Wellcome Open Research Wellcome Open Research 2025, 10:14 Last updated: 08 JUL 2025

'.) Check for updates
OPEN LETTER

The PAICE project: Integrating health and health equity

into UK climate change policy

[version 2; peer review: 3 approved]

Michael Davies =1, Charlie Dearman =2, Rosemary Green =3, Andrew Haines =124,
Clare Heaviside', Filiz Karakas?, Sudheer Kumar Kuppili =2, Susan Michie 3,
James Milner2, Gemma Moore', David Osrin“=¢, Silvia Pastorino?,

Giorgos Petrou™1, Irene Pluchinotta®®1, Charles Simpson 1, Phil Symonds’,
Catalina Turcu“®7, Ruth Unstead-Joss', Simon Vakeva-Baird =1,

Sarah Whitmee 3, Ke Zhou '™, Nici Zimmermann =1

TUCL Institute for Environmental Design and Engineering, University College London, London, UK

2Department of Public Health, Environments and Society, London School of Hygiene & Tropical Medicine, London, England, UK
3Department of Population Health, London School of Hygiene & Tropical Medicine, London, England, UK

4Centre on Climate Change and Planetary Health, London School of Hygiene & Tropical Medicine, London, England, UK
5Clinical, Educational and Health Psychology, University College London, London, England, UK

®Institute for Global Health, University College London, London, UK

7Bartlett School of Planning, University College London, London, England, UK

V2 First published: 15 Jan 2025, 10:14
https://doi.org/10.12688/wellcomeopenres.23431.1

Latest published: 30 May 2025, 10:14

Open Peer Review

https://doi.org/10.12688/wellcomeopenres.23431.2 Approval Status Vv
1 2 3
AbStract
This paper announces a new initiative - the research project Policy and ~ Version 2 o o
Implementation for Climate & Health Equity (PAICE), which aims to (revision) . .
view view
investigate the complex systemic connections between climate 30 May 2025

change action, health and health equity, for translation of evidence

into policy and practice in the UK. Using transdisciplinary approaches,  version 1
PAICE will: (1) co-develop a programme theory and linked monitoring ~ '3/an202
and evaluation plan, (2) work with the UK Climate Change Committee ~ wwmmmmms s
(CCC) and the Greater London Authority (GLA) using system dynamics 1. Annabelle Workman, University of

to analyse national and local policy opportunities, (3) build an Melbourne, Melbourne, Australia

integrated model of the effects of these policies on population health,
health equity and greenhouse gas emissions, (4) apply the findings to
the CCC monitoring framework and GLA policy development, and (5)
use the programme theory to help evaluate achievement of PAICE 2. Melanie Boeckmann "/, University of
processes and objectives. If successful, PAICE will have helped to
establish a systems capability to (i) monitor whether Government
plans are on track to deliver their climate targets and associated 3. Muriel Mac-Seing, University of Montreal,
health impacts and (ii) understand how relevant policy and Montreal, Canada

[4 v 4

view view view

Arthur Wyns "=, University of Melbourne,

Melbourne, Australia

Bremen, Bremen, Germany

Page 1 of 24


https://wellcomeopenresearch.org/articles/10-14/v2
https://wellcomeopenresearch.org/articles/10-14/v2
https://orcid.org/0000-0003-2173-7063
https://orcid.org/0000-0002-3844-012X
https://orcid.org/0000-0001-5850-6715
https://orcid.org/0000-0002-8053-4605
https://orcid.org/0000-0002-1917-3863
https://orcid.org/0000-0003-0063-6378
https://orcid.org/0000-0001-9691-9684
https://orcid.org/0000-0002-1524-2681
https://orcid.org/0000-0002-1883-8675
https://orcid.org/0000-0001-9356-5833
https://orcid.org/0000-0003-2663-2586
https://orcid.org/0000-0002-7378-5801
https://orcid.org/0000-0001-9161-868X
https://orcid.org/0000-0002-8270-3417
https://orcid.org/0000-0003-2344-7238
https://doi.org/10.12688/wellcomeopenres.23431.1
https://doi.org/10.12688/wellcomeopenres.23431.2
https://wellcomeopenresearch.org/articles/10-14/v2
https://wellcomeopenresearch.org/articles/10-14/v2#referee-response-124565
https://wellcomeopenresearch.org/articles/10-14/v2#referee-response-124567
https://wellcomeopenresearch.org/articles/10-14/v1
https://wellcomeopenresearch.org/articles/10-14/v2#referee-response-117511
https://wellcomeopenresearch.org/articles/10-14/v2#referee-response-119040
https://wellcomeopenresearch.org/articles/10-14/v2#referee-response-119033
https://orcid.org/0000-0003-1142-8267
https://orcid.org/0000-0001-5909-5508
http://crossmark.crossref.org/dialog/?doi=10.12688/wellcomeopenres.23431.2&domain=pdf&date_stamp=2025-05-30

Wellcome Open Research Wellcome Open Research 2025, 10:14 Last updated: 08 JUL 2025

implementation approaches could be enhanced.

Plain Language summary

This paper describes the plans for a new initiative - the research
project Policy and Implementation for Climate & Health Equity (PAICE).
PAICE aims to investigate the complex interactions between climate
change action, health and health equity for translation of evidence
into policy and practice in the UK. The World Health Organization
defines health equity as “the absence of unfair and avoidable or
remediable differences in health among population groups” and
addressing this vital issue is a key aspect of PAICE. PAICE is a
collaboration between teams of academics at UCL and LSHTM who will
work closely with the UK Climate Change Committee (CCC) and the
Greater London Authority (GLA) to analyse national and local policy
opportunities. If successful, PAICE will have helped to establish a
capability to (i) monitor whether Government plans are on track to
deliver their climate targets and associated health impacts and (ii)
understand how relevant policy and implementation approaches
could be enhanced.

Keywords
climate change action; health and health equity; policy; systems;
integration, transdisciplinary research.
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article can be found at the end of the article.
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113783 Amendments from Version 1

In response to the very helpful feedback from the reviewers, we
have added some additional text regarding:

¢ The inclusion of the voices of citizens and
representatives of minoritised groups. Including
the voices of citizens and representatives of minoritised
groups is important, given our emphasis on inequalities,
and is something we want to strengthen in current and
future work. We have secured multiplier funding to
pilot a programme of community involvement in a local
authority in London. A series of workshops will bring
together residents, non-government organisations,
researchers and creatives to discuss questions around
the relevance and meaning of climate change mitigation
and adaptation.

e Using our systems approach to help map existing
climate change related health inequities and how
climate action might impact on them. We will use our
systems approach to help map existing climate change
related health inequities and how climate action might
impact on them. For instance, we know that indoor
exposure to pollutants and heat is unequally distributed
with respect to, for example, ethnicity, age and income
and climate action has the potential to improve (or
worsen) such inequities.

¢ The increasing attention to the health co-benefits
of mitigation measures. \We provide a reference to a
relevant example of our previous work where the issue is
discussed in more detail.

¢ The planned work of PAICE on indicators.
¢ Academic-policy engagement.

e Evidence-based policy development and the impact
on health (in)equity.

¢ The need for an integrated mitigation and
adaptation monitoring framework.

o The contextual issues of health equity with respect
to climate change.

We have also (briefly) clarified a series of more minor points.
In addition, we have added two new authors who are playing
important roles in the project - Ruth Unstead-Joss and Simon
Vakeva-Baird.

Any further responses from the reviewers can be found at
the end of the article

Background

The required changes crucial to addressing closely coupled
climate and health challenges (Haines er al., 2009) go well
beyond those achieved so far by any country. In terms of
setting climate targets, the UK has been a world leader. It was
the first country to set a legally binding target to reduce
greenhouse gas emissions (HMG, 2008) and the first to set a
Net Zero target (The Climate Change Act 2008 (2050 Target
Amendment) Order 2019). However, despite important achieve-
ments, it is failing in much of its implementation (CCC, 2024).
Acceleration of healthy, sustainable and climate resilient
development requires transformative (Crane ez al., 2021), scaled-up
solutions developed through (i) ‘co-creation’ of research
and implementation with local stakeholders, (ii) balancing
local and global responsibilities, (iii) emphasising health
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and health equity as primary objectives, and (iv) harnessing
the worldwide experience of transdisciplinary research and
practice. It requires a profound understanding of the system
structure contributing to the lack of progress in implementation.

A systemic lens is needed to identify the connections between
challenges in different sectors and the consequent actions
that can, by transforming systems, contribute to meeting
multiple objectives efficiently and effectively. As we describe
later, addressing sectors independently and adaptation/mitigation
responses separately fails to recognise that such interventions
and their impact on health involve complex and interacting
systems.

The potential impacts on health of climate action are receiving
increasing attention (see for example Milner er al. (2020))
and are commonly referred to as ‘co-benefits’, although
since not all are beneficial “co-impacts” is more accurate.
Evidence-based approaches to inform policy' development
and ultimately implementation and monitoring of progress are
vital but challenging, as is an understanding of the distribu-
tional impacts of interventions for health equity. A recent
report for the CCC addressed in detail the contextual issues
of health equity with respect to climate change (Munro et al.,
2020). That report noted:

“Communities that are already disadvantaged are among the
most vulnerable to the effects of systemic shocks and extreme
events and climate change has the potential to widen existing
health inequalities within the UK. Moreover, some hazards are
unavoidable due to climate change that is already ‘locked-in’
by existing concentrations of greenhouse gases in the atmos-
phere, and therefore adaptation and resilience must be
considered in tandem with the mitigation of climate change.”

Poorly designed policies can worsen existing health inequi-
ties or miss opportunities to improve them — hence the value of
indicators and monitoring frameworks to evaluate and track
progress. Assembled in response to these challenges, PAICE will
focus on national and local policy and implementation in the
UK, and engage with other countries to exchange knowledge.
The team comprises two UK universities (UCL and LSHTM),
in collaboration’ with the UK Climate Change Committee
(CCC) and the Greater London Authority (GLA). The CCC is
an influential independent statutory body established under the
Climate Change Act 2008. Its role is to advise the UK
Government on emissions targets and report to Parliament on
progress made in reducing greenhouse gas emissions and pre-
paring for climate change. The GLA is the devolved regional
governance body of Greater London. It has two political
branches: an executive Mayor and the 25-member London

"'A course of action adopted and pursued by a government (adapted from
the Oxford English Dictionary (2006)).

% In the CCC with members of the Secretariat and in the GLA with members
of the Public Health and Climate teams.
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Assembly, which serves as a means of checks and balances on
the Mayor.

Aims, objectives and anticipated impacts

PAICE aims to investigate the complex systemic connections
between climate change action, health and health equity, and
what these mean for translation of evidence into policy and
practice in the UK. Taking a transdisciplinary approach, we
have co-developed the following research objectives through
discussions with the research team and policy partners (the
mapping to the relevant work packages (WPs) is indicated):

1. Understand and evaluate the value of the PAICE programme
in delivering transdisciplinary systems research and guiding
policy formulation and implementation (WP1 and WP5).

2. Enhance the CCC’s annual/biannual sectoral mitigation and
adaptation monitoring frameworks®, explicitly incorporating
health and health equity (WP2-4).

3. Integrate the CCC’s mitigation and adaptation monitoring
frameworks using a systems approach (WP2).

4. Feed into and enhance the CCC recommendation-making
processes for both the annual/biannual progress reports and
the 5-yearly carbon budget/Climate Change Risk Assessment
(CCRA) advice reports (WP2-4).

5. Translate the research by working with the GLA to adapt
the CCC mitigation and adaptation monitoring frameworks
for regional and local application (WP2-4).

PAICE has short-, medium- and long-term anticipated impacts:

- Short-term: PAICE will have informed the annual and
bi-annual CCC progress reports to the UK Parliament that make
detailed recommendations for every government department.

- Medium-term: PAICE will have informed detailed CCC advice
reports on climate change mitigation and adaptation, which
directly inform UK Government policy. PAICE will have
worked with the GLA to help develop monitoring frameworks,
informed by the CCC’s national frameworks but tailored for
local application, for the sectors of housing, energy, food and
transport.

- Long-term: PAICE will have helped to establish a systems
capability to (i) monitor whether Government plans are on track
to deliver their climate targets while recognising associated
health and health equity impacts and (ii) understand how policy
and implementation approaches could be enhanced (includ-
ing via the incorporation of systems thinking tools and analy-
sis). The project will also have served as a potential model
for similar initiatives worldwide, informing debates on
mitigation and adaptation policy.

Research questions
PAICE is a complex programme with multiple layers (wider
systems change, programme level aspirations and individual
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work package aims). We will be switching between a focus on
work packages and the programme, whilst thinking about the
wider context in which the programme sits. We considered
these levels when thinking about our research questions. As
a result, PAICE has established three sets of research questions
that address the system, programme and work package levels.
For example:

- At system level: How does the CCC integrate evidence
and findings from PAICE into its progress reports and
recommendations?

What criteria are used to assess the relevance, reliability and
applicability of this evidence?

- At programme level: What are the shared priorities among
stakeholders regarding climate change mitigation/adaptation,
health equity and reductions in greenhouse gas emissions?

How can these priorities inform policy development and,
ultimately, implementation?

- At work package level: What are the cross-sectoral impacts
of specific policy measures® on population health, health
inequalities and greenhouse gas emissions?

Underpinning principles

Central to the PAICE project are the underpinning
principles of systems thinking, transdisciplinary working and
academic-policy engagement.

Systems thinking

The PAICE project builds on systems thinking and system
dynamics modelling approaches. This is in response to the fact
that climate change interventions and their impact on health
involve complex systems characterised by multiple and often
conflictual priorities, non-linearities, interdependences, feedback
relationships and inherent delays, making it difficult for
decision-makers and policy measures to anticipate the conse-
quences of their actions (adapted from Richardson (2011)). By
incorporating both qualitative and quantitative systems model-
ling, PAICE will provide a deeper understanding of rich system
structure, enabling an iterative learning process of all the
parties to replace a reductionist view of climate change with a
holistic long-term dynamic view, reinventing our policies and
institutions accordingly (adapted from (Sterman, 2000)).

More generally, systems thinking is the ability to see the
world as a complex system and to represent and assess its
dynamic complexity (Sterman, 2000). System dynamics is a
computer-aided formal modelling approach enabling a compre-
hensive understanding of complex dynamics systems (Forrester,
1969), by analysing the system behaviour resulting from the
interactions of its components over time (Sterman, 2000). It
achieves this by incorporating feedback loops among the
different components as well as supporting the assessment of
the potential impacts of system disturbances (Meadows er al.,
1972).

4 A process introduced by the UK Climate Change Committee to track
progress against the UK government’s climate change targets.

* Something done to achieve a specific policy goal (adapted from Howlett
(2022)).
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Building on the team’s previous research (Coletta et al., 2024a;
Coletta et al., 2024b; Dianati et al., 2019; Eker et al., 2018;
Macmillan et al., 2016; Pluchinotta er al., 2021; Pluchinotta
et al., 2022; Pluchinotta et al., 2024a; Pluchinotta et al., 2024b;
Prioreschi et al., 2024; Shrubsole et al., 2019; Zimmermann
et al., 2021), the project takes a systems approach to address-
ing this complexity, clarifying the issues that need to be
addressed, investigating their causes, co-developing solutions,
co-producing knowledge and supporting policy measures
implementation. Adopting a systems perspective in PAICE
can help minimize unintended consequences by fostering a
comprehensive understanding of the issues and their potential
causes (Stave et al., 2019), including different systems’ views
(Pluchinotta et al., 2022) and integrating different sources of
knowledge (Pluchinotta er al., 2024a).

PAICE acknowledges that meeting climate targets is impossible
without changes in mental models and behaviours of people
and institutions. While setting up the systems approach to sup-
port this is challenging, PAICE will leverage the science of
behaviour and behaviour change and integrate its theoretical
frameworks in the systems activities, to support the analysis of
barriers and enablers for successful implementation of deci-
sion, making recommendations on levers for actions (Michie
et al., 2014). For behaviour to change, there needs to be not
only capability (knowledge and skills), but also motivation and
opportunity, physical and social. This is represented by the
Capability, Opportunity and Motivation (COM-B) model which
acts as a guiding framework; by understanding behaviour in
its context, one can identify interventions and policies most
likely to be effective (Michie ez al., 2011).

Transdisciplinary research (TDR)

PAICE also draws on transdisciplinary research ideas in
response to real-world problems and characterized by interac-
tions between stakeholders in participatory problem solving
(Hansson & Polk, 2018; Lawrence et al., 2022; Rigolot, 2020,
p- 20). Stokols er al. (2013, p. 6) define transdisciplinarity as
“scholars and practitioners from both academic disciplines and
non-academic fields work[ing] jointly to develop and use novel
conceptual and methodological approaches that synthesize and
extend discipline-specific perspectives, theories, methods, and
translational strategies to yield innovative solutions to particular
scientific and societal problems.”

Transdisciplinary research integrates both researchers from
unrelated disciplines and non-academic participants (here, the
CCC and GLA) in pursuit of a common goal, with the inten-
tion that the collaboration produces new knowledge and theory.
It involves both interdisciplinarity and co-creation (co-design
of research and co-production of knowledge) with actors outside
academia (including policy makers) (OECD, 2020). We previously
built on the work of Stokols ez al. (2013), to help develop a new
model (Pineo er al., 2021) for transdisciplinary health research
that entails iterative stages of co-learning, pre-development,
reflection and refinement, conceptualisation, investigation and
implementation. The practical translation of transdisciplinary
working within the project is to integrate diverse perspectives,
to include participatory, behavioural science and social
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research methods, and to elicit knowledge from stakeholders
(see Dianati et al. (2019); Moore et al. (2023); Pineo et al.
(2021)).

Academic-policy engagement

There is a growing body of literature investigating how researchers
engage with and influence policy processes, ultimately seek-
ing to ensure evidence use in policymaking (Cairney &
Oliver, 2020; Hopkins er al., 2021). However, there is often
a disconnect between the ‘producers’ of scientific evidence
and the ‘users’, which can lead to barriers to evidence use
(Cairney & Oliver, 2017). A variety of engagement strate-
gies are emerging to broker relationships between academic
and policy practices; for example, research—practice partner-
ships, policy placements, fellowships, areas of research interest
(ARIs), and policy-engaged research projects. Best and Holmes
(2010) describe three generations of ‘exchange’ in how knowl-
edge and policy action can inform and interact with each other:
(1) linear, (2) relational, and (3) systems approaches. They
argue that there has been a shift from simple processes of
disseminating knowledge (often through one-way modes of com-
munication such as policy briefs), to strategies that acknowl-
edge the roles of systems and relationships at the interface
between research and policy processes. Relational and sys-
tems approaches are perceived to influence the potential for
research impact and overcome barriers to evidence use within
the policy process, such as availability and timely access to rel-
evant research, as well as the clarity and relevance of research
(Oliver et al., 2014). Transdisciplinary research projects con-
ceived as influencing and making policy require sufficient time,
sustained engagement and expertise in knowledge brokerage.

PAICE is building on growing understanding of the impor-
tance of a diversity of academic-policy engagement strategies
to achieve impact. All partners have been involved in devel-
oping our engagement approach, and this means adopting
different approaches according to need. For example, we have
established a research-practice partnership with the CCC imple-
mented through dedicated time-bound strands of work within
work packages. With the GLA, we have responded to a need to
second a full-time dedicated researcher with the appropriate
climate policy and health expertise.

Our approach to academic-policy engagement will be
characterised by the day-to-day relationships between PAICE
academics and our partners, as well as knowledge exchange
activities including conferences, workshops and meetings,
sharing our learning through formal research papers and
systematic reviews, and more informal approaches such as
blogs. UCL’s own learning through Capabilities in Academic
Policy Engagement (CAPE, 2025) gives us access to practical
tools and advice on appropriate ways of policy-engaged working.

The need for a programme theory

The components of the project’s research and the evaluation
of its impact will be shaped by a programme theory developed
through a participatory process of discussion among the
PAICE team to ensure the input of a broad range of perspectives
and shared understanding. The programme theory aims to
explain how the project’s collaborative research will work to
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achieve its desired effects, following structures and processes
through a chain of linkages (Rogers, 2008; Stein & Valters,
2012). A key requirement is that the group spend sufficient
time surfacing assumptions (Rogers, 2008; Stein & Valters,
2012; Weiss, 1995), understanding epistemologic and linguistic
differences between participants, and articulating the links
between activities and outcomes (Stame, 2004).

Although the phases of transdisciplinary research overlap
and cycle, the programme theory will encompass four gen-
eral phases derived from existing conceptualisations (Lawrence
et al., 2022; Pineo et al., 2021): formation (identifying the
issue, enlisting the team), formulation (building collaboration,
defining and structuring the problem, aims, objectives and
methods), investigation (collecting and analysing data that
integrates disciplines and background and new knowledge) and
translation (producing publications, tools and resources, inte-
grating the findings and communicating and disseminating
them).

The programme theory also provides a framework for evalu-
ation by guiding the evidence needed to assess (1) whether
and how PAICE achieves its aims, and (2) whether it improves
transdisciplinary and cross-sectoral understanding and work.
The evaluation framework will address questions about the
success of response to known challenges of transdisciplinary
research. These can be categorised as challenges to framing the
problem (different ways of thinking (Pohl, 2011), limited
options for solutions and evolving expectations), challenges
to working together (insufficient mutual understanding (Pohl,
2011), insufficient integration and variation in methodological
standards), challenges to organisational dynamics (insufficient
timescales (Scholz & Steiner, 2015a), unbalanced ownership
of the problem across the partners and discontinuous
participation), and societal challenges (insufficient legitimacy
of the group and research, real-world constraints and
insufficiently conclusive findings).

The programme theory will also address the challenges
inherent in transdisciplinary research by structuring the project
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to manage the complexity of the partnerships, emphasising
open communication about goals, ways of working and expec-
tations, clarifying the added value for participants (Scholz &
Steiner, 2015b), and continuously reviewing disciplinary diversity,
interaction and integration.

Research design and methods

PAICE is organised into five work packages (WPs) — see
Figure 1. The expected outputs and outcomes from each WP
are shown in Table 1. The academic team will engage with the
CCC and GLA for each work package to plan, undertake and
implement the work.

Envisioning and developing shared priorities (WP1)
As noted above, the PAICE partners will co-create a pro-
gramme theory describing how the programme is understood
to “work” in terms of its anticipated changes and the processes
of change (what the PAICE team think will happen and how).
It will guide the programme to develop, reflect and learn
about the conditions needed for effective climate change
mitigation, adaptation and health policies. The theory will be
co-developed iteratively through workshops with the PAICE
team, interviews with researchers and partners, and small group
discussions. It will reflect our transdisciplinary approach, link-
ing the programme to wider social and political contexts,
and the roles of stakeholders in achieving change. Our past
experience has shown that the process of co-producing a
programme theory facilitates alignment of perspectives and
reaching a shared understanding and vision amongst contributors
(Moore et al., 2021). The PAICE programme theory will
provide framing for the project’s evaluation (WPS5), leading
to a Monitoring, Evaluation and Learning Plan (MELP).

Systems analysis (WP2)

WP2 will identify current and planned climate policy measures
in the housing, energy, food and transport sectors, starting
from the CCC monitoring maps (CCC, 2022; CCC 2023).
This will inform the modellingof the relevant GHG emis-
sions, health and health equity impacts, working closely with
WP3. We will use our systems approach to help map existing

Modelling

Figure 1. PAICE Work Packages (WPs).

Systems analysis

Monitoring and
refinement of
indicators and data

Evaluation

Management and Co-ordination
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Table 1. PAICE WP outputs and outcomes.

Work package Expected Outputs

Envisioning and
developing shared
priorities (WP1)

- PAICE Programme Theory
- MELP

Systems analysis
(WP2)

- Policy measures and stakeholder mapping

- Systems models for assessing cross-sector
impacts of policy measures and of factors
influencing system change

Modelling (WP3) - Synthetic population model to estimate
impacts of policies on health and health

inequalities

- Integrated estimates of the impacts on
GHG emissions and health of cross-sectoral
policy options

Monitoring and
refinement of
indicators and
data (WP4)

- Tailored data to inform and improve the
CCC monitoring framework

- London-specific data to inform GLA policy
priorities

- Development of appropriate indicators of
progress for health impacts

Evaluation (WP5) - Relevant materials, recommendations and

reports
- Website and dissemination materials

climate change related health inequities and how climate action
might impact on them. For instance, we know that indoor
exposure to pollutants and heat is unequally distributed with
respect to, for example, ethnicity, age and income and climate
action has the potential to improve (or worsen) such inequities
(Cole et al., 2024). WP2 will work closely alongside WP3
(population modelling including the health impacts of air
quality and heat) to further our understanding of such issues. We
expect some aspects that relate to vulnerability and equity to be
represented in feedback structure, and additionally, it is an
issue that will inform the direction of much of our modelling.

PAICE will develop a systems perspective regarding policy
measures using participatory system dynamics - a framework
and process for gathering input from a wide range of actors and
experts (Pluchinotta er al., 2022) and to coproduce knowledge
on the system under consideration (Pluchinotta e al., 2024a).

The process involves several iterative steps, beginning with
stakeholder mapping and conducting interviews with individual
stakeholders to gather their systems’ perspectives and priorities
on climate policy measures (Salvia er al., 2022). This is followed
by building qualitative and quantitative system models

Expected Outcomes

- Shared understanding of the system and vision among
contributors

- Clear articulation of the changes the programme plans to
achieve (and expected pathways for change)

- Visual representation of the programme, a tool to communicate
with other stakeholders

- Agreed transdisciplinary conceptual framework

- Decision processes informed by provision of model outputs on
multiple impacts

- Understanding of barriers to and facilitators of transformative
change and of trade-offs/spillovers
- Identification of key implementation pathways and actors

- A set of policies rated along different dimensions of
“implementability” and equity

- Enhanced understanding of the ancillary effects for health and
equity (the co-benefits and unintended consequences) of climate
mitigation and adaptation policy options

- Decision processes informed by provision of model data on
multiple impacts

- An integrated understanding of progress in mitigating and
adapting to climate change and the impacts on health

- A gap analysis examining data availability and quality for
monitoring and assessing progress against policy objectives, a
map of current data and indicators used by the CCC and GLA
and a recommended set of data and indicators which could be
developed to better track progress

- Generation of knowledge for theory and practice in policy-
engagement and influence

- Sharing of learnings with international partners

(causal loop diagrams and stock-and-flow models) to under-
stand the main interconnections between the different sectors and
health, and the factors that accelerate or hinder system change;
thereby assessing the power of measures to transform systems.
Participatory workshops involving the CCC will review the
cross-sector interactions and policy measures. These work-
shops will also refine the understanding of different stakehold-
ers’ priorities and perspectives on factors affecting systems
change and support policy measure implementation. Systems
models will be used to collaboratively explore the cross-sector
effects of suggested policy measures, including unintended
consequences, trade-offs, synergies, and leverage points (Coletta
et al., 2024a; Dianati et al., 2019; Pluchinotta et al., 2021). The
process also involves analyzing barriers to and enablers of the
successful implementation of decisions and policy measures,
informed by behavioural science (Michie er al., 2014) and its
theoretical frameworks (Michie er al., 2011), and will make
recommendations on levers for action.

Modelling (WP3)

Informed by WP2 and building on methods and expertise devel-
oped by the team’s previous work (Alae-Carew er al., 2022;
Brousse er al., 2022; Eustachio Colombo et al., 2021;
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Milner et al., 2023; Symonds et al., 2021), PAICE will build
a UK-wide population model to test the effects of policy
options, allowing estimation of distributional impacts (e.g.
health inequalities), targeting of policies for different population
subgroups and overlay of multiple policy actions spanning dif-
ferent sectors. Drawing on good practice guidance (Hess er al.,
2020), our modelling will allow integrated characterisation of
each set of sectoral policies (housing, energy, food and trans-
port) in terms of health and health inequalities, as well as
contribution to GHG target reductions and adaptation needs,
taking account of practical constraints and likely uptake.
Through engagement with the CCC and the GLA, the model
will allow us to test policy and implementation options and
inform the development of new indicators® to track progress
(in WP4).

A preliminary version of the model has already been suc-
cessfully set up through CUSSH (an international research
programme on the complex systemic connections between
urban development and health — see Davies er al. (2021)), and
has been used to perform initial assessments of climate actions
identified for different sectors (Milner er al., 2020; Symonds
et al., 2021). It entails generating individual members of a
large synthetic, geographically-stratified population that is rep-
resentative of the true UK population in terms of age, sex,
socio-economic structure, environmental and health behav-
iours, GHG emissions and health (mortality and morbidity risks
also related to age, sex and socio-economic characteristics).
The characteristics of the population will be derived from evi-
dence published by the UK Office of National Statistics, pop-
ulation surveys and routine statistics coupled with sectoral
data on housing, transport patterns and dietary data from rou-
tine surveys, including the English Housing Survey, the
National Travel Survey and the National Diet and Nutrition
Survey.

Monitoring and refinement of indicators and data
(WP4)

PAICE will assess progress in both policy development and
implementation through identification and refinement of data
and indicators relevant to the monitoring and reporting of cli-
mate, health and equity outcomes in the UK from net zero
policies. The CCC monitoring framework is intended to identify
where changes are needed to stay on track for the UK’s
climate action targets. PAICE is uniquely placed to contribute
to its continued development and ongoing use via the integra-
tion of the impact of cross-sectoral policies on GHG emissions,
health and health equity. PAICE will work with the CCC to
enhance their new monitoring framework (CCC, 2022) and
populate the sectoral models of change, ensuring that they
include health and health equity indicators and data to assess
health outcomes in an integrated way.

3 Quantitative or qualitative measures of progress in climate change mitigation
and adaptation to achieve climate targets.

Wellcome Open Research 2025, 10:14 Last updated: 08 JUL 2025

PAICE will also work with the GLA (facilitated via a second-
ment from the academic team to the GLA), to assess the
implications of downscaling the data and indicators from the
national level to allow monitoring and reporting of outcomes
at the regional level within the Greater London region.

Building on the team’s previous work in the Pathfinder Initia-
tive (Whitmee et al., 2024) and the WinWindow project, PAICE
will map the existing indicators used to measure health and
health equity in the UK in relation to climate mitigation and
adaptation. PAICE will identify gaps where tracking of health
measures is not currently done and where possible identify
intermediate health outcomes or risk factors that can be used
to fill these gaps. The project will also identify additional health
indicators through a comprehensive search of available datasets
and integrate these with the CCC monitoring maps.

The outputs from the system dynamics modelling in WP2
and the emissions and population health modelling in WP3
will feed into the work of WP4. In a cyclical manner, the work
of WP4 will also inform the workshops and engagement in
WP2 to allow us to iteratively recommend needed adjust-
ments and additions to policies to deliver objectives to agreed
trajectories of change.

Evaluation (WP5)

To provide informed and ongoing decision-making as part of
the design, development and delivery of PAICE, evaluation and
reflection processes will be embedded within and throughout
the programme (Pinco er al., 2021). These processes will
draw upon a developmental evaluation approach that supports
innovation and adoption, providing rapid, real-time, focused
feedback. We will focus on understanding the programme’s
evolution, how different disciplines and practitioners work
together best, and how to address cross-sectoral challenges. An
evaluation working group will coordinate activities, review
information and feed learning into future programming.

Including the voices of citizens and representatives of minori-
tised groups is important, given our emphasis on inequali-
ties, and is something we want to strengthen in current and
future work. We have secured multiplier funding to pilot a
programme of community involvement in a local authority in
London. A series of workshops will bring together residents,
non-government organisations, researchers and creatives to
discuss questions around the relevance and meaning of climate
change mitigation and adaptation.

The programme theory generated in WP1 will provide the
framework to guide the evaluation and identify specific mile-
stones that can build on and be informed by the findings of
the programme. Activities such as participatory workshops,
interviews and observations will provide opportunities for
reflection and collaborative learning alongside generating
knowledge for theory and practice in policy-engagement and
influence.
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PAICE will also contribute to knowledge on the implementa-
tion of climate action policies, synthesising and drawing out
transferable learning and recommendations for international
partners.

Summary

Our ambition in the PAICE project is to develop evidence on
the connections between climate change policy measures,
health and health equity to help accelerate transformative
actions, focusing primarily on the UK. To generate this evi-
dence we are developing new, integrated modelling methods
and ways of engaging with those influencing and making
policy via a framework which recognises the complex systems
nature of the problem. The aspiration is to use such improved
knowledge to accelerate action at scale and pace. Our pro-
gramme theory sets out what actions we will take and where
we expect to contribute to change. We will use the programme
theory as the basis of a detailed evaluation of the PAICE
approach. We will, through systems and relational approaches
to engagement, share the findings to maximise the likeli-
hood that our work will inform an urgently needed new
model of action-oriented research in this area.

References

Wellcome Open Research 2025, 10:14 Last updated: 08 JUL 2025

Ethics approval

Ethics approval (ID:20231213_IEDE_STA_ETH) was given
on 13/12/23 by the University College London BSEER (Bartlett
School of Environment, Energy and Resources) Research Ethics
Committee.

Disclaimer

The views expressed in this article are those of the authors.
Publication in Wellcome Open Research does not imply
endorsement by Wellcome.

Data availability
No data are associated with this article.

Acknowledgements

For the purpose of Open Access, the author has applied a CC
BY public copyright licence to any Author Accepted Manu-
script version arising from this submission. The PAICE team
would like to thank our project partners for their invaluable
engagement.

Alae-Carew C, Green R, Stewart C, et al.: The role of Plant-Based Alternative
Foods in sustainable and healthy food systems: consumption trends in the
UK. Sci Total Environ. 2022; 807(Pt 3): 151041.

PubMed Abstract | Publisher Full Text | Free Full Text

Best A, Holmes B: Systems thinking, knowledge and action: towards better
models and methods. Evid Policy. 2010; 6: 145-159.
Publisher Full Text

Brousse O, Simpson C, Walker N, et al.: Evidence of horizontal Urban Heat
Advection in London using six years of data from a Citizen Weather Station
network. Environ Res Lett. 2022; 17(4): 044041.

PubMed Abstract | Publisher Full Text | Free Full Text

Cairney P, Oliver K: Evidence-based policymaking is not like evidence-based
medicine, so how far should you go to bridge the divide between evidence
and policy? Health Res Policy Syst. 2017; 15(1): 35.

PubMed Abstract | Publisher Full Text | Free Full Text

Cairney P, Oliver K: How should academics engage in policymaking to
achieve impact? Polit Stud Rev. 2020; 18(2): 228-244.
Publisher Full Text

CAPE: Capabilities in Academic Policy Engagement (CAPE). Welcome to CAPE.
2025; (Accessed: 14 April 2025).

Reference Source

CCC: CCC adaptation monitoring framework. Climate Change Committee,
2023; (Accessed: 13 November 2023).

Reference Source

CCC: Progress in reducing UK emissions - 2024 report to parliament. 2024.
Reference Source

CCC: CCC mitigation monitoring framework. Climate Change Committee,
2022; (Accessed: 15 October 2023).
Reference Source

Cole R, Simpson CH, Ferguson L, et al.: A population-level framework to
estimate unequal exposure to indoor heat and air pollution. Build Cities.
2024; 5(1): 562-580.

Publisher Full Text

Coletta VR, Pagano A, Pluchinotta I, et al.: Participatory causal loop
diagrams building for supporting decision-makers integrating flood risk
management in an urban regeneration process. EFarths Future. 2024a; 12(1):
€2023EF003659.

PubMed Abstract | Publisher Full Text | Free Full Text

Coletta VR, Pagano A, Zimmermann N, et al.: Socio-hydrological modelling
using participatory System Dynamics modelling for enhancing urban flood

resilience through Blue-Green Infrastructure. / Hydrol (Amst). 2024b; 636:
131248.
PubMed Abstract | Publisher Full Text | Free Full Text

Crane M, Lloyd S, Haines A, et al.: Transforming cities for sustainability: a
health perspective. Environ Int. 2021; 147: 106366.

PubMed Abstract | Publisher Full Text | Free Full Text

Davies M, Belesova K, Crane M, et al.: The CUSSH programme: supporting
cities’ transformational change towards health and sustainability [version
2; peer review: 2 approved]. Wellcome Open Res. 2021; 6: 100.

PubMed Abstract | Publisher Full Text | Free Full Text

Dianati K, Zimmermann N, Milner J, et al.: Household air pollution in Nairobi’s
slums: a long-term policy evaluation using participatory system dynamics.
Sci Total Environ. 2019; 660: 1108-1134.

PubMed Abstract | Publisher Full Text | Free Full Text

Eker S, Zimmermann N, Carnohan S, et al.: Participatory system dynamics
modelling for housing, energy and wellbeing interactions. Build Res Inf.
2018; 46(7): 738-754.

Publisher Full Text

Eustachio Colombo P, Milner J, Scheelbeek PFD, et al.: Pathways to “5-a-day”:
modeling the health impacts and environmental footprints of meeting the
target for fruit and vegetable intake in the United Kingdom. Am J Clin Nutr.
2021; 114(2): 530-539.

PubMed Abstract | Publisher Full Text | Free Full Text

Forrester JW: Urban dynamics. MIT Press, 1969.

Reference Source

Haines A, McMichael AJ, Smith KR, et al.: Public health benefits of strategies
to reduce greenhouse-gas emissions: overview and implications for policy
makers. Lancet. 2009; 374(9707): 2104-2114.

PubMed Abstract | Publisher Full Text

Hansson S, Polk M: Assessing the impact of transdisciplinary research: the
usefulness of relevance, credibility, and legitimacy for understanding the
link between process and impact. Res £val. 2018; 27(2): 132-144.

Publisher Full Text

Hess JJ, Ranadive N, Boyer C, et al.: Guidelines for modeling and reporting
health effects of climate change mitigation actions. Environ Health Perspect.
2020; 128(11): 115001.

PubMed Abstract | Publisher Full Text | Free Full Text

HMG: Climate change act 2008. 2008.
Reference Source

Hopkins A, Oliver K, Boaz A, et al.: Are research-policy engagement activities

Page 9 of 24


http://www.ncbi.nlm.nih.gov/pubmed/34673070
http://dx.doi.org/10.1016/j.scitotenv.2021.151041
http://www.ncbi.nlm.nih.gov/pmc/articles/8724617
http://dx.doi.org/10.1332/174426410X502284
http://www.ncbi.nlm.nih.gov/pubmed/37600746
http://dx.doi.org/10.1088/1748-9326/ac5c0f
http://www.ncbi.nlm.nih.gov/pmc/articles/10437006
http://www.ncbi.nlm.nih.gov/pubmed/28446185
http://dx.doi.org/10.1186/s12961-017-0192-x
http://www.ncbi.nlm.nih.gov/pmc/articles/5407004
http://dx.doi.org/10.1177/1478929918807714
https://www.cape.ac.uk/
https://www.theccc.org.uk/publication/ccc-adaptation-monitoring-framework/
https://www.biee.org/ccc-report-progress-in-reducing-emissions-2024-report-to-parliament/
https://www.theccc.org.uk/publication/ccc-monitoring-framework/#introduction
http://dx.doi.org/10.5334/bc.425
http://www.ncbi.nlm.nih.gov/pubmed/38440420
http://dx.doi.org/10.1029/2023EF003659
http://www.ncbi.nlm.nih.gov/pmc/articles/10909559
http://www.ncbi.nlm.nih.gov/pubmed/39416471
http://dx.doi.org/10.1016/j.jhydrol.2024.131248
http://www.ncbi.nlm.nih.gov/pmc/articles/7616713
http://www.ncbi.nlm.nih.gov/pubmed/33422969
http://dx.doi.org/10.1016/j.envint.2020.106366
http://www.ncbi.nlm.nih.gov/pmc/articles/8543068
http://www.ncbi.nlm.nih.gov/pubmed/35028422
http://dx.doi.org/10.12688/wellcomeopenres.16678.2
http://www.ncbi.nlm.nih.gov/pmc/articles/8686329
http://www.ncbi.nlm.nih.gov/pubmed/30743908
http://dx.doi.org/10.1016/j.scitotenv.2018.12.430
http://www.ncbi.nlm.nih.gov/pmc/articles/6854458
http://dx.doi.org/10.1080/09613218.2017.1362919
http://www.ncbi.nlm.nih.gov/pubmed/33871601
http://dx.doi.org/10.1093/ajcn/nqab076
http://www.ncbi.nlm.nih.gov/pmc/articles/8326030
https://books.google.co.in/books/about/Urban_Dynamics.html?id=69JYAAAAMAAJ&redir_esc=y
http://www.ncbi.nlm.nih.gov/pubmed/19942281
http://dx.doi.org/10.1016/S0140-6736(09)61759-1
http://dx.doi.org/10.1093/reseval/rvy004
http://www.ncbi.nlm.nih.gov/pubmed/33170741
http://dx.doi.org/10.1289/EHP6745
http://www.ncbi.nlm.nih.gov/pmc/articles/7654632
https://www.legislation.gov.uk/ukpga/2008/27/contents

informed by policy theory and evidence? 7 challenges to the UK impact
agenda. Policy Des Pract. 2021; 4(3): 341-356.
Publisher Full Text

Howlett M: The Routledge handbook of policy tools, 1st edn. Routledge,
London, 2022.
Reference Source

Lawrence MG, Williams S, Nanz P, et al.: Characteristics, potentials, and
challenges of transdisciplinary research. One Earth. 2022; 5(1): 44-61.
Publisher Full Text

Macmillan A, Davies M, Shrubsole C, et al.: Integrated decision-making about
housing, energy and wellbeing: a qualitative system dynamics model.
Environ Health. 2016; 15 Suppl 1(Suppl 1): 37.

PubMed Abstract | Publisher Full Text | Free Full Text

Meadows DH, Meadows DL, Randers J, et al.: The limits to growth. Universe
Books, New York, 1972.
Reference Source

Michie S, Atkins L, West R: The behaviour change wheel. A guide to
designing interventions. Silverback Publishing, London, 2014.
Reference Source

Michie S, van Stralen MM, West R: The behaviour change wheel: a new
method for characterising and designing behaviour change interventions.
Implement Sci. 2011; 6: 42.

PubMed Abstract | Publisher Full Text | Free Full Text

Milner J, Hamilton I, Woodcock J, et al.: Health benefits of policies to reduce
carbon emissions. BM/. 2020; 368: 16758.
PubMed Abstract | Publisher Full Text | Free Full Text

Milner J, Turner G, Ibbetson A, et al.: Impact on mortality of pathways to
net zero greenhouse gas emissions in England and Wales: a multisectoral
modelling study. Lancet Planet Health. 2023; 7(2): e128-e136.

PubMed Abstract | Publisher Full Text | Free Full Text

Moore G, Michie S, Anderson J, et al.: Developing a programme theory for
a transdisciplinary research collaboration: Complex Urban Systems for
Sustainability and Health [version 2; peer review: 2 approved]. Wellcome
Open Res. 2021; 6: 35.

PubMed Abstract | Publisher Full Text | Free Full Text

Moore G, Pluchinotta I, Pineo H, et al.: Chapter 14: formative developmental
evaluation: a transdisciplinary urban regeneration project in London, UK.
2023.

Publisher Full Text

Munro A, Boyce T, Marmot M: Sustainable health equity: achieving a net-
zero UK. Institute of Health Equity, 2020; (Accessed: 14 April 2025).
Reference Source

OECD: Addressing societal challenges using transdisciplinary research.
OECD Science, Technology and Industry Policy Papers No. 88, OECD Publishing,
Paris, 2020.

Publisher Full Text

Oliver K, Innvar S, Lorenc T, et al.: A systematic review of barriers to and
facilitators of the use of evidence by policymakers. BVIC Health Serv Res.
2014; 14: 2.

PubMed Abstract | Publisher Full Text | Free Full Text

Oxford English Dictionary: Policy. Oxf. Engl. Dict. 2006; Accessed 22 Aug 2024.
Reference Source

Pineo H, Turnbull ER, Davies M, et al.: A new transdisciplinary research model
to investigate and improve the health of the public. Health Promot Int. 2021;
36: 481-492.

PubMed Abstract | Publisher Full Text | Free Full Text

Pluchinotta I, Pagano A, Vilcan T, et al.: A participatory system dynamics
model to investigate sustainable urban water management in Ebbsfleet
Garden City. Sustain Cities Soc. 2021; 67: 102709.

Publisher Full Text

Pluchinotta I, Salvia G, Zimmermann N: The importance of eliciting
stakeholders’ system boundary perceptions for problem structuring and
decision-making. £ur / Oper Res. 2022; 302(1): 280-293.

PubMed Abstract | Publisher Full Text | Free Full Text

Pluchinotta I, Zhou K, Moore G, et al.: Co-producing knowledge on the use
of urban natural space: participatory system dynamics modelling to
understand a complex urban system. J Environ Manage. 2024a; 353:
120110.

PubMed Abstract | Publisher Full Text | Free Full Text

Pluchinotta I, Zhou K, Zimmermann N: Dealing with soft variables and data
scarcity: lessons learnt from quantification in a participatory system
dynamics modelling process. Syst Dyn Rev. 2024b; 40(4): sdr.1770.

PubMed Abstract | Publisher Full Text | Free Full Text

Pohl C: What is progress in transdisciplinary research? Futures. 2011; 43(6):

Wellcome Open Research 2025, 10:14 Last updated: 08 JUL 2025

618-626.
Publisher Full Text

Prioreschi E, Zimmermann N, Davies M, et al.: Interrelationships and trade-offs
between urban natural space use and biodiversity. Sustainability. 2024;
16(10): 4051.

PubMed Abstract | Publisher Full Text | Free Full Text

Richardson GP: Reflections on the foundations of system dynamics. Syst Dyn
Rev. 2011; 27(3): 219-243.

Publisher Full Text

Rigolot C: Transdisciplinarity as a discipline and a way of being:
complementarities and creative tensions. Humanit Soc Sci Commun. 2020;
7(1): 100.

Publisher Full Text

Rogers PJ: Using programme theory to evaluate complicated and complex
aspects of interventions. Evaluation. 2008; 14(1): 29-48.

Publisher Full Text

Salvia G, Pluchinotta I, Tsoulou [, et al.: Understanding urban green space
usage through systems thinking: a case study in Thamesmead, London.
Sustainability. 2022; 14(5): 2575.

PubMed Abstract | Publisher Full Text | Free Full Text

Scholz RW, Steiner G: The real type and ideal type of transdisciplinary
processes: part I—theoretical foundations. Sustain Sci. 2015a; 10: 527-544.
Publisher Full Text

Scholz RW, Steiner G: The real type and ideal type of transdisciplinary
processes: part II—what constraints and obstacles do we meet in practice?
Sustain Sci. 2015b; 10: 653-671.

Publisher Full Text

Shrubsole C, Hamilton IG, Zimmermann N, et al.: Bridging the gap: the need
for a systems thinking approach in understanding and addressing energy
and environmental performance in buildings. Indoor Built Environ. 2019;
28(1): 100-117.

Publisher Full Text

Stame N: Theory-based evaluation and types of complexity. Evaluation. 2004;
10(1): 58-76.

Publisher Full Text

Stave K, Dwyer M, Turner M: Exploring the value of participatory system
dynamics in two paired field studies of stakeholder engagement in
sustainability discussions. Syst Res Behav Sci. 2019; 36(2): 156-179.

Publisher Full Text

Stein D, Valters C: Understanding theory of change in international
development. Justice and Security Research Programme, London School of
Economics and Political Science (LSE). JSRP Paper 1. London, UK, 2012.
Reference Source

Sterman JD: Learning from evidence in a complex world. Am J Public Health.
2006; 96(3): 505-514.

PubMed Abstract | Publisher Full Text | Free Full Text

Sterman JD: Business dynamics: systems thinking and modeling for a
complex world. Irwin/McGraw-Hill, Boston, MA, USA, 2000.

Reference Source

Stokols D, Hall KL, Vogel AL: Transdisciplinary public health: definitions,
core characteristics, and strategies for success. In: Haire-Joshu D, McBride
TD (eds): Transdisciplinary public health: research, methods, and practice. 1st ed.
Jossey-Bass, San Francisco, CA, 2013; 3-30.

Reference Source

Symonds P, Milner J, Mohajeri N, et al.: A tool for assessing the climate
change mitigation and health impacts of environmental policies: the Cities
Rapid Assessment Framework for Transformation (CRAFT) [version 2; peer
review: 3 approved]. Wellcome Open Res. 2021; 5: 269.

PubMed Abstract | Publisher Full Text | Free Full Text

The climate change act 2008 (2050 target amendment) order 2019.
Reference Source

Weiss CH: Nothing as practical as good theory: exploring theory-based
evaluation for comprehensive community initiatives for children and
families. New Approaches Eval Community Initiat Concepts Methods Contexts.
1995; 1: 65.

Reference Source

Whitmee S, Green R, Belesova K, et al.: Pathways to a healthy net-zero future:
report of the lancet pathfinder commission. Lancet. 2024; 403(10421):
67-110.

PubMed Abstract | Publisher Full Text

Zimmermann N, Pluchinotta I, Salvia G, et al.: Moving online: reflections from
conducting system dynamics workshops in virtual settings. Syst Dyn Rev.
2021; 37(1): 59-71.

PubMed Abstract | Publisher Full Text | Free Full Text

Page 10 of 24


http://dx.doi.org/10.1080/25741292.2021.1921373
https://books.google.co.in/books/about/The_Routledge_Handbook_of_Policy_Tools.html?id=Z4E-zwEACAAJ&redir_esc=y
http://dx.doi.org/10.1016/j.oneear.2021.12.010
http://www.ncbi.nlm.nih.gov/pubmed/26961081
http://dx.doi.org/10.1186/s12940-016-0098-z
http://www.ncbi.nlm.nih.gov/pmc/articles/4895316
https://www.donellameadows.org/wp-content/userfiles/Limits-to-Growth-digital-scan-version.pdf
https://books.google.co.in/books/about/The_Behaviour_Change_Wheel.html?id=1TGIrgEACAAJ&amp;redir_esc=y
http://www.ncbi.nlm.nih.gov/pubmed/21513547
http://dx.doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/pmc/articles/3096582
http://www.ncbi.nlm.nih.gov/pubmed/32229476
http://dx.doi.org/10.1136/bmj.l6758
http://www.ncbi.nlm.nih.gov/pmc/articles/7190375
http://www.ncbi.nlm.nih.gov/pubmed/36706771
http://dx.doi.org/10.1016/S2542-5196(22)00310-2
http://www.ncbi.nlm.nih.gov/pmc/articles/7614840
http://www.ncbi.nlm.nih.gov/pubmed/34095507
http://dx.doi.org/10.12688/wellcomeopenres.16542.2
http://www.ncbi.nlm.nih.gov/pmc/articles/8156501
http://dx.doi.org/10.4337/9781802207835.00024
https://www.theccc.org.uk/publication/ucl-sustainable-health-equity-achieving-a-net-zero-uk/
http://dx.doi.org/10.1787/0ca0ca45-en
http://www.ncbi.nlm.nih.gov/pubmed/24383766
http://dx.doi.org/10.1186/1472-6963-14-2
http://www.ncbi.nlm.nih.gov/pmc/articles/3909454
https://www.oed.com/dictionary/policy_n1?tl=true#29475758
http://www.ncbi.nlm.nih.gov/pubmed/33450013
http://dx.doi.org/10.1093/heapro/daaa125
http://www.ncbi.nlm.nih.gov/pmc/articles/8049543
http://dx.doi.org/10.1016/j.scs.2021.102709
http://www.ncbi.nlm.nih.gov/pubmed/39435309
http://dx.doi.org/10.1016/j.ejor.2021.12.029
http://www.ncbi.nlm.nih.gov/pmc/articles/7616725
http://www.ncbi.nlm.nih.gov/pubmed/38325277
http://dx.doi.org/10.1016/j.jenvman.2024.120110
http://www.ncbi.nlm.nih.gov/pmc/articles/11129192
http://www.ncbi.nlm.nih.gov/pubmed/39439827
http://dx.doi.org/10.1002/sdr.1770
http://www.ncbi.nlm.nih.gov/pmc/articles/7616723
http://dx.doi.org/10.1016/j.futures.2011.03.001
http://www.ncbi.nlm.nih.gov/pubmed/39416422
http://dx.doi.org/10.3390/su16104051
http://www.ncbi.nlm.nih.gov/pmc/articles/7616704
http://dx.doi.org/10.1002/sdr.462
http://dx.doi.org/10.1057/s41599-020-00598-5
http://dx.doi.org/10.1177/1356389007084674
http://www.ncbi.nlm.nih.gov/pubmed/39435261
http://dx.doi.org/10.3390/su14052575
http://www.ncbi.nlm.nih.gov/pmc/articles/7616722
http://dx.doi.org/10.1007/s11625-015-0326-4
http://dx.doi.org/10.1007/s11625-015-0327-3
http://dx.doi.org/10.1177/1420326X17753513
http://dx.doi.org/10.1177/1356389004043135
http://dx.doi.org/10.1002/sres.2576
https://www.theoryofchange.org/wp-content/uploads/toco_library/pdf/UNDERSTANDINGTHEORYOFChangeSteinValtersPN.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16449579
http://dx.doi.org/10.2105/AJPH.2005.066043
http://www.ncbi.nlm.nih.gov/pmc/articles/1470513
https://www.google.co.in/books/edition/Business_Dynamics_Systems_Thinking_and_M/8fvwNAEACAAJ?hl=en
https://awspntest.apa.org/record/2013-12634-001
http://www.ncbi.nlm.nih.gov/pubmed/34307900
http://dx.doi.org/10.12688/wellcomeopenres.16345.2
http://www.ncbi.nlm.nih.gov/pmc/articles/8280949
https://www.legislation.gov.uk/ukdsi/2019/9780111187654
https://docs.edtechhub.org/lib/D42QVGLA
http://www.ncbi.nlm.nih.gov/pubmed/37995741
http://dx.doi.org/10.1016/S0140-6736(23)02466-2
http://www.ncbi.nlm.nih.gov/pubmed/34219907
http://dx.doi.org/10.1002/sdr.1667
http://www.ncbi.nlm.nih.gov/pmc/articles/8246820

Wellcome Open Research Wellcome Open Research 2025, 10:14 Last updated: 08 JUL 2025

Open Peer Review

Current Peer Review Status: ¢ ¢

Reviewer Report 10 June 2025

https://doi.org/10.21956/wellcomeopenres.26522.r124565

© 2025 Workman A. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Annabelle Workman
Melbourne Climate Futures, University of Melbourne, Melbourne, Australia

I am satisfied that the authors have sufficiently responded to our feedback and can confirmIam
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intersectionality, sexual and reproductive health and rights, mixed methods, qualitative research,
participatory approaches

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 26 March 2025

https://doi.org/10.21956/wellcomeopenres.25841.r119033

© 2025 Mac-Seing M. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

?

Muriel Mac-Seing
T University of Montreal, Montreal, Québec, Canada
2 University of Montreal, Montreal, Québec, Canada

The PAICE project: Integrative health and health equity into UK climate change policy is relevant and
necessary, given the global climate crisis we are all facing. PAICE aims to “investigate the complex
systemic connections between climate change action, health and health equity, and what these
mean for translation of evidence into policy and practice in the UK.".

Here are some comments:
Health equity: Given the overarching goal of addressing health equity at the systems level,
it is essential to systematically incorporate health equity considerations in all key levels of
the proposed systems thinking framework. For example, what feedback loop would enable
PAICE to address promptly (in)equities that would have emerged among different
population groups in situations of vulnerability and marginalisation? Is climate-related
health equity systematically addressed when analysing methods and activities designed to
achieve research objectives through the work packages? Providing more information on this
would help clarify what the main key health inequity issues (in the background section) in
the context of climate change are and how health equity is embedded throughout the
project and how it is operationalized.

» Co-development: The project is ambitious and requires the social and political buy-in of
various stakeholders (researchers, decision-makers, policy-makers, sectoral actors, etc.). Co-
development of the research objectives is indeed appropriate. Could you provide more
information on the co-development processes, who was involved (sectors, levels,
disciplines), and whether representatives of citizens and civil society organisations
participated?

Participatory approach: Given the health equity objective of the project, how will citizens
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and civil society organisations, alongside researchers and policy-makers, have a voice in the
five work packages?

Different population sub-groups: In the work package 3, it is mentioned that “PAICE will
build a UK-wide population model to test the effects of policy options, allowing estimation
of distributional impacts (e.g. health inequalities), targeting of policies for different
population subgroups...". Can you provide more information on how different populations,
such as women, children, old people, people with disabilities, homeless people, migrants,
and other minority groups are affected by the current climate crisis in the UK and how they
will be involved in the project? How accessible will the project’'s work package be to them in
terms of information, communication, and physical accessibility?

> Systems: Housing, energy, and transport are key determinants of health. They are also the
sectors selected for PAICE. Could you provide more insight into why the health system
(including healthcare and public health) was not included? While the health system aims to
improve the health of individuals, it can also contribute to population health inequities,
particularly for population groups in situations of vulnerability and marginalisation.
Furthermore, it would have been important to analyse how the health system directly
contributes to more comprehensive climate adaptation measures.

Is the rationale for the Open Letter provided in sufficient detail?
Yes

Does the article adequately reference differing views and opinions?
Partly

Are all factual statements correct, and are statements and arguments made adequately
supported by citations?
Yes

Is the Open Letter written in accessible language?
Partly

Where applicable, are recommendations and next steps explained clearly for others to
follow?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: health equity, policy analysis, inclusive climate action, disability,
intersectionality, sexual and reproductive health and rights, mixed methods, qualitative research,
participatory approaches

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.
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Michael Davies

Revision Notes The PAICE project: Integrating health and health equity into UK climate
change policy We would like to thank the reviewers for their very positive, constructive and
helpful comments, which we have carefully considered and addressed in the revision of the
paper. We provide a new version of the paper with all changes made in response to the
suggestions of the reviewers tracked. Please note that Reviewer 2 (R2) -

Melanie Boeckmann, University of Bremen, Bremen, Germany) did not suggest any changes
and so the changes noted in the table below relate only to the suggestions of Reviewer(s) 1
(R1 - Annabelle Workman Arthur Wyns, University of Melbourne, Melbourne, Australia) and
Reviewer 3 (R3) - Muriel Mac-Seing, University of Montreal, Montreal, Québec, Canada).
Below, we outline our response to each of the comments. Reviewer comments Response
to the comments 1. General comment (R1): Since none of the authors are dffiliated with CCC
or GLA, it would be good for the article to (i) clarify who in the CCC and GLA would be your main
collaborators, (ii) confirm in writing that the CCC and GLA have agreed to collaborate on the
project, and (iij) the role the CCC and GLA will play in each respective Work Package. (i) In the
CCC we are working closely with members of the Secretariat and in the GLA with the Public
Health and Climate teams. We have now noted this in the text (ii) We have now specifically
noted in the text that the CCC are collaborating on the project. (iii) We have noted that we
will be engaging with the CCC and GLA with regards to each work package to plan,
undertake and implement work in each WP. 2. General comment (R1): The 5 research
objectives could be more clearly linked to the 5 Work Packages. Currently the subchapters
describing each work package describe the activities that will be undertaken, but do not clearly
link back to the 5 main outputs/research objectives (at least not always or not in sufficient detail).
We have now indicated the links to the relevant work packages. 3. General comment (R1):
Given the project’s focus on developing appropriate indicators with which to monitor the impact
on health of climate mitigation and adaptation policies, it would be good to add a sub-chapter or
a few paragraphs on the theoretical underpinnings of the health co-benefits of mitigation
measures. It also seems to me to be a very significant step forward to go from - on the one hand
- the published findings of the Pathfinder Initiative indicating a relative lack of indicators for
health co-benefits in certain sectors, to - on the other hand - an extensive set of indicators across
various sectors that can be incorporated into monitoring frameworks. It would be good to
expand on how PAICE will manage to deliver this progression within the constraints of the
project. We have now noted the increasing attention to this issue and provide a reference to
a relevant example of our previous work where the issue is discussed in detail. We have
added some relevant text in this section to address this suggestion. 4. R1: “In terms of
climate targets, the UK has been a world leader”: I would suggest clarifying this sentence by
adding a verb, i.e. ‘In terms of setting climate targets’. As you rightfully point out further down,
the UK should perhaps not be considered a champion when it comes to implementing climate
targets. The word ‘setting’ has been inserted. 5. R1: “Acceleration of healthy, sustainable
development”. Suggest adding ‘climate-resilient’ to this list, which is crucial especially in relation
to climate and health. ‘Climate resilient’ added 6. R1: “It requires a profound understanding of
the system structure behind the lack of progress in implementation”: I would recommend leaving
this sentence out, or as a minimum to provide further clarification. The current wording implies
the lack of progress is caused solely by the inherent system in which society operates. We have
replaced the word ‘behind’ with ‘contributing to'. 7. R1: “ Evidence-based approaches to
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inform policy development and ultimately implementation”: Suggest adding ‘monitoring of
progress’ as a third function here, especially given the objectives of the PAICE program.
‘...monitoring of progress’ now added. 8. R1:" anticipated impacts: Short-term”: given your
objective to translate the research by working with the GLA (and the need for this research to take
place first before it can be translated) would it be more appropriate to label the work with the
GLA as medium-term or even long-term? This objective has now been moved to the medium
term. 9. R1: “Underpinning principles: Academic-policy engagement”: this is a helpful
theoretical overview. This paragraph would benefit from a few sentences on the way PAICE hopes
to strengthen this academic-policy engagement (similarly to the first paragraph in your ‘Systems
thinking’ subchapter). For example, how will you be working with the CCC? What will this
engagement look like when you translate research with the GLA? A few relevant sentences have
been added in this section. 10. R1: “Underpinning principles: Transdisciplinary research”: When
you describe ‘actors outside academia’, it might be worthwhile to point out that in the case of this
project, that will include policymakers. We have now noted the inclusion of policymakers. 11.
R1: “WP2 will identify current and planned climate policy measures in the housing, energy, food
and transport sectors, starting from the CCC monitoring maps”: could you please provide a
reference or more information on what the CCC monitoring maps contain? As someone who is
not very familiar with the CCC's work, I currently struggle to fully understand the starting point of
WP2 (ie what data is already available, versus what will have to be modelled). In this section
links are now provided to the CCC monitoring framework reports.  12. R1:"PAICE will also
work with the GLA": this paragraph merits further detail as to how exactly the collaboration with
the GLA will take place. In this section we have now noted a planned secondment from the
academic team to the GLA. 13. Background (R1): Is there an opportunity to briefly expand on
the challenges of evidence-based policy development and the impact on health (in)equity? For
those not working in the climate and health space, it might not be clear that poorly designed
policies can exacerbate and entrench existing health inequities, which is an important point as it
underpins the rationale for using indicators and monitoring frameworks to evaluate and track
progress. We have drawn upon the wording of this very useful suggestion to add some
relevant text to this section. 14. Background (R1): Is there an opportunity to briefly explain the
siloed approach not only within adaptation and mitigation interventions (i.e. between sectors),
but also between these two climate responses? This will help to substantiate the need for an
integrate mitigation and adaptation monitoring framework. Some text has been added to this
section in response to this suggestion. 15. Systems analysis (WP2) (R1): Who will the
participatory workshops be held with to review cross-sector interactions and policy measures?
Some text has been added to this section to clarify that these workshops will involve the
CCC. 16.Evaluation (WP5) (R1): “Activities such as participatory workshops, interviews and
observations will provide opportunities for reflection and collaborative learning...” Is there any
mechanism through the GLA (or CCC) that involves representatives from marginalised or at-risk
populations? Le. is there an avenue for those who experience health inequities to input into the
project in any way? Assuming community engagement is out of scope for the project, it might be
worth flagging this - or clarifying if it is a distinct process undertaken by GLA/CCC via other
means. Some text has been added to this section to address this suggestion. Including the
voices of citizens and representatives of minoritised groups is important, given our
emphasis on inequalities, and is something we want to strengthen in current and future
work. We have secured multiplier funding to pilot a programme of community involvement
in a local authority in London. A series of workshops will bring together residents, non-
government organisations, researchers and creatives to discuss questions around the
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relevance and meaning of climate change mitigation and adaptation. 17. Health equity
(R3): Given the overarching goal of addressing health equity at the systems level, it is essential to
systematically incorporate health equity considerations in all key levels of the proposed systems
thinking framework. For example, what feedback loop would enable PAICE to address promptly
(in)equities that would have emerged among different population groups in situations of
vulnerability and marginalisation? Is climate-related health equity systematically addressed when
analysing methods and activities designed to achieve research objectives through the work
packages? Providing more information on this would help clarify what the main key health
inequity issues (in the background section) in the context of climate change are and how health
equity is embedded throughout the project and how it is operationalized. We have inserted the
following text in the ‘Systems analysis (WP2)' section: We will use our systems approach to
help map existing climate change related health inequities and how climate action might impact
on them. For instance, we know that indoor exposure to pollutants and heat is unequally
distributed with respect to, for example, ethnicity, age and income and climate action has the
potential to improve (or worsen) such inequities (Cole et al., 2024). WP2 will work closely
alongside WP3 (population modelling including the health impacts of air quality and heat) to
further our understanding of such issues. We expect some aspects that relate to vulnerability and
equity to be represented in feedback structure, and additionally, it is an issue that will inform the
direction of much of our modelling. Cole, R., Simpson, C. H., Ferguson, L., Symonds, P.,
Taylor, J., Heaviside, C., Murage, P., Macintyre, H. L., Hajat, S., Mavrogianni, A. and Davies, M.
(2024). ‘A population-level framework to estimate unequal exposure to indoor heat and air
pollution’. Buildings & Cities, 5 (1). doi: 10.5334/bc.425. 18, 19 and 20 (R3) Co-development):
The project is ambitious and requires the social and political buy-in of various stakeholders
(researchers, decision-makers, policy-makers, sectoral actors, etc.). Co-development of the
research objectives is indeed appropriate. Could you provide more information on the co-
development processes, who was involved (sectors, levels, disciplines), and whether
representatives of citizens and civil society organisations participated? Participatory approach:
Given the health equity objective of the project, how will citizens and civil society organisations,
alongside researchers and policy-makers, have a voice in the five work packages? Different
population sub-groups: In the work package 3, it is mentioned that “PAICE will build a UK-wide
population model to test the effects of policy options, allowing estimation of distributional
impacts (e.g. health inequalities), targeting of policies for different population subgroups...”. Can
you provide more information on how different populations, such as women, children, old
people, people with disabilities, homeless people, migrants, and other minority groups are
affected by the current climate crisis in the UK and how they will be involved in the project? How
accessible will the project’s work package be to them in terms of information, communication,
and physical accessibility? We have grouped our responses to these three comments
together. The co-development work to date has involved the CCC, GLA and the PAICE team
and this is now being widened to involve other groups. Please see the response above to
point 16 as to how PAICE is involving representatives from marginalised or at-risk
populations. A recent report for the CCC addressed in detail the contextual issues of
health equity with respect to climate change (Munro et al., 2020). That report noted:
“Communities that are already disadvantaged are among the most vulnerable to the effects of
systemic shocks and extreme events and climate change has the potential to widen existing
health inequalities within the UK. Moreover, some hazards are unavoidable due to climate
change that is already ‘locked-in’ by existing concentrations of greenhouse gases in the
atmosphere, and therefore adaptation and resilience must be considered in tandem with the

Page 16 of 24


https://doi.org/10.5334/bc.425

Wellcome Open Research Wellcome Open Research 2025, 10:14 Last updated: 08 JUL 2025

mitigation of climate change.” We have now included this quote from the reportin the
background section and refer the reader to that publication for further detail. Also please
note the mention our population health model in the response to point 17. Munro, A,,
Boyce, T. and Marmot, M. (2020). Sustainable health equity: achieving a net-zero UK. Institute
of Health Equity. Available at: https://www.theccc.org.uk/publication/ucl-sustainable-health-
equity-achieving-a-net-zero-uk/ (Accessed: 14 April 2025). Systems: Housing, energy, and
transport are key determinants of health. They are also the sectors selected for PAICE. Could you
provide more insight into why the health system (including healthcare and public health) was not
included? While the health system aims to improve the health of individuals, it can also contribute
to population health inequities, particularly for population groups in situations of vulnerability
and marginalisation. Furthermore, it would have been important to analyse how the health
system directly contributes to more comprehensive climate adaptation measures. We agree with
the reviewer as to the importance of the health system. A detailed modelling treatment of
the health system is outside the scope of the current PAICE project due to resource
limitations. However, we note that it does figure importantly within the CCC monitoring
framework and thus will form part of our overall systems analysis work.

Competing Interests: No competing interests were disclosed.

Reviewer Report 26 February 2025
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© 2025 Boeckmann M. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Melanie Boeckmann
T University of Bremen, Bremen, Germany
2 University of Bremen, Bremen, Germany

Dear colleagues

it is of course interesting to hear about a large scale new project and its potential. I believe the
project is well described, the planned work is made transparent, and the open letter can support
others seeking info to know to whom reach out

Differing views are not presented as per the report questions for review, but I don't think
presenting criticisms of a planned project is the task of the project authors? I would expect a
separate letter if somebody wants to voice significant critique

Is the rationale for the Open Letter provided in sufficient detail?
Yes
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Does the article adequately reference differing views and opinions?
No

Are all factual statements correct, and are statements and arguments made adequately
supported by citations?
Yes

Is the Open Letter written in accessible language?
Yes

Where applicable, are recommendations and next steps explained clearly for others to
follow?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: climate change adaptation and health: global health

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 11 February 2025
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© 2025 Workman A et al. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

? Annabelle Workman
T Melbourne Climate Futures, University of Melbourne, Melbourne, Australia
2 Melbourne Climate Futures, University of Melbourne, Melbourne, Australia

Arthur Wyns

T University of Melbourne, Melbourne, Australia
2 University of Melbourne, Melbourne, Australia

This is a very timely, relevant and well-articulated project.

-General comment: since none of the authors are affiliated with CCC or GLA, it would be good for
the article to (i) clarify who in the CCC and GLA would be your main collaborators, (ii) confirm in
writing that the CCC and GLA have agreed to collaborate on the project, and (iii) the role the CCC
and GLA will play in each respective Work Package

-General comment: the 5 research objectives could be more clearly linked to the 5 Work Packages.
Currently the subchapters describing each work package describe the activities that will be
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undertaken, but do not clearly link back to the 5 main outputs/research objectives (at least not
always or not in sufficient detail). Making these linkages more explicit in the subchapters on each
work package will strengthen your argumentation.

-General comment: Given the project's focus on developing appropriate indicators with which to
monitor the impact on health of climate mitigation and adaptation policies, it would be good to
add a sub-chapter or a few paragraphs on the theoretical underpinnings of the health co-benefits
of mitigation measures. It also seems to me to be a very significant step forward to go from - on
the one hand - the published findings of the Pathfinder Initiative indicating a relative lack of
indicators for health co-benefits in certain sectors, to - on the other hand - an extensive set of
indicators across various sectors that can be incorporated into monitoring frameworks. It would
be good to expand on how PAICE will manage to deliver this progression within the constraints of
the project.

-“In terms of climate targets, the UK has been a world leader”: I would suggest clarifying this
sentence by adding a verb, i.e. ‘In terms of setting climate targets'. As you rightfully point out
further down, the UK should perhaps not be considered a champion when it comes to

implementing climate targets.

-“Acceleration of healthy, sustainable development”. Suggest adding ‘climate-resilient’ to this list,
which is crucial especially in relation to climate and health.

-“It requires a profound understanding of the system structure behind the lack of progress in
implementation”: I would recommend leaving this sentence out, or as a minimum to provide
further clarification. The current wording implies the lack of progress is caused solely by the
inherent system in which society operates.

-“ Evidence-based approaches to inform policy1 development and ultimately implementation”:
Suggest adding ‘monitoring of progress’ as a third function here, especially given the objectives of
the PAICE program.

-“ anticipated impacts: Short-term”; given your objective to translate the research by working with
the GLA (and the need for this research to take place first before it can be translated) would it be
more appropriate to label the work with the GLA as medium-term or even long-term?

-“Underpinning principles: Academic-policy engagement”: this is a helpful theoretical overview.
This paragraph would benefit from a few sentences on the way PAICE hopes to strengthen this
academic-policy engagement (similarly to the first paragraph in your ‘Systems thinking’
subchapter). For example, how will you be working with the CCC? What will this engagement look
like when you translate research with the GLA?

-“Underpinning principles: Transdisciplinary research”: When you describe ‘actors outside
academia’, it might be worthwhile to point out that in the case of this project, that will include
policymakers.

- “WP2 will identify current and planned climate policy measures in the housing, energy, food and
transport sectors, starting from the CCC monitoring maps”: could you please provide a reference
or more information on what the CCC monitoring maps contain? As someone who is not very
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familiar with the CCC's work, I currently struggle to fully understand the starting point of WP2 (ie
what data is already available, versus what will have to be modelled).

-"PAICE will also work with the GLA": this paragraph merits further detail as to how exactly the
collaboration with the GLA will take place.

-Background: Is there an opportunity to briefly expand on the challenges of evidence-based policy
development and the impact on health (in)equity? For those not working in the climate and health
space, it might not be clear that poorly designed policies can exacerbate and entrench existing
health inequities, which is an important point as it underpins the rationale for using indicators and
monitoring frameworks to evaluate and track progress.

-Background: Is there an opportunity to briefly explain the siloed approach not only within
adaptation and mitigation interventions (i.e. between sectors), but also between these two climate
responses? This will help to substantiate the need for an integrate mitigation and adaptation
monitoring framework.

-Systems analysis (WP2): Who will the participatory workshops be held with to review cross-sector
interactions and policy measures?

-Evaluation (WP5): “Activities such as participatory workshops, interviews and observations will
provide opportunities for reflection and collaborative learning...” Is there any mechanism through
the GLA (or CCC) that involves representatives from marginalised or at-risk populations? Le. is
there an avenue for those who experience health inequities to input into the project in any way?
Assuming community engagement is out of scope for the project, it might be worth flagging this -
or clarifying if it is a distinct process undertaken by GLA/CCC via other means.

Is the rationale for the Open Letter provided in sufficient detail?
Yes

Does the article adequately reference differing views and opinions?
Yes

Are all factual statements correct, and are statements and arguments made adequately
supported by citations?
Yes

Is the Open Letter written in accessible language?
Yes

Where applicable, are recommendations and next steps explained clearly for others to
follow?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: climate change action; policy; health and health equity; transdisciplinary
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research

We confirm that we have read this submission and believe that we have an appropriate level
of expertise to confirm that it is of an acceptable scientific standard, however we have
significant reservations, as outlined above.

Michael Davies

Revision Notes The PAICE project: Integrating health and health equity into UK climate
change policy We would like to thank the reviewers for their very positive, constructive and
helpful comments, which we have carefully considered and addressed in the revision of the
paper. We provide a new version of the paper with all changes made in response to the
suggestions of the reviewers tracked. Please note that Reviewer 2 (R2) -

Melanie Boeckmann, University of Bremen, Bremen, Germany) did not suggest any changes
and so the changes noted in the table below relate only to the suggestions of Reviewer(s) 1
(R1 - Annabelle Workman Arthur Wyns, University of Melbourne, Melbourne, Australia) and
Reviewer 3 (R3) - Muriel Mac-Seing, University of Montreal, Montreal, Québec, Canada).
Below, we outline our response to each of the comments. Reviewer comments Response
to the comments 1. General comment (R1): Since none of the authors are dffiliated with CCC
or GLA, it would be good for the article to (i) clarify who in the CCC and GLA would be your main
collaborators, (ii) confirm in writing that the CCC and GLA have agreed to collaborate on the
project, and (iij) the role the CCC and GLA will play in each respective Work Package. (i) In the
CCC we are working closely with members of the Secretariat and in the GLA with the Public
Health and Climate teams. We have now noted this in the text (ii) We have now specifically
noted in the text that the CCC are collaborating on the project. (iii) We have noted that we
will be engaging with the CCC and GLA with regards to each work package to plan,
undertake and implement work in each WP. 2. General comment (R1): The 5 research
objectives could be more clearly linked to the 5 Work Packages. Currently the subchapters
describing each work package describe the activities that will be undertaken, but do not clearly
link back to the 5 main outputs/research objectives (at least not always or not in sufficient detail).
We have now indicated the links to the relevant work packages. 3. General comment (R1):
Given the project’s focus on developing appropriate indicators with which to monitor the impact
on health of climate mitigation and adaptation policies, it would be good to add a sub-chapter or
a few paragraphs on the theoretical underpinnings of the health co-benefits of mitigation
measures. It also seems to me to be a very significant step forward to go from - on the one hand
- the published findings of the Pathfinder Initiative indicating a relative lack of indicators for
health co-benefits in certain sectors, to - on the other hand - an extensive set of indicators across
various sectors that can be incorporated into monitoring frameworks. It would be good to
expand on how PAICE will manage to deliver this progression within the constraints of the
project. We have now noted the increasing attention to this issue and provide a reference to
a relevant example of our previous work where the issue is discussed in detail. We have
added some relevant text in this section to address this suggestion. 4. R1: “In terms of
climate targets, the UK has been a world leader”: I would suggest clarifying this sentence by
adding a verb, i.e. ‘In terms of setting climate targets’. As you rightfully point out further down,
the UK should perhaps not be considered a champion when it comes to implementing climate
targets. The word ‘setting’ has been inserted. 5. R1: “Acceleration of healthy, sustainable
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development”. Suggest adding ‘climate-resilient’ to this list, which is crucial especially in relation
to climate and health. ‘Climate resilient’ added 6. R1: “It requires a profound understanding of
the system structure behind the lack of progress in implementation”: I would recommend leaving
this sentence out, or as a minimum to provide further clarification. The current wording implies
the lack of progress is caused solely by the inherent system in which society operates. We have
replaced the word ‘behind’ with ‘contributing to’. 7. R1: “ Evidence-based approaches to
inform policy development and ultimately implementation”: Suggest adding ‘monitoring of
progress’ as a third function here, especially given the objectives of the PAICE program.
‘...monitoring of progress’ now added. 8. R1:" anticipated impacts: Short-term”: given your
objective to translate the research by working with the GLA (and the need for this research to take
place first before it can be translated) would it be more appropriate to label the work with the
GLA as medium-term or even long-term? This objective has now been moved to the medium
term. 9. R1: “Underpinning principles: Academic-policy engagement”: this is a helpful
theoretical overview. This paragraph would benefit from a few sentences on the way PAICE hopes
to strengthen this academic-policy engagement (similarly to the first paragraph in your ‘Systems
thinking’ subchapter). For example, how will you be working with the CCC? What will this
engagement look like when you translate research with the GLA? A few relevant sentences have
been added in this section. 10. R1: “Underpinning principles: Transdisciplinary research”: When
you describe ‘actors outside academia’, it might be worthwhile to point out that in the case of this
project, that will include policymakers. We have now noted the inclusion of policymakers. 11.
R1: “WP2 will identify current and planned climate policy measures in the housing, energy, food
and transport sectors, starting from the CCC monitoring maps”: could you please provide a
reference or more information on what the CCC monitoring maps contain? As someone who is
not very familiar with the CCC's work, I currently struggle to fully understand the starting point of
WP2 (ie what data is already available, versus what will have to be modelled). In this section
links are now provided to the CCC monitoring framework reports.  12. R1:"PAICE will also
work with the GLA": this paragraph merits further detail as to how exactly the collaboration with
the GLA will take place. In this section we have now noted a planned secondment from the
academic team to the GLA. 13. Background (R1): Is there an opportunity to briefly expand on
the challenges of evidence-based policy development and the impact on health (in)equity? For
those not working in the climate and health space, it might not be clear that poorly designed
policies can exacerbate and entrench existing health inequities, which is an important point as it
underpins the rationale for using indicators and monitoring frameworks to evaluate and track
progress. We have drawn upon the wording of this very useful suggestion to add some
relevant text to this section. 14. Background (R1): Is there an opportunity to briefly explain the
siloed approach not only within adaptation and mitigation interventions (i.e. between sectors),
but also between these two climate responses? This will help to substantiate the need for an
integrate mitigation and adaptation monitoring framework. Some text has been added to this
section in response to this suggestion. 15. Systems analysis (WP2) (R1): Who will the
participatory workshops be held with to review cross-sector interactions and policy measures?
Some text has been added to this section to clarify that these workshops will involve the
CCC. 16.Evaluation (WP5) (R1): “Activities such as participatory workshops, interviews and
observations will provide opportunities for reflection and collaborative learning...” Is there any
mechanism through the GLA (or CCC) that involves representatives from marginalised or at-risk
populations? Le. is there an avenue for those who experience health inequities to input into the
project in any way? Assuming community engagement is out of scope for the project, it might be
worth flagging this - or clarifying if it is a distinct process undertaken by GLA/CCC via other
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means. Some text has been added to this section to address this suggestion. Including the
voices of citizens and representatives of minoritised groups is important, given our
emphasis on inequalities, and is something we want to strengthen in current and future
work. We have secured multiplier funding to pilot a programme of community involvement
in a local authority in London. A series of workshops will bring together residents, non-
government organisations, researchers and creatives to discuss questions around the
relevance and meaning of climate change mitigation and adaptation. 17. Health equity
(R3): Given the overarching goal of addressing health equity at the systems level, it is essential to
systematically incorporate health equity considerations in all key levels of the proposed systems
thinking framework. For example, what feedback loop would enable PAICE to address promptly
(in)equities that would have emerged among different population groups in situations of
vulnerability and marginalisation? Is climate-related health equity systematically addressed when
analysing methods and activities designed to achieve research objectives through the work
packages? Providing more information on this would help clarify what the main key health
inequity issues (in the background section) in the context of climate change are and how health
equity is embedded throughout the project and how it is operationalized. We have inserted the
following text in the ‘Systems analysis (WP2)' section: We will use our systems approach to
help map existing climate change related health inequities and how climate action might impact
on them. For instance, we know that indoor exposure to pollutants and heat is unequally
distributed with respect to, for example, ethnicity, age and income and climate action has the
potential to improve (or worsen) such inequities (Cole et al., 2024). WP2 will work closely
alongside WP3 (population modelling including the health impacts of air quality and heat) to
further our understanding of such issues. We expect some aspects that relate to vulnerability and
equity to be represented in feedback structure, and additionally, it is an issue that will inform the
direction of much of our modelling. Cole, R., Simpson, C. H., Ferguson, L., Symonds, P.,
Taylor, J., Heaviside, C., Murage, P., Macintyre, H. L., Hajat, S., Mavrogianni, A. and Davies, M.
(2024). ‘A population-level framework to estimate unequal exposure to indoor heat and air
pollution’. Buildings & Cities, 5 (1). doi: 10.5334/bc.425. 18, 19 and 20 (R3) Co-development):
The project is ambitious and requires the social and political buy-in of various stakeholders
(researchers, decision-makers, policy-makers, sectoral actors, etc.). Co-development of the
research objectives is indeed appropriate. Could you provide more information on the co-
development processes, who was involved (sectors, levels, disciplines), and whether
representatives of citizens and civil society organisations participated? Participatory approach:
Given the health equity objective of the project, how will citizens and civil society organisations,
alongside researchers and policy-makers, have a voice in the five work packages? Different
population sub-groups: In the work package 3, it is mentioned that “PAICE will build a UK-wide
population model to test the effects of policy options, allowing estimation of distributional
impacts (e.g. health inequalities), targeting of policies for different population subgroups...”. Can
you provide more information on how different populations, such as women, children, old
people, people with disabilities, homeless people, migrants, and other minority groups are
affected by the current climate crisis in the UK and how they will be involved in the project? How
accessible will the project’s work package be to them in terms of information, communication,
and physical accessibility? We have grouped our responses to these three comments
together. The co-development work to date has involved the CCC, GLA and the PAICE team
and this is now being widened to involve other groups. Please see the response above to
point 16 as to how PAICE is involving representatives from marginalised or at-risk
populations. A recent report for the CCC addressed in detail the contextual issues of
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health equity with respect to climate change (Munro et al., 2020). That report noted:
“Communities that are already disadvantaged are among the most vulnerable to the effects of
systemic shocks and extreme events and climate change has the potential to widen existing
health inequalities within the UK. Moreover, some hazards are unavoidable due to climate
change that is already ‘locked-in’ by existing concentrations of greenhouse gases in the
atmosphere, and therefore adaptation and resilience must be considered in tandem with the
mitigation of climate change.” We have now included this quote from the reportin the
background section and refer the reader to that publication for further detail. Also please
note the mention our population health model in the response to point 17. Munro, A,,
Boyce, T. and Marmot, M. (2020). Sustainable health equity: achieving a net-zero UK. Institute
of Health Equity. Available at: https://www.theccc.org.uk/publication/ucl-sustainable-health-
equity-achieving-a-net-zero-uk/ (Accessed: 14 April 2025). Systems: Housing, energy, and
transport are key determinants of health. They are also the sectors selected for PAICE. Could you
provide more insight into why the health system (including healthcare and public health) was not
included? While the health system aims to improve the health of individuals, it can also contribute
to population health inequities, particularly for population groups in situations of vulnerability
and marginalisation. Furthermore, it would have been important to analyse how the health
system directly contributes to more comprehensive climate adaptation measures. We agree with
the reviewer as to the importance of the health system. A detailed modelling treatment of
the health system is outside the scope of the current PAICE project due to resource
limitations. However, we note that it does figure importantly within the CCC monitoring
framework and thus will form part of our overall systems analysis work.
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