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The news media play an influential role in shaping public attitudes on a wide range of issues—climate change included. As climate change has risen in salience, the average American is much more likely to be exposed to news coverage now than in the past. Yet, we don't have a clear understanding of how the content of this news coverage has changed over time, despite likely playing an important part in fostering or inhibiting public support and engagement in climate action. In this paper we use a combination of automated and manual content analysis of the most influential media sources in the U.S. -the New York Times, Wall Street Journal, the Washington Post, and the Associated Press- to illustrate the prevalence of different frames in the news coverage of climate change and their dynamics over time from the start of the climate change debate in 1988. Specifically, we focus on three types of frames, based on previous research: economic costs and benefits associated with climate mitigation, appeals to conservative and free market values and principles, and uncertainties and risk surrounding climate change. We find that many of the frames found to reduce people's propensity to support and engage in climate action have been on the decline in the mainstream media, such as frames emphasizing potential economic harms of climate mitigation policy or uncertainty. At the same time, frames conducive to such engagement by the general public have been on the rise, such as those highlighting economic benefits of climate action. News content is also more likely now than in the past to use language emphasizing risk and danger, and to use the present tense. To the extent that media framing plays an important role in fostering climate action in the public, these are welcome developments.
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INTRODUCTION

News media shape public attitudes on a variety of topics, and climate change is no different. Commentators attribute much of the blame for Republican climate denial to conservative news outlets like Fox News,1 which have been found to disseminate misinformation on climate science.2 However, Fox News represents only a small part of the news media environment, more important is the content of climate change news content in widely consumed mainstream news outlets. Although it has been the subject of a large amount of research, we do not have a good sense of how this content has changed over time.

Science communicators understand the importance of the news media. Of particular interest has been how climate change is framed in public discourse. Communicators have a choice of which considerations to emphasize and which to downplay on any given political issue and they make such decisions strategically. The choices they make are the issue frames that proliferate in political discourse. This is even truer with a complex topic like climate change. It is an issue that involves multiple complex domains, like science, economics, and value considerations, trade-offs, unequal impacts within society and across nations, and future projections about somewhat uncertain consequences. This complexity provides journalists, parties, and interest groups tremendous latitude in framing the issue to serve their interests and beliefs. The news media play a seminal role in this process because they are often the primary source of information on complex political issues for the average citizen. They are therefore the primary mode of delivery of issue frames to the public.

Frames related to climate change can emphasize economic costs or benefits, heighten partisan or ideological conflict, emphasize or downplay scientific uncertainty, among other things. There are likely implications for the public's support for climate action and willingness to act on these attitudes in a variety of ways—from voting for environmentally-friendly candidates to engaging in personal action to reduce one's own carbon footprint or even engaging in political activism. If the frames citizens encounter lead citizens to think of climate science as uncertain or mitigation as being costly, or see climate change as an ideological battleground, we might expect their propensity to support and engage in climate action to vary accordingly (Bain et al., 2016; Hornsey and Fielding, 2016; Walker et al., 2018).

A growing body of experimental research has explored how different frames in climate communication can affect attitudes and behavior. Alongside this important work has been research that examines the prevalence of frames in political discourse (Boykoff and Boykoff, 2004, 2007; Antilla, 2005; Boykoff, 2007; Hoffman, 2011; Painter and Ashe, 2012; McGaurr et al., 2013; Painter, 2013; Painter and Gavin, 2016; Feldman et al., 2017). These works have shed light on the nature of climate change coverage in the United States and in other countries. However, their use of manual coding limits the degree to which they can reliably observe changes in the prevalence of important frames over a long time period and across different news outlets. This is where our main contribution lies.3 This paper aims to systematically analyze the content of the climate change news stories in the most popular news media outlets in the United States as climate change emerged as a national issue. Specifically, we examine three key features of coverage identified in the literature to influence public attitudes on climate change: uncertainty and risk surrounding climate change (Morton et al., 2011), economic costs and benefits of mitigation policies (Brulle et al., 2012), and appeals to conservative ideology (Dixon et al., 2017).

FRAMING CLIMATE CHANGE

Framing is an essential concept in communication studies and has been a subject of interdisciplinary research for several decades. It refers to “the process by which people develop a particular conceptualization of an issue or reorient their thinking about an issue” (Chong and Druckman, 2007, p. 102). The process of framing involves two key ingredients: selection and salience. Framing is then about selecting some key aspects of the perceived reality and making them more salient in the process of communication (Entman, 1993). Those receiving that message have their own unique conceptualizations of issues—often called “frames in thought”—which are influenced by “frames in communication” or considerations that are advanced by speech acts or written work (Chong and Druckman, 2007). The influence of the latter on the former can be seen as a framing effect.

Scholars have exhibited framing effects with surveys, experiments, and qualitative case studies across a wide range of issues including support for government spending, campaign finance, affirmative action, evaluations of foreign nations, and many others (see Chong and Druckman, 2007 for an extensive survey of the literature). However, issues that are most influenced by mediated communication tend to be complex ones that are mostly “invisible” to the public and, thus, difficult to comprehend for many (Schäfer and O'Neill, 2017).

Framing is unavoidable. All human knowledge makes use of frames, and every word is defined in relation to the frames it neurally activates (Lakoff, 2010). Moreover, since frames always come in systems, a single word can have the potential to activate not only its defining frame, but also much of the system its defining frame is in (Lakoff, 2010). Every issue, including climate change, can be viewed from a variety of different perspectives and understood as having consequences for multiple values or considerations. For those doing the communicating, the skillful use of framing can help them effectively convey their argument, frequently by emphasizing specific a specific set of considerations related to the issue at hand. The varying weights placed on these considerations often play a decisive role in determining overall attitudes and preferences (Druckman, 2001). The information environment, such as the news media, play an important role in this process as they frequently carry the specific messages from the elites to the mass public (for an example of how this works in the context of energy policy, see Clarke et al., 2015).

Economic Costs and Benefits

We focus on three classes of frames that we believe have particular relevance for societal debate on climate change, based on an analysis of relevant literature. First, frames in climate change news coverage can focus on the economic costs and benefits of climate action for individuals or the society writ large. Researchers have found that fluctuations in the state of the economy affect levels of environmental concern (Kahn and Kotchen, 2010). People are less likely to support climate change mitigation policies when the economy is underperforming (Elliott et al., 1997), and concern with climate change is correlated with higher levels of employment and income (Scruggs and Benegal, 2012; Carmichael et al., 2017).

The state of the economy is an objective fact, but the future projection of the possible consequences of climate mitigation policy for the economy is far more complex. As such, it is open to framing by political actors seeking to mobilize public support for their position. Economic concerns surrounding climate change can be framed in terms of their costs and benefits. Some work has shown that cost-framed messages are effective in influencing climate change attitudes and behaviors (Davis, 1995; Vries et al., 2016), while framing climate mitigation in terms of possible benefits increases support for climate action, even more so than pointing out the costs of inaction (Spence and Pidgeon, 2010).

Party elite behavior has adjusted accordingly (Nisbet, 2009). Republicans have typically adopted frames to highlight the potentially detrimental economic costs of climate action, like increased energy costs or the impact on the US's global competitiveness, to mobilize public opposition to mitigation. Democrats, for their part, have tended to emphasize the benefits of investing in renewable energy sources and their potential to revitalize the economy (Nisbet, 2009). This has been particularly true since President Obama's push for green jobs with the economic stimulus advanced in the aftermath of the Great Recession.

The relative balance of these frames in news content may have implications for the willingness of the public to support and engage in climate action (Bain et al., 2016; Hornsey and Fielding, 2016; Walker et al., 2018). As corporate America has gradually transitioned between intransigence on greenhouse gas emission reductions to cooperation, it is possible this balance has changed over time. No work has systematically examined this possibility in news content.4 We do so here.

Conservative and Free-Market Ideology

Second, frames may be present in the news media that present climate change mitigation through the lens of left-right ideological conflict. Ideology and values matter in shaping citizen attitudes toward climate action. Anchored in a rich literature on motivated reasoning in social psychology (Kunda, 1990; Ditto and Lopez, 1992), cultural cognition theory posits that individual risk perceptions—and the acknowledgment of expert consensus—are shaped by their values in ways to maintain their group identities (Kahan, 2013). Those with individualistic value predispositions are expected to be more skeptical of environmental risks because they justify regulation and government intervention (Kahan et al., 2011). Kahan and his colleagues highlight several mechanisms of cultural cognition: the selective recall of supportive expert opinion, the selective imputation of knowledge and trust to sympathetic experts, and the biased search of information and assimilation of expert messages. Along a similar line, Campbell and Kay (2014) argue that solution aversion is key to understanding conservative reticence to accept climate science. Policy solutions to combating climate change are threatening to the ideological identities of conservatives, which biases the perception and interpretation of information from experts. Consequently, they find, along with other scholars, that emphasizing market-friendly solutions to mitigation can lower conservative resistance to climate science (Campbell and Kay, 2014; Dixon et al., 2017).

One important limitation of ideological and values-based explanations for conservative resistance to climate change is that it takes this resistance as a fait accompli. However, it is not clear that this was the case. As late as 1997 Republicans were as likely as Democrats to see climate change as a serious problem (Krosnick et al., 2000). Citizens had to learn to connect their individualistic or conservative ideological beliefs to opposition to climate action. They could have done so with exposure to ideological frames and arguments in the news made by conservative and Republican elites. After all, the conservative movement has mobilized, more or less unanimously, to oppose climate change mitigation (Oreskes and Conway, 2011). To be sure, these groups have often used arguments related to economic costs of mitigation to undermine public support for climate action. They could have also used frames emphasizing the ideological threat of climate action, in the form of larger government, reduced American sovereignty, and sizable restrictions on free market competition. These themes tap into the individualism end of Kahan's individualism-communitarianism values dimension and conservative ideology more broadly.

A large literature on partisan cues in public opinion formation highlights the fact that political elites are often powerful drivers of public opinion (Downs, 1957; Zaller, 1992; Berinsky, 2009). Previous research has found that the news coverage of climate change has politicized over the past few decades (Merkley and Stecula, 2018) and that partisan cues can polarize the public on this issue (Tesler, 2018; Van Boven et al., 2018). What remains unknown, however, is the degree to which ideological frames and arguments are conveyed in the news media on climate change. These frames could have provoked the polarization of Americans above and beyond the effects of partisanship.

Uncertainty and Risk in Climate Change

A final set of important frames in climate news coverage involves the communication of uncertainty and risk in climate change. Scientific uncertainty exists when there is a lack of scientific knowledge or disagreement over the knowledge that exists at a given point in time (Friedman et al., 1999). Researchers understand that all forms of scientific endeavors involve such uncertainty. In the context of climate change, discussion of uncertainty can focus on conflicting claims or a lack of knowledge about the existence or cause of climate change, its present-day effects, and the difficulty with assessing probabilities of specific outcomes and their consequences in the future (Patt and Schrag, 2003; Renn et al., 2011). Journalists covering scientific issues, such as climate change, are also routinely confronted with uncertainty, since controversy and debate are important criteria for the “newsworthiness” of a story (Friedman et al., 1999). As a result, how journalists present and describe scientific uncertainty affects how the public interpret such uncertainty.

Communicating this uncertainty, however, is notoriously difficult (Fischhoff and Davis, 2014). Scientific discourse often involves an amount of details that can overwhelm even seasoned experts. It can also leave out crucial uncertainties that are commonly understood by the experts within the field, but need to be communicated to the broader public (Fischhoff and Davis, 2014). Finding the right balance is difficult, yet essential, considering the important role that uncertainty plays in human decision making (Curley et al., 1986; Sword-Daniels et al., 2018). Psychological research shows that uncertainty generally has a negative effect on prosocial behaviors, since it tends to enable people to adopt self-serving narratives about their actions and limit their capacity to cooperate in social dilemma situations (Hine and Gifford, 1991; Dannenberg et al., 2015; for a review of the literature, see Kappes et al., 2018).

Experimental work highlights that uncertainty framing also matters for climate change related behaviors, such as decreasing one's energy consumption (Morton et al., 2011). A focus on uncertainty in news coverage can potentially reduce the public's support and engagement in climate action because of the unclear outcomes of such actions.

Uncertainty can take several forms in climate change coverage. On a wide range of climate impacts and long-range forecasts of future warming there is uncertainty that is appropriately acknowledged by experts in the media's coverage of climate science. More problematic is if uncertainty is used in a way that casts doubt on the well-established tenants of the climate consensus of the Intergovernmental Panel on Climate Change (IPCC)—that climate change is happening, is predominantly man-made through the production of greenhouse gas emissions, and will result in severe environmental and human harm. The persuasive power of uncertainty in this context is its implicit justification and reification of the status quo, especially as it pertains to fossil-fuel usage and carbon emissions (Feygina et al., 2010).

One way in which this type uncertainty enters the media coverage of climate change has been through the journalistic engagement of so-called “false balance.” Reporters frequently treat topics as debates in which they present “both sides” in order to adhere to a journalistic norm of objectivity. This norm exists, in part, because both journalists and the general public prize it (Schudson, 1978; Giannoulis et al., 2010), but also because it acts as a mechanism to protect journalists from attacks on their credibility and to preserve access to sources on both sides of a given political debate (Hallin, 1989; Shoemaker and Reese, 2013). The desire for balance also serves the media's tendency toward drama and conflict in news coverage (Bennett, 2007).

In many contexts it is important for journalists to be fair and evenly balanced in their presentation of different sides of a story, but it quickly becomes awkward when discussing the existence or causes of climate change where the credibility of each side does not have equal weight. And, the consequences of this coverage are troubling. Presenting a scientific consensus as a debate confuses the public on the state of the science and, in the case of climate change, possibly reduces support for climate action (Friedman et al., 1999; Corbett and Durfee, 2004; Koehler, 2016; McCright et al., 2016).

Newsroom norms of objectivity will only contribute to a balanced presentation of a political debate if another side presents itself. Journalists ultimately rely on easily accessible sources when reporting on the news. And, because of the activism of the fossil fuel industry and conservative movement, there have been no shortage of sources ready and willing to use a platform provided by journalists to cast doubt on climate science—the so-called “Merchants of Doubt” (Oreskes and Conway, 2011). Scholars have noted that these groups have made a concerted effort to mobilize opposition to climate mitigation policy by undermining trust in foundations of climate science for both the public and policy makers (Jacques et al., 2008; Dunlap and McCright, 2011; Dunlap and Jacques, 2013; Farrell, 2016a,b). While these groups are likely not as active in the media as conventional wisdom might suggest (Merkley and Stecula, 2018), it is still possible that the press, and in particular conservative media, pick up on their message of uncertainty in their coverage of climate science even if they don't explicitly cite these actors.

As the broader research on misinformation has shown, various myths surrounding climate science, including those pertaining to certainty of different outcomes, tend to be “sticky,” and hence very difficult to correct (Lewandowsky et al., 2012). Efforts to correct such information tend to be ineffective, and, in some circumstances might even result in what is called a backfire effect, when people get more entrenched in their original position (Nyhan and Reifler, 2010; Lewandowsky et al., 2012). Some promising work suggests that exposing people to correct information prior to misinformation might be an effective way to “inoculate” them from the perils of misinformation, at least in some contexts, but the broader point remains that, if the press disseminates uncertainty frames about climate change, such information might play a negative role in people's attitudes about climate change and climate change mitigation policies (Cook et al., 2017; Jolley and Douglas, 2017).

The themes of uncertainty have been analyzed in the context of climate change news coverage. Some research has shown that coverage of climate change in the 1990s and early 2000s was characterized by scientific inaccuracy and uncertainty, which was driven by an adherence to balanced reporting and resistance to a growing body of scientific evidence. More recently, however, balance nearly disappeared from the press (Zehr, 2000; Boykoff and Boykoff, 2004, 2007; Boykoff, 2007). The scope of this work, however, has been fairly limited in terms of the time dimension as well as the amount of news coverage examined, as was highlighted in the previous section. However, scholars who have been examining this feature of news coverage of climate change in the comparative context, have highlighted that the U.S. coverage features substantially more climate skeptic voices pushing doubt about climate science, compared to countries like India or France (Painter and Ashe, 2012). Furthermore, contrary to the findings in the U.S.-centric literature, the authors found that skeptics voicing climate increased their media presence between 2007 and 2010 (Painter and Ashe, 2012). In a separate analysis, Painter (2013) also found that uncertainty was the second most common frame used in climate change coverage, appearing in 76 percent of American articles, however it was the salient frame in only 13 percent of the coverage. It is important to note that this analysis, however, was based only on a total of 55 articles. This disparity in findings highlights the need to systematically examine uncertainty in the context of American news coverage and examine degrees of uncertainty, not just whether the frame is present or not.

Related to the communication of scientific uncertainty is risk. Discussion of possible climate change impacts involve frames and language that convey the severity of possible climate impacts. As the science of climate change has evolved, it has become increasingly clear that risks of inaction are high (Oreskes, 2004; McMichael et al., 2006; IPCC, 2014). Importantly, the prospect of severe loss has been found to motivate people to engage in collective action in social dilemma situations (Milinski et al., 2008; Dannenberg et al., 2015; Farjam et al., 2018), but people tend to underestimate risks associated with climate change because they are abstract and mostly detached from their daily life (Weber, 2006; Rabinovich and Morton, 2012). Consequently, frames that focus on the dangers of climate change may motivate climate action in the general public.

Climate impacts, however, occur both in the distant future and at present. Accordingly, these risks can be framed either way. Scholars have noted that the public's propensity to support and engage in climate action may be conditioned by the degree to which they psychologically proximate to the effects of climate change (see McDonald et al., 2015 for a review). The most studied aspect of this has been spatial proximity. For example, Spence and Pidgeon (2010) find that framing climate impacts as locally relevant increases one's propensity to support climate mitigation. There is a temporal dimension as well. Nicolaij and Hendrickx (2003) demonstrate through experimental manipulation that increasing the temporal onset of climate change produces a reduced willingness to engage in climate action for about half of their participants. The reason why proximity, either temporal or spatial, might matter has to do with the fact that things that are psychologically close seem more tangible and important than those that are “farther” apart, as construal theory would suggest (Trope and Liberman, 2010). What we do not know, however, is how temporally proximate the presentation of climate change is in the major sources of information consumed by Americans.

These three, broad sets of frames: economic costs and benefits, appeals to conservative values, and uncertainty and risk in climate science all could play a role in shaping the public's support and engagement in climate action. However, little is known about how often these frames are featured in news content and how this may have changed over time. As a result, in the rest of this paper, we seek to answer the following research questions:

1. What is the balance of economic cost vs. economic benefits frames in climate change coverage, and did it change over time?

2. How prevalent were ideologically conservative appeals in the climate change coverage, and did they change over time?

3. How often do the news media cover climate change using uncertainty and risk frames, and did the prevalence of these frames change over time?

DATA AND METHODS

We conducted a content analysis of prominent American news media outlets to learn more about how the news media frames climate change. We selected three top circulation daily newspapers with a large, and growing, online presence to get a representative view of the mainstream media coverage: the New York Times, the Wall Street Journal, and the Washington Post, as well as the newswire agency the Associated Press. We choose these newspapers since they are the highest circulation papers in the United States and this circulation has been increasing in recent years.5 Furthermore, they each enjoy a large online presence as the New York Times, the Washington Post, and the Wall Street Journal are ranked as the 3rd, 7th, and 19th most popular news websites on the internet by Alexa, at the time of this writing.6 They have also been the focus of a vast amount of scholarly attention in communication literature, as they are widely considered to be agenda-setters for both the public and other news media sources (Golan, 2006; Zhang, 2018). The Associated Press, according to its annual report, is used by 900 newsrooms globally, and nearly half of the world's population sees their content on any given day.7 In short, these sources represent a significant portion of the mainstream news media landscape.

This selection of sources clearly does not include social media data, which, according to the data by the Pew Research Center, makes up an increasingly larger portion of Americans' media diets.8 Our main focus, however, is longitudinal, so we concentrate on the most influential print news sources that have covered the issue of climate change from the beginning. Furthermore, it is worth highlighting that most Americans continue to get their news from mainstream sources, even in the age of a highly fragmented media landscape. For example, recent analyses of actual behavior data, such as people's web browsing patterns, reveal that most people obtain their news from mainstream, centrist sources (Flaxman et al., 2016; Guess, 2016). That is not to say that the partisan sources and social media are irrelevant or that they might not be growing in prominence, but our focus in this project was on the influential mainstream sources that covered the issue of climate change from the emergence of the issue.

News articles were collected from Lexis Nexis and Factiva for the time period between 1988 and 2014. We start our analysis in 1988, the year of James Hansen's Congressional testimony, which the New York Times proclaimed to be the “Beginning of Global Warming.”9 Articles that mentioned climate change only in passing were excluded from the sample, to ensure that we examined only relevant news reports.10 In total, the corpus includes 14,141 stories. A detailed breakdown of news reports, by source, is featured in Table 1. The Associated Press makes up the bulk of the content, but the New York Times and the Washington Post also covered the issue extensively. The Wall Street Journal is an outlier, representing only 8 percent of the sample.


Table 1. News sources.
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We rely primarily on automated approaches to content analysis in this paper, which allow for the full classification and measurement of entire populations of news articles across criteria we are interested in. These techniques are increasingly used by scholars in the social sciences to study news content and political discourse more broadly (Young and Soroka, 2012; Grimmer and Stewart, 2013; Lacy et al., 2015). They stand in contrast with human coding approaches, thus far dominant in climate change communication literature, that depend on the coding of much smaller random samples of articles. Human coding has its advantages. It can allow for a nuanced coding of content that takes fully into account the context in which words and language are used. However, the costs of this richness are efficiency and a lack of estimate precision across diverse sub-populations. Our aim in this paper is to provide estimates of the prevalence of frames in news content across sources and over a long period of time—tasks which are much more feasibly done with automated approaches to content analysis.

We use supervised machine learning to identify economic, conservative ideological, and uncertainty frames in coverage. The process first involves us (the researchers) hand coding a random samples of 2177 articles to train and test an algorithm.11 In this case we use Support Vector Machines (SVM), which is a supervised machine learning technique that plots data points on an n-dimensional space to find a hyperplane that best differentiates our classes of objects. We ensured our sample was stratified across three periods (1988–1996, 1997–2005, and 2006–2014) to ensure that our algorithm's performance would not fluctuate as climate change increased in salience over time.

We randomly divided our hand coded sets into a training set (80%) and a testing set (20%). The former is used to train the algorithm, while the latter allows us to compare the machine's coding to our own. After training and testing the algorithms, they were used to classify the full corpus of articles for each of our frames.

We assess the reliability of our trained algorithms with three metrics. First, we compute a simple accuracy measure, which is the percent of our testing set with agreement between our human and machine coding. However, accuracy alone is not sufficient to judge the quality of a classifier. Algorithms may have poor predictive capacity but still yield high accuracy scores when classes are imbalanced by following a simple rule of assigning cases the value of the dominant class. Thus, we also present precision [image: image] and recall [image: image] scores for each algorithm. The former tells us how many of our selected items are relevant. This metric is used by those concerned with minimizing false positives. The latter tells us how many of our relevant items are actually selected—related to the minimization of false negatives. We present both because we want precision and recall to be approximately equal to present unbiased estimates of proportions. We don't want false negatives to outweigh false positives or vice versa. Note that these two metrics are typically used in the context of information retrieval where researchers are primarily interested in accurate predictions of instances of a class of objects—in this case our frames. Because we are interested in estimating proportions of articles of a given class we need to be interested in accurate predictions of both the presence and absence of our frames, so we take the average of precision and recall scores for both.

The above process was applied to train and test the algorithms related to each of our frames. The only difference between them was in the size of the hand coded training and testing set. Each of our frames is imbalanced in the hand coded set. There are more cases of each frame being absent than there are of instances of a frame being used. SVM, like other supervised machine learning approaches, is vulnerable when classes are imbalanced. In the process of training and testing our algorithms we found we could improve performance by training on a corpus where articles with a given frame command a larger share of the hand coded set. So, for each of our frames we randomly removed articles without a given frame such that those with the frame represented a third of the overall set. This reduced the number of overall articles in the combined hand coding set used for training and testing purposes as described below.

We now discuss each of our coding tasks in turn. First, we coded whether (1) or not (0) a news article had mention of possible costs of climate change mitigation to the economy. This could involve discussion of higher taxes, higher energy prices, reduced employment or economic growth, or reduced competitiveness vis-à-vis developing countries. We code these dimensions of economic cost together because they are often discussed together in news content, and, when not, typically involve the use of similar language and rhetoric. The reliable use of supervised machine learning requires the selection of topics that are clearly distinct in their language. In some cases substantial discussion was present in a given article about economic impacts, but in other cases such frames were present in short rhetorical passages from political elites, particularly Republicans. An example of the use of such a frame can be found in a New York Times article on December 13, 1997 where Republicans attacked the Kyoto Protocol:

“Republicans are already testing arguments…Jim Nicholson, the chairman of the Republican National Committee, said the pact will ‘radically change the American life style.’ And Audrey Mullen, the executive director of the conservative group Americans for Tax Reform, said, ‘Al Gore would prefer to stick working-class America with a big tax increase and stick America with lost jobs.”’

Second, we coded articles for whether (1) or not (0) they had references to economic benefits for climate change mitigation. These frames feature discussion of win-win features of some climate mitigation policies, like green jobs, lower energy and gas bills through increased energy efficiency, and increased profits for green-friendly corporations. Importantly, we coded these frames not to include reference to the costs of climate inaction. Discussion of energy efficiency, on its own, was also not enough to meet our criteria. There had to be mention of how such efficiency benefits consumers or companies in the long run. For example, this frame was used in a Wall Street Journal article on March 14, 2008 describing Wal-Mart's efforts to reduce its carbon footprint:

“The company is also looking into ways to reduce the amount of plastic used in making bottled-water containers, he said. The impetus for the company in doing all this isn't just to please environmentalists, he said, but to save money. ‘It really is about how you take cost out, which is waste,’ he said. ‘The savings by taking out wasted material helps keep prices low for Wal-Mart’s customers.' Indeed, Mr. Scott told reporters after his talk that the current economic slump is prodding Wal-Mart even more to undertake its waste-reduction program. ‘When is a better time?”’

We classified our full sample based on a training and testing set of 1,878 articles for economic cost frames, and 864 for economic benefit frames. Our economic cost classifier was 80% accurate, with an average recall and precision of 0.76 and 0.80 respectively, indicating good performance. Similarly, our economic benefit classifier was 80% accurate with average recall and precision scores of 0.74 and 0.78, respectively.

Third, we coded articles if there was any discussion related to conservative ideological themes (1) or not (0). Specifically, we were interested in arguments that stressed the need to oppose climate action because such policies empower bureaucrats, undermine American sovereignty, serve a “big government” agenda, redistribute wealth, increase regulation, restrict freedom, or violate the principles of the free market. Importantly, we wanted these arguments to be distinct from arguments about economic cost, and we excluded conservative frames that were used in support for climate action as their occurrence was too rare to reliably train an algorithm to engage in topic classification. This frame was used in the same New York Times story as above:

“Republicans are already testing arguments. Steve Forbes, a Republican Presidential contender, immediately called the accord ‘an unprecedented government seizure of American freedom and sovereignty.’ He added that ‘the Clinton health care plan pales in comparison.”’

More commonly, though, these themes were present in newspaper op-eds, such as the following from a Wall Street Journal op-ed on December 13, 2004:

“There's nothing capitalist about lobbying government to erect a program that serves no other purpose than the redistribution of wealth, whether it be from one company to another, or from consumers to corporations.”

We trained our algorithm on a combined training and testing set of 405 articles. Our classifier was 85% accurate, with average recall and precision scores of 0.70 and 0.80, respectively.

Finally, we coded each article for how balanced it was toward arguments of supporters and opponents of the IPCC consensus—that climate change is happening, manmade, and a serious problem. Articles were coded −1 if there was no presence of discussion in the article that cast uncertainty on the veracity of any part of the IPCC climate consensus. They were coded 0 if there was effectively an even balance of perspectives between those that support for IPCC consensus and those that reject it, and 1 if the article featured a complete rejection of the IPCC consensus and embrace of the uncertainty frame. This latter category primarily took the form of op-eds by climate skeptics. Articles were also coded as −0.5 and 0.5 if they featured both perspectives on climate science but were notably slanted in one direction or the other.

There were too few instances of articles scored 0 and below to train an algorithm to reliably return a fine grained measure of article balance, so we collapsed all categories above −1 when training our algorithm. Thus, articles could be scored as 1 if they had any discussion that cast doubt on the IPCC consensus and thus used an uncertainty frame, and 0 if they had no such discussion.

An example of the use of an uncertainty frame is found in a Washington Post article on October 30, 2000 citing a quote by, at the time, presidential candidate Texas governor George W. Bush:

“By contrast Gov. George Bush remains largely stuck in a posture of wait and see. He says he takes global warming seriously, and he has proposed mandatory controls on power plant emissions that would include caps on the greenhouse gas carbon dioxide. But in the debate he said, ‘I don't think we know the solution to global warming yet. . . . Before we react I think it's best to have the full accounting, full understanding of what's taking place.”’

We trained our algorithm on combined training and testing set of 1,179 articles. Our classifier was 77% accurate, with average recall and precision scores of 0.70 and 0.68, respectively.

To examine the prevalence of language related to risk and time horizon, we turned to a different set of automated content analytic methods. Instead of supervised machine learning, we used dictionary methods. There were two primary reasons for this choice. First, the aspects of coverage discussed above were difficult to capture using a dictionary approach, and we weren't able to produce reliable results with the dictionaries that we inductively put together. Supervised machine learning approaches, however, did reliably work. Secondly, capturing simpler components of language, such as risk and tense, is much more straightforward with dictionary methods, especially with a pre-assembled and verified dictionaries included in Linguistic Inquiry and Word Count (LIWC) software (Tausczik and Pennebaker, 2010). The software has been used in countless studies in the fields of communication, political science, and computational linguistics, among others.

The LWIC dictionary is composed of 1,393 words measuring different linguistic dimensions. For our purposes here, we use two specific dictionaries embedded into LWIC: risk and present tense. The risk dictionary is a collection of words and phrases such as alarm, avoid, hazard, and threat, while present tense includes words like lives, now, or present. In general, research has shown that dictionary methods tend to do a good job capturing different linguistic dimensions of text, comparable to the performance of manual coding (Young and Soroka, 2012).

RESULTS

We begin by presenting the results for economic frames. The results of our manual coding are displayed in Table 2. It reveals that, across all three periods, close to 30% of all stories had reference to possible economic costs of climate mitigation. This was largely consistent across all three time periods of our study. In contrast, frames focusing on economic benefits of climate policy are relatively limited, comprising just under 13% of coverage. However, there has been a notable spike in such coverage more recently in period 3 (18.9%). SVM classification yields largely similar results. Close to 30% of articles contain frames related to economic costs, and there has been a modest decrease in the most recent time period (24.4%), while 20% have economic benefit frames, which have risen substantial in the most recent period (23.9%) compared to the earliest period (10.8%).


Table 2. Hand coding and SVM results.
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Figure 1 below presents the SVM results annually since 1988. Economic cost frames unsurprisingly appear to coincide with important policy debates such as the Rio conference, the Kyoto protocol, and Kyoto's implementation. In all three of these periods Republicans and their allies in heavy industry were active in framing the climate debate in terms of the cost of mitigation to the American economy due to the exclusion of developing countries from mandatory emissions reduction targets. Since 2001, however, it does appear that the presence of these frames in coverage have decline somewhat. In contrast, economic gain frames marched steadily upwards in the 2000s, coinciding with the changing posture by much of corporate America toward climate change mitigation. There now appears to be an even contest between economic cost and economic benefit frames in news coverage, which was far from the case in the 1990s.


[image: image]

FIGURE 1. Proportion of climate change news coverage with economic framing from 1988 to 2014 in our combined corpus (top panel) and by source (bottom panels).



The media's treatment of economic frames is relatively consistent across each of the outlets used here as shown in Table 2, with one notable exception. The conservative Wall Street Journal is substantially more likely to present economic cost frames (43.4%) compared to the others (24.7%, average), though it is also modestly more likely to also focus on gains (27.4 vs. 20.1%, average). In the temporal dynamics, however, each of our outlets are fundamentally similar. All four outlets have seen a gradual convergence in the promotion of economic cost and benefit frames in their coverage, as shown in Figure 1. In the contest to frame climate change mitigation as either a cost or a benefit, there is now a fair fight.

In sharp contrast, conservative ideological framing—independent of concerns for economic costs—is very limited. Our manual coding reveal that such frames are only present in under 4% of news coverage. This figure has remained relatively constant across the three periods of our study. Our SVM algorithm returned results broadly similar to our coding, though estimating the percentage slightly higher (5.6%). There were only a few times in the past few decades when the conservative framing was featured in more than 10% of the news articles. As shown in Figure 2, in the years of peak salience of the issue, 2007–2009, conservative framing was featured in 3, 5, and 7% of all news coverage, respectively. Interestingly, there is little evidence of a rise in conservative ideological framing, despite increasing partisan polarization on climate change.
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FIGURE 2. Proportion of climate change news coverage with conservative framing from 1988 to 2014 in our combined corpus (top panel) and by source (bottom panels).



There are, however, important differences between the Wall Street Journal and the other papers. This is unsurprising, given that the Wall Street Journal is considered the flagship newspaper of the conservative movement. There are several years when the conservative framing was featured prominently in the climate coverage in the Journal. That was especially the case in 1996 and 2001, where the conservative frame was present in 67 and 29% of the climate stories in the Wall Street Journal. In the years when the issue was covered most prominently, however, even the Journal used the framing at the rates comparable to other news outlets, usually below 10% of all coverage. Conservative and Republican elites have not typically framed opposition to climate change in grand ideological terms, relying instead on arguments about economic cost, and, to a lesser degree, scientific uncertainty, as we shall see below.

Our manual coding also reveals that uncertainty frames are not present in climate change coverage at levels we might expect. This is in line with past work that shows organized climate skeptics are rarely featured in the news (Merkley and Stecula, 2018). Only 18% of coverage features any discussion that contradicts the IPCC climate consensus. And, of this share of coverage, well over half (10.7%) is still slanted in a way that privileges voices aligned with the IPCC consensus. Much dreaded “false balance” in climate coverage is rare. It also appears that the news media has improved in their coverage on this score. The share of coverage with any uncertainty framing has decreased from 25% in period 1 to ~14% in period 3.

The SVM results are consistent with our manual coding. It found 19% of articles to have some presence of uncertainty framing, which has dropped from 32% in period 1 to 16% in period 3. This is reflected in the annual plot of our SVM results in Figure 3. Uncertainty framing spiked to over 40% in periods of intense policy debate in the 1990s, but has marched steadily downward since, such that the best estimate of uncertainty framing in coverage at present is around 10%.
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FIGURE 3. Proportion of climate change news coverage with uncertainty framing from 1988 to 2014 in our combined corpus (top panel) and by source (bottom panels).



Again, results are reasonably consistent across our sources, though the conservative Wall Street Journal focuses on uncertainty frames modestly more than our other outlets on average (25.4 vs. 19.4% average). The dynamics shown in Figure 3 below, however, illustrate that the decline in uncertainty framing is consistent across all of our sources, such that the Wall Street Journal has largely converged with the rest. Again, it is worth noting that instances of “false balance” are likely even lower than these rather liberal estimates of uncertainty. The news media have simply not treated climate science in a balanced way, and they have increasingly purged any reference to uncertainty surrounding the IPCC consensus from their coverage.

Risk framing is measured differently than economic cost and benefit frames and other results discussed above due to a different method employed in capturing it. The results are presented in Figure 4. The y-axis indicates the percentage of words in an average article each year that indicate risk. The numbers themselves are low, and somewhat difficult to substantively interpret, but what is clear is that language conveying danger and risk is increasingly present in climate change coverage as the issue has risen in salience. Between 1995 and 2014, risk language usage in the press increased by over 35%. There are no substantive differences between the outlets. All display similar patterns of increased usage of risk framing, as the issue has increased in salience in the mid-2000s. What might be surprising, however, is a relatively high usage of risk language in the early 1990s. The reason for that peak, however, is rooted in a relatively low number of articles in that time-frame, especially before the Kyoto Protocol. The bulk of the stories in that period primarily focused on the science of climate change, and therefore language relating to risk was comparatively common.
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FIGURE 4. Frequency of risk related language in climate change news coverage from 1988 to 2014 in our combined corpus (top panel) and by source (bottom panels).



We also measured framing relating to temporal distance using the dictionary approach—specifically words used in climate coverage that were in the present tense. As Figure 5 demonstrates, there has been an increase in present-tense language around the time when the issue exploded in salience, in mid-2000s, around the release of Al Gore's award winning documentary An Inconvenient Truth. This pattern appears to be modestly stronger with coverage by the Associated Press and the Washington Post, though it is, on average, higher now than in the past for all four outlets.
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FIGURE 5. Frequency of present-tense related language in climate change news coverage from 1988 to 2014 in our combined corpus (top panel) and by source (bottom panels).



DISCUSSION

Frames play an essential role in distilling complex topics into more manageable components so that people can identify its relevance and form opinions (Spence and Pidgeon, 2010). It is inevitable in the context of climate change because of the sheer number of dimensions associated with the issue—questions pertaining to the science and future climate forecasts, impacts, public policy, and related tradeoffs, among others. Frames, however, are not neutral. Journalists, interest groups, environmentalists, and party elites all compete to elevate frames conducive to their interests and ideologies (Nisbet, 2009).

A rich literature has emerged using experimental methods to examine the influence of these frames on public attitudes toward climate science and mitigation policy. Together, these works have provided important insights into the public's complex relationship with climate change. We know that frames emphasizing economic cost reduce support for climate mitigation (Davis, 1995; Vries et al., 2016), but those emphasizing gains are important at marshaling support (Spence and Pidgeon, 2010). Scholars have speculated that uncertainty frames confuse the public about the state of the science, and reduce their propensity to engage in mitigation behavior (Boykoff and Boykoff, 2007), and there is some experimental evidence in support of that notion (Dixon and Clarke, 2013; Clarke et al., 2015; Dixon et al., 2015; Koehler, 2016). We also know that less polarizing climate change discourse may reduce Republican antipathy toward climate action (Tesler, 2018). However, we believe that more work needs to address the information environment in which citizens learn about climate change. How often are these frames present? Has the dominance of certain frames changed over time? Are there differences across outlets? Scholars need to increase their focus on the study of content, particularly in the news sources that most citizens learn about political issues.

We find here reason for optimism. Many of the frames which scholars have identified as reducing citizen propensity to support and engage in climate action have been on the decline in the mainstream media—even in the flagship publication of the conservative movement: the Wall Street Journal. Frames pertaining to the possible economic harms of climate mitigation policy have been prominent in the past, but appear to be on the decline. Similarly, frames related to uncertainty in the IPCC consensus have been in sharp decline, and true instances of “false balance” have never been particularly common. Conservative ideological frames, for their part, have never gotten traction in mainstream news coverage and this is even true in the Wall Street Journal. The reason for this appears to be that economic cost is the argument of choice for conservative and Republican elites when communicating opposition to climate change mitigation policy. The three pillars of argument typically used by countermovement organizations and the Republican Party to undermine climate action have been muffled in dominant news outlets.

At the same time, frames conducive to the support and engagement in climate action by the general public have been on the rise. Frames that emphasize the economic benefits of climate action have been on the sharp ascent since 2008 and now match those of economic cost. There is now a fair fight between rival interpretations of the economic implications of greenhouse gas emission reductions. The use of the present tense is also more common in climate coverage, as is the presentation of language related to risk. Climate discourse is increasingly focused on the risk posed by inaction and the here and now. To the extent that citizens may not be informed of the gravity of the risk posed by uncontrolled greenhouse gas emissions, or discount threats that appear to be far in the future, these are welcome developments.

We cannot definitely say why these changes are occurring with a study of news content. However, it seems likely that the sharp changes we have observed in the prevalence of economic frames is a result of the changing posture of the business community. A key characteristic of the Kyoto debate was the monolithic opposition of American business to climate mitigation. Notwithstanding the continued reticence of the fossil fuel industry—this is no longer true. Many sectors of American industry see opportunities for profit with climate mitigation strategies—or, at least publicly recognize the need to minimize future risks posed by climate change (Sullivan, 2008; Lee, 2012; Weinhofer and Busch, 2013; Doda et al., 2015). Other companies have emerged explicitly to capitalize on the emerging green economy. News content is reflecting these changes.

One limitation of our automated content analysis approach was the need to code distinct dimensions of economic frames together within the respective umbrellas of economic costs and benefits. In so doing, we may have lost important nuance. We cannot, for instance, say whether frames related to disemployment effects of mitigation policy are more common than those focusing on energy costs. We believe this tradeoff was necessary to maximize the precision of our over time estimates—a task which is much more suited for automated content analysis compared to the hand coding of a smaller batch of articles. Future work should make more thorough use of human coding to tease out the prevalence of different dimensions of economic costs and benefits and, if possible, how each of them may have changed over time.

Similarly, it is likely that news content is reflecting changes in climate science. The IPCC consensus is robust, but there is no doubt that confidence in its main tenants has solidified over time as data and research has accumulated. Journalists have likely reflected this change in their content. Our hand coding reveals that most of the decline in the use of uncertainty frame has been found in stories that reference uncertainty, but largely support the IPCC consensus (scored −0.5) and those that provide a balance of perspectives on the consensus (scored 0). These are primarily news stories. In contrast, there has been no notable decrease in articles that primarily reject the IPCC consensus, which are largely op-eds. In short, whatever problem that remains is primarily due to news outlets lending their op-ed pages to climate skeptics rather than the operation of a journalistic norm of balance—a point reinforced with the even lower share of coverage using uncertainty frames by the AP newswire. The implication is that continued scholarly focus on false balance and organized skeptics is perhaps misplaced—at least as far as understanding public opinion is concerned. Further research should explore the roots of these changes in journalist practice to allow us to avoid similar problems of false balance on other issues of scientific and expert consensus.

Not all is well, though. It is heartening that conservative ideological frames are rarely used to oppose climate action, but at the same time these themes are not used in support of it either. Research has found that conservative frames in support of climate action can be highly persuasive to conservative and Republican identifiers (Campbell and Kay, 2014; Dixon et al., 2017). We were not able to find enough instances of this frame's use to reliably train an algorithm to measure its (lack of) prevalence. Science communicators and journalists need to do more to elevate conservative arguments for climate action and those making these arguments.

Perhaps even more importantly, previous work has shown that there has been a steady rise in the presence of cues or messages from party elites on climate change (Merkley and Stecula, 2018). This may help explain why, for all the gains that have been made in raising the awareness among Americans to the threat of climate change, the public has also polarized on the topic. A wide array of research on public opinion formation has shown such cues to be informative for citizens and persuasive on a wide range of issues (Zaller, 1992; Cohen, 2003; Berinsky, 2009), because both partisanship and negative partisanship form critical parts of their social identity (Green et al., 2002; Iyengar et al., 2012). Mobilizing a societal consensus on climate action requires an awareness of this dynamic in the information environment and solutions that can overcome polarizing elite discourse.

We hope that our findings will not only contribute to the academic body of work on this topic, but will also prove useful for journalists, science communicators, and policy makers. For journalists to change and improve their practice, they first need to know what their current practice is and how its changed over time. One specific issue with climate coverage, for example, is the lack of conservative frames supporting climate action. Since science communicators believe these frames are the key to persuading Republicans, as was highlighted above, journalists should do a better job amplifying those voices in their coverage. Furthermore, as the issue of climate change has been extensively studied, journalists and media professionals can use some of the lessons of this coverage and apply them to other issues with broad scientific consensus, but were coverage is routinely worse, such as the safety of genetically modified foods.

Future scholarship needs to bridge experimental research examining the effects of frames and cue sources on climate attitudes with descriptive analyses of the real world information environment where Americans are exposed to these messages. Both are needed to allow science communicators to effectively craft strategies to mobilize Americans for climate action. We hope that our paper provides useful information to scholars seeking to design stronger, more externally-valid experimental studies and journalists concerned with writing news content conducive to raising public concern about the threat of climate change.

Furthermore, future work on this topic needs to more thoroughly link the body of work that has developed on this topic in a comparative context. As the news media environment is becoming more global, particularly with the rise of the importance of social media in the information environment of an average person, a systematic understanding of how climate change is covered and how that coverage changed in different countries with different media systems, might illuminate best practices for science communicators, policymakers, journalists, and members of the interested public in different institutional contexts.
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FOOTNOTES

1https://www.theguardian.com/environment/climate-consensus-97-per-cent/2013/aug/08/global-warming-denial-fox-news

2https://www.theguardian.com/environment/climate-consensus-97-per-cent/2014/apr/08/fox-news-28-percent-accurate-climate-change

3For example, Boykoff (2007) examined five U.S. and two U.K. newspapers in the years 2003–2005. Boykoff and Boykoff (2004) examined five American newspapers over a much longer period of 1988–2002, however, the issue of climate change didn't gain salience until post-2006 (see Merkley and Stecula, 2018). Boykoff and Boykoff (2007) expanded the scope of their work by focusing on a longer time period (1988–2004) and by adding broadcast television transcripts. Hoffman (2011), on the other hand, examined more recent coverage in major U.S. papers, but only over a very limited timespan: September 2007 to September 2009, and only in opinion editorials. Painter and Gavin (2016) examined climate coverage in the New York Times and the Wall Street Journal, among newspapers from other countries, but their temporal focus was limited to a period from November 19, 2009 to February 18, 2010.

4Feldman et al. (2017) have analyzed climate change news coverage by examining different types of frames, including the economy, but their approach did not distinguish between economic cost and benefit, nor was it the central focus of their analysis.

5http://www.journalism.org/fact-sheet/newspapers/

6https://www.alexa.com/topsites/category/Top/News

7https://www.ap.org/about/annual-report/2017/ap-by-the-numbers.html

8http://www.journalism.org/2018/09/10/news-use-across-social-media-platforms-2018/

9https://www.nytimes.com/1988/06/24/us/global-warming-has-begun-expert-tells-senate.html

10This was accomplished through a combination of human coding and supervised machine learning, where a sample of stories was hand coded as relevant or not and then the machine learning algorithm was used to apply that to our corpus.

11The training and testing sets were pulled from a larger number of mainstream newspapers, which we have analyzed as part of our larger project studying climate change news content. However, only 30% of the training set came from other mainstream newspapers. For this paper, one researcher completed the hand coding, while the second randomly selected 10% of these hand coded items (200 articles) to assess the reliability of the coding. Our Krippendorff's Alpha score is 0.87 for economic cost frames (95% agreement), 0.92 for economic benefit frames (98% agreement), 0.88 for uncertainty frames (96% agreement), and 0.83 for conservative frames (99% agreement). The human coding input for the algorithm is thus highly reliable.
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