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Abstract
Urgent action is needed to ensure the achievement of the sustainable development goals 
(SDGs) by 2030. Under climate change the intensity and frequency of heatwaves are pro-
jected to increase and urgent action is also needed to improve heatwave resilience now and 
in the future. Yet, it remains unclear how countries are planning and implementing policies 
and actions for this to happen. Interactions between the SDGs have been widely researched. 
However, little is known about the interactions between the SDGs and heatwave resilience. 
In response, this study focuses on mapping such interactions. This mixed methods study 
design with a diverse group of stakeholders from different sectors of society identified key 
interactions, sources of interactions and solutions for achieving both agendas. The analy-
sis revealed that: (i) synergies largely outweigh trade-offs; (ii) a broad compatibility exists 
between the two agendas; (iii) no fundamental incompatibilities were found, and; (iv) the 
two agendas are not being consistently aligned. These findings are essential for parallel and 
effective achievement of both agendas and to enhance synergies and reduce trade-offs. A 
series of solutions were identified which can be implemented. Such integrated approaches 
would enhance success and overall performance by improving collaborations, using com-
mon language, regulation and planning, pooling resources, skills, inclusive information 
and translation to practice.

Keywords Sustainable development · Sustainable development goals · Interactions · 
Climate change · Resilience · Heatwaves

1 Introduction

Due to climate change, extreme weather events such as heatwaves are expected to increase 
in frequency, intensity and duration (IPCC, 2022). These increases have and will continue 
to decrease human health and well-being, and reduce food and water security, among oth-
ers hindering the achievement of the United Nations 2030 Agenda for Sustainable Devel-
opment and its 17 Sustainable Development Goals (SDGs) (IPCC, 2022).
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Heatwaves affect all individuals everywhere but disproportionately affect some more 
than others due to underlying sources of vulnerability (Costello et al., 2009; Watts et al., 
2015; WHO, 2008, 2019). The most vulnerable populations in society can include the 
young, old, poor, frail and Indigenous People (IPCC, 2022; Watts et  al., 2018; WHO, 
2013). Heatwaves can cause serious impacts on human health and well-being both in terms 
of morbidity and mortality (Costello et  al., 2009; Smith et  al., 2014; Watts et  al., 2017; 
Watts, et  al., 2019) and can be either direct due to physical harm (e.g. heatstroke, inju-
ries) or indirect (e.g. mental illness, access to electricity or services) (Smith et al., 2014; 
Watts et  al., 2015, 2019; Whitmee et  al., 2015). Heatwaves also affect the vulnerability 
and resilience of human systems such as urban, agricultural, technological, political and 
economic systems (IPCC, 2022). Heatwaves are and will continue to damage the health of 
vulnerable populations, as they are less able to respond and adapt to, as well as improve 
their resilience, with potential increases in existing inequalities (Munro et al., 2020; Nunes, 
2018, 2019, 2020, 2021; WHO, 2015). Health, social and economic inequalities increase 
the exposure, susceptibility to impacts, and reduce the ability vulnerable individuals and 
communities to cope and recover from impacts of climate change (Nunes, 2018, 2019; UN, 
2017).

Calls for connecting sustainable development and climate change have been raised 
but not much has been done as yet (Fuso Nerini et al., 2018, 2019; Zhenmin & Espinosa, 
2019). Sustainable development and climate action (Fuso Nerini et al., 2019; Zhenmin & 
Espinosa, 2019), including heatwave resilience, are intricately connected and are interde-
pendent. As a result, improving heatwave resilience, as well as achieving sustainable devel-
opment are being suggested as a way forward to minimise the impacts caused by heatwaves 
on the health and well-being of vulnerable populations and human systems (Beccari, 2016; 
Fuso Nerini et al., 2019; Zhenmin & Espinosa, 2019). Additionally, there needs to be an 
acknowledgement and detailed understanding of the complex web of interactions to fos-
ter positive planning and action. In this regard, this article is responding to this need and 
explores how these agendas are being addressed and how diverse stakeholders from dif-
ferent sectors of society perceive the interactions between achieving sustainable develop-
ment and improving heatwave resilience from a vulnerable populations and human systems 
perspective, how these agendas can be aligned to avoid silos and ensure that duplication of 
efforts and trade-offs are avoided (Nilsson et al., 2016; Nunes et al., 2016).

The theoretical framework used in this research paper is based on principles from a 
resilience of human systems approach and a sustainable development approach. These two 
theoretical threads create the foundation of a multifaceted, holistic framework for sustain-
able development and resilience of human systems. This theoretical framework is based on 
the resilience of human systems and sustainable development concepts.

1.1  The UN 2030 agenda and the SDGs

The UN 2030 Agenda for Sustainable Development was adopted at the UN Sustain-
able Development Summit in 2015 by 193 UN member states, which have committed to 
implementing and delivering the 17 SDGs (see Fig. 1) and its 169 targets by 2030 (UN, 
2015). The SDGs expand on and are the successors of the Millennium Development Goals 
(MDGs) (Sachs, 2012). They aim to focus on a variety of interconnected challenges that 
both developing and developed countries are facing. These include poverty, inequality, 
health and well-being, climate change, education, among others (UN, 2015). For many the 
SDGs constitute the opportunity that was missing for different sectors of society to work 
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together for a greater good (Osborn et al., 2015; WHO, 2015), whilst for others this agenda 
is considered to be too diverse and difficult to achieve (Davis et al., 2015; Le Blanc, 2015; 
Yamey et al., 2014). The SDGs are considered to be indivisible (Scharlemann et al., 2020) 
but their implementation and achievement depends on synergies and trade-offs (Kroll et al., 
2019; Pradhan et  al., 2017). Understanding synergies and trade-offs between individual 
SDGs has been the focus of interest and research (Allen et al., 2019; Bennich et al., 2020; 
Breuer et al., 2019; Cernev & Fenner, 2020; Collste et al., 2017; Forestier & Kim, 2020; 
Fu et al., 2019; Le Blanc, 2015; Liu et al., 2018; Nilsson et al., 2018; Scharlemann et al., 
2020; Scherer et al., 2018; Van Soest et al., 2019; Weitz et al., 2014, 2018).

Achieving the SDGs will largely depend on the ability of countries to maximise syn-
ergies and minimize trade-offs (Alcamo et  al., 2020; Kroll et  al., 2019). Additionally, 
each member state/country and all sectors of society are being called to help support the 
achievement of such agenda (UN, 2015). Despite this, and with less than 10 years left much 
is still left to do in order to successfully achieve this agenda. One of such options is to align 
the achievement of the SDGs with improving heatwave resilience as they may have similar 
roots and causes (see Sect. 1.4). In doing this, stakeholders from different sectors of society 
within a country could join their efforts and work towards these two ambitions without 
undermining the achievement of any and pulling together resources (i.e. time, money).

1.2  Heatwave risks and impacts

According to the IPCC, in all regions of the globe heatwaves have resulted in human mor-
tality and morbidity (IPCC, 2022). Additionally, heatwaves and the risks of extreme heat 
have intensified in cities and urban areas due to the Urban Heat Island (UHI) effect. With 
the increased risk of more frequent, intense and prolonged heatwaves and not enough effec-
tive responses and adaptation, heat-related morbidity and mortality are likely to increase at 
the global scale (IPCC, 2022). It is known that substantial proportions of current and future 
heat-related illnesses and deaths are preventable and what is really needed is to develop 
and implement policies and actions to minimise morbidity and mortality (Nunes, 2018, 
2019). Commonly, deaths from cardiovascular and respiratory diseases are those reported 

Fig. 1  The 17 Sustainable Development Goals Source UN, 2015
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as underlying cause of death during heatwaves. But the link between deaths during or 
immediately after a heatwave due to exposure to heat is difficult to establish and mortal-
ity attributed to extreme heat are most certainly underestimated. Therefore, heatwaves are 
called ‘silent killers’ (UKHSA, 2022).

The biggest unknown is how to develop and implement heatwave planning that allows 
individuals and populations to better prepare for the present and intensifying threat that 
extreme heat poses to health and wellbeing in order to reduce adverse health effects of 
extreme heat. Heatwave planning is thus critical and should encompass heat resilience 
and increased capacity to adapt to extreme heat. Effective heatwave planning will need to 
involve all sectors of society and not just health, and involve different stakeholders (local 
and national government, academia, third sector, industry) and focus on those that are most 
vulnerable to the effects of heat due to social, biological/physical, financial and place-based 
vulnerabilities in order for it to be equitable and inclusive, and able to reduce the health 
effects of extreme heat (Nunes, 2018, 2019). In many countries around the world heatwave 
plans have been developed to protect populations against the threat extreme heat poses by 
issuing alerts and providing advice and guidance on how to minimise the negative effects 
of heat. England in the United Kingdom (UK) is one of such examples (UKSHA, 2022).

As a result, heatwaves are a great hazard to consider in the context of sustainable devel-
opment because we know that the physical environment and development patterns can 
ameliorate or exacerbate exposure to heat. Additionally, the SDGs may be relevant to heat-
wave resilience when considering urban versus rural differences for example. Building on 
this foundation of what is known about heatwave risks, impacts as well as planning will go 
a long way in helping understand potential synergies and trade-offs between the SDGs and 
heatwave resilience.

1.3  Heatwave resilience

This article uses the Intergovernmental Panel on Climate Change (IPCC) definition of 
resilience: “the capacity of interconnected social, economic and ecological systems to cope 
with a hazardous event, trend or disturbance, responding or reorganising in ways that main-
tain their essential function, identity and structure. Resilience is a positive attribute when it 
maintains capacity for adaptation, learning and/or transformation.” (IPCC, 2022, Annex II, 
pages 37–38).

Resilience is modified by the occurrence of heatwaves (IPCC, 2012). Improving heat-
wave resilience is thus a solution to minimize the impacts of heatwaves (IPCC, 2012, 
2018). Heatwaves can impact not only on health but also on infrastructure for example 
(i.e. transport, energy supply, water supply) and span all sectors of society (Howarth et al., 
2019). Despite this, frequently such impacts are defined as being confined to health alone 
and dealt with separately using a siloed approach (Brimicombe et al., 2021; Howarth et al., 
2019; Public Health England, 2021). A lot is already known about the factors and pro-
cesses that contribute to heatwave resilience (Nunes, 2020; Hatvani-Kovacs et  al., 2018; 
Royal Society, 2014). Access and availability of assets have been identified as sources of 
heatwave resilience and these can range from human assets (e.g. information), physical 
assets (e.g. quality housing), financial (e.g. income), place-based assets (e.g. amenities, ser-
vices) and social assets (networks and contacts) (Nunes, 2018).

Furthermore, links have also been found between heatwave resilience and the 
United Nations (UN) 2030 Agenda for Sustainable Development and its 17 Sustainable 
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Development Goals (SDGs) which can help achieve both agendas using similar approaches 
(Nunes, 2018, 2020, 2021; IPCC, 2018).

1.4  Supporting the achievement of the SDGs and heatwave resilience

Climate change is a threat to both sustainable development and heatwave resilience (IPCC, 
2018). Within the 2030 Agenda, SDG 13 is the one that directly focuses on climate action 
and aims at taking urgent action to tackle climate change and its impacts (UN, 2015). In 
doing so, it specifically addressed the need to improve resilience and adaptation to natu-
ral hazards and events such as heatwaves. Despite this, many other SDGs also contrib-
ute to this aim, such as SDG 9 (industry, innovation and infrastructure), SDG 12 (respon-
sible consumption and production). As a result, many authors have called for integrated 
approaches to achieve different SDGs simultaneously and at the same time consider syner-
gies and trade-offs (Allen et al., 2019; Bennich et al., 2020; Breuer et al., 2019; Cernev & 
Fenner, 2020; Collste et al., 2017; Forestier & Kim, 2020; Fu et al., 2019; Le Blanc, 2015; 
Liu et al., 2018; Nilsson et al., 2018; Scharlemann et al., 2020; Scherer et al., 2018; Van 
Soest et  al., 2019; Weitz et  al., 2014, 2018) when doing so. For instance, through inte-
gration of climate change action into multisectoral and multilevel policies, planning and 
actions can be reinforced by ensuring quality education (SDG 4), gender equality (SDG5) 
and reduced inequalities (SDG10) (Beccari, 2016; Fuso Nerini et al., 2018; Nunes et al., 
2016) for better heatwave resilience (UN, 2015).

Strengthening heatwave resilience is considered to be consistent and coherent with 
achieving sustainable development (IPCC, 2014, 2018). Furthermore, according to the 
IPCC (2018), more needs to be done to identify synergies and trade-offs between these two 
agendas, as well as the development of a joint strategy that simultaneously supports the 
achievement of the SDGs and heatwave resilience to improve outcomes and avoid trade-
offs (IPCC, 2018). As a result, it is thought that aligning both agendas should be prioritised 
as they have common themes, scopes and purposes (IPCC, 2018). Despite this, little or no 
attention has been given to the interactions between achieving the SDGs and improving 
heatwave resilience. Heat response is still not a primary concern among local government 
and organizations despite the Heatwave Plan for England (UKHSA, 2022) with most atten-
tion arising when a heatwave alert is declared. Furthermore, the SDGs are largely missing 
from the discussion.

This study helps fill this critical gap and improve our understanding of how these two 
agendas can be aligned. This article thus, focuses on addressing this need and highlights 
how different stakeholders in different sectors of society have been, are and may be align-
ing the SDGs and heatwave resilience to improve synergies and reduce trade-offs, and how 
to achieve both agendas.

The article starts by mapping interactions between achieving the SDGs and improv-
ing heatwave resilience, exploring the sources of interactions between them (i.e. synergies 
and trade-offs) and analysing major interaction themes between achieving the SDGs and 
improving heatwave resilience. This will be done through a mixed method (i.e. combined 
quantitative and qualitative) approach based on expert stakeholders’ judgment (Griggs 
et al., 2017). The article uses Nilsson and colleagues’ (2016) seven-point scale, as it attrib-
utes scores to the different potential interactions, differentiating between three degrees of 
positive interactions or synergies (indivisible =  + 3, reinforcing =  + 2, and enabling =  + 1), 
neutral (consistent = 0), and three degrees of negative interactions or trade-offs (con-
straining =  − 1, counteracting = − 2, and cancelling =  − 3). The systemic and contextual 
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interactions can be summarized with this simple scale (Nilsson et al, 2016; Weitz et al., 
2018). Synergies can be defined as situations in which achievements on one goal contribute 
towards progress in improving heatwave resilience. On the other hand, trade-offs can be 
defined as situations in which progress achieved on one goal will produce effects detrimen-
tal to improving heatwave resilience.

2  Methods

A mixed methods study with semi-structured interviews with a mapping exercise using a 
scale to score interactions between achieving the SDGs and improving heatwave resilience 
(Table 1) were used.

2.1  Recruitment and participants

This study recruited participants to represent four perspectives: government, private sector, 
civil society and academia. Inclusion criteria were applied to recruitment (Box 1).

A list of potential participants was generated by two sampling techniques. A purposive 
sampling and ‘snowballing’ technique (Patton, 2002) were used to recruit a diverse group 
of stakeholders from government, private sector, civil society and academia. First, publicly 
available information on websites and email addresses were used to identify potential inter-
viewees employed by government, private sector, civil society or academia and holding a 
position relevant to sustainable development and heatwave resilience (See Box 1). Second, 
a snowballing strategy was used whereupon the initially contacted interviewees were able 
to suggest additional interviewees to be approached (Bryman, 2012). These were identi-
fied to participate in the interviews and recruited via formal invitations, to collectively pro-
vide a diverse range of perspectives, considerations, experiences and perspectives on the 
achievement of the SDGs and heatwave resilience. Interviewees were identified based on 
their experience and knowledge of the context of sustainable development and heatwave 
resilience policy and practice, their diversity of perspectives in relation to their: role, work-
ing sector (government, industry, academia or civil society), organization and disciplinary 
specialism’s (natural sciences, social sciences, humanities or health perspectives).

In total twenty-six interviewees were recruited from a variety of professional profiles 
and working areas (Tables  2 and 3). Participants came from national and local govern-
ment (n = 9), academia (n = 8) and civil society (n = 6), with the private sector being less 

Table 1  Scale to score interactions between achieving the SDGs and improving heatwave resilience

Adapted from Nilsson et al. 2016

Score Interaction Explanation

+ 3 Indivisible Inextricably linked to improving heatwave resilience
+ 2 Reinforcing Aids improving heatwave resilience
+ 1 Enabling Creates conditions that further improving heatwave resilience
0 Consistent/neutral No significant positive or negative interaction
– 1 Constraining Limits options on improving heatwave resilience
– 2 Counteracting Clashes with improving heatwave resilience
– 3 Cancelling Makes it impossible to reach improving heatwave resilience
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represented (n = 3) (Table 2). Health and social care was the most popular working area 
(n = 9), followed by social science (n = 8) and science (n = 7), while technology was the 
least represented (n = 2). All participants work in England and are distributed throughout 
the country (e.g. North, South, East and West, urban and rural areas). Some professional 
profiles and working areas are more represented than others which is a limitation, but the 
study aimed not to provide an overview of professional profiles and working areas but to 

Box 1  Participant eligibility criteria

Inclusion criteria
Working in England
Able to provide informed consent
Meets one of the following group inclusion criteria:
1. Government: Individuals employed by non-ministerial departments and executive agencies, and 

local councils, and holding a position concerning policy development in sustainable development 
and heatwave resilience;

2. Private sector: Individuals employed by business and industry, and holding a position relevant to 
sustainable development and heatwave resilience;

3. Civil society: Individuals employed by civil society organisations and non-governmental organisa-
tions, and holding a position relevant to sustainable development and heatwave resilience;

4. Academia: Individuals employed by a Higher Education Institution, research institute, and holding 
a position concerning research in sustainable development and heatwave resilience

Exclusion criteria
Individuals not working in England
Individuals unable to provide informed consent
Individuals not employed by government, private sector, civil society or academia
Individuals not holding a position concerning sustainable development and heatwave resilience

Table 2  Professional profile of 
participants

Number

National (NG) & local government (LG) 9
Private sector (PS) 3
Civil society (CS) 6
Academia (A) 8
Total 26

Table 3  Working areas of participants

Number

Health and Social Care (including public health, social work) (HS) 9
Social Science (including economics, geography, sociology, social policy, politics and interna-

tional studies) (SS)
8

Technology (including environment and engineering) (T) 2
Science (including earth and environmental sciences, life sciences, sustainability) (S) 7
Total 26
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compare participants perspectives, knowledge and experiences of sustainable development 
and heatwave resilience. Quotes from interviews are referenced in the text via codes; each 
interviewee has a code: for example NG1, T means first interviewee from National Govern-
ment working in Technology.

The principal investigator is an environmental social scientist and public health spe-
cialist with extensive working experience on heatwave resilience and mixed methods. The 
principal investigator contacted all participants via email and conducted all the interviews. 
Prior to conducting the interviews, participants were given information detailing the aims 
of the study, together with information on the 2030 Agenda for Sustainable Development 
and the 17 SDGs, as well as the scale to score interactions between achieving the SDGs 
and heatwave resilience options to be assessed (Table 1).

2.2  The interviews

Twenty-six one-to-one telephone semi-structured interviews with key stakeholders were 
undertaken. The interview guide was informed by a review of the literature on the subject 
and participants were asked a series of open-ended questions on the interactions between 
achieving the SDGs and improving heatwave resilience and asked to score the interactions 
between achieving the SDGs and improving heatwave resilience using Table 1. Interviews 
lasted between 20 and 60 min. The study was granted ethical approval by the University 
of Warwick Ethical Committee. Prior to consent, all the participants were informed that 
participation was voluntary, and that confidentiality would be maintained in publications. 
Written consent was obtained from all participants after written and verbal presentation of 
the study’s objectives and the procedures for managing the interview data. All interviews 
were conducted in English. Interviews were audio-recorded and verbatim transcribed prior 
to thematic analysis (Braun & Clarke, 2006). The study took place in England with stake-
holders from national and local government, private sector, civil society and academia.

Participants’ information, audio recordings and transcriptions were stored in the prin-
cipal investigator’s personal password-protected computer, in accordance with the proce-
dures described in the approved ethics application.

2.3  Data analysis

The mapping of interactions between achieving the SDGs and improving heatwave resil-
ience was performed by developing an impact matrix and each interaction was given a 
score for each participant against a guiding question: “If progress is made on SDGs (1 to 
17) how does this influence progress on heatwave resilience and why?”. Participants were 
asked to consider and discuss the interactions between the SDGs from a human systems 
perspective and heatwave resilience. Participants were asked to discuss these themes gen-
erally in relation to each of the SDGs (1 to 17) and to use both their personal and profes-
sional perspectives, knowledge and experiences.

The scoring implemented uses a consistent system, agreed with the participants. This 
scale to score interactions between achieving the SDGs and improving heatwave resilience 
(Table 1) uses a seven-point scale, with + 3 for the most positive interactions (i.e. syner-
gies) and − 3 for the most negative interactions (i.e. trade-offs). Two systems that have been 
used successfully with the SDG Synergies Approach are those proposed by Weimer-Jehle 
(2006), which goes from “strongly promoting” to “strongly restricting”, and by Griggs 
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et al., 2017, which goes from “indivisible” to “cancelling” (Nilsson et al., 2016). The rea-
soning behind the scoring for each participant and each interaction was also documented 
for analysis.

The aims of the qualitative data analysis were: (1) to identify common themes; and (2) 
to identify contrasting experiences and views on the topics raised. Qualitative data were 
transcribed and subject to thematic analysis (Braun & Clarke, 2006). First, all the tran-
scripts were read for familiarization with the data, to identify direct prominent findings 
and make initial notes. Second, qualitative coding was conducted upon which a code was 
assigned to a single sentence, several sentences or larger parts of text by the interviewee. A 
‘code’ in this perspective can be agreed as being a concept or a short phrase that captures a 
phenomenon described by the interviewee. The coding of the data was accomplished using 
the qualitative data analysis software QSR NVivo 12 Pro and was applied to the inter-
views. A list of codes was prepared to help identify connections among them (e.g. if codes 
described similar or different phenomena of interest). Codes relating to similar phenomena 
were grouped together under overarching concepts and themes.

3  Results

All twenty-six participants were aware of the UN 2030 Agenda for Sustainable Develop-
ment and its 17 SDGs, as well as heatwave resilience, but their familiarity varied signifi-
cantly. Furthermore, many participants had not thought about the interactions between 
achieving the SDGs and improving heatwave resilience which made mapping of interac-
tions and thinking about the sources of interactions somewhat challenging.

3.1  Mapping of interactions

Considering all stakeholders’ scoring, the analysis indicates that synergies largely outweigh 
trade-offs between achieving the SDGs and improving heatwave resilience (Fig. 2). Par-
ticularly, SDG 11 (Sustainable cities and communities) was identified as having only syner-
getic relations with improving heatwave resilience. SDGs 3 (Good health and well-being), 
4 (Quality Education), 5 (Gender equality), 9 (Industry, innovation, and infrastructure), 
10 (Reduced inequalities), 15 (Life on Land), 16 (Peace, justice and strong institutions) 
and 17 (Partnerships for the goals) show synergetic relations as well as no interaction with 
improving heatwave resilience according to all stakeholders. This indicates that stakehold-
ers identify a broad compatibility between achieving the SDGs and improving heatwave 
resilience, where progress in one is associated with the fulfilment of the other.

The analysis also highlights the existence of negative interactions (trade-offs) accord-
ing to all stakeholders’ scoring. These are mainly identified in SDGs 1 (No poverty) and 2 
(Zero hunger), and to a lesser degree in 8 (Decent work and economic growth), 6 (Clean 
water and sanitation), 7 (Affordable and clean energy), 12 (Responsible consumption and 
production), 13 (Climate action) and 14 (Life below water).

As stakeholders are very diverse and belong to different groups and sectors of society 
(see Table 2), further analysis of interactions between achieving the SDGs and improving 
heatwave resilience by stakeholders’ group is presented below.

Both positive and negative interactions between achieving the SDGs and improving 
heatwave resilience have been identified by different stakeholders’ groups. Considering the 
public sector stakeholders, the analysis indicates that they mostly associate achieving the 
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SDGs and improving heatwave resilience interactions as being positive (Fig. 3). Particu-
larly, SDGs 6 (Clean water and sanitation), 10 (Reduced inequalities), 15 (Life on Land), 
17 (Partnerships for the goals), 1 (No poverty), 2 (Zero hunger), 3 (Good health and well-
being), 7 (Affordable and clean energy), 9 (Industry, innovation and infrastructure), and 11 
(Sustainable cities and communities) were identified as having only synergetic interactions 
with improving heatwave resilience. This indicates that public sector stakeholders iden-
tify a broad compatibility between achieving the SDGs and improving heatwave resilience, 
where progress in one is associated with the fulfilment of the other.

For public sector stakeholders the analysis also highlights the existence of neutral inter-
actions which was identified in SDG 14 (Life below water), and the existence of negative 
interactions identified in SDG 8 (Decent work and economic growth).

Considering the private sector stakeholders, the scoring of interactions between achiev-
ing the SDGs and improving heatwave resilience synergies largely outweigh trade-offs 
(Fig. 4). Particularly, SDGs 9 (Industry, innovation and infrastructure) and 11 (Sustainable 
cities and communities) show entirely synergetic interactions with improving heatwave 
resilience. This indicates that private sector stakeholders identify a narrower compatibility 
between achieving the SDGs and improving heatwave resilience, where progress in one is 
associated with the fulfilment of the other.

The analysis also highlights that for private sector stakeholders despite most interactions 
being positive, there is an increase in the number of solely neutral interactions between 
achieving the SDGs and improving heatwave resilience. These are observed in SDGs 4 
(Quality education), 5 (Gender equality), and 10 (Reduced inequalities). Negative interac-
tions were also identified in SDGs 6 (Clean water and sanitation), 7 (Affordable and clean 
energy) and 13 (Climate action).

For academia stakeholders, the analysis indicates that synergies largely outweigh trade-
offs between achieving the SDGs and improving heatwave resilience (Fig. 5). Particularly, 
SDGs 13 (Climate action), 6 (Clean water and sanitation), 8 (Decent work and economic 
growth), 9 (Industry, innovation and infrastructure), 10 (Reduced inequalities), 11 (Sus-
tainable cities and communities), 12 (Responsible consumption and production) and 15 
(Life on land) show solely synergetic interactions with improving heatwave resilience. This 
indicates that academia stakeholders identify a broad compatibility between achieving the 
SDGs and improving heatwave resilience, where progress in one is associated with the ful-
filment of the other.

The analysis also highlights the existence of negative interactions between achieving the 
SDGs and improving heatwave resilience. These are observed in SDGs 1 (No poverty) and 
2 (Zero hunger).

Considering civil society stakeholders, the analysis indicates that there is a higher vari-
ability between synergies and trade-offs between achieving the SDGs and improving heat-
wave resilience (Fig. 6). Specifically, SDGs 3 (Good health and well-being), 11 (Sustain-
able cities and communities) and 13 (Climate action) show solely synergetic interactions 
with improving heatwave resilience. This indicates that civil society stakeholders identify 
a narrower compatibility between achieving the SDGs and improving heatwave resilience, 
where progress in one is associated with the fulfilment of the other.

The analysis also highlights the existence of negative interactions between achieving the 
SDGs and improving heatwave resilience. These were found to exist in SDGs 1 (No pov-
erty), 8 (Decent work and economic growth), 2 (Zero hunger), 12 (Responsible consump-
tion and production), 7 (Affordable and clean energy) and 14 (Life below water).

The analysis above reveals SDG 1 (No poverty) and SDG 2 (Zero hunger) to be associ-
ated with high trade-offs (−3) with improving heatwave resilience by academia and civil 
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society stakeholders (Figs. 5 and 6). Similarly, SDG 8 (Decent work and economic growth) 
appear to be associated to a lesser extent with high trade-offs (−2) with improving heat-
wave resilience by public sector and civil society stakeholders (Figs. 3 and 6). Additionally, 
SDG 7 (Affordable and clean energy) is associated with low trade-offs (-1) with improving 
heatwave resilience by private sector and civil society stakeholders (Figs. 4 and 6). SDGs 
6 (Clean water and sanitation) and 13 (Climate action) are associated with low trade-offs 
(−1) with improving heatwave resilience by private sector stakeholders (Fig.  4). SDGs 
12 (Responsible consumption and production) and 14 (Life below water) are associated 
with low trade-offs (-1) with improving heatwave resilience by civil society stakeholders 
(Fig. 6). SDG 2 (Zero hunger) is associated with high trade-offs (− 3) with improving heat-
wave resilience by academia stakeholders (Fig. 5).

In summary, a mixture of results on interactions between achieving the SDGs and 
improving heatwave resilience (Figs. 3, 4, 5 and 6) is observed but synergies largely out-
weigh trade-offs between achieving the SDGs and improving heatwave resilience. Overall, 
all SDGs show synergies with improving heatwave resilience (Fig. 2). This leads to trying 
to understand the trade-offs also observed. Interestingly, the stronger trade-offs (−3) were 
identified for SDGs 1 (No poverty) and 2 (Zero hunger) and improving heatwave resilience, 
followed by SDGs 8 (Decent work and economic growth) (−2). Finally, regarding SDGs 6 
(Clean water and sanitation), 7 (Affordable and clean energy), 12 (Responsible consump-
tion and production), 13 (Climate action) and 14 (Life below water) trade-offs were found 
to be weaker (− 1). As a result, there is an increased share of synergies and decreased share 
of trade-offs, which is a positive sign for a successful implementation and achievement of 
the 2030 Agenda for Sustainable Development. Nevertheless, it is important to understand 
what stakeholders perceive to be the sources of interactions, either synergies or trade-offs, 
which will be addressed below.

3.2  Sources of interactions

This section illustrates the main findings on sources of interactions. These can be clas-
sified as synergies and trade-offs which emerged from the interviews with stakeholders. 
They include stakeholders’ views towards the interactions between achieving the SDGs and 
improving heatwave resilience and how achieving the SDGs can help or hinder improving 
heatwave resilience.

Overall, stakeholders perceived the SDGs to being intrinsically related to improving 
heatwave resilience. The achievement of the SDGs was thus considered to interact with 
improving heatwave resilience and reduce the impacts of heatwaves:

Everything you do in this context has a more or less direct link or indirect link. (A7, 
S)

3.2.1  Synergies

Overall, participants from all sectors reported synergies between achieving the SDGs and 
improving heatwave resilience. All participants listed a number of synergies. Synergies 
included: alignment, essential for each other, facilitating, and empowering.

In most of the goals you can see that creating greater heatwave resilience is very 
much aligned with the SDGs. (A6, SS)
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I would hope that all of them would be indivisible (+3). If you are reducing poverty, 
reducing inequalities, improving and changing the way we produce energy, empow-
ering women, all those things should hopefully improve general health, general resil-
ience, and making societies stronger […] unless we are doing terribly wrong. (A4, 
SS)

In general if you look at all of the goals as a whole you could then identify co-bene-
fits of building heatwave resilience. Addressing each of the goals could help improve 
resilience as could resilience improve the likelihood of achieving the goals. (A3, S)

All participants were very positive about synergies and noted that opportunities, as well 
as challenges exist to jointly deliver on the SDGs and improve heatwave resilience. As a 
result, they also noted that the clarity of the policy and actions around synergies need to be 
improved so that all sectors of society can work together to achieve a joint objective.

3.2.2  Neutral/consistent interactions: neither synergies nor trade‑offs

Many participants talked about and reported that achieving the SDGs and improving heat-
wave resilience have not really been mentioned, implemented or delivered together. They 
noted that in most cases they are being addressed separately, or in the case of the SDGs 
not even being considered at all and as a result they could not think of any synergies or 
trade-offs:

I don’t think there is a link between them. (A7, S).

What is happening and should happen are two very different things. For each of 
those, how much the SDGs are influencing resilience strategies? I would imagine it’s 
zero (0). I don’t really see much evidence of the SDGs really being taken up. (PS3, T)

An interesting point to mention is that the overall majority of participants stating they 
do not think there is a link between achieving the SDGs and improving heatwave resilience 
did not provide many reasons for such neutral interactions, which in turn makes it difficult 
to understand their reasoning.

3.2.3  Trade‑offs

Participants that talked about trade-offs between achieving the SDGs and improving heat-
wave resilience mentioned the fact that it all depends on how it is done:

If you end poverty by creating neo-liberal policies that somehow raise everybody 
out of poverty but don’t change inequality and don’t change the way that we use 
resources, so everyone gets more of everything (e.g. food, cars) then it would make it 
impossible to reach (-3). (A2, HS)

Using more energy, using extra cooling within physical infrastructure will result on 
trade-offs (-1). If you are trying to mitigate by improving efficiency you can reduce 
resilience (-1). Those two work against each other generally. There’s no escape from 
the trade-offs. (PS2, T)
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If there are a lot of technical solutions, energy, power requirements to actually 
keep those expectations of resilience that is not necessarily a great thing. In other 
countries you are getting an explosion of people wanting air conditioning which on 
the one hand is prove of them coming out of poverty and moving into middle class, 
higher income earners, but that is having a massive impact in terms of energy load 
and energy expectations which is primarily fossil fuel at the moment (-1). (CS6, S)

Let’s think how you feed the whole world […] If we continue to have inefficient agri-
culture where we lose a lot on the ground at least in the West and use a lot of fuels to 
produce our crops, then it’s likely to increase heatwaves (-3). (A2, HS)

A very interesting perspective from those participants noting trade-offs between achiev-
ing the SDGs and improving heatwave resilience was that they found very specific exam-
ples to justify their reasoning. 

In summary, despite the above differences, participants agreed that the interactions 
between achieving the SDGs and improving heatwave resilience need to be considered by 
all sectors and levels of society and managed so that synergies and trade-offs are consid-
ered from the onset to avoid problems down the line. One participant emphasized this by 
saying:

The SDGs are a top level consideration, they should be a top level consideration when 
you’re planning your resilience strategy. […] So, I would, and I haven’t done it, but 
this is something I will pick up. Is to say right: How do the SDGs link to heatwave 
resilience and what level of consistency can we have and how do we anticipate the 
trade-offs […] the problem is that sometimes people do not realise there is a trade-off 
[…] The solution is to include trade-offs in guidance documentation. (PS2, T)

It was suggested that achieving the SDGs and improving heatwave resilience should be 
introduced as overall objectives and appropriate attention should be made to highlight and 
address synergies and trade-offs. This could be done through alignment of the SDGs and 
resilience agendas. One participant suggested that this could benefit from strategies and 
tools already in place since most stakeholders have been using those strategies and tools 
daily for different processes. Participants thought that some of these strategies may not be 
optimal but are better than doing nothing.

Additionally, as one of the participants put it: “it all comes down to what the resilience 
strategies may involve.” (CS6, S).

3.3  Exploring interactions for achieving the SDGs and improving heatwave 
resilience

Participants’ responses on interactions also highlighted and led to both general and specific 
considerations about opportunities, strategies and scenarios for the future that may have 
not yet been explored, providing examples and direct questioning to facilitate understand-
ing of what can be done to achieve the SDGs and improve heatwave resilience:

There are a lot of opportunities, a lot of connections to make. There is always a chal-
lenge when you’ve got such a number of goals and that may be too much and a bit 
overwhelming for people to think about as an agenda. But, looking at it just through 
a heat resilience lens is interesting, as actually most things seem to connect some 
way or another and we may not go through all those steps. (CS3, SS)
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I think embedding is the word. What I think I would not want to see is a specific thing 
for heatwaves and another specific thing for flooding. What you want to do is to have 
the appropriate level of risk accommodated within your broader risk management 
strategy. (PS2, T)

It’s almost like a comparison of business as usual if you continue with this. What we are 
doing now, what it would be like in 2030, 2040? […] there is a need to think about future 
scenarios where certain types of responses are put in place. So, for example, if there was 
a really radical push towards having very effective resilience strategies within the public 
sector, within business, civil society, what would it look like? Having a spectrum of sce-
narios: business as usual, incremental change, more radical pushing of resilience; and 
what would the costs and benefits associated with each of those scenarios be. (CS6, S)

3.4  How to achieve the SDGs and improve heatwave resilience

In-line with the analysis presented in the previous sections, the focus here is on the thematic 
analysis of interactions, examining the main recurring themes which emerged from the inter-
views with different stakeholders on the sources of interactions between achieving the SDGs 
and improving heatwave resilience (Sects. 3.1., 3.2 and 3.3.). Eight major themes of (1) Com-
munication, partnership and collaboration, (2) Financial and resources, (3) Information and 
knowledge, (4) Technical and scientific, (5) Institutional and organizational commitment and 
regulations, (6) Planning, implementation and strategies, (7) Competing priorities and not a 
priority, (8) Scales (i.e. time, spatial), emerged from the interviews (see Table 4).

These major interaction themes highlight many of the problems different sectors of soci-
ety and those working on these topics are facing when addressing both the achievement of 
the SDGs and improved heatwave resilience. The aim is that by identifying such themes 
and identifying common ideas it is possible to understand what is being done right, what 
is being done wrong or less right, as well as finding ways to overcome the problems and 
expand on the solutions.

All participants agree more needs to be done for England and the UK to deliver on 
the SDGs and become more resilient to heatwaves now and in the future, and this can be 
achieved by thinking about different solutions for the problems that have been highlighted 
in this article.

3.5  Focusing on solutions

The themes discussed above and participants illustrative quotes (see Table  4) constitute 
an opportunity for all sectors of society to come together and change the focus from prob-
lems and instead focus on solutions related to: (1) Communication, partnership and col-
laboration, (2) Financial and resources, (3) Information and knowledge, (4) Technical and 
scientific, (5) Institutional and organizational commitment and regulations, (6) Planning, 
implementation and strategies, (7) Competing priorities and not a priority, (8) Scales (i.e. 
time, spatial).

This article has put forward themes which can be further developed into solutions to 
promote synergies and deter trade-offs. It has also highlighted the need develop and imple-
ment co-produced and inclusive bottom-up and top-down approaches that can give rise to 
plans and actions in all sectors of society to focus on these and find solutions to achieve 
both the achievement of the SDGs and improved heatwave resilience.
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4  Discussion

Analysis of interactions between the SDGs is crucial to understand how these can be 
achieved but are not deemed enough when thinking of the SDGs as a global agenda in a 
complex world. Understanding synergies and trade-offs between individual SDGs has been 
the focus of interest and research so far (Allen et al., 2019; Bennich et al., 2020; Breuer 
et al., 2019; Cernev & Fenner, 2020; Collste et al., 2017; Forestier & Kim, 2020; Fu et al., 
2019; Le Blanc, 2015; Liu et  al., 2018; Nilsson et  al., 2018; Scharlemann et  al., 2020; 

Fig. 2  Scores attributed by all stakeholders to interactions between the SDGs and heatwave resilience.  The 
score represents the strength of an interaction and is represented by the numbers on the left. These indicate 
a seven-point scale with the range of possible interactions ranging from − 3 (highest trade-offs; most nega-
tive interactions) to + 3 (highest synergies; most positive interactions), and 0 (no interaction; consistent/neu-
tral) (See Table 2). The colour rows represent the synergies (shades of blue), no interactions (white), and 
trade-offs (shades of orange) identified by all stakeholders. The SDGs are represented at the top

Fig. 3  Scores attributed by public sector stakeholders to interactions the SDGs and improving heatwave 
resilience. The score represents the strength of an interaction and is represented by the numbers on the left. 
These indicate a seven-point scale with the range of possible interactions ranging from − 3 (highest trade-
offs; most negative interactions) to + 3 (highest synergies; most positive interactions), and 0 (no interaction; 
consistent/neutral) (See Table 2). The colour rows represent the synergies (shades of blue), no interactions 
(white), and trade-offs (shades of orange) identified by all stakeholders. The SDGs are represented at the 
top
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Scherer et al., 2018; Van Soest et al., 2019; Weitz et al., 2014, 2018). Such analyses have 
highlighted that implementing and achieving the SDGs will largely depend on the ability 
of countries to maximise synergies and minimize trade-offs (Alcamo et  al., 2020; Kroll 
et  al., 2019; Pradhan et  al., 2017). Despite this, little or no attention has been given to 
the interactions between achieving the SDGs and other agendas such as climate change 
(Fuso Nerini et al., 2019; Zhenmin & Espinosa, 2019) and improving heatwave resilience 
(Nunes, 2020, 2021).

Fig. 4  Scores attributed by private sector stakeholders to interactions the SDGs and improving heatwave 
resilience. The score represents the strength of an interaction and is represented by the numbers on the left. 
These indicate a seven-point scale with the range of possible interactions ranging from − 3 (highest trade-
offs; most negative interactions) to + 3 (highest synergies; most positive interactions), and 0 (no interaction; 
consistent/neutral) (See Table 2). The colour rows represent the synergies (shades of blue), no interactions 
(white), and trade-offs (shades of orange) identified by all stakeholders. The SDGs are represented at the 
top

Fig. 5  Scores attributed by academia stakeholders to interactions between the SDGs and improving heat-
wave resilience. The score represents the strength of an interaction and is represented by the numbers on 
the left. These indicate a seven-point scale with the range of possible interactions ranging from -3 (highest 
trade-offs; most negative interactions) to + 3 (highest synergies; most positive interactions), and 0 (no inter-
action; consistent/neutral) (See Table 2). The colour rows represent the synergies (shades of blue), no inter-
actions (white), and trade-offs (shades of orange) identified by all stakeholders. The SDGs are represented 
at the top
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This study helps fill this critical gap and improve our understanding of how the SDGs 
and heatwave resilience can be aligned. This paper has sought to advance knowledge of 
the sources and nature of the interactions between these two agendas to understand the 
challenge that is to address both agendas using a novel approach that is beneficial to the 
achievement of the SDGs and heatwave resilience through efforts and actions to minimise 
trade-offs and maximise synergies. Different sectors of society such as national and local 
government, private sector, academia and civil society play a critical role in prioritizing, 
developing and implementing policies, practices and actions to help achieve both the SDGs 
and heatwave resilience. Noting the importance of these sectors of society and the limited 
understanding of how these diverse stakeholders conceptualize and operate to achieve the 
2030 Agenda for Sustainable Development and the SDGs, as well as improve heatwave 
resilience, this paper aimed to investigate how these agendas can be aligned and achieved. 
Greater consideration of the perspectives of diverse stakeholders may help understand and 
explain why the consideration, implementation, achievement and outcomes in-line with the 
SDGs and heatwave resilience are inconsistently considered, implemented and achieved.

This study mapped the interactions between sustainable development and heatwave 
resilience. The results show that addressing these interactions was strongly supported by 
stakeholders from all sectors of society. The analysis reveals that synergies largely out-
weigh trade-offs. Additionally, the analysis reveals that stakeholders identify a broad 
compatibility between the two agendas and no fundamental incompatibilities were found 
to exist. Despite this, the study reveals that there is a low degree of alignment. Addition-
ally, the analysis shows that lack of parallel, joined and effective implementation, planning 
and actions may genuinely threaten the achievement of these agendas. These findings put 
emphasis on the need to support policy coherence between different sectors of society that 
can make it more feasible to achieve and stimulate society as a whole to act on sustainable 
development and heatwave resilience, as found by other authors in relation to interactions 
between the SDGs (Beccari et al., 2016; Davies et al., 2013; Kroll et al., 2019; Pradhan 
et al., 2017). Aligning and connecting sustainable development with climate change (Fuso 

Fig. 6  Scores attributed by civil society stakeholders to interactions between the SDGs and improving heat-
wave resilience. The score represents the strength of an interaction and is represented by the numbers on 
the left. These indicate a seven-point scale with the range of possible interactions ranging from − 3 (highest 
trade-offs; most negative interactions) to + 3 (highest synergies; most positive interactions), and 0 (no inter-
action; consistent/neutral) (See Table 2). The colour rows represent the synergies (shades of blue), no inter-
actions (white), and trade-offs (shades of orange) identified by all stakeholders. The SDGs are represented 
at the top
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Nerini et  al., 2019; Zhenmin & Espinosa, 2019) and heatwave resilience can bring vital 
opportunities to invest in promoting synergies and mitigating trade-offs through connecting 
different sectors of society and stakeholders under a same purpose.

This study also shows that there are many policies and measures that have significant 
potential to aid the achievement of the SDGs and heatwave resilience. The results reveal 
that if these ought to be considered and implemented widely in all sectors of society 
such actions could provide and effective way to address both agendas and be a solution 
for scarce resources (i.e. time, money). This would also destroy existing silos within 
and between different levels and sectors of society, organizations and institutions and, 
therefore, result in better recognition of the interlinkages between the SDGs and heat-
wave resilience by society as a whole. The analysis shows that if countries are to take 
more consideration on aligning these agendas this can be achieved through parallel and 
effective efforts to allow conditions for better planning and actions. Policy coherence 
was thus found to be vital across all sectors of society so that countries do not have to 
choose between achieving the SDGs and improving heatwave resilience, as they could 
do both. Incorporating the achievement of the SDGs and improving heatwave resil-
ience was suggested to increase this recognition. The analysis reveals that this could 
be achieved by developing and implementing one single plan that works for both agen-
das, having the SDGs as the core framework. It is indicated that integrated approaches 
would enhance success and overall performance in achieving both agendas. Given that 
the findings show minimal trade-offs between achieving the SDGs and improving heat-
wave resilience, there may be an argument to be made that focusing on one can indi-
rectly translate to improvements in the other without having to explicitly address both. 
Furthermore, there is the potential for unpredicted trade-offs (e.g. increased institutional 
burden) that may arise with trying to address both agendas, especially in a develop-
ing country or resource scarce context. Nevertheless, the eight major themes emerging 
from the interviews can be used to achieve both agendas: (1) Communication, partner-
ship and collaboration, (2) Financial and resources, (3) Information and knowledge, (4) 
Technical and scientific, (5) Institutional and organizational commitment and regula-
tions, (6) Planning, implementation and strategies, (7) Competing priorities and not a 
priority, (8) Scales (i.e. time, spatial). It was suggested that this can be achieved by for 
example, improving collaborations, using common language, regulation and planning, 
pooling resources, skills, inclusive information and translation to practice.

Taking into account the time frame of 2030 to deliver on the SDGs, the results show 
that action is urgently needed and that addressing aspects such as coordinated action 
between stakeholders and sectors of society are critical. Similar findings were obtained 
in a study by Soergel and colleagues (2021).

The national and local government, civil society, private sector, academia stakehold-
ers who participated in this study agree that achieving the SDGs could be beneficially 
used to improve heatwave resilience. This finding agrees with that of Soergel and col-
leagues (2021) where a shift to sustainability needs efforts to address several agendas 
and problems at the same time.

Given that this study interviews English stakeholders and given that plans and 
policies around heatwave resilience exist and are used but are not of primary concern 
among the national and local government and organizations, but where the SDGs are 
still largely missing from the discussion more needs to be done to raise awareness of 
heat risk, strengthening preparedness for extreme heat and increase heatwave resilience. 
A limitation of this study is therefore the single focus–England–a developed country 
in the global north. Despite this, this can also be seen as an advantage as it shows that 
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if plans and policies around heatwave response and the SDGs are not in place and are 
not a priority this may be a missed opportunity that other countries in a developed and 
developing context that prioritise these will be able to perform better in achieving the 
SDGs and improving heatwave resilience.

5  Conclusions

This study mapped interactions between sustainable development and heatwave resilience. 
It showed the diversity of interactions between sustainable development and heatwave 
resilience, and that sustainable development and heatwave resilience are largely compat-
ible. This is visible in the way that stakeholders have mapped interactions between them, 
where synergies outweigh trade-offs. Overall, the findings suggest that most SDGs and 
heatwave resilience can be jointly reached. This conclusion is consistent with interactions 
between the SDGs (Lusseau & Mancini, 2019) that shows that most SDGs have synergistic 
relationships. It is less clear how this study’s findings relate to other research as research 
on the interactions between the SDGs and other health, environmental and social issues is 
still very scarce (Fuso Nerini et al., 2019; Zhenmin & Espinosa, 2019). What needs to be 
reflected upon is the meaning of these results for the prospect of achieving the SDGs and 
heatwave resilience.

Though it is concerning that achieving the SDGs are not in the agenda for different sec-
tors of society, the similar is true in relation to improving heatwave resilience due to lack 
of prioritization of thinking and progress towards improved practice and lack of support 
from government. Despite this, there is willingness, enthusiasm, determination, as well as 
technical and practical ability from all sectors of society to act. The combined support from 
stakeholders is crucial but not enough to move on the two agendas and needs national and 
local leadership to drive effective action. This research found that more needs to be done to 
achieve the SDGs and improve heatwave resilience, but it is important to recognize the role 
stakeholders from all sectors of society play in doing this together as a whole. Recommen-
dations and solutions have been suggested regarding how this can be achieved, and despite 
some may not be taken up it is important to recognize the expertise, knowledge and skills 
of stakeholders in England on how these two agendas can be accomplished by maximizing 
synergies and minimizing trade-offs.

Many other countries, may not yet be on track to achieving the SDGs and improve heat-
wave resilience, but this research highlights where synergies and trade-offs exist, identifies 
problems and also highlights solutions to overcome them in all sectors of society. Unless 
action on aligning different agendas under a core framework are urgently implemented, 
many countries are risking missing on achieving the SDGs and at the same time missing on 
accomplishing other agendas (e.g. climate change, inequalities).

The findings contribute to current debates on the achievement of the SDGs and improve-
ment in heatwave resilience, and the increasing importance of understanding the interac-
tions between sustainable development and heatwave resilience. This study also contrib-
utes to current and future debates on the interactions between sustainable development 
and environmental, social and health aspects of society that are in most cases dealt with 
separately and should in this instance be address simultaneously in an effort to combine 
resources, maximize synergies and avoid trade-offs.
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This study adds to the current knowledge that different stakeholders from different 
sectors of society acknowledge the urgent need for more efficient communication, use of 
resources, knowledge, commitment and implementation aimed at achieving both agendas.

This research has shed light on different options that can be used to align sustainable 
development and heatwave resilience. More research is needed on how this can be effec-
tively achieved in different countries. Future studies are also need to document best pro-
cedures and practices required to the integration of achieving the SDGs and improving 
heatwave resilience into a whole-of-society approach and framework. In addition, a sus-
tainability, environmental, social, health and economic evaluation of such practices will be 
needed to document the effectiveness of these types of approaches that focus on achieving 
them.

Acknowledgements The author would like to thank the anonymous stakeholders for their participation in 
this research.

Author contributions Ana Raquel Nunes contributed to conceptualization, methodology, formal analysis 
and investigation, writing—original draft preparation, Writing—review and editing.

Funding No funding was received for conducting this study. The author has no relevant financial or non-
financial interests to disclose.

Declarations 

Conflict of interest The author has no competing interests to declare.

Ethical approval The study obtained its ethical clearance from the University of Warwick’s Biomedical and 
Scientific Ethics Sub-Committee on 27–07-2018 (Project no. REGO-2018–2265). All participants consented 
to the study, having been informed that participation was voluntary, and that confidentiality will be main-
tained in publications.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Alcamo, J., Thompson, J., Alexander, A., Antoniades, A., Delabre, I., Dolley, J., Marshall, F., Menton, M., 
Middleton, J., & Scharlemann, J. P. W. (2020). Analysing interactions among the sustainable develop-
ment goals: Findings and emerging issues from local and global studies. Sustainability Science, 15, 
1561–1572.

Allen, C., Metternicht, G., & Wiedmann, T. (2019). Prioritising SDG targets: Assessing baselines, gaps and 
interlinkages. Sustainability Science, 14, 421–438.

United Nations Sustainable Development Goals. 2015. Available online: https:// susta inabl edeve lopme nt. un. 
org/ (accessed on 26 January 2020).

Beccari, B. (2016). A comparative analysis of disaster risk, vulnerability and resilience composite indica-
tors. PLoS Currents Disasters, 8. https:// doi. org/ 10. 1371/ curre nts. dis. 453df 025e3 4b682 e9737 f9507 
0f9b9 70

http://creativecommons.org/licenses/by/4.0/
https://sustainabledevelopment.un.org/
https://sustainabledevelopment.un.org/
https://doi.org/10.1371/currents.dis.453df025e34b682e9737f95070f9b970
https://doi.org/10.1371/currents.dis.453df025e34b682e9737f95070f9b970


Mapping interactions between sustainable development and…

1 3

Bennich, T., Weitz, N., & Carlsen, H. (2020). Deciphering the scientific literature on SDG interactions: A 
review and reading guide. Science of the Total Environment, 728, 138405.

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in Psychology, 
3, 77–101.

Breuer, A., Janetschek, H., & Malerba, D. (2019). Translating sustainable development goal (SDG) Interde-
pendencies into Policy Advice. Sustainability, 11, 2092.

Brimicombe, C., Porter, J. J., Di Napoli, C., et al. (2021). Heatwaves: An invisible risk in the UK policy and 
research. Environmental Science & Policy. https:// doi. org/ 10. 1016/j. envsci. 2020. 10. 021

Bryman, A. (2012). Social research methods (1st ed.). Oxford University Press.
Cernev, T., & Fenner, R. (2020). The importance of achieving foundational sustainable development goals 

in reducing global risk. Futures, 115, 102492.
Collste, D., Pedercini, M., & Cornell, S. E. (2017). Policy coherence to achieve the SDGs: Using integrated 

simulation models to assess effective policies. Sustainability Science, 12, 921–931.
Costello, A., Abbas, M., Allen, A., et al. (2009). Managing the health effects of climate change: Lancet and 

University college London Institute for global health commission. Lancet, 373, 1693–1733.
Davis, A., Matthews, Z., Szabo, S., et al. (2015). Measuring the SDGs: A two-track solution. Lancet, 386, 

221–222.
Forestier, O., & Kim, R. E. (2020). Cherry-picking the sustainable development goals: Goal prioritiza-

tion by national governments and implications for global governance. Sustainable Development, 28, 
1269–1278.

Fu, B., Wang, S., Zhang, J., Hou, Z., & Li, J. (2019). Unravelling the complexity in achieving the 17 sustain-
able-development goals. National Science Review, 6, 386–388.

Fuso Nerini, F., Sovacool, B., Hughes, N., Cozzi, L., Cosgrave, E., et  al. (2019). Connecting climate 
action with other sustainable development goals. Nature Sustainability, 2, 674–680.

Fuso Nerini, F., Tomei, J., To, L. S., Bisaga, I., Parikh, P., Black, M., Borrion, A., Spataru, C., Castán 
Broto, V., Anandarajah, G., et al. (2018). Mapping synergies and trade-offs between energy and the 
sustainable development goals. Nature Energy, 3, 10–15.

Griggs, D. J., Nilsson, M., Stevance, A., & McCollum, D. (2017). A guide to SDG interactions: From 
science to implementation. International Council for Science, Paris.

Hatvani-Kovacs, G., Bush, J., Sharifi, E., & Boland, J. (2018). Policy recommendations to increase 
urban heat stress resilience. Urban Climate, 25, 51–63. https:// doi. org/ 10. 1016/j. uclim. 2018. 05. 001

Howarth, C., Kantenbacher, J., Guida, K., Roberts, T., & Rohse, M. (2019). Improving resilience to hot 
weather in the UK: The role of communication, behaviour and social insights in policy interven-
tions. Environmental Science & Policy. https:// doi. org/ 10. 1016/j. envsci. 2019. 01. 008

Intergovernmental Panel on Climate Change (IPCC). (2012). Managing the risks of extreme events and 
disasters to advance climate change adaptation. Cambridge University Press, 582 pp.

Intergovernmental Panel on Climate Change (IPCC) (2014). Annex II: Glossary [Mach, K.J., S. Planton 
and C. von Stechow (eds.)]. In: Climate Change 2014: Synthesis Report. Contribution of Work-
ing Groups I, II and III to the Fifth Assessment Report of the intergovernmental panel on climate 
change [Core Writing Team, R.K. Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland, 
pp. 117–130.

Intergovernmental Panel on Climate Change (IPCC). (2018). Global Warming of 1.5 _C. An IPCC Spe-
cial Report on the Impacts of Global Warming of 1.5 _C above pre-industrial levels and related 
global greenhouse gas emission pathways, in the context of strengthening the global response to 
the threat of climate change, sustainable development, and efforts to eradicate poverty; Masson-
Delmotte,V., Zhai, P., Pörtner, H.-O., Roberts, D., Skea, J., Shukla, P.R., Pirani, A., Moufouma-
Okia,W., Péan, C., Pidcock, R., et al., Eds.; IPCC: Geneva, Switzerland.

Intergovernmental Panel on Climate Change (IPCC). (2022). IPCC Sixth Assessment Report. Impacts, 
Adaptation and Vulnerability. https:// www. ipcc. ch/ report/ ar6/ wg2/

Kroll, C., Warchold, A., & Pradhan, P. (2019). Sustainable development goals (SDGs): Are we success-
ful in turning trade-offs into synergies? Palgrave Commun., 5, 1–11.

Le Blanc, D. (2015). Towards integration at last? The sustainable development goals as a network of 
targets. Sustainable Development, 23, 176–187.

Liu, J., Hull, V., Godfray, H. C. J., Tilman, D., Gleick, P., Hoff, H., Pahl-Wostl, C., Xu, Z., Chung, M. 
G., Sun, J., et al. (2018). Nexus approaches to global sustainable development. Nature Sustainabil-
ity, 1, 466–476.

Lusseau, D., Mancini, F. (2019). Income-based variation in sustainable development goal interaction net-
works. Nature Sustainability, 2(3), 242–247. https:// doi. org/ 10. 1038/ s41893- 019- 0231-4

https://doi.org/10.1016/j.envsci.2020.10.021
https://doi.org/10.1016/j.uclim.2018.05.001
https://doi.org/10.1016/j.envsci.2019.01.008
https://www.ipcc.ch/report/ar6/wg2/
https://doi.org/10.1038/s41893-019-0231-4


 A. R. Nunes 

1 3

Munro, A., Boyce, T., Marmot, M. (2020). Sustainable health equity: achieving a net-zero UK. https:// 
www. insti tuteo fheal thequ ity. org/ resou rces- repor ts/ susta inable- health- equity- achie ving-a- net- zero- 
uk/ main- report. pdf

Nilsson, M., Chisholm, E., Griggs, D., Howden-Chapman, P., Mccollum, D., Messerli, P., Neumann, B., 
Stevance, A.-S., Visbeck, M., & Stafford-Smith, M. (2018). Mapping interactions between the sustain-
able development goals: Lessons learned and ways forward. Sustainability Science, 13, 1489–1503.

Nilsson, M., Griggs, D., & Visbeck, M. (2016). Policy: Map the interactions between sustainable devel-
opment goals. Nature, 534(7607), 320–322. https:// doi. org/ 10. 1038/ 53432 0a

Nunes, A. R. (2018). The contribution of assets to adaptation to extreme temperatures among older 
adults. PLoS ONE, 13, e0208121.

Nunes, A. R. (2019). General and specified vulnerability to extreme temperatures among older adults. 
International Journal of Environmental Health Research, 30(5), 515–532.

Nunes, A. R. (2020). Determinants of general and specified resilience to extreme temperatures. Weather, 
Climate, and Society, 12(4), 913–928.

Nunes, A. R. (2021). Exploring the interactions between vulnerability, resilience and adaptation to 
extreme temperatures. Natural Hazards. https:// doi. org/ 10. 1007/ s11069- 021- 04919-y

Nunes, A. R., Lee, K., & O’Riordan, T. (2016). The importance of an integrating framework for achiev-
ing the sustainable development goals: The example of health and well-being. BMJ Global Health, 
1(3), 1–12.

Osborn, D., Cutter, A., Ullah, F. (2015). Universal sustainable development goals. Understanding the 
transformational challenge for developed countries. report of a study by Stakeholder Forum. Stake-
holder Forum. 1–25 May 2015. https:// susta inabl edeve lopme nt. un. org/ conte nt/ docum ents/ 1684S 
F_-_ SDG_ Unive rsali ty_ Repor t_-_ May_ 2015.pdf

Patton, M. Q. (2002). Qualitative research & evaluation methods. Sage Publications.
Pradhan, P., Costa, L., Rybski, D., Lucht, W., & Kropp, J. P. (2017). A systematic study of sustainable 

development goal (SDG) interactions. Earth’s Future, 5, 1169–1179.
Public Health England (2021). Heatwave plan for England. Protecting health and reducing harm form severe 

heat and heatwaves. https:// assets. publi shing. servi ce. gov. uk/ gover nment/ uploa ds/ system/ uploa ds/ attac 
hment_ data/ file/ 888668/ Heatw ave_ plan_ for_ Engla nd_ 2020. pdf

Royal Society, 2014. Resilience to Extreme Weather. Royal Society Science Policy Centre Report 02/14 
(Chair: G.Mace) Royal Society, London.

Sachs, J. D. (2012). From millennium development goals to sustainable development goals. Lancet, 379, 
2206–2211.

Scharlemann, J. P. W., Brock, R. C., Balfour, N., Brown, C., Burgess, N. D., Guth, M. K., Ingram, D. J., 
Lane, R., Martin, J. G. C., Wicander, S., et  al. (2020). Towards understanding interactions between 
Sustainable Development Goals: The role of environment–human linkages. Sustainability Science, 15, 
1573–1584.

Scherer, L., Behrens, P., de Koning, A., Heijungs, R., Sprecher, B., & Tukker, A. (2018). Trade-offs between 
social and environmental sustainable development goals. Environmental Science & Policy, 90, 65–72.

Smith, K. R., Woodward, A., Campbell-Lendrum, D., Chadee, D. D., Honda, Y., Liu, Q., Olwoch, J. M., 
Revich, B., & Sauerborn, R. (2014). Human health: Impacts, adaptation, and co-benefits. In C. B. 
Field, V. R. Barros, D. J. Dokken, K. J. Mach, M. D. Mastrandrea, T. E. Bilir, M. Chatterjee, K. L. Ebi, 
Y. O. Estrada, R. C. Genova, B. Girma, E. S. Kissel, A. N. Levy, S. MacCracken, P. R. Mastrandrea, 
and L. L. White (Eds.), Climate change 2014: Impacts, adaptation, and vulnerability. Part A: Global 
and sectoral aspects. Contribution of working group II to the fifth assessment report of the intergovern-
mental panel on climate change (pp. 709–754). Cambridge, and New York, NY: Cambridge University 
Press.

Soergel, B., Kriegler, E., Weindl, I., et al. (2021). A sustainable development pathway for climate action 
within the UN 2030 agenda. Nature Climate Change, 11, 656–664.

UK Health Security Agency (2022). Heatwave Plan for England. Protecting health and reducing harm from 
severe heat and heatwaves. https:// assets. publi shing. servi ce. gov. uk/ gover nment/ uploa ds/ system/ uploa 
ds/ attac hment_ data/ file/ 10740 23/ Heatw ave_ Plan_ for_ Engand_ 2022_ May- 2022- v2. pdf

UN GA: Transforming Our World: The 2030 Agenda for Sustainable Development. Report No. A/RES/70/1. 
New York: United Nations, Department of Economic and Social Affairs; 2015.

UN (2017). Climate change and social inequality. Department of Economic & Social Affairs. https:// www. 
un. org/ esa/ desa/ papers/ 2017/ wp152_ 2017. pdf

Van Soest, H. L., van Vuuren, D. P., Hilaire, J., Minx, J. C., Harmsen, M. J., Krey, V., Popp, A., Riahi, K., 
& Luderer, G. (2019). Analysing interactions among sustainable development goals with integrated 
assessment models. Glob. Transit., 1, 210–225.

https://www.instituteofhealthequity.org/resources-reports/sustainable-health-equity-achieving-a-net-zero-uk/main-report.pdf
https://www.instituteofhealthequity.org/resources-reports/sustainable-health-equity-achieving-a-net-zero-uk/main-report.pdf
https://www.instituteofhealthequity.org/resources-reports/sustainable-health-equity-achieving-a-net-zero-uk/main-report.pdf
https://doi.org/10.1038/534320a
https://doi.org/10.1007/s11069-021-04919-y
https://sustainabledevelopment.un.org/content/documents/1684SF_-_SDG_Universality_Report_-_May_
https://sustainabledevelopment.un.org/content/documents/1684SF_-_SDG_Universality_Report_-_May_
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/888668/Heatwave_plan_for_England_2020.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/888668/Heatwave_plan_for_England_2020.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1074023/Heatwave_Plan_for_Engand_2022_May-2022-v2.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1074023/Heatwave_Plan_for_Engand_2022_May-2022-v2.pdf
https://www.un.org/esa/desa/papers/2017/wp152_2017.pdf
https://www.un.org/esa/desa/papers/2017/wp152_2017.pdf


Mapping interactions between sustainable development and…

1 3

Watts, N., Amann, M., Arnell, N., et al., (2019). The 2019 report of The Lancet Countdown on health and 
climate change: Ensuring that the health of a child born today is not defined by a changing climate. 
https:// www. thela ncet. com/ journ als/ lancet/ artic le/ PIIS0 140- 6736(19) 32596-6/ fullt ext

Watts, N., Adger, W. N., Agnolucci, P., et al. (2015). Health and climate change: Policy responses to protect 
public health. Lancet, 386, 1861–1914.

Watts, N., Adger, W. N., Ayeb-Karlsson, S., et  al. (2017). The Lancet countdown: Tracking progress on 
health and climate change. Lancet, 389, 1151–1164.

Watts, N., Amann, M., Arnell, N., et al. (2018). The 2018 report of the Lancet countdown on health and cli-
mate change: Shaping the health of nations for centuries to come. Lancet, 392, 2479–2514.

Weimer-Jehle, W. (2006). Cross-impact balances: A system-theoretical approach to cross-impact analysis. 
Technological Forecasting and Social Change, 73(4), 334–361.

Weitz, N., Carlsen, H., Nilsson, M., & Skånberg, K. (2018). Towards systemic and contextual priority set-
ting for implementing the 2030 agenda. Sustainability Science, 13, 531–548.

Weitz, N., Nilsson, M., & Davis, M. (2014). A nexus approach to the post-2015 agenda: Formulating inte-
grated water, energy, and food SDGs. SAIS Review of International Affairs, 34, 37–50.

Whitmee, S., Haines, A., Beyrer, C., et al. (2015). Safeguarding human health in the Anthropocene epoch: 
Report of the rockefeller foundation-lancet commission on planetary health. Lancet, 386, 1973–2028.

WHO (2008). Commission on social determinants of health. Closing the gap in a generation. Health equity 
through action on the social determinants of health. World Health Organization, Geneva, Switzerland.

WHO. (2013). Protecting health from climate change: Vulnerability and adaptation assessment. WHO.
WHO. (2015). Operational framework for building climate resilient health systems. World Health 

Organization.
WHO, 2019. Who health and climate change survey report tracking global progress, pp. 1–32.
Yamey, G., Shretta, R., & Binka, F. N. (2014). The 2030 sustainable development goal for health—must 

balance bold aspiration with technical feasibility. BMJ, 349, g5295.
Zhenmin, L., & Espinosa, P. (2019). Tackling climate change to accelerate sustainable development. Nature 

Climate Change, 9, 494–496.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(19)32596-6/fulltext

	Mapping interactions between sustainable development and heatwave resilience
	Abstract
	1 Introduction
	1.1 The UN 2030 agenda and the SDGs
	1.2 Heatwave risks and impacts
	1.3 Heatwave resilience
	1.4 Supporting the achievement of the SDGs and heatwave resilience

	2 Methods
	2.1 Recruitment and participants
	2.2 The interviews
	2.3 Data analysis

	3 Results
	3.1 Mapping of interactions
	3.2 Sources of interactions
	3.2.1 Synergies
	3.2.2 Neutralconsistent interactions: neither synergies nor trade-offs
	3.2.3 Trade-offs

	3.3 Exploring interactions for achieving the SDGs and improving heatwave resilience
	3.4 How to achieve the SDGs and improve heatwave resilience
	3.5 Focusing on solutions

	4 Discussion
	5 Conclusions
	Acknowledgements 
	References




