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Abstract 

Climate change is a grave threat to human health and wellbeing. Adaptation is one mechanism (the other is mitiga-
tion) by which we can intervene to increase adaptive capacity and preparedness to protect people. Adaptation inter-
ventions (evidence-based adjustment of programs/practices that lead to improved response and resilience to climate 
change) are being conducted around the world. However, existing conceptual frameworks to assess the effectiveness 
of these interventions, especially with respect to improving health outcomes and systems are not readily applied 
in areas where these are needed. This is applicable to both interventions intended to improve health as well as those 
without a health-focus but which may have health co-benefits. To address this gap, we conducted a multi-vocal 
review comprised of a scoping review and key informant interviews, which informed the development of an initial 
assessment framework. We included 21 academic articles and 12 reports (from the grey literature) for data col-
lation and synthesis. Of the 21 articles analyzed, only seven presented primary evidence of health improvement 
outcomes, such as reduction in neo-natal care unit admissions was partially attributed to moving the maternity 
ward to the cooler, lower floor of the hospital. From the 10 interviewees, we learnt that most existing tools to assess 
the effectiveness of adaptation are for country or regional (several countries sharing borders within a large section 
of a continent) scales (e.g., Notre Dame Global Adaptation Initiative Index) and none focused specifically on health / 
health co-benefits. From these learnings together with a guiding concept, we crafted the first iteration of an assess-
ment framework, SCALE-up, comprising six steps that prompt a researcher to consider the effectiveness of their adap-
tation intervention at a project-scale, including from a health benefit perspective. We apply the framework in four 
scenarios: hot days-heat; floods; droughts; and vector-borne diseases, to illustrate how the framework may help guide 
the researcher to think about effectiveness from project proposal stage. The next steps are to implement and pilot 
the framework in the four proposed scenarios and refine the framework.
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Introduction
Climate change is recognized as a major contributor to 
increasing human health risks, with far-reaching impacts 
on both individuals and health systems globally [1]. The 
2023 Global Report of the Lancet Countdown emphasizes 
the importance of a health-centered response to climate 
change [2]. The burden of health inequities resulting from 
climate change disproportionately affects the world’s 
poorest nations [3]. This is particularly concerning given 
that the highest greenhouse gas emissions originate from 
more high-income countries that have the infrastruc-
ture for production of global supplies [4]. However, the 
high-income countries are not experiencing the negative 
impacts from greenhouse gases as much as lower-income 
countries, where resources are not available to adapt to 
climate change [5]. Although relatively old work, a study 
evaluating mortality from five climate-sensitive health 
outcomes—i.e., cardiovascular disease, malaria, flooding, 
and malnutrition—found that African countries had an 
estimated death rate of between 80 and 120 per million 
people, while death rates in other parts of the world were 
less than 80 per million people [6]. Consequently, while it 
is crucial for low- and middle-income countries to imple-
ment mitigation strategies, prioritizing adaptation meas-
ures is even more imperative. These countries urgently 
need adaptive interventions that are effective to address 
the severe impacts of climate change as they are home to 
vulnerable populations.

Mitigation aims to curb (or reduce) greenhouse gas 
emissions in the atmosphere, while adaptation is a ‘pro-
cess of adjustment to actual or expected climate and its 
effects including on health and wellbeing’ [7]. ‘An activity 
should be classified as adaptation-related if it intends to 
reduce the vulnerability of human or natural systems to 
the impacts of climate change and climate-related risks 
by maintaining or increasing adaptive capacity and resil-
ience’ [8]. Climate change effects vary widely, impact-
ing different populations in diverse ways. For instance, 
in Kenya, adaptation to drought involves the introduc-
tion of drought-resistant crop varieties, which positively 
affects nutrition and overall health [9]. A robust health 
adaptation measure for this intervention would involve 
assessing malnutrition levels following the implemen-
tation of these crop varieties [10]. Similarly, in Uganda, 
adaptation to malaria outbreaks entails the deployment 
of malaria early warning systems  [11]. The efficacy of 
this adaptation strategy can be evaluated by monitoring 
malaria prevalence before and after public health control 
measures are initiated in response to the early warnings.

Adaptation strategies aim to reduce risk and vulner-
ability to climate change, bolster resilience, enhance 
well-being, and build capacity to anticipate, prepare for, 
and effectively respond to climate change impacts [12]. 

Adaptation to climate change can be categorized into 
distinct types [13]. Anticipatory adaptation, also known 
as proactive adaptation, occurs before the impacts of 
climate change are observed, aiming to mitigate poten-
tial future risks. In contrast, autonomous adaptation or 
spontaneous adaptation, happens without a conscious 
response to climatic stimuli, being driven by ecologi-
cal changes in natural systems or market and welfare 
changes in human systems. Planned adaptation arises 
from deliberate policy decisions, recognizing that con-
ditions have or will change and requiring action to 
maintain or achieve a desired state. This can be further 
divided into private adaptation, which is initiated by 
individuals, households, or private companies usually 
for their self-interest, and public adaptation, which is 
undertaken by governments at various levels to address 
collective needs. Lastly, reactive adaptation takes place 
after the impacts of climate change have been observed, 
responding to immediate and evident challenges [13]. 
Understanding these adaptation types is crucial for 
developing and implementing effective strategies to 
enhance resilience and reduce vulnerability to climate 
change [14].

The diverse and context-specific nature of climate 
change adaptation necessitates an appropriate approach 
to measure its effectiveness. Adaptation efforts are inher-
ently varied, tailored to the unique socio-cultural, socio-
political, and local or regional settings of each country 
[15]. This variability means that countries have differ-
ent objectives for adaptation, defined through national 
planning processes or prioritization exercises [16]. Con-
sequently, adaptation measures can range widely from 
building water reservoirs [17] and planting mangroves 
[18] to improving building standards [19]. The hetero-
geneity of vulnerabilities and their causes further com-
plicates the comparison of adaptation results and the 
identification of transferable recommendations [20].

Many adaptation projects and activities are being con-
ducted in the climate change and health space [21, 22]. 
However, little has been done to guide these activities 
using pre- and post-measures or indicators that would 
help determine the success (both short-term and long-
term) of the implemented activities, specifically in rela-
tion to human health outcomes. These interventions 
might purposefully include a health outcome (e.g., heat-
stroke or respiratory disease pre- and post-intervention 
prevalence), access to healthcare services, or healthcare 
infrastructure demise or strengthening. In addition, some 
adaptation interventions may lead to unexpected health 
co-benefits. The use of measures or indicators to assess 
effectiveness should be integrated across all stages of the 
adaptation process, i.e., the application of formative eval-
uation measures pre-implementation, process evaluation 
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measures during implementation and outcome evalua-
tion measures post-implementation [23, 24].

To evaluate the success of adaptation interventions in 
achieving their goals, it is crucial to develop and employ 
specific measures or indicators that can assess the posi-
tive, negative, or neutral impacts of adaptation actions on 
health and well-being [25]. These indicators are essential 
for understanding the extent to which adaptation efforts 
protect public health and enhance resilience in the face 
of climate change. Yet there are very few studies [26–28] 
that focus on adaptation measures or indicators, and 
especially with respect to health outcomes/systems. A 
recent search for indicators for monitoring and evalua-
tion of climate change adaptation actions in South Africa 
found 37 indicators related to various aspects of climate 
change adaptation [27]. Among these, 12 were classified 
as output indicators, nine as input indicators, eight as 
process indicators, and eight as markers of results [27]. 
After engaging with stakeholders, eight indicators were 
deemed suitable for monitoring South Africa’s progress 
in adapting to climate change [27]. However, these indi-
cators were meant for application at a country scale, 
not at local or community level, or for a specific climate 
change and health adaptation project.

The long-term nature of climate change makes the suc-
cess of adaptation efforts only measurable in retrospect, 
hampering the effectiveness of current and near-term 
assessments [29]. Adaptation and resilience interven-
tions should be incorporated into national development 
assessments, including progress on the SDG’s as well as 
in research intervention projects. The challenge in iden-
tifying appropriate adaptation assessment indicators lies 
in going beyond direct activities/outputs of a project and 
essentially capturing the derived impacts of the activity/
project. Additionally, it is difficult to attribute conditions 
to the success of the adaptation intervention (providing 
due or undue praise) [30]. To assess the effectiveness of 
interventions, it is crucial to identify or develop appropri-
ate measures or indicators that accurately reflect changes 
in health outcomes and health system performance. This 
process involves understanding the various tools and 
methodologies currently in use and determining the best 
practices for adaptation strategies.

To date, no published framework for evaluation of the 
success or effectiveness of adaptation activities/actions 
with consideration for health outcomes and health sys-
tems has been proposed. A recent review called for such a 
framework saying “We identify eight priorities for global 
adaptation research [including to] assess the effectiveness 
of adaptation responses” [22]. To fill this gap, we did three 
things: we conducted a 1) multi-vocal review comprising 
a scoping review of the white and grey literature together 
with 2) expert interviews, and we used the data collected 

from both activities to 3) develop a possible framework 
for assessing the effectiveness of adaptation interventions 
to improve health outcomes and health systems. Such a 
framework will assist researchers, funders and others 
in planning, monitoring and evaluating climate change-
related health adaptation interventions.

Methods
Given the broad nature of the topic of adaptation to cli-
mate change, this multi-vocal review [31] encompassed 
a scoping review of the white and grey literature and 
key informant interviews, that were framed by climate 
change impacts on human health (Fig. 1) (adapted from 
[32]). The overarching methodological framework is 
outlined in Fig.  2 [33, 34]. The reporting guidelines are 
set out in the ‘Preferred Reporting Items for System-
atic Reviews and Meta-Analyses extension for Scoping 
Reviews (PRISMA-ScR): Checklist and Explanation [35].

Identifying the research question
We identified the research question by defining key 
terms. Adaptation, as per the IPCC, is the process of 
adjustment to current or expected climate impacts, aim-
ing to reduce harm or seize beneficial opportunities [36]. 
Human health, according to the CDC, involves protect-
ing and improving health through promoting healthy life-
styles, disease prevention, and responding to infections 
[37].

Searching for relevant studies
We limited our search to quantified health outcomes/
impacts on health systems since they provide a specific 
metric for monitoring and evaluation, as well as decision-
making in adaptation activities. The search terms were 
prepared by reading reports by funders of adaptation 
research (e.g. Adaptation Fund, Clean Air Fund, Well-
come Trust etc.); other relevant reports (for example, 
UNFCCC, 2016; [16]),and research articles (e.g., [28, 38]) 
on topics related to adaptation interventions/activities 
for human health and health systems, and/or measuring 
the success of effectiveness of adaptation intervention 
success.

The search strategy was defined jointly by the author 
team and comprises three thematic blocks related to: 
1) climate change; 2) adaptation; and 3) human health 
outcomes and health systems as well as the method, i.e., 
framework/metric (Table 1).

Four electronic literature databases namely, PubMed, 
Scopus, Web of Science, Embase, were searched for rel-
evant articles without applying spatial restrictions, for 
the past 12 years (2013–2024) and only English articles 
were included. We adapted the search strategies for dif-
ferent databases because truncations and wildcards, 
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Fig. 1  Outline of climate change impacts on human health
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and even Boolean operators can vary between data-
bases. The search strings were adapted to the specific 
technical requirements of each electronic literature 
database, and we filtered for research articles published 
between 2013 (inclusive) and 2024 (to date).

We also searched the grey literature using the Google 
search engine to include reports and documents out-
side of academic publishing matching our search 

criteria. The search terms for the grey literature search 
are included in Table 2.

Selecting the studies
All article citations were imported into Endnote. Dupli-
cates were removed using the reference manager Endnote 
version 20. All documents were then transferred into 
Rayyan [39] which is a web application used to screen 

Fig. 2  Overarching methodological framework

Table 1  The search terms used in the identified search categories for the database literature search

Climate change Adaptation Human health and health systems impacts Frameworks, metrics

Climate variability
Climatic changes
Climate sensitivity
Environmental change
Climatology
Weather
Extreme weather events
Heat exposure
Cold exposure
Floods
Wildfires
Droughts
Rising temperatures
Global warming

Adaptation AND
• coping
• incremental
• transformative
• activities
• actions
• implementation
• intervention
• project
Adaptation benefits: exposure, sensitivity, 
adaptive capacity
Climate resilience

Positive, negative, no impact
Mortality, morbidity
Nature of health and health systems impacts
Health outcomes reported: infectious disease, 
non-communicable disease, trauma…
Health systems impacts, healthcare, water, 
sanitation, waste, food, infrastructure, capacity 
of the healthcare / health system

Indicators
Measures
Metrics
Monitoring and evaluation
Outcome
Capacity
Impact
Effectiveness
Success
Methods
Approach
Instrument
Strategy
Quantifiable measure
Practice
Framework
Adaptation Indicators
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documents for scoping reviews. The titles and abstracts 
of the obtained documents were screened independently 
by CYW, NN and TK by applying the inclusion criteria 
(Table  3). In the instance that a report did not have an 
abstract, the executive summary was screened. Conflicts 
regarding inclusion/exclusion of documents were dis-
cussed between CYW, TK and NN until consensus was 
reached. During the full text screening, CYW applied the 
same inclusion criteria (Table 3) and TK and NN assisted 
in the case of uncertainties. Consensus regarding inclu-
sion and exclusion was reached for all documents.

Charting the data, collating, summarizing and reporting 
results
Document information on the following variables was 
extracted and charted:

1.	 Document characteristics (e.g., study location, 
first author country, year of publication, countries 
included in the study etc.). Countries were catego-
rized according to the World Bank’s income level 
classifications [40].

2.	 Proposed objectives and outcomes of the adaptation 
project to consider whether there were any com-
mon sectors or goals that saw health as an important 
potential side effect or secondary outcome (classify-
ing by primary sector, outcome type etc.) and to see 
whether it was more commonly done in a certain 
sector, e.g., urban planning or farming or flood man-
agement etc.

3.	 Investigated/applied climate change adaptation/
intervention/project or similar.

4.	 Measure/indicator/metric of effectiveness or success 
(examples include reduction in incidence/prevalence 
rates of a health outcome, health system capacity to 
prepare and manage risks, organizational diversity, 
internal monitoring, vertical/horizontal integration 
across sectors and health system levels, and number 
of GPs trained on climate change).

5.	 Investigated human health outcomes and health sys-
tems impacts (including spatial and temporal factors, 
such as how long after the adaptation intervention 
was an assessment made).

Table 2  Search terms for the grey literature search

Climate Change Adaptation strategies Frameworks, metrics Human Health and Health Systems Impacts

Climate
Climate Change
Extreme weather
Global warming
Climate variability
Greenhouse effect
Rising temperature
Extreme events
Flooding
Wildfires
Drought

Adaptation
Adaptation projects
Adaptation activities
Adaptation case studies
Adaptation effects
Climate resilience
Climate adaptation
Adaptive capacity

Methods
Approach
Instrument
Strategy
Metric
Quantifiable measure
Framework
Adaptation Indicators
Program evaluation

Health
Health systems
Disease
Nutrition/food insecurity
Infectious diseases
Non-communicable diseases
Vector-borne disease
Mental health
Physical trauma
Heatstroke
Climate sensitive diseases
Weather-related morbidity
Kidney disease
Maternal and child health

Table 3  Inclusion criteria and exclusion criteria applied during the title and abstract screening and the full-text screening of the 
articles identified through the literature search

Inclusion criteria Exclusion criteria

• Publications and studies on climate change adaptation assessments • Publications that do not have adaptation assessments

• Studies/publications that are focused on assessing an adaptation intervention/activity 
in relation of human health outcomes and health systems associated with climate change/
climate/meteorology (with possible benefit of understanding in a climate change concept, 
given the difficulty of ‘measuring’ climate change)

• Publications not related to climate change and health

• Methods used for adaptation assessments for climate change • No explicit mention of methods used for the study

• Original research articles, governmental reports, NGO reports, technical documents • Commentaries, press releases, speeches, letters 
to the editor and conference

• English language • Abstracts

• Publications during the last ten years – 2013 to 2024 • Non-English language publications

• All geographic locations permitted • Publications older than ten years
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Interviews
We conducted key informant interviews in step 2 of this 
study with ten interviewees (held virtually using Micro-
soft Teams) between 3 and 15 July 2024. Interviewees 
were purposefully selected from around the world to be 
representative of geographical region, gender, academic/
non-academic, funder/donor etc. to try and hear as many 
voices as possible speak about ways to measure the effec-
tiveness of climate change adaptation interventions for 
human health. A snowballing approach was used after 
the initial interviewees were selected to identify addi-
tional interviewees. A structured interview process (the 
interview guide is available in supplementary material 
Table  S1– the guide was developed specifically for this 
project) was employed to identify indicators and meas-
ures for a framework to assess the effectiveness of adap-
tation activities in relation to public health and health 
systems strengthening. The interview methodology was 
designed to build on the findings of the preliminary scop-
ing review. The primary goal of the interviews was to 
gather expert input on potential indicators and measures 
that could be integrated into a framework for evaluating 
the effectiveness of adaptation interventions on health 
outcomes and health systems. The first author conducted 
all of the interviews virtually on Microsoft Teams and 
transcriptions were kept, with permission, for each inter-
view (of approximately 45 min).

The interviews commenced with a presentation of the 
scoping review’s findings on the current evidence. Partic-
ipants were then prompted to provide their insights and 
suggest potential indicators or measures for inclusion in 
the conceptual framework. Additionally, requests were 
made for relevant examples and case studies to illustrate 
these measures. Following the interviews, the feedback 
from informants was synthesized with the scoping review 
findings. This consolidation process aims to develop a 
comprehensive framework for assessing the effective-
ness of adaptation activities in public health and health 
systems.

The interviewees were asked a range of questions 
(please see the questionnaire in the supplementary 
material) designed to gather insights on knowledge 
and practice related to climate change and health adap-
tation. They were asked about their specific areas of 
expertise related to climate change and health adapta-
tion, including which indicators and frameworks they 
consider essential for evaluating the impact of adapta-
tion interventions. The goal was to understand what 
parameters are crucial for assessing health outcomes 
and to identify any existing frameworks or indicators 
they might use or be familiar with. They were also asked 
to discuss the perceived strengths and weaknesses of 
these indicators and how well they measure relevant 

health outcomes. Additionally, the interviewees pro-
vided insights into successful climate change adapta-
tion initiatives they have encountered, including those 
that positively impacted public health systems and how 
community engagement contributed to the sustainabil-
ity of these strategies. Finally, they were asked for their 
perspectives on integrating community engagement 
and local knowledge into the development of an adap-
tation assessment framework. These discussions aimed 
to capture a comprehensive view of current practices, 
identify gaps, and gather recommendations for improv-
ing the evaluation and implementation of health adap-
tation strategies in the context of climate change. All 
interviews were captured in Microsoft Teams using 
transcription software and the interviewer took down 
notes of key points. Data were saved in password-pro-
tected Microsoft Word files and stored on a hard drive 
in a locked cupboard.

Research ethics clearance for conducting the inter-
views was obtained from the University of Pretoria 
Research Ethics Committee (NAS130/2024). All par-
ticipants signed an informed consent form. No per-
sonal details were captured with their responses to the 
questions.

Collating, summarizing and reporting the findings
We divided this stage into three steps: 1) Analysis includ-
ing descriptive numerical summary analysis and quali-
tative thematic analysis; 2) Reporting the results and 
presenting the outcomes in relation to our overarching 
goal of developing effective solutions for intervention 
studies; and 3) Translation of reported results into pur-
poseful and practical solutions for measuring the effec-
tiveness of adaptations/interventions during research 
studies and discuss implications for the future. For the 
interviewee data, these were checked for mention of spe-
cific tools, frameworks, indicators or projects that inter-
viewees spoke about during the interview and all of these 
are included in this manuscript. We used deductive cod-
ing to extract details on specific tools, frameworks, indi-
cators, or projects mentioned by interviewees during the 
interview. This was a top-down approach that we applied 
using our set of guiding questions and the conceptual 
framework. For each question asked of the interviewee, 
a response was given a thematic name and responses that 
were similar were grouped with the same thematic name. 
We went through both interviewer notes and the inter-
viewee transcripts to deduce these thematic areas and 
they are all presented as descriptive text in the results. 
Additional points that interviewees explained were 
important for successful interventions are also captured 
in the results section.
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Results
Overview of scoping review findings
In total, 6 787 articles and 501 reports were identified 
through the academic and grey literature search (Fig. 3, 
the PRISMA checklist is provided in Supplementary 
Table  S2). Ultimately, 21 articles and 12 reports were 
included for data collation and synthesis. All included 
articles are listed in Table 4 and the grey literature search 
results are included in Table S3.

Summary of findings from the scoping review
Few studies assessed health outcomes
Of the 21 articles analyzed, only two studies presented 
primary evidence of health improvement outcomes. First, 
a reduction in neo-natal care unit (NICU) admissions 
was partially attributed to moving the maternity ward 

to the cooler lower floor of the hospital in Ahmedabad, 
India [51]. Second, a Western Ugandan chemopreven-
tion intervention investigated spatial risk of malaria 
infection at multiple timepoints after severe flood-
ing [59]. Children aged 12 years and under were given 
three rounds of fixed-dose combination anti-malarial 
treatments 30 days after the flood. They did evaluations 
at one-, two- and three-months post-flooding using a 
malaria rapid diagnostic test (RDT) and found a statisti-
cally significant reduction in RDTs in each consecutive 
month post-flooding thereby reducing malaria incidence. 
Longer-term interventions were planned, consisting of 
floodwater control mechanisms and policy solutions, 
incentivizing residents to relocate away from flood-prone 
areas permanently.

Fig. 3  Flow chart showing the number and reasons for including and excluding articles in the scoping review
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Learnings from other studies
None of the other included studies reached the point of 
assessing the effectiveness of their intervention (when 
they had one that was implemented). Hunt et  al. [50], 
Chen et  al. [46] and Deegan et  al. [47] aimed to reduce 
heat-related mortality by using heat warning systems. 
One study explained how green roofs can lower mortal-
ity likelihood by reducing indoor temperatures during 
heatwaves [54]. These examples speak to adaptive capac-
ity that can help improve resilience in terms of health but 
does still need to be measured with respect to a health 
indicator. An important study [52] showed how cool 
roof interventions do not impact cold-mortality during 
the cold winter season, demonstrating the importance 
of implementing adaptation strategies that account for 
region specific weather patterns.

Enhanced adaptive capacity
A further four articles [28, 38, 48, 54, 58] provided evi-
dence of enhanced adaptive capacity (for example, bet-
ter indicators for improved resilience in the health 
sector)  [38]  but did not show direct health outcome 
improvements of their interventions. For example, at 
the time of this review while yet to show health outcome 
reductions, exposure to an automated phone warning 
system alerting people about high heat episodes in Mon-
treal Canada, did show initial signs of improving adap-
tation to heat and reducing the need for health service 
usage by at-risk groups during high heat events [55]. A 
study in Canada, evaluated climate change resilience in 
the health service using a checklist, comprising more 
than 50 indicators [57]. Stakeholders helped refine and 
shorten the checklist by removing redundancies, ensur-
ing a user friendly format that would help guide officials 
to build resilience for climate threats and multiple health 
impacts [57].

Outcome‑focused studies
Outcome-focused studies applied various methods, 
for example, [42] used quantitative methods to assess 
health impacts associated with water quality, sanita-
tion and food security in the Solomon Islands. In Aba 
City, Nigeria, Nzegbule et al. [56] conducted a once-off, 
qualitative assessment of adaptation activities to dem-
onstrate increased resilience of rural and urban systems 
to flooding and erosion. Using a participatory action 
research approach, communities suggested adaptation 
activities for climate hazards including health centres and 
improved sanitation services. Houghton et  al. [49] also 
focused on heat as well as flooding and drought and con-
sidered rural–urban differences to help refine indicator 
implementation.

Another flood management-focused study aimed to 
reduce physical injuries and illness from consumption of 
contaminated water [41]. They co-created their project 
with their local leader and a range of partners including 
fishermen and youth leaders. While update of adaptation 
options did not occur, barriers were identified to the pro-
cess, including lack of resources for implementation and 
limited knowledge on adaptation options.

A global assessment [43] used two indicator systems, 
the World Risk Index and INFORM index, to identify 
countries with high vulnerability to climate resilience 
development and did include indicators such as health 
expenditure per capita and measles immunization cover-
age, but no interventions [43]. A regional assessment of 
18 European countries applied a social justice and health 
framework and used a document analysis to identify 
adaptation types for possible future implementation [44].

Other lessons about key elements that may help enhance 
the effectiveness of adaptation interventions
There were other lessons to learn from the studies. Inter-
connections between key agent organizations in climate 
change and health, such as ministries, public health agen-
cies, non-governmental organizations (NGOs), academic 
institutions, international organizations like the World 
Health Organization (WHO) and United Nations Envi-
ronment Programme (UNEP) and civil society groups 
geared towards climate action are critical for informed 
health-related adaptation decision-making [45]. Climate 
change and health adaptations also require sustained 
commitment to health promotion activities that support 
the interventions, as described in the ‘Prescribe Healthy 
Live’ health promotion innovation in Spain [53].

Summary of findings from the key informant 
interviews
The interviewees came from a variety of institutions and 
had different roles, including researchers (n = 7), funders 
(n = 1), policymakers (n = 1), and academic management 
(n = 1). The informants’ expertise was related to adapta-
tion to climate change and health as well as broader areas 
such as nutrition and sustainable development. Based on 
the questions asked of the interviewees, we grouped their 
responses into three sets of learnings to help inform the 
development of our assessment framework.

Familiarity with indicators/frameworks
The interviewees were familiar with indicators or frame-
works being applied in climate change adaptation, for 
example, the Notre Dame Global Adaptation Initiative 
Index [60]. This Index is used to assess country-level vul-
nerability and readiness to implement adaptation; not 
the effectiveness of interventions related to adaptation 
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in climate change and health. The Tracking Adaptation 
and Measuring Development (TAMD) framework was 
developed to monitor and evaluate climate change adap-
tation [61]. It has six steps (namely, 1. Scope,2. Theory of 
change; 3. Defining and constructing indicators; 4. Meas-
uring indicators; 5. Analyzing and interpreting results; 
and 6. Learning) and is intended for use of any level 
(country to project) by assessing institutional climate 
risk management and adaptation and development out-
comes [62]. Its design encourages longer-term thinking 
about adaptation to climate change, which is important 
in intervention studies, however, the framework does not 
readily lend itself to application in research projects nor 
does it focus on health outcomes and health systems.

RE-AIM (Reach, Effectiveness, Adoption, Implemen-
tation, and Maintenance), a framework mentioned in 
the interviews, is not climate change and health spe-
cific, and is used for planning and evaluation and assess-
ing interventions [63, 64]. The RE-AIM framework has 
been widely used in clinical, community, and corporate 
settings beyond its original focus on public health and 
health behaviour change research. It has been used to 
evaluate interventions such as chronic disease treat-
ments, community health programs, and workplace 
wellness initiatives [65]. This leading implementation sci-
ence framework [65] has multiple indicators for a broad 
assessment of key components that assist in a deciding if 
an intervention is effective,this goes beyond costs to con-
sider a priori dimensions on which to focus evaluation 
pre-, during, and post-intervention. This framework may 
be useful in climate change and health-related adaptation 
interventions; however, it has not been applied in public 
health – to the best of our knowledge – as yet. In all of the 
above-mentioned frameworks, community engagement is 
noted as being key from conception of the project.

Use of indicators in research
Indicators were mentioned, such as in the Lancet Count-
down [66], the Global Environment Facility (GEF) [67] 
and the Sendai Framework [68]. In addition, interview-
ees mentioned typical health variables that function as 
indicators for climate change and health surveillance, for 
example, premature mortality rates, number of hospital 
admissions and productivity losses.

Strengths and weaknesses of indicators/
frameworks according to the interviewees
While indicators do exist to measure outcomes or 
impacts in the health system (e.g., number of people 
trained) these do not necessarily translate into under-
standing the effectiveness of adaptation efforts in the 
long-term, which is a critical aspect of sustainable 

adaptation to prevent against adverse climate change 
threats not only now but in the future. A major chal-
lenge is the lack of funding to support the use of indi-
cators in effectiveness assessments during and after the 
intervention project so people tend to use typical indi-
cators, like mortality in children under 5 years of age 
which may be influenced by many factors other than 
the adaptation intervention and are not tailored to the 
intervention.

For some indicators, such as those that are part of 
early warning systems, they need to be well integrated 
into broader health system policies and practices for 
them to function properly and have a tangible impact 
on public health. For example, a malaria early warning 
system in Limpopo province, South Africa helped pub-
lic health officials to implement timely interventions to 
prevent an outbreak in 2022 by bringing the start of the 
spraying earlier than usual (anecdotal evidence, Neville 
Sweijd).

Frameworks, such as the World Health Organization’s 
Operational Framework [69] and the World Bank’s 
Health Adaptive Capacity Framework [70] are help-
ful, however, are too broad for precise application in 
specific local projects or in the climate change-related 
health adaptation space. For example, annual tracking 
is likely not sufficient for small-scale community-based 
climate-health interventions where quarterly tracking 
might be more helpful (however, this should be decided 
together with the community and key stakeholders to 
ensure uptake and acceptance of the intervention).

Guiding concept for an assessment framework
Applying our learnings from the scoping review and key 
informant interviewees’ feedback, we prepared a guid-
ing concept to inform the development of our climate 
change-health-adaptation assessment framework. The 
informed concept (Fig. 4) comprises six steps: 1. Assess 
climate change-related health risks and vulnerabili-
ties; 2. Consider, evaluate and select health adaptation 
interventions; 3. Implement the selected interventions; 
4. Engagement with community and partners to solicit 
feedback; 5. Assess outcomes and impacts, revise inter-
ventions and share lessons learned; and 6. Scale up and 
monitor impact. The first two steps require formative 
evaluation measures, steps 2 to 4 require process evalu-
ation measures, and steps 5 and 6 require outcome 
evaluation measures. It is important to note that com-
munity and stakeholder engagement begins in step 1 
as well as has a dedicated step (step 4) later on in the 
process.
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Proposed framework for assessing the effectiveness 
of climate change‑related health adaptation interventions
The proposed framework for assessing the effectiveness 
of climate change-related health adaptation interven-
tions is provided in the supplementary material. Called 
“SCALE-up” (for Successful Climate change and health 
Adaptation Learning and Evaluation) the assessment 
framework is underpinned by the guiding concept in 
Fig.  3. We developed four iterations of SCALE-up for 
use in climate change-related health adaptation interven-
tions, namely for 1) heat exposure, 2) floods, 3) drought 
and 4) malaria adaptations. However, SCALE-up can be 
adapted to any climate change or extreme weather threat.

The dropdown menus to answer the indicator ques-
tions include simple yes/no responses together with a 
suite of other options (see supplementary Table  S5). In 
this way, one can use the most appropriate option as a 
prompt for what to consider and include as steps at the 
earliest stage, i.e., conceptualization and proposal writ-
ing. This also provides one with the opportunity to reflect 
on the indicators on the framework, and note any learn-
ings or difficulties found during the initial application of 
the framework as well as during the project itself.

During the development of SCALE-up, we made cer-
tain that our choice of measures/indicators measured 
adaptation as an outcome (e.g., adapted to a risk, with 
reduced rates of the outcome as a result) and/or as a 
process (e.g., political and institutional commitment to 
adaptation engagement and/or the presence of systems 
and processes for facilitating institutional learning). This 

was in line with an implementation science approach and 
process model thinking [71].

It is necessary to validate the theory of change by 
directly measuring resilience levels before and after an 
intervention. One approach is to conduct a perception 
resilience survey (that asks participants about their per-
ception of climate risks and their adaptive capacity) com-
bined with direct impact surveys (enquiring about their 
experiences following the intervention e.g., ‘were your 
crops impacted by drought or storm?’). This combina-
tion creates a more elaborate composite resilience index. 
Given the multi-scale and multi-sector nature of climate 
adaptation interventions, some practitioners assess the 
contribution of specific adaptation interventions to a 
common objective, instead of attempting to attribute 
changes to specific projects, programmes or policies [30].

Discussion
Review
We searched the academic and grey literature for tools or 
frameworks that have been used to assess the effective-
ness of climate change adaptation interventions espe-
cially to evaluate health outcomes and health systems. 
Key learnings from the review which we drew into the 
development of SCALE-up included the eleven principles 
for effective adaptation [72], especially ‘be co-produced 
with communities to ensure inclusive and sustainable 
adaptation’ and ‘take into account unintended negative 
consequences and explicitly look at the cross-scale, long-
term impacts of adaptation actions.’ Other key elements 

Fig. 4  Guiding concept to inform the development of a climate change-health-adaptation assessment framework to evaluate effectiveness
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we considered were equity, specifically health equity 
(Collective Minds Climate Council) [73] and ensuring a 
logical theory of change was in place early in the project 
(funded by the Adaptation Fund) [74].

We developed a new framework, SCALE-up, that is 
similar to the Global Environment Facility (GEF) ‘Track-
ing Tool for Climate Change Adaptation Projects (available 
here: https://​www.​thegef.​org/​sites/​defau​lt/​files/​docum​ents/​
Adapt​ation-​track​ing-​tool-​2014.​xlsx#:​~:​text=​The%​20tra​
cking%​20tool%​20for%​20cli​mate,SCCF) [75]. This tracking 
tool is intended to facilitate the monitoring of a project’s 
contribution towards the goal, objective and outcomes of 
the GEF Adaptation Program. It is designed to enable the 
collection, aggregation and communication of progress and 
results across several projects simultaneously. In a Microsoft 
Excel file, with 14 indicators and a focus on quantitative data 
and consistent formatting, it provides output that enhances 
comprehensive monitoring and evaluation. Another tool, 
called the CAMELS (climate adaptation monitoring, evalu-
ation and learning systems) (Brooks) model [76] aims to 
support countries in designing and implementing appropri-
ate adaptation responses, tracking their effectiveness and 
delivering valuable learning and report on adaptation activi-
ties through global mechanisms such as the Paris Agree-
ment’s Enhanced Transparency Framework [77]. The seven 
key functions were considered implicitly in the six steps in 
SCALE-up.

In relation to how we conceived our indicators, we 
considered the Lancet Countdown, which is detailed 
and pragmatic, with systematic evidence synthesis meth-
ods that minimize bias. It uses specific health indicators, 
making it easier for policymakers to understand health 
impacts and progress toward the SDGs. On the other 
hand, the Sendai Framework is less specific in its out-
comes and measurements but does well at contextualiz-
ing climate change impacts. It highlights the importance 
of considering cascading risks and how the same climate 
event can have varying impacts based on a country’s 
resilience. This broader perspective is crucial for under-
standing and modeling health impacts, though it can 
be complex to implement in health models. The Sendai 
Framework does not focus specifically on health out-
comes, instead it is more concerned with food systems 
and food availability, which indirectly affects health. The 
National Adaptation Plan (NAP) process or the Health 
NAP process is similar to SCALE-up comprising plan-
ning, implementation and monitoring and evaluation but 
its focus is on national level, although sub-national actors 
have an important role to play in the process.

Strengths, weaknesses and limitations
The limitations of the scoping review include potential 
publication and selection biases. The review may have 

missed some small grey literature pieces such as blogs 
which may have included important evolving informa-
tion in the area of study. New articles and reports may 
have considered this topic since we concluded our search 
in mid-2024 while different or more refined search terms 
may have uncovered different articles that we missed. We 
used the IPCC and CDC definitions of climate change 
adaptation and health, respectively, since these are gener-
ally universally acceptable definitions. We may also have 
missed climate change interventions that were assessed 
for health co-benefits but did not have a framework 
or set of indicators to do so. Our search was limited to 
the English language and articles from other languages, 
such as from authors in Francophone countries, were not 
included.

Some limitations of conducting the key informant 
interviews were that we conducted ten in total, however, 
we believe that we reached saturation after the ten inter-
views were completed. We also made sure to select our 
key informants carefully to ensure correct representation 
of all fields of expertise as well as roles (e.g., academic, 
non-government organization, government and others) 
to reduce bias. Two limitations exist for all key infor-
mation interviews, namely interviewer influence where 
the interviewer may have unintentionally influenced the 
responses of the informants; and proving the validity of 
the data. For the former, the interviewer used a question 
guide (Table S1) to ensure consistency in all interviews, 
and for data validity, the risks were deemed low.

SCALE-up is newly developed and grounded on the 
findings of the scoping review and the key inform-
ant interviews. It has been ‘pilot-tested’ in theory (the 
authors worked through the heat-focused framework 
using one of the existing heat-health studies) but still 
needs to be evaluated in the field. We also only prepared 
SCALE-up for four climate change-related health inter-
ventions. In the future, we plan to create additional itera-
tions of the SCALE-up for other health interventions, 
such as dust storms, tropical cyclones, wildfires, snow-
storms and others. SCALE-up will also be made available 
online for download and adjustment by users to meet 
their specific needs.

SCALE-up is relatively complex despite our aim to 
create a simple tool. It is not intended that a researcher 
or funder ‘answer’ every question and even when 
answering a question, we have provided multiple 
answers. We recommend that users of SCALE-up read 
the six steps and associated indicators and then identify 
the most appropriate aspects for their project or inter-
vention. Our goal is to trigger thinking about all the 
critical elements of an adaptation intervention through 
a health lens. We also recommend that when research-
ers or funders do apply the framework, the primary 

https://www.thegef.org/sites/default/files/documents/Adaptation-tracking-tool-2014.xlsx#:~:text=The%20tracking%20tool%20for%20climate,SCCF
https://www.thegef.org/sites/default/files/documents/Adaptation-tracking-tool-2014.xlsx#:~:text=The%20tracking%20tool%20for%20climate,SCCF
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investigator is not the person implementing the frame-
work to ensure non-biased results. The person who will 
be responsible for or working closely with the imple-
mentation person should monitor the integration of the 
framework’s indicators into the proposal/project. We 
also need to bolster our research efforts more broadly 
in the climate change and health adaptation monitoring 
and evaluation field since SCALE-up is considered, to 
the best of our knowledge, the first of its kind.

Conclusions
By examining the literature and conducting expert 
perspectives, we provided a comprehensive overview 
of how to effectively measure and enhance the impact 
of climate adaptation strategies for human health and 
wellbeing. These findings will inform gaps and oppor-
tunities for future studies for researchers, inform 
policymakers and practitioners, and guide efforts to 
strengthen health resilience in the face of a changing 
climate.
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