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In this chapter, we describe how critical research studies can make a difference 
and how researchers can advance public health by fostering translation of their 
findings and through evidence-based advocacy. We use two examples that affect 
the Pacific Rim, drawing on “lessons learned” from air quality regulation in the 

United States: Demographics Overview
Population: 326,625,791
Life expectancy: 79.8 years

• Male: 77.5
• Female: 82.1

GNI per capita: $53,245
Total fertility rate: 1.87 children/woman
Under-five mortality rate (per 1000 live births): 7 
UN HDI: 0.920
Top 3 causes of death:

• Ischemic heart disease
• Alzheimer’s and other dementias
• Trachea, bronchus, and lung cancers

Source: CIA World Factbook (2016), UNDP Human Development Programme 
(2016), WHO publications (2015).
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United States and the IPCCC. Previously, with colleagues from the Association 
of Pacific Rim Universities (APRU) (Wu et  al., 2017), we have described 
approaches to air quality regulation in several Pacific Rim countries. There are 
different ways that leadership may be critical in advancing air quality, which 
include:

 1. Carrying out research that provides findings that will have impact
 2. Participating in the translation of the results to decision-makers in order to assure 

that there will be impact
 3. Identifying localized problems, e.g., a polluting factory, and championing action

 Background on the Issue of Climate Change

The quality of outdoor air is a common good, shared by all, and contaminated and 
made unhealthy by the activities of some. After decades of research, we know that 
air pollution can lead to premature death and to substantial morbidity and loss of 
well-being. While many countries have grappled with air pollution problems, two 
decades into the twenty-first century, some countries are experiencing still 
unacceptably high concentrations of air pollution, particularly some of the world’s 
largest countries in the Asia-Pacific Rim—India and China (Cohen et al., 2017). In 
contrast, most high-income countries have greatly improved air quality through 
regulatory initiatives and also the transfer of polluting industries to other countries.

Air pollution control is evidence-based and driven to a great extent by the 
findings of epidemiological studies but supported by complementary work 
involving animal and human exposure studies and laboratory studies on the 
ways that air pollution causes injury. The epidemiological studies have identified 
the adverse effects of air pollution and also described how risks for these effects 
vary along the range of exposures experienced in the population. In some 
countries and particularly the United States, there are well-worked-out 
frameworks for using scientific evidence in setting air quality standards. In 
contrast, some low-income countries lack such frameworks, and some do not 
even have the most basic measures of air quality, such as concentrations of 
airborne particulate matter.

One widely recognized air pollution threat is climate change, resulting from our 
exceedance of the atmosphere’s capacity to contend with the rate of greenhouse gas 
emissions. This problem requires coordinated global action. Here, we focus on the 
role of the Intergovernmental Panel on Climate Change (the IPCC).

 Evidence and Air Quality Standards

Air pollution has long been a problem, exacerbated by the industrial revolution, 
fossil fuel combustion for heating and electric power generation, and motor vehicle 
emissions. In-depth research on air pollution and health was sparked by the 1952 
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London fog, which led to at least 10,000 excess deaths as particle levels likely 
reached perhaps 100 times typical levels in urban environments in high-income 
countries today (Bates, 2002). The findings of the initial research were clear—air 
pollution increases mortality; adversely affects children and others who are 
susceptible, e.g., older persons and those with heart and lung diseases; and 
contributes to general ill health. The findings were also sufficient to motivate action 
to control air pollution through regulatory actions in many countries.

In the ensuing decades, research on the health consequences of air pollution has 
continued, using increasingly sophisticated methods. The list of adverse 
consequences of air pollution has continued to lengthen, and the levels at which 
effects are observed has moved lower and lower. The most recent studies show 
adverse effects at routine concentrations in cities in high-income countries including 
the United States, Canada, and various European countries (Beelen et al., 2014; Di, 
Dai, et al., 2017; Di, Wang, et al., 2017).

Systems have been developed for integrating and evaluating the evidence in 
support of evidence-based air quality regulation. One model is that used by the US 
Environmental Protection Agency (EPA) (Fig.  9.1) for developing the National 
Ambient Air Quality Standards or NAAQS. The process begins with evidence and 
moves through steps including evidence evaluation, consideration of exposures and 
risks, and the elaboration of policy options. This US-based approach has evolved 
over the almost 50 years since the Clean Air Act was passed in 1970. Under that act, 
the EPA administrator is called on to set NAAQS that protect public health with “an 
adequate margin of safety.”

Fig. 9.1 Process for reviewing National Ambient Air Quality Standards. Source: (US 
Environmental Protection Agency, 2009)
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 Case Studies

 Airborne Particulate Matter and Mortality

Airborne particulate matter (PM) refers to the complex mixture of particles that can 
be found in outdoor (and indoor) air; the particles differ in their sources, composition, 
and toxicity. Depending on the location, the source mix includes motor vehicles, 
power generation from combustion, trash burning, biomass fuel combustion, 
industries, and nature—e.g., blowing sand, pollens, and sea salts. Airborne particles 
are classified by their size, which has bearing on the sites that they reach in the lung 
when inhaled. The most widely used indicator at present is PM2.5, referring to 
particles that have an aerodynamic diameter less than 2.5 μm. Such particles come 
largely from man’s activities, and they are small enough to reach the lung’s small 
airways and the alveoli or air sacs. Particles in the PM2.5 size range have been linked 
to adverse effects on the health of children, worsening of heart and lung diseases, 
and risk for premature mortality.

This case study focuses on the emergence of the scientific evidence on PM and 
premature mortality, the ensuing controversy, and the efforts by various industries 
to derail action based on scientific evidence. It illustrates the potential power of 
scientific evidence and the need for resilience on the part of researchers when their 
studies are attacked.

This case study begins, largely in the United States, in the early 1990s several 
decades after the Clean Air Act had resulted in improved air quality and to a level 
that was thought perhaps to be protective of public health. A series of publications 
provided evidence contrary to this view. The emerging research came from what 
are termed “daily time-series” studies: studies in which the basic data involve 
daily counts of death, often grouped by cause and age, concentrations of PM and 
other pollutants, and temperature (Bell, Samet, & Dominici, 2004; Kelsall, Samet, 
Zeger, & Xu, 1997; Schwartz & Dockery, 1992). The analytical approach estimates 
the associations of PM and/or other pollutants with the daily mortality counts, 
while controlling for other time-varying factors, such as temperature and day of 
week.

In the early 1990s, there was a trickle of such studies, soon followed by a torrent 
as this methodology was widely applied to routinely collected environmental and 
vital statistics data. The surprise of the initial time-series studies was their positive 
findings: PM was associated with increased mortality on a day-to-day basis in a 
number of locations (Philadelphia and others; for example, Utah Valley and Santa 
Clara). Much criticism followed concerning the validity of the data and the analytical 
methods used, while another line of criticism suggested that the associations 
observed might reflect only a small advancement of the time of death, perhaps only 
a few days, which would not constitute an adverse effect. This potential form of life 
shortening was initially referred to as “harvesting” and later “mortality displacement” 
with the implication that the lives of ill people were only slightly and perhaps 
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mercifully shortened. Some statistical approaches were used to estimate the extent 
of life shortening, but the results were uncertain. The concerns about the data and 
the methods were set aside through a project requested by the US Congress that 
replicated the original studies (Samet, Zeger, & Berhane, 1995). This approach of 
replication by an independent group has proved to be valuable for addressing 
controversies around pivotal data sets.

In 1993, the first study on the longer-term associations of air pollution with 
mortality was reported with findings suggesting that the associations observed in the 
daily studies did not reflect mortality displacement alone, i.e., that air pollution 
shortened the lifespan. This publication in the New England Journal of Medicine 
was based on the Harvard Six Cities Study of air pollution (Dockery et al., 1993). In 
the study, participants from six US cities, selected to cover a range of air pollution 
exposure, were followed and their deaths tracked. The results were striking: those 
living in the most polluted city had a 26% overall increased risk of dying compared 
with those in the least polluted city, taking into account other factors including 
tobacco smoking and socioeconomic status. Predictably, many points of criticism 
were raised, given the implications of the findings. However, in 1995, the findings of 
the first report were replicated, by a group including some of the same investigators, 
using another cohort (longitudinal) study: the American Cancer Society’s Cancer 
Prevention Study (CPS) II (Pope III et al., 1995).

A tsunami of criticism followed, given the regulatory and public health 
implications of the findings and the timing of the reports, coinciding with the 
review of evidence for possible revision of the US NAAQS for PM. Together, the 
findings of the many time-series studies and the emerging evidence were 
sufficiently compelling to warrant a more stringent PM standard. Beyond the 
usual comments about methodological problems by stakeholders and their 
surrogates, a call mounted for release of the cohort study data, termed “secret,” 
for analysis by industry stakeholder groups. Underlying the call were claims that 
the analyses and reporting were selective and biased toward positive findings. The 
investigators at Harvard (particularly Douglas Dockery and Joel Schwartz, along 
with Arden Pope at Brigham Young University) did not release the data citing 
correctly their commitments to maintaining privacy and confidentiality, as 
guaranteed with informed consent.

Again, at the request of Congress as with the time-series studies, a reanalysis of 
the data from the two pivotal studies was carried out with funding from the Health 
Effects Institute, a nonprofit jointly funded by the US EPA and vehicle manufacturers 
(Samet et al., 1995). A robust and transparent mechanism was established for this 
purpose with an oversight committee representing multiple stakeholders. The original 
findings were replicated, and the analyses extended to set aside an array of issues.

Still, however, the controversy continues, even as findings of more studies 
have been reported and certainty has increased that exposure over the longer 
term to PM pollution increases risk for dying. The Republican-led House 
Committee on Science, Space, and Technology has continued to push for release 
of the data, even issuing a subpoena (a request under the law) that the EPA 
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provides the data to the committee; the Agency does not have the data. In the 
misnamed HONEST Act, the Committee proposed that the EPA could not use 
research findings in its regulatory and other actions unless data access was 
possible. To date, the HONEST Act has not become law; it has been resisted by 
individual scientists and some professional organizations, recognizing its impact 
on evidence-based regulation.

This case study will be continuing as research continues. The same tactics persist 
with more recent reports based on nationwide studies using the databases of the US 
Medicare system, which covers health care for the elderly (Di, Dai, et al., 2017; Di, 
Wang, et al., 2017).

 The 2015 Paris Climate Agreement and the Intergovernmental 
Panel on Climate Change

Climate change is a significant global health challenge. Much is now known about 
why it has occurred and its consequences, as a result of research by a global 
community of scientists; sensing the significance of the problem, many have 
vigorously participated in the dissemination and translation of their work. That 
effort is the focus of this case study.

Climate change has resulted from disruption of planetary systems, and the 
impacts are now being felt in every population. The increase in atmospheric 
greenhouse gas levels has occurred more quickly than at any time in the last 
700,000  years—consequences worldwide include rising temperatures, more 
extreme patterns of rainfall, accelerated sea level rise, and a 60% increase in ocean 
acidity. Climate change operates on a very longtime scale (changes in atmospheric 
CO2 persist for centuries, for instance), and thus the process of change is essentially 
irreversible. There are tipping points, thresholds beyond which environmental 
change shifts track and it is difficult to predict outcomes. The effects on health occur 
largely through the multiplication of existing risks—more heat waves, more intense 
droughts, and greater pressure on food supplies and safe water resources. 
Consequently, the effects are felt most acutely by groups that are presently marginal 
and disadvantaged and that already experience poor health. However, no population 
is immune, due to the force and reach of the changes in the world’s climate system 
occurring now. The devastating effects of extreme storms in the United States in 
2017 are evidence of this.

Climate change is a global health issue in another sense—dealing with the 
problem requires a worldwide response. No government by itself can control the 
emissions of greenhouse gases and degradations in land use that are responsible for 
global warming. Atmospheric CO2 does not respect national borders, and the 
effects, such as on food supplies and displaced populations, reverberate around the 
globe.
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The United Nations Framework Convention on Climate Change (UNFCCC) was 
signed in 1992 at the Earth Summit in Rio de Janeiro. This convention provided a 
framework for international cooperation to combat climate change by limiting the 
rise in temperatures and coping, as far as possible, with the anticipated impacts. The 
Convention aims to “avoid dangerous climate change” and to support efforts to 
minimize harm. Under the Convention, the signatories agreed to meet annually, as 
the so-called Conference of the Parties.

In December 2015, representatives of 196 governments met in Paris at a very 
special meeting. For the first time, there was consensus about steps that should be 
taken to deal with climate change. The document adopted at the meeting spells out 
targets and charts a collective course of action. It was ratified more quickly than 
expected, and now (early 2018) all but one of the UNFCCC governments has 
formally signed up. The Paris Agreement is the world’s first comprehensive climate 
agreement.

It is certainly ambitious. At Paris, governments agreed to limit warming to well 
below 2 °C above pre-industrial temperature and to advance efforts to hold warming 
to less than 1.5 °. (Global average temperature is presently close to 1 ° above the 
nineteenth-century benchmark for “pre-industrial.”)

The agreement acknowledges the urgency of the challenges—emissions “must 
peak as soon as possible.” In addition to controlling emissions, the agreement 
explicitly recognizes the importance of adaptation and the need for the global 
community to fund protection in the most vulnerable countries.

There are targets—which are not imposed “top-down” but are based on the 
Intended Nationally Determined Contributions (INDCs) that countries brought to 
Paris. Each state decided its commitment in advance of the meeting. The real weight 
in the Paris Agreement lies in the sections to do with review and reporting. 
Signatories agreed to monitor and report on progress against the INDCs, with a hard 
review at 5 years. The 5-year check is intended to act as a “ratchet” mechanism, to 
extend and strengthen national actions.

There are limitations and weaknesses in the Agreement. The INDCs are not 
sufficient. Even if fully implemented, it is projected that by 2100 warming will 
reach 2.6–3.1 °C (Rogelj et al., 2016). The national targets carry no legal force, and 
there are no secure financial systems to ensure the need for adaptation is met. And 
the current president of the United States, the country with the second biggest 
emission footprint and the most technologically developed economy, has signaled 
US withdrawal.

But the Paris Climate Agreement stands nevertheless as a high point in 
international efforts to respond to climate change. How did it happen? An important 
factor was the way that the 2015 meeting was organized—described as “a triumph 
of climate diplomacy” (Obergassel, Arens, Hermwille, & Kreibich, 2015). Success 
factors include the careful preparations made long before delegates arrived in Paris 
and especially assiduous courting of heads of state. National leaders, including 
Presidents Barack Obama and Xi Jinping, attended the meeting, and importantly, 
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they were present at the beginning of the talks (rather than making a fly-in appearance 
at the end), to help generate momentum and set directions. The organizers took 
pains to make the process as open, participatory, and transparent as possible. 
The indaba style of negotiating was adopted, which focuses on specific problems or 
“red lines” and the solutions to these problems, and does not permit parties to 
repeatedly state and defend broad positions. Potential critics of the agreement were 
drawn into the process and, in many cases, given responsible positions in the 
negotiations. And the French government ensured that this all happened in what was 
called “an impeccable environment,” where practicalities of large and demanding 
meetings were managed with aplomb, reducing wherever possible the stresses on 
the delegates.

The Agreement is not just an example of fine diplomacy, however. The agreement 
was built on a foundation of scientific understanding. Here we look at one specific 
source of technical advice on climate change, the Intergovernmental Panel on 
Climate Change (IPCC), explore its contribution to the Paris Agreement, and focus 
on the role of individual scientists who took leading positions on climate change.

The IPCC was established in 1988 by the UN Environment Program and the 
World Meteorological Office as a scientific body charged with advising governments 
on all aspects of climate change. The members of the Panel are technically the states 
that are signed up to the UNFCC. But the work is done by scientists appointed by 
the Panel and guided by a standing body, the Bureau of the IPCC. Outputs from the 
IPCC include special reports (recent examples include publications on renewable 
energy, land use and terrestrial ecosystems, and extreme events) and the regular 
assessment reports. The latter are prepared on roughly 6-year cycles and include 
reports on physical systems, impacts of climate change and adaptation, and 
mitigation.

In this case study, we will examine the most recent assessment report, the fifth 
(AR5), which was published in 2013/2014, and will focus particularly on the 
findings relevant to human health.

First is some background on how the assessment reports are prepared. These are 
large-scale endeavors—considered together, the IPCC reports probably represent 
the largest scientific assessment exercise ever. There were 310 coordinating and 
lead authors responsible for the second volume in AR5, that on impacts and 
adaptation. Orchestrating the work of this large group falls on the shoulders of the 
co- chairs of each working group. Typically, these individuals are chosen to balance 
input from high-income and developing countries, and in AR5, Working Group 2 
was headed by Dr. Chris Field (from Stanford University in the United States) and 
Dr. Vicente Barros from Argentina.

Aspects of the IPCC process distinguish its outputs from other scientific 
publications. One is the intensity of peer review, more intense and prolonged than 
what scientists usually experience. For example, the authors of the human health 
chapter in AR5 received 1009 reviewer comments on the second order draft; there 
were four iterations of review and response in all.

J. Samet and A. Woodward



99

Another important feature is the significant role of member states in determining the 
scope of the reports and approving the final output. IPCC authors work independently: 
government input occurs as part of the peer review process. However, the member 
states scrutinize and sign off the final product, adding a challenging and potentially 
onerous aspect to the work of the co-chairs. They are responsible to lead the member 
states’ delegates through the summary for policymakers, the section of the report that 
contains the key findings. Before the report is adopted, every word and phrase of the 
summary must be agreed upon, by the full meeting. United Nations rules apply here—
the resolution must be unanimous. Line by line, the delegates are led through the 30–40-
page summary. The co-chairs must be in command of the science, since the content can 
be questioned at any point, but they must also pay scrupulous attention to process.

The plenary meetings that sign off on IPCC reports are essentially international 
negotiations, although the subject is a distillation of scientific advice. Field and 
Barros, like other co-chairs, had to manage national posturing, advocacy for 
particular interests, and, in some instances, straightforward obstructionism. Like 
many international negotiations, the plenary meetings may include prolonged and 
exhausting sessions, especially toward the end of allotted time, as what took place 
in the fifth assessment. The co-chairs required extraordinary stamina, patience, and 
a portfolio of diplomatic skills.

We summarize here the major findings of AR5 that are relevant to health—full 
details are available on the IPCC website or in Woodward et al. Woodward et al. 
(2014). First, there is unequivocal warming of the climate system underway, and 
many changes are unprecedented. Human influence on these changes is 
unmistakable. Human health is sensitive in many respects to climate and weather, 
and the imprint of climate change is now apparent, particularly through occurrence 
of damaging extreme events such as heat waves. Attribution science has advanced 
sufficiently to now permit confident statements about the likelihood that events 
such as the Russian heat waves and fires of 2010 are due to human-induced climate 
change.

AR5 focused particularly on the projected impacts in this century but did not 
restrict its discussion to this time window. The report pointed out that many young 
children born recently can expect to live past 2100, and this is the generation that 
will experience so-called “long-term” impacts in the next century. Looking so far 
ahead is difficult, but projections of the high emissions scenario for greenhouse 
gases, RCP8.5, underline the severity of unmitigated climate change. The health 
chapter warned that in the early 2100s, “the capacity of the human body to thermo- 
regulate may be exceeded on a regular basis, particularly during manual labor” … 
“raising doubt about the habitability of some areas.” In other words, adaptation is 
necessary and important, but is not sufficient on its own, since continuing climate 
change will run up against hardwired limits.

Throughout the impacts and adaptation report, the importance of rates of change 
was stressed. The speed of climate change and the variability of exposures such as 
temperatures and precipitation are risk factors in their own right. It is not just the 
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magnitude of warming but the rapidity of onset and the uncertainty of its course of 
change matter, in terms of coping capacities. The speed of warming and its 
unprecedented progress are significant warning signs.

With an eye to the decisions that governments need to make, AR5 attempted to 
distinguish between the risks of “moderate” warming (1.5–2 °) from those associated 
with higher levels (typically around 4 ° by 2100). The health chapter estimated how 
much of these future impacts may be managed by high-level adaptation (Fig. 9.2.). 
Moderate warming was projected to threaten health through many pathways, 
including heat, undernutrition, and food and waterborne infections, but there may be 
capacity, in many areas, to buffer the adverse effects by well-funded adaptation. 
These include better agriculture practices, greater investment in food safety and 
secure water supplies, and heat wave planning. Health problems resulting from 
disruptions to the global food supply were highlighted in the high warming scenario, 
along with the risks of violence and disorder. In this instance, it is uncertain whether 
these risks could be substantially managed by better services or improvements in 
production.

Fig. 9.2 Future risks to health. Source: (IPCC, 2014)
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The report concluded that the most effective adaptation measures for health in 
the near term were basic public health measures in settings where health was already 
under threat. However, it was emphasized that further climate-specific measures 
(such as early warning systems for extreme weather) would be required, for all 
populations, as climate change proceeds.

Are the findings of AR5 reflected in the conditions of the 2015 Paris Climate 
Agreement? To a large extent, they are. The ambitious targets adopted in Paris are 
consistent with the conclusions of the assessment report that climate change is 
already underway, that its adverse effects are now seen, and that the future risks, 
while uncertain, are serious. The IPCC report emphasized the importance of 
adaptation in the immediate future, given the climate change in progress from 
historical emissions. The IPCC described the differential impacts and the greater 
vulnerability of resource-poor and disadvantaged communities. It also sketched out 
differences between a low warming trajectory and the effects of a trajectory that 
matches in many respects “business as usual” in climate policy (i.e., only light-
handed restrictions on the use of fossil fuels). The risks of “business as usual,” 
including the crossing of significant thresholds in coping capacity, make it urgent 
that net emissions are reduced as quickly as possible.

While the IPCC reports are produced by teams, individuals play a vital part in 
leadership. Key are the chair of the IPCC (Rajendra Pachauri in AR5—an industrial 
engineer from India) and the co-chairs of the working groups. Their roles include 
the initial high-level negotiations with member states over the content and balance 
of the reports, and guiding the selection of writing teams, which must include the 
necessary technical expertise, and at the same time balance geographical and 
 disciplinary input. Shepherding the reports through the final plenary sessions, as 
described above, is the final step in the politico-scientific process. Leadership 
positions in the IPCC are high profile, and individuals in these posts are liable to 
criticism from all quarters. Whether the IPCC is thought to be too timid, too 
ambitious, too slow, or irresponsibly hasty, the chairs and co-chairs may be held to 
account. Robert Watson, chair of the IPCC until 2002, was ousted from the job 
following pressure from the United States. Over the year preceding, the Republican 
administration, under President George W.  Bush, had been heavily lobbied by 
fossil fuel interests for a change in IPCC leadership, given what was seen as a 
strong anti-oil and gas bias in the second and third assessment reports (IPCC, 
2014).

There are examples of other climate change scientists, many contributors to the 
IPCC, who have faced controversy because of their work. Michael Mann, a 
paleoclimate specialist, was widely criticized in the early 2000s over the so-called 
hockey stick controversy, a reconstruction of early Earth climate. Mann’s work has 
been confirmed by subsequent research. Phil Jones, an atmospheric scientist from the 
United Kingdom who took part in the IPCC assessments in 2001 and 2007, was 
pilloried in the popular press after a large number of emails were stolen from his 
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workplace, the University of East Anglia in 2009, and selected correspondence was 
leaked. The purpose was to discredit the Climate Research Unit that he led. Although 
a subsequent inquiry by a committee of the House of Commons found there was no 
case for Jones to answer, he never returned to the position he held when the email leak 
occurred.

It remains to be seen whether the Paris Climate Agreement will be sustained and 
whether it will lead to substantial improvements in greenhouse emissions, land use 
practices, and other drivers of climate change. But it should be noted that what was 
agreed upon in Paris reflects, in essential matters, what was contained in the most 
recent report of the body commissioned by governments to provide technical advice. 
Here is an example of a contribution made by scientists to resolution of a fraught, 
complex, and terribly important global health problem, achieved sometimes at a 
significant personal cost.

 Lessons Learned from the Case Studies

 Airborne Particulate Matter and Mortality

• Evidence on the environment and public health have important consequences, as 
in the example of the studies of airborne PM.

• With powerful implications for regulation, research findings will inevitably be 
scrutinized and criticized, and the skills and integrity of researchers may be 
questioned.

• In the example of the studies of PM, the investigators and their institutions stood 
firm, rebutting criticisms and not releasing data and thus adhering to  commitments 
made to participants. Their approach represents a useful example for others 
placed into similar situations.

• Reanalysis proved to be a robust mechanism for affirming the credibility of 
findings.

 The 2015 Paris Climate Agreement and the Intergovernmental 
Panel on Climate Change

• Big problems require “big science,” and synthesis of evidence may require large, 
interdisciplinary teams.

• Achieving a globally uniform response to climate change has proved challenging. 
The framework convention has been a framework for response.

• Antagonistic stakeholders can delay progress.
• As with PM, researchers may be threatened.
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 Key Components of Leadership

These two case studies illustrate that the foundation for change is solid scientific 
evidence. Researchers can lead change by doing research that counts. They have a 
role in translational activities, like the IPCC.  Most critically, they may need to 
engage in evidence-based advocacy, favoring policies supported by the evidence 
and have a certain degree of “toughness” to deal with stakeholder tactics.

 Conclusion

Outdoor air quality has improved in many countries as a result of better understanding 
of the nature of the hazard, the relation between exposures and disease, and the 
effectiveness of interventions. Health professionals have initiated and conducted 
critical pieces of research, have taken the lead in communication of the findings, and 
have been active in evidence-based advocacy. This applies also to climate change, 
in which CO2 and other greenhouse pollutants have a global impact, and emissions 
continue to rise year on year. The response must similarly be on a global scale; 
progress depends on international research collaborations and energetic and skillful 
leadership at the science-policy interface.
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