers are required to formu-
late explicit objectives (O) under each of their working do-
mains (as formulated in Annexure 1). For a case, the first 
objective of meteorological agency can be denoted as D1O1, 
the second one as D2O2 and so on. The respective experts 
of the four domains are expected to do a similar exercise 
and carry out an implementation of temporal strategies. 
Additionally, task managers are expected to pinpoint a set 
of unique indicators which determines the effectiveness of 
intended measures as a part of the formal evaluation pro-
cess. The framework entails periodic monitoring, and a 
diagnostic evaluation procedure which aims to provide a 
detailed and precise understanding of the issues at hand, 
which helps in creating an effective treatment or interven-
tion plan. The cycle is completed by incorporating neces-
sary modifications and fit for purpose updations to feed 
in to the (revised) guidelines of HHAPs. This results in a 
stronger and robust version of HHAP, which has evolved 
from the previous model and is now better equipped to 
handle new challenges.

Principles to smart
Heat-Health Action Plans

Use existing
systems and link

to general
emergency

response
arrangements

Adopt a
long-term
approach

Be
broad EvaluateCommunicate

e�fectivey

Ensure that
responses to extreme

heat do not
exacerbate

the problem
of climate change 

Figure 4. Key principles for ef fective operationalization of HHAPs
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g) Support good practices of heat-health governance
Solid heat-health governance covers a broad spectrum of 
public-private networks and stakeholders who deliber-
ate and make decisions regarding heat resilience (Keith et 
al., 2023; Wan et al., 2023; Ravishankar & Howarth, 2024). 
While international and national guidelines have outlined 
good governance principles, their translation into practice 
remains suboptimal. Current HHAPs often overlook rap-
idly changing climate and demographic variables, there-
by compromising their overall effectiveness. Integrat-
ing HHAPs with other climate-sensitive early warning 
systems, climate-resilient adaptation plans, and disaster 
management policies could yield synergies and efficien-
cy gains. Moreover, the development of heat governance 
extends beyond governmental purview; it is crucial to in-
volve non-governmental stakeholders, including private 
and non-profit organizations, whose decisions significant-
ly impact negating heat vulnerability. Scaling up public 
heat-health surveillance to inform and target adaptation 
plan and enhancing public health engagement present op-
portunities for effective health governance. Mainstream-
ing heat action planning across global cities, particularly 
in tropical regions, based on emerging best practices that 
prioritize closer integration of local health agencies, could 
enhance heat adaptation outcomes.

h) Build and improve urban heat resilience
Heat resilience, defined as the ability to construct an en-
vironment capable of withstanding and enduring extreme 
heat episodes, is essential (Keith & Meerow, 2022; Lim et 
al., 2022). Urban heat resilience necessitates an integrat-
ed planning approach that harmonizes strategies across 
community plans and leverages the best available heat risk 

information to prioritize heat mitigation efforts. Facili-
tative interventions can empower cities to inf luence and 
support actions toward sustainable urban cooling through 
appropriate policies and programs (Keith et al., 2021). 
HHAPs must include efforts that should be directed to-
wards embedding urban heat resilience into city policies 
and plans. Additionally, escalating heat risks attributable 
to rapid expansion of the built environment and the UHI 
effect underscore the need to integrate HHAPs with de-
velopment plans and urban planning policies. HHAPs can 
benefit from climate-based recommendations, while spa-
tial frameworks such as local climate zone maps can offer 
critical insights into intra-urban variations in heat vulner-
ability (Kotharkar et al., 2024). Building resilience to ex-
treme heat, necessitates concerted efforts across sectors 
and stakeholders to develop inclusive and effective strate-
gies that prioritize equity and social justice.

i) Focus beyond heat management  
and plan for extreme heat 
Historically, response mechanisms to extreme heat have 
been solely inclined towards managing and minimiz-
ing its negative public health outcomes (WHO, 2021; He 
et al., 2023). These set of countermeasures are often re-
ferred to as heat management strategies. ‘Heat man-
agement’ refers to a set of short-term actions intended 
to minimize the immediate negative consequences of 
extreme heat. The wide range of contemporary actions 
and traditional ef forts directs a static response and fo-
cuses primarily on controlling/reducing the ill ef fects 
of extreme heat. Hence, they do not present replicabil-
ity of actions across spatial scales and of fer a poor sig-
nature of adaptation ef forts. Conversely, smart HHAP is 

Figure 5. Representative objective-based execution of tasks within a smart HHAP
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vocal for ‘heat planning’ which refers to the portfolio of 
provisions taken in advance with the potential to reduce 
the anticipated impacts of extreme heat. These primarily 
include long-term adaptation and mitigation strategies 
(design and planning), strengthening heat response sys-
tems and associated machinery to proactively translate 
measures into heat-related prevention ef forts. It consti-

tutes periodic monitoring and evaluation (of process-
es and outcomes) to evaluate practices to deal with the 
impacts of HWs. Simultaneously, extreme heat planning 
of fers a practical approach to proactively direct extreme 
heat countermeasures and proposes a predictive method 
to plan and mitigate urban heat across many systems and 
sectors it af fects.

Discussion

Over the years, heat-health research has examined vari-
ous aspects of public health, urban planning, and epide-
miological evidence to build a thorough and integrated 
understanding. Matthies & Menne (2009) examined ex-
isting HHAPs in Europe and identified best practices for 
national and local preparedness planning. Another en-
quiry by Zuo et al. (2015) explored mechanisms to address 
the impacts of HWs, considering their significant effects 
on the built environment and community health. Martin-
ez et al. (2019) conducted an updated review of HHAPs in 
Europe, evaluating future challenges in heat-health gov-
ernance and stakeholder engagement. In another study, 
Fragomeni et al. (2020) investigated a collaborative ap-
proach to integrate the knowledge of heat vulnerability 
and urban climatology into the development of heat re-
sponse plans. Guardaro et al. (2020) focused on bridging 
the gap between resilience theory and practice, advocat-
ing for community-based action plans to promote heat-re-
ducing solutions. Further investigations critically analyz-
ed the need to strengthen connections between research 
and practical interventions, emphasizing the importance 
of two-way communication between researchers and im-
plementers in designing effective action plans (Casanueva 
et al., 2019; Ebi, 2019; Kotharkar & Ghosh, 2021a).

Recent efforts have shifted focus towards practical im-
plementation and effective interventions within urban de-
velopment policies and action plans (Parsaee et al., 2019; 
Ulpiani et al., 2024). Efforts have been made to explore 
collaborative heat response planning, community action 
plans, and to evaluate the monitoring and effectiveness of 
HHAPs. The present article provides a critical perspective 
into contemporary extreme heat-related countermeasures 
and strategies within the purview of HHAPs. The prima-
ry focus of this contribution has been on understanding 
and responding to overheating challenges, depicting cit-
ies as the central point of the emerging issue. It deep dived 
into the construction of a smart HHAP which provides 
multidisciplinary solutions while exploring pathways to 
address urban overheating. The different components of a 
smart HHAP provides explicit recommendations for heat-
health researchers and a portfolio of actions for policy-
makers. This includes focusing beyond heat management 
and converging on proactive and long-term planning, 
building governance structures and supporting urban re-
silience routes to extreme heat. Investing in multi-disci-
plinary, multi-scalar and multi-dimensional early warn-
ing systems can go a long way in constructing a robust and 
dynamic HHAP with inputs from collaborative efforts.

Conclusion

Urban overheating, driven by global climate change and 
rapid urban development poses a major environmen-
tal problem that adversely impacts urban systems. The 
present article underscored the complexity and chal-
lenges inherent in contemporary extreme heat manage-
ment and planning ef forts as a part of wider HHAPs. The 
present work describes a multidisciplinary outlook on 
countermeasures to urban overheating, which remains 
yet to be addressed in the context of anthropogenic cli-
mate change and rapid urban expansion. The barriers 
to addressing extreme heat risk include a lack of evi-
dence-based guidance for planning processes, siloed re-
search, and underdeveloped regulatory structures. Ad-
ditionally, HHAPs are poorly integrated with national 
policies which further hamper the overall potential and 

ef fectiveness of adaptation measures. It is also impor-
tant to note that HHAPs primarily adopt a public health 
approach and are oriented toward reducing human mor-
tality and morbidity. 

The time is now for a smart version of HHAP. It is neces-
sary to counter the borderless nature of heat hazards and 
severity of heat extremes in a changing climate. A pro-
grammatic and progressive framework backed by stra-
tegic long-term investments can support HHAPs to be a 
game-changing apparatus. Incorporating spatial assess-
ment of intra-urban heat risk mapping at a granular level 
within HHAPs is a valuable approach for addressing heat 
vulnerability which accounts for local climatology and ur-
ban meteorology. This helps in the knowledge of hyper-lo-
cal distribution of heat, thus providing climate-based rec-
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ommendations for urban planners and policy-makers to 
devise apposite mitigation measures. Our recommenda-
tions include the need for a dynamic stance with a mandate 
to apply core elements recommended by WHO, embracing 
a long-term approach, backed by a multidisciplinary and 
multi-sectoral warning system. Additionally, it promotes 

to develop multi-disciplinary, multi-scalar and multi-di-
mensional action plans aided by strong heat-health gov-
ernance structures to focus proactively on early extreme 
heat planning. Future empirical research is crucial to ex-
amine whether institutional and policy approaches effec-
tively enhance heat resilience in cities.
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