Techniques casting doubt on the scientific consensus on climate change

Background
Many independent studies have found overwhelming scientific consensus that humans are causing global warming. However, a persistent misinformation campaign has sought to confuse the public about the level of scientific agreement. The latest episode in this effort is a book, Why Scientists Disagree About Global Warming, distributed by the Heartland Institute to schools across the U.S. This book uses a number of misleading techniques to cast doubt on the scientific consensus.

Overwhelming scientific agreement on human-caused global warming
Just as many independent lines of evidence confirm that humans are causing global warming, many independent indicators also find overwhelming scientific agreement that humans are causing global warming. For example:

· Numerous surveys of the scientific community find overwhelming agreement among climate scientists that humans are causing global warming. A synthesis of relevant studies found that consensus ranged from 90 to 100% of publishing climate scientists, with a number of studies converging on 97%.
· Several analyses of peer-reviewed scientific studies about global warming or global climate change find overwhelming consensus, with rejection of the consensus having a negligible presence.
· Virtually all national and international science academies and societies have issued statements or assessments affirming human’s role in recent climate change. This includes the academies of science from 80 countries. No scientific body of national or international standing formally dissents from the consensus position.
· The Intergovernmental Panel on Climate Change produces the most comprehensive assessment of scientific evidence, with their latest Fifth Assessment Report concluding that most of global warming since the mid-20th century is extremely likely due to human activities.

Techniques employed to cast doubt on the consensus
For several decades, opponents of climate action have sought to confuse the public about the level of scientific agreement on human-caused global warming. The reason is simple: when the public think scientists don’t agree, their support for climate action drops. Misinformers have employed a range of techniques to cast doubt on the consensus, many of which are on display in the Heartland book. Here are some of the misleading techniques employed:

Ad hominem attacks. Rather than address the substance of research, the Heartland book attacks the credibility of specific researchers who have co-authored consensus studies, despite the fact that they co-authored their studies with highly credentialed scientists. Their most prominent ad hominem attack focuses on a 2013 paper lead authored by a researcher based at the University of Queensland, and co-authored by scientists across a range of disciplines such as chemistry, geography, meteorology and environmental science. The Heartland Institute characterize this group as “an Australia-based blogger and some of his friends”. 

Misrepresentation: As public awareness of the 97% consensus has increased, one response is to minimize the consensus, claiming that humans are causing “some” global warming and hence they agree with the consensus. However, the consensus definition is that humans are causing global warming (which implies a dominant contribution) or more explicitly, that humans are causing most of global warming. The 2013 paper by Cook and colleagues that found 97% consensus adopted both definitions, and also categorized any studies that minimized the human contribution to less than half as rejecting the consensus. Anyone who claims that humans have contributed less than half of recent global warming rejects the consensus.

Shifting goal posts. Surveys find that the general public are confused about the basic fact that humans are causing recent global warming. Consequently, most consensus studies have sought to quantify scientific agreement on this specific question: are humans causing global warming? Often critics of the consensus try to distract from these results by trying to shift the consensus definition to “humans are causing dangerous global warming”. This is to distract from the primary result of many consensus studies –  overwhelming scientific agreement that humans are causing global warming.

Fake experts. A reoccurring result across a number of consensus studies is that scientific agreement strengthens with higher expertise in climate science. This means it’s possible to obtain lower levels of agreement by sampling groups of scientists who possess lower expertise in climate science. For example, the Global Warming Petition Project features over 31,000 signatories of a statement claiming humans aren’t disrupting climate. However, 99.9% of the 31,000+ signatories are not climate scientists.

Impossible Expectations. A common technique employed to cast doubt on a scientific consensus is to raise the levels of proof required to an impossible level. One criticism of the 2013 consensus paper by Cook and colleagues is to exclude any papers that don’t quantify the level of human contribution. Raising the level of proof this high is a convenient way to make the consensus disappear, eliminating thousands of papers that explicitly state that humans are causing global warming.

Conclusion
Psychological research has identified public perception of scientific consensus as a “gateway belief”. Public perception of expert opinion has cascading effects on acceptance of climate change and climate policy support. So it comes as no surprise that attacking the consensus is the primary goal of the Heartland book. Their end-goal is to suppress public support for climate action.

While climate misinformation can directly mislead people into believing false information, it can also have the insidious effect of stopping people from accepting the facts. Research has shown that misinformation cancels out the positive effect of communicating scientific information. This means that educators and science communicators need to couple science content with explanations of the techniques used to distort the science.

Surveys have found that even science teachers are confused about the scientific consensus on climate change, so that many educators present both sides of the debate in the classroom. The danger of the Heartland book is not just that it might persuade some teachers but that it confuses many into thinking there is still debate among climate scientists over human-caused global warming. Countering this misinformation requires not just communicating the scientific consensus, but also explaining the techniques used to cast doubt on the consensus.

[bookmark: _GoBack]However, responding to such instances of misinformation presents an educational opportunity. Decades of education research has found that misconception-based learning, or teaching science by addressing misconceptions about science, has a number of advantages over standard teaching such as increased and longer lasting learning gains. Directly refuting misinformation sources such as the Heartland book present educators the opportunity to not only increase climate literacy but also to improve critical thinking skills – an important quality in a post-truth world.
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