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Abstract: Multiple sectors—health and non-health—can determine the health and well-being of
people and the condition of the socio-ecological environment on which it depends. At the climate and
human health nexus, a systems-based understanding of climate change and health should inform
all stages of the policy process from problem conceptualization to design, implementation, and
evaluation. Such an understanding should guide countries, their partners, and donors to incorporate
health in strategic climate actions based on how health is affected by, and plays a role in, the dynamic
interactions across economic, environmental, and societal domains. A systems-based approach
to sustainable development has been widely promoted but operationalizing it for project level
and policy development and implementation has not been well articulated. Such an approach is
especially valuable for informing how to address climate change and health together through policy
actions which can achieve multiple, mutually reinforcing goals. This commentary article describes
strategic steps including the complementary use of health impact assessment, quantification of health
impacts, and linking climate and health actions to national and global policy processes to apply
a systems-based approach for developing climate mitigation and adaptation actions with human
health benefits.

Keywords: climate change; systems thinking; health equity; planetary health

1. Introduction

At the current rates of warming, the world is likely to reach 1.5 ◦C above pre-industrial
levels between 2030 and 2052 [1]. A rapidly changing climate is expected to exacerbate risks
to human health [2] through direct (e.g., extreme heat), indirect, or ecosystem-mediated
(e.g., malnutrition, or vector-borne disease risk), and socially-mediated (e.g., displace-
ment) pathways [3]. This complexity of pathways makes difficult the attribution of health
outcomes to climate change [4] and therefore can make actions challenging to develop
and implement. The magnitude of climate-driven health impacts depends on the climate
adaptation and mitigation actions taken now. Such actions must reflect a systems-based
understanding of how the health and other sectors affect climate-driven health effects.
Unless policy actions reflect this understanding, efforts to improve and sustain health will
be undermined.

The relationship between climate change and health and well-being can be non-linear
and involve time delays and feedbacks [5,6]. These complex, dynamic interactions can
lead to health and well-being outcomes which are hard to predict and lead to unintended
consequences. This calls for a systems approach [7–9] to address climate change and health
together [10]. Systems thinking brings a coherent approach to inform climate change
actions by requiring a consistent, rigorous evaluation for every proposed mitigation or
adaptation action, including the impacts, tradeoffs of, and unintended effects on both
health and climate especially on vulnerable and marginalized groups. There are several
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reasons why this approach adds practical value for informing needed actions on climate
mitigation, adaptation and health.

First, the use of a systemic approach can help clarify causal relationships including
direct and indirect pathways between climate change and health, the strength of the re-
lationships, which groups are differentially impacted and why, and any feedback loops
which can affect these relationships in positive and negative ways. Second, this under-
standing helps to identify actions to prevent or reduce harm to both climate and health
without ultimately undermining health due to unrecognized tradeoffs or unintended side
effects. Third, a systems approach can help identify intervention points that target up-
stream anthropogenic drivers of health and well-being as well as their social and economic
determinants rather than focus solely on the symptoms of health problems (Box 1).

At a time when resources are limited and climate policy ambitions are flagging,
country actions should aim to meet multiple objectives at the same time, so addressing
health and its climate-related drivers together makes sense. For example, because of
their common causes, integrated, cross-sectoral action tackling climate change and air
pollution can provide significant benefits in reducing health risks in the near term at the
local level [11], mitigating climate change and potentially increasing energy savings [12].
Such multiple benefits-based policies can be opportunities to maximize efficiencies and
increase the effectiveness of investments to “ensure health and well-being” (United Nations
Sustainable Development Goal (SDG) 3) and “take urgent action to combat climate change”
(SDG 13).

Box 1. Developing a systems-based understanding of climate-driven health challenges and actions to
address them.

Business as usual:

• What are the two-way effects (positive and negative) between climate and health? What is the
magnitude of the effects?

• What drivers of change (feedback loops) are triggered by the interlinkages existing between
climate and health?

• Which groups are more affected and why? At what spatial scale? Over what timeframe?
• Do any effects influence other sectors, and if so, how? Is it possible that any vicious, negatively

reinforcing cycles are triggered by the interplay of health and other sectors?

Interventions:

• How does a proposed policy action affect other sectors, to what extent, at what spatial scale
and over what time period?

• What additional feedback loops are strengthened or weakened by the intervention options?
Is there a historical trend which shows a virtuous or positive reinforcing effect? Does the
intervention lead to equilibrium or a balancing effect?

• Which groups benefit more and which groups benefit less from the desired impacts?
• How do non-health sector impacts then affect health and other sectors, to what extent, at what

spatial scale, over what time period, and for the benefit or loss of which groups?

This commentary article describes how a systems approach to climate and health
underpins the three key elements needed for effective health and non-health collabora-
tion and actions to address the climate and health nexus: understanding multisectoral
impacts of human-driven climate change, assessment of climate and health benefits and
costs of policies, and skills for working cross-sectorally to share information and coordi-
nate policy actions. The following sections describe the use of existing tools, assessment
processes and strategic framing which could be used in complementary ways to apply a
systems-based approach to support climate and health actions. The content is derived from
selected examples and our collective country experiences but without a comprehensive
literature review.
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2. Applying a Systems-Based Approach

Climate and health actions require cross-sector collaboration through shared under-
standing of the impacts of climate change on health and other sectors as well as the
application of this understanding to inform assessments (e.g., health impact, vulnerabil-
ity, cost-effectiveness/cost–benefit) which can in turn inform strategic climate and health
actions. Building shared understanding of climate change and health can be facilitated
through the use of human health indicators [13]. For example, this can begin with a shared
understanding of climate–health relationships involving direct and indirect pathways
(including socially-mediated pathways), within a framework and methods for the identifi-
cation of indicators (e.g., Causal Loop Diagrams, based on Systems Thinking [14] which
cover the spectrum of problem identification, setting problem solving objectives, develop-
ment, implementation, and evaluation of interventions. The Lancet Countdown on health
and climate change [15] identifies relevant indicators updated annually across climate
change impacts on health, risk exposures, vulnerability factors, adaptation, planning, and
resilience; mitigation and health co-benefits; economics; and, political engagement. As
has been noted, climate and health indicators that more explicitly integrate environmental
sustainability and development are needed to achieve the SDG targets [16].

Systems Thinking is already used in the health sector, supporting a variety of public
health issues (see for instance [17,18]). Systems Thinking is also used in other sectors,
informing planning exercises in areas such as green economy, green growth, and climate
adaptation [19]. Systems Thinking brings the advantage of helping to clearly identify the
dynamics underlying a system, which can then help identify effective interventions for
positive impact. While most of the systems thinking and system dynamics applications
available to date are customized and applied in niche planning processes, this article
presents the opportunity to build on and extend previous systems-based work to integrate
health more explicitly in projects and policy assessments on climate and health actions;
and, to use systems thinking and systems dynamics more extensively beginning with a
baseline systems understanding of climate and health (Box 1). This understanding takes
into account the drivers affecting the climate–health relationship including feedbacks,
tradeoffs and unintended side effects across multiple sectors. Addressing these systems
questions can help identify interventions to benefit climate and health while at the same
time reveal other issues that should be addressed in designing solutions which can benefit
all key stakeholders involved (i.e., equity). As such, this systems understanding of climate
and health should underpin the use of key tools like Health Impact Assessment (HIA).

2.1. Mainstreaming Health Impact Assessment

Using a systems-based understanding of climate-driven health challenges as described
in Box 1, HIA can be an important tool to identify, and make recommendations on, ac-
tions which benefit both climate and health. HIA is a tool which when used early in the
development stage of a project or policy process helps identify likely health impacts. HIA
features broad stakeholder engagement and reducing social disparities, paying special
attention to the health impacts on vulnerable groups and how they may be affected [20]. In
addition to quantitative data, the HIA process incorporates qualitative information which
can help characterize pathways of health risk vulnerability. HIA results in evidence-based
recommendations to prevent and control health risks and/or promote any health benefits.
HIA can also be conducted during policy implementation and for evaluation. As the under-
standing of the complex and dynamic relationship between climate and health continues
to grow, the prospective HIA process presents a promising opportunity for applying an up-
dated systems-based understanding of climate and health, integrating information across
disciplines and sectors, with relevant indicators in order to help identify climate-driven
impacts, tradeoffs of, and unintended effects on, health. Such an understanding should
inform actions needed now to address climate and health.

For example, the HIA’s scoping stage, where relevant health impacts are identified,
could set the spatial and temporal boundaries of a climate-associated health concern. For
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example, concerns about air pollution would consider local and urban–rural (ground-level
ozone, PM2.5), country-wide (PM2.5), and transboundary (PM2.5) scale effects which could
in turn inform potential climate mitigation actions and take into account the groups most
vulnerable to exposure—children, women, the elderly, outdoor workers, those with chronic
respiratory conditions, and people living in poverty [21]. Such an HIA could result in
recommendations on mitigation actions which target the common cause of both climate
change and short-lived air pollutants such as ground-level ozone—a missed opportunity
for nearer-term realization of health benefits locally (see [11]).

HIA can identify likely health impacts of projects and inform health systems responses.
HIA of the Don Sahong Hydropower Project in Lao People’s Democratic Republic (PDR)
identified a greater risk of dengue due to greater availability of Aedes aegypti mosquito breed-
ing sites created by land disturbance associated with the project [22]. Dengue mortality is al-
ready on the increase [23] in the Asia Pacific region, and by 2030, climate change is estimated
to contribute to shifts in the geographic range of dengue-transmitting mosquitoes [24].
These geographic, spatial scale and time estimates should inform a full HIA so as to inform
health systems planning, prevention and control of infectious diseases among the most
vulnerable—children, pregnant women, the elderly, and those with limited access to health
services [25].

In addition to risk assessment, HIA should be used to inform the design and scale
of climate and health adaptation actions including green infrastructure-based strategies.
For example, local leaders in the state of Georgia in the United States applied HIA to a
green street project which was aimed at reducing stormwater runoff and flooding. The HIA
resulted in the city’s decision to increase the scale of the green street project by threefold in
order to capture the health benefits of walkability and reduced heat island effect [26].

Similarly, to reduce the intensity of urban heat islands (UHI) in megacities in the Asia
region, HIA should guide the design and implementation of climate adaptation actions
across different physical contexts given that UHI intensity varies by extent of economic
activity, city geographic size, amount of built up area density, and season [27]. HIA
could inform how interventions, such as greenspace and green walls, could be effective
in reducing surface temperature [28] and importantly, the appropriately scaled site of
implementation (e.g., urban street canyon, building, and neighborhood). Moreover, such
strategies could be modeled to estimate UHI health impacts when implemented, singly or
in combination with other sectoral approaches (e.g., energy efficiency, urban forestry, and
low carbon transport).

Across the Association of Southeast Asian Nations (ASEAN) region, HIA is being used
to support sustainable development based on the recognition that health is a cross-cutting
issue amidst rapid economic integration. HIA has been included in the Environmental
Impact Assessment of projects in Lao PDR, Cambodia and Malaysia. HIA has been codified
in national governance [29] and is a shared priority for regional action with progress
regularly reported [30]. In the environmental health context, Thailand is the lead ASEAN
country focal point on HIA. Through the development of a HIA practitioners’ training
manual, Thailand is developing and promoting HIA to strengthen capacity at country
level across the region. To this end, the ASEAN Environmental Health and HIA Network
was established to share performance indicators and best practice [31]. The next phase of
HIA work in the region is to implement improved knowledge sharing mechanisms (e.g.,
curricula) to reach the broad range of HIA stakeholders—the public and private sectors,
academia, and civil society.

2.2. Quantification of Health Impacts

Quantified health impacts can facilitate collaboration between health and other sectors
on climate and health. A healthy human capital base is fundamental to sustaining eco-
nomic growth and development [32]. Improved understanding of health impacts, positive
and negative, of climate policies is necessary to include in decision making on strategies
to achieve climate and health goals. A systems-based understanding of climate-health
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relationships and HIA can inform the estimation of health impacts and associated costs
calculated in terms of health care treatment, lost work productivity, and GDP [33] Quantifi-
cation of the costs and benefits to health associated with action and inaction can support
priority-setting and selecting among climate-health actions under consideration. Health
risks that are identified could be managed proactively through preventive measures which
include increasing awareness of climate change–health relationships among the health
workforce; improved health information systems for integrated risk monitoring and early
warning; and greater financing [34]. Quantification of health and environmental impacts
can support policymaking by providing economic bottom line estimates for costing of
climate actions and informing cost-effectiveness analyses of policies for achieving climate
and health objectives. In fact, the quantification of health impacts can serve two purposes:
it highlights the economic cost of side effects, originating from policies and projects that do
not take into account health outcomes; and, it highlights the extent to which climate adapta-
tion and mitigation projects can reduce and avoid health costs. The quantification of these
two impacts and related economic valuation can inform decision making by estimating
the net societal value of a given project, equally weighing benefits and avoided costs. This
will make it more difficult, and certainly undesirable, to ignore the role of human health in
project conceptualization and policy formulation. The potential health benefits of climate
actions as expressed in avoided/reduced costs to economic and social development could
make policy actions and projects more financially viable to investors, or attract different
investors, those vulnerable to the impacts often unaccounted for, in both the private and
public sectors.

Quantification of climate and health effects depends on the strength of their causal
relationship. While attribution can be complicated, there are climate and health relation-
ships that have been studied with high confidence [see3]. Quantified health effects could
significantly increase visibility of climate change–health issues for the finance sector as
well as for the public interest. This could be key to facilitating greater cooperation between
health, environment, finance and other sectors.

Several analyses have shown the economic rationale for taking climate actions in-
cluding for health cost savings. Climate mitigation efforts to meet the Paris Agreement
in transport and power generation which reduce air pollution could exceed the costs of
implementation by a factor of 1.4 to 2.45 in China and India, respectively, with savings of
trillions of dollars in worker productivity and health care expenses globally [35]. Inter-
ventions of transport mode shifts which facilitate physical activity and healthier lifestyles
could lead to even greater cost savings associated with noncommunicable diseases [36].
An evaluation of a market based regulatory program to reduce greenhouse gas emissions
at the subregional level in the United States estimated cost savings of avoided adverse
children’s health outcomes related to annual average secondary PM2.5 reduction in the
range of $191 to $350 million between 2009 and 2014 [37]. Reducing deforestation can have
potential health as well as climate mitigation benefits. It can limit the emergence of zoonotic
diseases such as severe acute respiratory syndrome (SARS) associated coronaviruses like
SARS-CoV-2. Such measures can be taken at a cost that is significant orders of magnitude
less than the costs that COVID-19 disease has already imposed in morbidity, mortality, and
loss of GDP while producing social benefits from reduced greenhouse gas emissions [38].

There are many methodologies for estimating the health benefits of actions taken
in non-health sectors, and they may also include associated economic cost savings and
damages [39–41]. However, there are important differences when quantifying the health
benefits of climate mitigation or adaptation which can complicate generalizations about
health impacts and associated economic costs. Notable considerations in estimated quanti-
fied costs associated with health impacts include methodological differences in the type of
health outcome measured; how the health outcome is quantified; assumptions made about
the risk exposure—health response function; uncertainties about confounding factors; the
spatial and temporal scales considered; and, the specific policy scenarios modeled [42].
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2.3. Capitalizing on Efficiencies by Linking Climate–Health Actions in Support of other National
and Global Policy Processes

Together with the use of health indicators, HIA, and health quantification, strategic
framing of climate and health can further support how a systems-based approach can be
applied to climate and health actions. The SDGs are a strong global framework for identify-
ing strategies which exploit synergies between climate change and health related SDGs [43].
By taking advantage of countries’ flexibility in the means of implementation to achieve
the SDGs, there are opportunities to build on the SDGs commitment to identify health
and non-health sector strategies to reach targets in an integrated way [44]—specifically,
improving health by addressing its upstream human-driven environmental drivers. For
example, using clean energy for household cooking is a good public health intervention to
reduce indoor air pollution (SDG 3) while providing access to other forms of energy (SDG 7).

There is a gap between recognition of climate–health relationships and policy action
to address them. In a review on health in the Nationally Determined Contributions
(NDCs) [45], 86 of the assessed 184 countries recognized the impacts of climate change
on health (especially vector- and water-borne diseases as well as food security), but only
10 countries out of 184 included evidence or policies on climate change’s impacts on health
in their NDCs, and only 3% of NDCs highlighted the health benefits of climate actions.

When resources are limited, policy actions should aim to meet multiple objectives
especially when the objectives are mutually reinforcing. In addition to the SDGs and
the Paris Agreement, other country level commitments or frameworks should be built
upon to maximize efficiencies in achieving climate and health goals at the same time.
These include the Health in All Policies (HiAP) country framework and Universal Health
Coverage (UHC). With the premise that health is affected by all public policies, the Health
in All Policies (HiAP) country framework highlights multisectoral collaboration to improve
health and health equity [46]. Strategic coordination of health and other sectors affecting
health could result in actions which achieve efficiencies in energy use, climate change,
and health together, with significant cost savings [47]. Our proposed systems-based
approach to climate and health involves the health sector working with other sectors which
influence health. Integrating health, climate change and social determinants of health
is necessary to achieve health goals in a more holistic and equitable way by targeting
environmental drivers and social determinants so as not to ultimately undermine health.
Collaboration between health and other sectors can be facilitated by the HIA tool and HiAP
framework, underpinned by a systems-based understanding which should appreciate the
depth of knowledge and experience of partners working in non-health sectors. Capacity
development among health and non-health sectors on climate–health understanding and
methods for cross-sector engagement should be strengthened.

Given the urgency to act on climate change, especially with a health lens, policymakers
should take advantage of HiAP’s principles of cross sector collaboration on country-led
climate actions. A systems approach brings coherence to building understanding of climate
change and health relationships and applying that understanding to policy actions which
benefit both climate and health while minimizing adverse tradeoffs and unintended side
effects including disproportionate impacts on vulnerable groups which may have gone
unrecognized without such an approach. At a minimum, the systems approach can help to
highlight these issues so that they can be addressed early.

Achieving UHC is one of the primary policy goals of the World Health Organiza-
tion [48]. However, many regions of the world with the highest vulnerability to climate
change are also those with the lowest levels of UHC coverage [49]. UHC cannot be achieved
without addressing climate change because population health is affected by climate change,
and the health system itself contributes to climate change, responsible for 4.4% of global
carbon emissions [50]. Climate-driven health outcomes should be included in the essential
health services coverage by way of workforce training on climate–health relationships,
financing, and increasing resilience of health care service delivery which may be disrupted
during climate related events (e.g., storms, and flooding). These can bolster UHC to more
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effectively address context-specific climate driven health effects which are already being
experienced and which are expected to worsen over time. In addition to the project-level
HIA, the National Health Adaptation Plan (NHAP) (see [13]) should be developed and
used to directly inform climate adaptation policies. The NHAP is intended to integrate
health in adaptation planning by identifying vulnerabilities in the health system as well
as opportunities to increase the resilience of health systems to climate change. Having in
place an NHAP is an indicator of a country’s readiness to identify and respond to climate-
associated health events (see [23]). The World Health Organization identified vulnerability
and adaptation assessment as one of the key components of a country level operational
framework for climate resilient health systems (see [34]). In the climate and health context,
a systems-based HIA can take the form of vulnerability and adaptation assessment [51]
that is designed to build a baseline understanding of climate and health (Box 1) so as to
use that understanding to inform interventions to reduce climate-driven health risks. In
addition to assessing current vulnerabilities and impacts on health, the systems-based
HIA process should consider the vulnerability of other sectors (e.g., food) and the health
impacts of that vulnerability [ibid].

HIA, updated to incorporate a systems-based understanding of climate and health can
address risk factors of vulnerable groups as well as the capacity of the people, institutions
and resources of existing health systems to prepare for and adapt to climate-driven health
challenges. Because NHAP and HIA both prioritize cross-sector cooperation and reducing
health inequities, they are consistent with, and therefore should be used to advance the
implementation of, the country’s HiAP goals.

2.4. Implications for Decision Support

A systems-based understanding of climate change and health—i.e., the human drivers
affecting their relationship including feedbacks, tradeoffs, and unintended side effects
across societal, environmental, and economic domains—can help identify interventions
to benefit climate and health while at the same time reveal other issues that should be
addressed in designing solutions to benefit all key stakeholders involved.

For example in 2015, approximately 100,000 deaths across Singapore, Malaysia, and
Indonesia were attributed to fires which were set to clear peatlands for palm oil production
(Figure 1). 2015 was an El Nino year which created drought conditions, and with the
drier conditions, peat provided abundant fuel. The fires burned more intensely and for
a longer period of time, releasing significant carbon emissions as well as harmful health
pollutants such as fine particulate matter which moved downwind towards population
centers [52,53]. The estimated adult mortality (and health care costs) associated with specific
fire events justify the need for peatlands protection and enforcement of fire prevention.
To date, combined efforts to restore peatlands and rewet degraded peatlands have been
missed opportunities to prevent the further release of locked-up carbon and to enhance
the function of peatlands as important carbon sinks, contributing to climate mitigation
efforts globally [54]. Notably, the benefits and costs of peatland protection are not equally
borne. Farmers’ livelihoods must be considered [55] as part of such potential nature-based
solutions possibly through payment for ecosystem services, subsidies, and other incentives.
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Figure 1. Systems diagram representing the dynamics at play in relation to peat fires.

Legend: As described by Sterman [56], causal loop diagrams (CLDs) include variables
and arrows (called causal links), with the latter linking the variables together with a sign
(either + or −) on each link, indicating a positive or negative causal relation (see Box 1).
A causal link from variable A to variable B is positive if a change in A produces a change
in B in the same direction. A causal link from variable A to variable B is negative if a
change in A produces a change in B in the opposite direction. Circular causal relations
between variables form causal, or feedback, loops. There are two types of feedback loops:
reinforcing (R) and balancing (B). The former can be found when an intervention in the
system triggers other changes that amplify the effect of that intervention, thus reinforcing
it [57]. The latter, balancing loops, tend towards a goal or equilibrium, balancing the forces
in the system [ibid].

Nature-based solutions are an emerging area of research which has the potential
to both improve health and reduce greenhouse gas emissions. For example, forests not
only support water filtration [58] but also provide wild foods which contribute to dietary
diversity [59,60]. Conserving forest cover in close proximity to communities was associated
with approximately 7% reduced stunting in young children across 25 low- and middle-
income countries, comparable to the median effect of traditional interventions such as
providing micronutrient supplements and food fortification [61]. The quantified potential
of forest conservation as a public health intervention in rural areas could capitalize on high
population coverage due to the large numbers of nutrition insecure groups who live there,
suggesting that health nutritionists and conservation practitioners could collaborate to
include protecting forest cover as part of the toolbox of interventions to improve the health
of vulnerable populations while also maintaining forests’ carbon sink role.

In addition to identifying interventions to address the climate-health nexus, a systems-
based understanding can help to highlight disproportionate health impacts on vulnerable
populations, amid the variation in types of predominant health impacts of climate change
within and across countries and regions [62]. Within a given geography, climate-driven
health effects will vary by equity aspects related to age, gender, income, livelihoods, and
capacity to successfully address them [63]. Projects must be responsive to community



Int. J. Environ. Res. Public Health 2021, 18, 2398 9 of 15

needs, and climate actions must be context-specific for there to be successful implementa-
tion. These can be achieved through an inclusive approach to building a systems-based
understanding of climate change and health to help identify disproportionately affected
groups and how they could be impacted over time. For example, a systemic approach
applied to a large infrastructure investment for hydropower in Cambodia revealed that
local populations in the northern provinces of the country would be affected both positively
and negatively by the project. Positive outcomes included improved access to education
and health, via the construction of roads and new facilities. On the other hand, there were
estimates of reduced access to resources, such as water and fish, possibly leading to poorer
nutrition and negative impact on livelihoods [64,65].

2.5. Financing Climate and Health Actions

The relationship between climate and health is not trivial, especially for investors.
Climate change cannot be predicted with certainty, which reduces the interest of private in-
vestors in climate adaptation due to the lack of a revenue stream or a clear trend of avoided
costs. On the other hand, the cost of climate adaptation is too high for most governments
which already struggle to maintain operational existing infrastructure, especially in low
and middle-income countries [66]. As a result, in order to invest in an area with high
financial risk, but with the potential to generate benefits across a multitude of economic
actors, a new approach to financing is required. Such an approach has to combine the “high
risk-high reward” perspective of private investors with the need to provide basic services
(often not economically viable) by governments and donors.

There are innovative financing tools which can complement public funds and public
sector strategies (e.g., taxes, and loans) to address climate and health actions. For example,
parametric or index-based insurance instruments can support climate adaptation in the
health sector by reducing the impacts of extreme weather events on health and also
increasing funding for health-related assets. This type of insurance monetizes climate risks
and therefore can increase the financial viability of investments aimed at reducing these
risks. Index-based insurance offers payouts even when there is no physical damage, when a
pre-determined set of parameters such as weather conditions of a certain type and severity
occur [67]. Payouts are made relatively quickly, as compared with traditional insurance,
to fund emergency responses as well as for investments to improve climate resilience.
For example, to address food security regularly threatened by drought, Mauritania was
one of the earliest purchasers of parametric insurance through which it was given an
estimated premium of US$ 1,394,000 for a total guaranteed cover of US$ 9,000,000 for the
agricultural season from July through November 2014. After the next drought, Mauritania
was eligible for a payment of approximately US$ 6,326,000 which was paid out in January
2015. The Mauritanian government used the quickly distributed funds to reduce the impact
of drought and to protect livelihoods by providing 50,000 vulnerable households with
50 kg of rice and 4 L of oil each over 4 months. These measures also reduced stress-driven
migration and the distressed sale of livestock [ibid]. In this way, parametric insurance could
be an important tool to incentivize resilience planning as part of a proactive preventive
approach to health system preparedness for climate adaptation especially in high-risk areas.
The tool is flexible enough to adapt to local needs and context by modifying the specific
climate parameters that trigger payment.

3. Discussion

A systems-based understanding of climate change and health is critical across all
stages of the policy or project process—from problem conceptualization, design to imple-
mentation, and evaluation. This has important implications for the development of policies
as well as project proposals aimed at the climate and health nexus.

Achieving a shared understanding on the central role that human health plays in
dynamics triggered by climate change and their socio/economic consequences is not
trivial. We are surrounded by complexity, driven by the growing interconnection of social,
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economic and environmental dynamics of change. Regardless of how challenging it may
be, our capacity to plan must adapt to such growing complexity if we want to maximize
the societal value of investments, increase economic resilience and achieve national and
global development targets (e.g., SDGs). We have the knowledge and tools to tackle such
complexity. Communication and knowledge integration are of critical importance. We
have developed great depth of knowledge on health and climate change, and in many
other related fields. Experts must come together, using a multi-disciplinary and multi-
stakeholder approach, because no one has all of the knowledge required, and communicate
about the critical interrelationships between climate and health. When this integration
takes place, especially in the context of project development and policy formulation, the
complexity can be greatly reduced.

Systems thinking is a method that aims to simplify complexity and bring a coherent
approach to inform climate change actions by requiring a consistent, rigorous evaluation
for every proposed mitigation or adaptation action, including the impacts, tradeoffs of, and
unintended effects on, both health and climate especially on vulnerable and marginalized
groups. Box 1 summarized how systems thinking can support understanding of climate
change–health relationships and identifying actions based on that understanding. A
systems-based approach brings practical value to addressing the climate–health nexus
because it can help clarify causal relationships, the strength of the relationships, which
groups are differently impacted and why, and any feedback loops which can affect these
relationships in positive and negative ways. Importantly, for identifying intervention
actions, a systems-based approach can help to prevent or reduce harm to both climate
and health without undermining health due to unrecognized tradeoffs or unintended side
effects. In the COVID-19 recovery period, the use of relatively limited resources should be
maximized to achieve interrelated economic, environmental and health goals concurrently.
Actions which benefit both climate and health are opportunities to maximize efficiencies,
by reducing costs and generating new benefits. This increases the financial viability of
investments, especially from a societal perspective, where a single investment may result
in several beneficiaries across sectors, and over time. To apply systems thinking for climate
and health actions, cross-sector collaboration between health and non-health sectors is
a key element. This can be facilitated through the complementary use of existing tools,
assessment processes and strategic framing of climate and health actions to meet related
country and global commitments.

Within countries charged with developing climate actions as well as the organizations
(e.g., funders, and accredited entities) which support them, the systems-based approach
must be the common starting point. Donors should require a systems-based assessment
in project proposals. Specifically, funders such as The Green Climate Fund (GCF) should
require health in all climate mitigation and adaptation projects, making clear how health
plays a role in the dynamic interplay across economic, environmental and societal domains.

Donors, bilateral and multilateral development banks, as well as governments should
mandate the use of HIA. For country climate adaptation and mitigation project develop-
ers, HIA should be used as a good governance tool. As the scientific study on climate
change and health continues to advance, spatial scale and time relevant climate–health
inter-relationships, feedbacks, and tradeoffs among health and non-health sectors need
to be reflected in the HIA. This baseline understanding should then inform potential cli-
mate mitigation/adaptation interventions which minimize adverse effects especially on
vulnerable or marginalized groups.

Further research is necessary to advance a systems-based approach to inform actions
at the climate–health nexus. Practically, new research is required every time a systems
approach is used because any given context is unique if we consider how social, economic,
and environmental drivers of change interact with one another. Further, research is needed
on specific topics to generate the evidence base that can be further tested, customized and
validated during project conceptualization and policy formulation. For instance, we need
an improved understanding of how climate change interacts with other environmental
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changes to affect health, given the potential for negative synergistic interactions [68].
Nature-based solutions is an area that is ripe for study [69] particularly for evaluating
and quantifying the potential of actions to meet health objectives [70]. While research
studies may not have been originally designed to demonstrate both health and climate
benefits, their findings could inform potential nature-based solutions which could be
implemented with field partners at the appropriate spatial scale and evaluated through
implementation research [71]. Simulation models could be used to forecast outcomes across
sectors and for many economic actors, strengthening development planning (see [19]).
Selection of targets and indicators relevant to health are key considerations for designing
and measuring the effectiveness of climate mitigation and adaptation (see [44]). Moreover,
HIA recommendations should focus on the upstream human-driven environmental and
social determinants of health so as to avoid the adverse effects to be borne by the most
vulnerable groups and the costs of health externalities to be transferred to the health
sector [72]. The mandatory use of HIA early in the climate mitigation/adaptation project
development process can socialize the viability and sustainability of projects which include
appropriate and measurable health indicators and avoided/reduced costs to economic and
social development by recognizing health (see [22]).

From a more practical perspective, donors including the Green Climate Fund should
request that project developers prepare a climate and health cost–benefit assessment for
every proposed project. This is critical, especially for low and middle-income countries,
to create value for money for public investments (see [66]). Integrating health in all
projects and in all policies will allow for maximizing the performance of several sectors
and indicators of performance, simultaneously, as decisionmakers could recognize that
their decisions may lead to extra health costs. This can be achieved by avoiding the
emergence of future costs (e.g., via increased health care-related infrastructure resilience to
climate change), and by creating additional benefits (e.g., via increased labor productivity).
Practically, value for money for every investment improves if health is explicitly considered
in the project planning stage.

In this article, we propose a systems-based understanding as the basis for a coherent
approach to climate and health—specifically, by using health impact assessment, quantifi-
cation of climate-driven health impacts, and strategic framing in a complementary way to
support climate and health actions. The content of this commentary article is derived from
selected examples and our collective country experiences but without a comprehensive
literature review. There is a need for more case studies which build on available systems-
based applications in health and other sectors which affect health. In addition, an extensive
review of the literature may be helpful for providing more examples of how the HIA tool
and HiAP framework could be used to apply the proposed systems-based understanding
and to inform specific guidelines on actions which benefit climate and health.

4. Conclusions

The health and environment sectors are impacted by policies made across sectors
which can determine the health and well-being of people and the socio-ecological system on
which it depends. A systems-based approach to climate and health can be operationalized
by first understanding the systemic two-way health and well-being impacts of human-
driven climate change; feedback loops triggered by climate–health relationships; how and
why there are disparities in health and well-being impacts; and, which groups are the
most vulnerable. This paper describes the value of, and how to apply, the systems-based
approach to address the climate and health nexus. This does not begin with a blank slate.
Already existing tools such as HIA can be used strategically to inform climate and health
understanding and actions while also advancing the SDGs and prominent country goals
such as Health in All Policies (HiAP), and strengthening health systems for Universal
Health Coverage (UHC). Donors and project/country partners can play important roles to
incentivize and support the development of science-based actions which reflect systems
thinking. Quantified health impacts should be used in cost-effectiveness or cost–benefit
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assessments of policies, supporting the financial viability of climate actions and as a result
attracting traditional and innovative financing instruments. At the same time, the strategic
consideration of health in climate mitigation and adaptation strategies must be enabled by
governance structures and the capacity to work cross-sectorally, as part of a continuing
effort to improve the resilience of health systems. The strategic, practical steps described
in this paper should serve as 2021 United Nations Climate Change Conference (COP-26)
entry points for a more concrete process to take climate and health action.

Author Contributions: M.J.P. and A.M.B. conceptualized this article. M.J.P. prepared the original
draft, and both authors contributed to writing, review and editing. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Allen, M.R.; Dube, O.P.; Solecki, W.; Aragón-Durand, F.; Cramer, W.; Humphreys, S.; Kainuma, M.; Kala, J.; Mahowald, N.;

Mulugetta, Y.; et al. Framing and Context. In Global Warming of 1.5 ◦C. An IPCC Special Report on the Impacts of Global Warming
of 1.5 ◦C above Pre-Industrial Levels and Related Global Greenhouse Gas Emission Pathways, in the Context of Strengthening the Global
Response to the Threat of Climate Change, Sustainable Development, and Efforts to Eradicate Poverty; Masson-Delmotte, V., Zhai, P.,
Pörtner, H.-O., Roberts, D.C., Skea, J., Shukla, P.R., Pirani, A., Moufouma-Okia, W., Péan, C., Pidcock, R., et al., Eds.; World
Meteorological Organization: Geneva, Switzerland, 2018; pp. 55–83.

2. Hoegh-Guldberg, O.; Jacob, D.; Bindi, M.; Brown, S.; Camilloni, I.; Diedhiou, A.; Djalante, R.; Ebi, K.; Engelbrecht, F.; Guiot, J.;
et al. Impacts of 1.5 ◦C Global Warming on Natural and Human Systems. In Global Warming of 1.5 ◦C: An IPCC Special Report;
Masson-Delmotte, V., Zhai, P., Pörtner, H.O., Roberts, D., Skea, J., Shukla, P.R., Pirani, A., Moufouma-Okia, W., Péan, C., Pidcock,
R., et al., Eds.; IPCC Secretariat: Geneva, Switzerland, 2018; pp. 175–311.

3. Smith, K.R.; Woodward, D.A.; Campbell-Lendrum, D.D.; Chadee, Y.; Honda, Q.; Liu, J.M.; Olwoch, B.; Revich, R.; Sauerborn, R.
Human health: Impacts, adaptation, and co-benefits. In Climate Change: Impacts, Adaptation, and Vulnerability. Part A: Global and
Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change; Field,
C.B., Barros, V.R., Dokken, D.J., Mach, K.J., Mastrandrea, M.D., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O., Genova, R.C.,
et al., Eds.; Cambridge University Press: Cambridge, UK; New York, NY, USA, 2014; pp. 709–754.

4. Belesova, K.; Heymann, D.L.; Haines, A. Integrating climate action for health into covid-19 recovery plans. BMJ 2020, 370, 3169.
[CrossRef] [PubMed]

5. Pongsiri, M.J.; Gatzweiler, F.W.; Bassi, A.M.; Haines, A.; Demassieux, F. The need for a systems approach to planetary health.
Lancet Planet. Health 2017, 1, e257–e259. [CrossRef]

6. Whitmee, S.; Haines, A.; Beyrer, C.; Boltz, F.; Capon, A.G.; Dias, B.F.D.S.; Ezeh, A.; Frumkin, H.; Gong, P.; Head, P.; et al.
Safeguarding human health in the Anthropocene epoch: Report of The Rockefeller Foundation–Lancet Commission on planetary
health. Lancet 2015, 386, 1973–2028. [CrossRef]

7. Bai, X.; Surveyer, A.; Elmqvist, T.; Gatzweiler, F.W.; Güneralp, B.; Parnell, S.; Prieur-Richard, A.-H.; Shrivastava, P.; Siri, J.G.;
Stafford-Smith, M.; et al. Defining and advancing a systems approach for sustainable cities. Curr. Opin. Environ. Sustain. 2016, 23,
69–78. [CrossRef]

8. Gatzweiler, F.W.; Zhu, Y.-G.; Diez Roux, A.V.; Capon, A.; Donnelly, C.; Salem, G.; Ayad, H.M.; Speizer, I.; Nath, I.; Boufford, J.I.;
et al. Advancing Health and Wellbeing in the Changing Urban Environment: Implementing a Systems Approach; Zhejiang University
Press: Hangzhou, China; Springer: Singapore, 2017.

9. Fiksel, J.; Bruins, R.; Gatchett, A.; Gilliland, A.; Brink, M.T. The triple value model: A systems approach to sustainable solutions.
Clean Technol. Environ. Policy 2014, 16, 691–702. [CrossRef]

10. Berry, H.L.; Waite, T.D.; Dear, K.B.G.; Capon, A.G.; Murray, V. The case for systems thinking about climate change and mental
health. Nat. Clim. Chang. 2018, 8, 282–290. [CrossRef]

11. Malley, C.; Lefèvre, E.; Kuylenstierna, J.; Borgford-Parnell, N.; Vallack, H.; Benefor, D. Opportunities for Increasing Ambition of
Nationally Determined Contributions through Integrated Air Pollution and Climate Change Planning: A Practical Guidance
Document. Climate and Clean Air Coaltion. 2019. Available online: https://www.ccacoalition.org/en/resources/opportunities-
increasing-ambition-nationallydetermined-contributions-through-integrated (accessed on 1 March 2021).

12. Johansson, T.B. Global Energy Assessment: Toward a Sustainable Future; Cambridge University Press: Cambridge, UK; New York,
NY, USA; The International Institute for Applied Systems Analysis: Laxenburg, Austria, 2012.

http://doi.org/10.1136/bmj.m3169
http://www.ncbi.nlm.nih.gov/pubmed/32878746
http://doi.org/10.1016/S2542-5196(17)30116-X
http://doi.org/10.1016/S0140-6736(15)60901-1
http://doi.org/10.1016/j.cosust.2016.11.010
http://doi.org/10.1007/s10098-013-0696-1
http://doi.org/10.1038/s41558-018-0102-4
https://www.ccacoalition.org/en/resources/opportunities-increasing-ambition-nationallydetermined-contributions-through-integrated
https://www.ccacoalition.org/en/resources/opportunities-increasing-ambition-nationallydetermined-contributions-through-integrated


Int. J. Environ. Res. Public Health 2021, 18, 2398 13 of 15

13. World Health Organization. WHO Guidance to Protect Health from Climate Change through Health Adaptation Planning; World Health
Organization: Geneva, Switzerland, 2015.

14. Probst, G.; Bassi, A. Tackling Complexity: A Systematic Approach for Decision Makers; Greenleaf Publishing: Sheffield, UK, 2014.
15. Watts, N.; Amann, M.; Arnell, N.; Ayeb-Karlsson, S.; Beagley, J.; Belesova, K.; Boykoff, M.; Byass, P.; Cai, W.; Campbell-Lendrum,

D.; et al. The 2020 report of The Lancet Countdown on health and climate change: Responding to converging crises. Lancet 2020,
396, 129–170. [CrossRef]

16. Dora, C.; Haines, A.; Balbus, J.; Fletcher, E.; Adair-Rohani, H.; Alabaster, G.; Hossain, R.; De Onis, M.; Branca, F.; Neira, M.
Indicators linking health and sustainability in the post-2015 development agenda. Lancet 2015, 385, 380–391. [CrossRef]

17. Homer, J.B.; Hirsch, G.B. System Dynamics Modeling for Public Health. Am. J. Public Health 2006, 96, 452–458. [CrossRef]
[PubMed]

18. Kontogiannis, T. A qualitative model of patterns of resilience and vulnerability in responding to a pandemic outbreak with
system dynamics. Saf. Sci. 2021, 134, 105077. [CrossRef]

19. United Nations Environment Programme (UNEP). Using Models for Green Economy Policymaking; UNEP: Nairobi, Kenya, 2014.
20. National Research Council (NRC). Improving Health in the United States: The Role of Health Impact Assessment; The National

Academies Press: Washington, DC, USA, 2011.
21. Landrigan, P.J.; Fuller, R.; Acosta, N.J.R.; Adeyi, O.; Arnold, R.; Basu, N.N.; Baldé, A.B.; Bertollini, R.; Bose-O’Reilly, S.; Boufford,

J.I.; et al. The Lancet Commission on pollution and health. Lancet 2017, 391, 462–512. [CrossRef]
22. Asian Development Bank (ADB). Health Impact Assessment: A Good Practice Sourcebook; Asian Development Bank: Manila,

Philippines, 2018. [CrossRef]
23. Watts, N.; Amann, M.; Arnell, N.; Ayeb-Karlsson, S.; Belesova, K.; Boykoff, M.; Byass, P.; Cai, W.; Campbell-Lendrum, D.;

Capstick, S.; et al. The 2019 report of The Lancet Countdown on health and climate change: Ensuring that the health of a child
born today is not defined by a changing climate. Lancet 2019, 394, 1836–1878. [CrossRef]

24. Ebi, K.; Campbell-Lendrum, D.; Wyns, A. The 1.5 Health Report: Synthesis on Health and Climate Scioence in the IPCC SR 1.5; World
Health Organization: Geneva, Switzerland, 2018.

25. Ayala, R.; Estrugo, A. Assessing the Effects of Climate and Socioeconomic Factors on Vulnerability to Vector-Borne Diseases in Latin
America; Inter-American Development Bank (IDB) Working Paper Series, No. IDB-WP-497; Inter-American Development Bank
(IDB): Washington, DC, USA, 2014.

26. United States Environmental Protection Agency (EPA). Proctor Creek’s Boone Boulevard Green Street Project Health Impact Assessment;
EPA Office of Research and Development and Region 4: Washington, DC, USA, 2015.

27. Lee, K.; Kim, Y.; Sung, H.C.; Ryu, J.; Jeon, S.W. Trend Analysis of Urban Heat Island Intensity According to Urban Area Change in
Asian Mega Cities. Sustainability 2020, 12, 112. [CrossRef]

28. Pugh, T.A.M.; MacKenzie, A.R.; Whyatt, J.D.; Hewitt, C.N. Effectiveness of Green Infrastructure for Improvement of Air Quality
in Urban Street Canyons. Environ. Sci. Technol. 2012, 46, 7692–7699. [CrossRef] [PubMed]

29. Kessomboon, N. Health Impact Assessment (HIA) Development in ASEAN Community. 2013. Available online: https://asean.
usmission.gov/innovasean_20130514/ (accessed on 16 October 2020).

30. Association of Southeast Asian Nations (ASEAN) Secretariat. ASEAN Post-2015 Health Development Agenda (2016–2020); The
ASEAN Secretariat: Jakarta, Indonesia, 2018.

31. ASEAN Environmental Health and Health Impact Assessment (ASEAN-EH&HIA). Available online: http://asean-eh.anamai.
moph.go.th/about_us.php#gsc.tab=0 (accessed on 21 January 2021).

32. WHO Commission on Macroeconomics and Health & World Health Organization. Macroeconomics and Health: Investing in Health
for Economic Development: Executive Summary/Report of the Commission on Macroeconomics and Health; World Health Organization:
Geneva, Switzerland, 2001.

33. McKinsey Global Institute. Prioritizing Health: A Prescription for Prosperity. Available online: https://www.mckinsey.com/
industries/healthcare-systems-and-services/our-insights/prioritizing-health-a-prescription-for-prosperity (accessed on
1 December 2020).

34. World Health Organization. WHO Operational Framework for Building Climate Resilient Health Systems; World Health Organization:
Geneva, Switzerland, 2015.

35. Markandya, A.; Sampedro, J.; Smith, S.J.; Van Dingenen, R.; Pizarro-Irizar, C.; Arto, I.; González-Eguino, M. Health co-benefits
from air pollution and mitigation costs of the Paris Agreement: A modelling study. Lancet Planet. Health 2018, 2, e126–e133.
[CrossRef]

36. Wolkinger, B.; Haas, W.; Bachner, G.; Weisz, U.; Steininger, K.W.; Hutter, H.-P.; Delcour, J.; Griebler, R.; Mittelbach, B.; Maier, P.;
et al. Evaluating Health Co-Benefits of Climate Change Mitigation in Urban Mobility. Int. J. Environ. Res. Public Health 2018,
15, 880. [CrossRef] [PubMed]

37. Perera, F.; Cooley, D.; Berberian, A.; Mills, D.; Kinney, P. Co-Benefits to Children’s Health of the U.S. Regional Greenhouse Gas
Initiative. Environ. Health Perspect. 2020, 128, 077006. [CrossRef] [PubMed]

38. Dobson, A.P.; Pimm, S.L.; Hannah, L.; Kaufman, L.; Ahumada, J.A.; Ando, A.W.; Bernstein, A.; Busch, J.; Daszak, P.; Engelmann, J.
Ecology and economics for pandemic prevention. Science 2020, 369, 379–381.

http://doi.org/10.1016/s0140-6736(20)32290-x
http://doi.org/10.1016/S0140-6736(14)60605-X
http://doi.org/10.2105/AJPH.2005.062059
http://www.ncbi.nlm.nih.gov/pubmed/16449591
http://doi.org/10.1016/j.ssci.2020.105077
http://doi.org/10.1016/S0140-6736(17)32345-0
http://doi.org/10.22617/TIM189515-2
http://doi.org/10.1016/S0140-6736(19)32596-6
http://doi.org/10.3390/su12010112
http://doi.org/10.1021/es300826w
http://www.ncbi.nlm.nih.gov/pubmed/22663154
https://asean.usmission.gov/innovasean_20130514/
https://asean.usmission.gov/innovasean_20130514/
http://asean-eh.anamai.moph.go.th/about_us.php#gsc.tab=0
http://asean-eh.anamai.moph.go.th/about_us.php#gsc.tab=0
https://www.mckinsey.com/industries/healthcare-systems-and-services/our-insights/prioritizing-health-a-prescription-for-prosperity
https://www.mckinsey.com/industries/healthcare-systems-and-services/our-insights/prioritizing-health-a-prescription-for-prosperity
http://doi.org/10.1016/S2542-5196(18)30029-9
http://doi.org/10.3390/ijerph15050880
http://www.ncbi.nlm.nih.gov/pubmed/29710784
http://doi.org/10.1289/EHP6706
http://www.ncbi.nlm.nih.gov/pubmed/32749866


Int. J. Environ. Res. Public Health 2021, 18, 2398 14 of 15

39. Kuylenstierna, J.C.I.; Heaps, C.; Malley, C.M.; Vallack, H.W.; Hicks, W.K. The Long-Range Energy Alternatives Planning—
Integrated Benefits Calculator (LEAP-IBC). SEI Factsheet. 2017. Available online: https://www.sei.org/publications/leap-ibc/
(accessed on 15 December 2020).

40. World Health Organization. Policy Brief—Healthy Mitigation in the WHO European Region; WHO Regional Office for Europe:
Copenhagen, Denmark, 2017.

41. Tagaris, E.; Liao, K.-J.; Delucia, A.J.; Deck, L.; Amar, P.; Russell, A.G. Potential impact of climate change on air pollution-related
human health effects. Environ. Sci. Technol. 2009, 43, 4979–4988. [CrossRef]

42. Chang, K.M.; Hess, J.J.; Balbus, J.M.; Buonocore, J.J.; Cleveland, D.A.; Grabow, M.L.; Neff, R.; Saari, R.K.; Tessum, C.W.; Wilkinson,
P.; et al. Ancillary health effects of climate mitigation scenarios as drivers of policy uptake: A review of air quality, transportation
and diet co-benefits modeling studies. Environ. Res. Lett. 2017, 12, 113001. [CrossRef]

43. International Council for Science (ICSU). A Guide to SDG Interactions: From Science to Implementation; Griggs, D.J., Nilsson, M.,
Stevance, A., McCollum, D., Eds.; International Council for Science: Paris, France, 2017. [CrossRef]

44. Pongsiri, M.J.; Bickersteth, S.; Colón, C.; DeFries, R.; Dhaliwal, M.; Georgeson, L.; Haines, A.; Linou, N.; Murray, V.; Naeem, S.;
et al. Planetary health: From concept to decisive action. Lancet Planet. Health 2019, 3, e402–e404. [CrossRef]

45. World Health Organization. Health in National Determined Contributions (NDCs): A WHO Review; World Health Organization:
Geneva, Switzerland, 2020.

46. World Health Organization. Health in All Policies: Framework for Country Action. Helsinki Statement: Framework for Country
Action. The 8th Global Conference on Health Promotion. 2013. Available online: https://www.who.int/healthpromotion/
conferences/8gchp/130509_hiap_framework_for_country_action_draft.pdf (accessed on 15 December 2020).

47. United Nations Development Programme (UNDP). Solar for Health. Available online: https://www.undp-capacitydevelopment-
health.org/en/capacities/focus/solar-for-health/ (accessed on 15 December 2020).

48. World Health Organization. Thirteenth General Programme of Work 2019–2023. Available online: https://www.who.int/about/
what-we-do/thirteenth-general-programme-of-work-2019---2023 (accessed on 11 November 2020).

49. Salas, R.N.; Jha, A.K. Climate change threatens the achievement of effective universal healthcare. BMJ 2019, 366, l5302. [CrossRef]
50. Karliner, J.; Slotterback, S. Health Care’s Climate Footprint. How the Health Sector Contributes to the Global Climate Crisis and

Opportunities for Action. Available online: https://noharm-global.org/documents/health-care-climate-footprint-report (accessed
on 1 December 2020).

51. Ebi, K.L.; del Barrio, M.O. Lessons Learned on Health Adaptation to Climate Variability and Change; WHO: Geneva, Switzerland, 2015.
52. Marlier, M.E.; Liu, T.; Yu, K.; Buonocore, J.J.; Koplitz, S.N.; DeFries, R.S.; Mickley, L.J.; Jacob, D.J.; Schwartz, J.; Wardhana,

B.S.; et al. Fires, Smoke Exposure, and Public Health: An Integrative Framework to Maximize Health Benefits from Peatland
Restoration. GeoHealth 2019, 3, 178–189. [CrossRef] [PubMed]

53. Koplitz, S.N.; Mickley, L.J.; E Marlier, M.; Buonocore, J.J.; Kim, P.S.; Liu, T.; Sulprizio, M.P.; DeFries, R.S.; Jacob, D.J.; Schwartz, J.;
et al. Public health impacts of the severe haze in Equatorial Asia in September–October 2015: Demonstration of a new framework
for informing fire management strategies to reduce downwind smoke exposure. Environ. Res. Lett. 2016, 11, 094023. [CrossRef]

54. Humpenöder, F.; Karstens, M.K.; Lotze-Campen, H.; Leifeld, J.; Menichetti, L.; Barthelmes, M.A.; Popp, A. Peatland protection
and restoration are key for climate change mitigation. Environ. Res. Lett. 2020, 15, 104093. [CrossRef]

55. Nawir, A.A.; Murniati; Rumboko, L. Forest Rehabilitation in Indonesia: Where to after More Than Three Decades? Center for
International Forestry Research: Bogor, India, 2007.

56. Sterman, J.D. Business Dynamics—Systems Thinking and Modeling for a Complex World; Irwin McGraw-Hill: Boston, MA, USA, 2000.
57. Forrester, J. Industrial Dynamics; MIT Press: Cambridge, MA, USA, 1961.
58. Millennium Ecosystem Assessment. Ecosystems and Human Well-Being: Health Synthesis; Island Press: Washington, DC, USA, 2005.
59. Rowland, D.; Ickowitz, A.; Powell, B.; Nasi, R.; Sunderland, T. Forest foods and healthy diets: Quantifying the contributions.

Environ. Conserv. 2017, 44, 102–114. [CrossRef]
60. Hickey, G.M.; Pouliot, M.; Smith-Hall, C.; Wunder, S.; Nielsen, M.R. Quantifying the economic contribution of wild food harvests

to rural livelihoods: A global-comparative analysis. Food Policy 2016, 62, 122–132. [CrossRef]
61. Rasolofoson, R.A.; Ricketts, T.H.; Jacob, A.; Johnson, K.B.; Pappinen, A.; Fisher, B. Forest Conservation: A Potential Nutrition-

Sensitive Intervention in Low- and Middle-Income Countries. Front. Sustain. Food Syst. 2020, 4. [CrossRef]
62. Field, C.B.; Barros, K.J.V.R.; Mach, M.D.; Mastrandrea, M.; van Aalst, W.N.; Adger, D.J.; Arent, J.; Barnett, R.; Betts, T.E.; Bilir, J.;

et al. Technical summary. In Climate Change: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution
of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change; Field, C.B., Barros, V.R., Dokken,
D.J., Mach, K.J., Mastrandrea, M.D., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O., Genova, R.C., et al., Eds.; Cambridge
University Press: Cambridge, UK; New York, NY, USA, 2014; pp. 35–94.

63. United Nations Environment Programme (UNEP). Healthy environment, health people Thematic report ministerial policy review
session. In Proceedings of the Second Session of the United Nations Environment Assembly of the United Nations Environment
Programme, Nairobi, Kenya, 23–27 May 2016; United Nations Environment Programme: Nairobi, Kenya, 2016.

64. Bassi, A.M.; Gallagher, L. Integrated Economic and Spatial Planning for the Food-Energy-Water Nexus. In Economic Modeling,
Analysis, and Policy for Sustainability; IGI Global: Hershey, PA, USA, 2016. [CrossRef]

65. Pittock, J.; Dumaresq, D.; Bassi, A.M. Modeling the Hydropower–Food Nexus in Large River Basins: A Mekong Case Study.
Water 2016, 8, 425. [CrossRef]

https://www.sei.org/publications/leap-ibc/
http://doi.org/10.1021/es803650w
http://doi.org/10.1088/1748-9326/aa8f7b
http://doi.org/10.24948/2017.01
http://doi.org/10.1016/S2542-5196(19)30190-1
https://www.who.int/healthpromotion/conferences/8gchp/130509_hiap_framework_for_country_action_draft.pdf
https://www.who.int/healthpromotion/conferences/8gchp/130509_hiap_framework_for_country_action_draft.pdf
https://www.undp-capacitydevelopment-health.org/en/capacities/focus/solar-for-health/
https://www.undp-capacitydevelopment-health.org/en/capacities/focus/solar-for-health/
https://www.who.int/about/what-we-do/thirteenth-general-programme-of-work-2019---2023
https://www.who.int/about/what-we-do/thirteenth-general-programme-of-work-2019---2023
http://doi.org/10.1136/bmj.l5302
https://noharm-global.org/documents/health-care-climate-footprint-report
http://doi.org/10.1029/2019GH000191
http://www.ncbi.nlm.nih.gov/pubmed/32159040
http://doi.org/10.1088/1748-9326/11/9/094023
http://doi.org/10.1088/1748-9326/abae2a
http://doi.org/10.1017/S0376892916000151
http://doi.org/10.1016/j.foodpol.2016.06.001
http://doi.org/10.3389/fsufs.2020.00020
http://doi.org/10.4018/978-1-5225-0094-0.ch005
http://doi.org/10.3390/w8100425


Int. J. Environ. Res. Public Health 2021, 18, 2398 15 of 15

66. Global Commission on Adaptation. Adapt Now: A Global Call for Leadership on Climate Resilience; Global Commission on
Adaptation: 2019. Available online: https://www.unep.org/news-and-stories/press-release/global-leaders-call-urgent-action-
climate-adaptation-commission (accessed on 1 January 2021).

67. Jarzabkowsk, P.; Chalkias, K.; Clarke, D.; Iyahen, E.; Stadtmueller, D.; Zwick, A. Insurance for Climate Adaptation: Opportunities
and Limitations. Rotterdam and Washington, DC, USA, 2019. Available online: https://www.insuresilience.org/wp-content/
uploads/2019/08/Insurance-for-climate-adaptation_Opportunities-and-Limitations_Web.pdf (accessed on 15 December 2020).

68. Ebi, K.L.; Harris, F.; Sioen, G.B.; Wannous, C.; Anyamba, A.; Bi, P.; Boeckmann, M.; Bowen, K.; Cissé, G.; Dasgupta, P.; et al.
Transdisciplinary Research Priorities for Human and Planetary Health in the Context of the 2030 Agenda for Sustainable
Development. Int. J. Environ. Res. Public Health 2020, 17, 8890. [CrossRef]

69. Goldstein, J.; Tallis, H.; Linou, N.; Small, R.; Huikuri, S.; Kreis, K.; Olander, L.; Ringler, C.; Jacobs, C.; Kelso, M.; et al. Bigger
Change Faster: Integrated Development, Health, and Environment Actions for a Sustainable Future; The Bridge Collaborative and UNDP:
New York, NY, USA, 2019; Available online: https://www.undp.org/content/undp/en/home/librarypage/hiv-aids/bigger-
change-faster--.html (accessed on 1 November 2020).

70. Herrera, D.; Ellis, A.; Fisher, B.; Golden, C.D.; Johnson, K.; Mulligan, M.; Pfaff, A.; Treuer, T.; Ricketts, T.H. Upstream watershed
condition predicts rural children’s health across 35 developing countries. Nat. Commun. 2017, 8, 811. [CrossRef] [PubMed]

71. Pattanayak, S.K.; Haines, A. Implementation of policies to protect planetary health. Lancet Planet. Health 2017, 1, e255–e256.
[CrossRef]

72. Prüss-Ustün, A.; van Deventer, E.; Mudu, P.; Campbell-Lendrum, D.; Vickers, C.; Ivanov, I.; Forastiere, F.; Gumy, S.; Dora, C.;
Adair-Rohani, H.; et al. Environmental risks and noncommunicable diseases. BMJ 2019, 364, l265. [CrossRef] [PubMed]

https://www.unep.org/news-and-stories/press-release/global-leaders-call-urgent-action-climate-adaptation-commission
https://www.unep.org/news-and-stories/press-release/global-leaders-call-urgent-action-climate-adaptation-commission
https://www.insuresilience.org/wp-content/uploads/2019/08/Insurance-for-climate-adaptation_Opportunities-and-Limitations_Web.pdf
https://www.insuresilience.org/wp-content/uploads/2019/08/Insurance-for-climate-adaptation_Opportunities-and-Limitations_Web.pdf
http://doi.org/10.3390/ijerph17238890
https://www.undp.org/content/undp/en/home/librarypage/hiv-aids/bigger-change-faster--.html
https://www.undp.org/content/undp/en/home/librarypage/hiv-aids/bigger-change-faster--.html
http://doi.org/10.1038/s41467-017-00775-2
http://www.ncbi.nlm.nih.gov/pubmed/28993648
http://doi.org/10.1016/S2542-5196(17)30115-8
http://doi.org/10.1136/bmj.l265
http://www.ncbi.nlm.nih.gov/pubmed/30692085

	Introduction 
	Applying a Systems-Based Approach 
	Mainstreaming Health Impact Assessment 
	Quantification of Health Impacts 
	Capitalizing on Efficiencies by Linking Climate–Health Actions in Support of other National and Global Policy Processes 
	Implications for Decision Support 
	Financing Climate and Health Actions 

	Discussion 
	Conclusions 
	References

