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Abstract
Although climate change is arguably themost urgent issue of our time, the general public knows little
about climate science. Here, we investigate howoften five basic climate facts are conveyed inTheNew
York Times news articles covering climate change from1980 to 2018.With only one exception, the
frequencies withwhich these facts appear in news articles today are vanishingly small. This suggests
that print journalism is a largely untapped resource for educating the public on basic climate facts.

1. Introduction

Where science and public policy overlap, it is important that the public knows the basic scientific facts, as that
allows the citizenry to gauge the importance of the issue and to choose the appropriate response.With regards to
the issue of global warming, people need to knowwhether the problem is occurring (fact 1: it is), what is causing
it (fact 2: fossil fuels and the greenhouse effect), andwhether there is a scientific consensus (fact 3: there is). They
also need to know something about themagnitude of the problem (fact 4:massive alteration of our atmosphere)
and the timescale of the resulting harm (fact 5: effectively permanent).

Unfortunately, only a smallminority of Americans knowmore than one of these basic facts. The best-known
fact is that global warming is happening now (fact 1), which 69%ofAmericans accept [1]. But, only 12%of
Americans know that themechanism of global warming (fact 2) has something to dowith atmospheric gases
trapping heat [2]. In fact,many studies have documented the public’s inability to identify the burning of fossil
fuels and the resulting emissions of carbon dioxide as the primary cause of global warming [3–8]. Perhaps even
more striking, only half of Americans think that scientists largely agree that global warming is happening [1].
And only 17%of Americans think that 90+%of climate scientists are in agreement that global warming is
happening and is caused by humans [1]. In reality, nearly all—if not all—climate scientists agree on this fact
(fact 3). Since knowledge of basic climate science correlates positively with concern about climate change [9–11],
the inaction on this issue can be traced, at least in part, to the public’s lack of understanding of the basic facts.

Once their formal education is completed, adults receivemuch of their knowledge about climate science
fromnewspapers [5, 12, 13]. Unfortunately, among newspaper articles covering science topics, less than 10%of
the articles’ text is devoted to defining scientific terms or giving scientific explanations [14]. As a result, focus
groups show that readers cravemore contextual facts in the science news articles that they read [15]. Not only
does the addition of basic facts aid the readers’ comprehension, but it increases the readers’ acceptance of the
science [16]. Unfortunately, newspaper coverage of science topics often omits the required context, hampering
the reader’s understanding [17, 18]. This has been argued to be particularly true for newspaper coverage of
climate science [19].

Previous research on newspapers’ climate coverage has studied the treatment of scientific uncertainty [20]
and risk [21], quantifiedwho is quoted in the articles [22] and the frequency of false balance [23], and analyzed in
qualitative ways the content of those articles [19, 24–26]. To the best of the authors’ knowledge, however, no
previous study has performed a quantitative analysis of the frequency of appropriate context—in the formof
basic climate-science facts—within newspaper articles covering climate change.
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In this study, we test for the prevalence offive facts withinTheNewYork Times (NYT)news articles covering
climate change from1980 to 2018. TheNYT is chosen for this study because of its reputation as the nation’s
paper of record [27] and for its excellence in reporting on environmental issues [24], allowing our results to place
something of an upper bound on the quality of newspaper climate coverage in general. TheNYT is also a natural
choice because of the long list of studies of that have focused on theNYT in their research of climate reporting
[17–26, 28].

2. The facts

Thefive facts for whichwe search are given in Box 1. Stated succinctly, they are: 1. global warming is happening
now, 2. themechanismof global warming, 3. the scientific consensus, 4. highest CO2 concentrations in
hundreds of thousands ormillions of years, and 5. the permanence of global warming.

2.1.Warming now
Weknow from thermometer records that Earth’s average surface temperature has increased 1 °C (2 °F) during
the 20th century [29]. This warming is corroborated bymany other lines of evidence, including satellite
temperaturemeasurements [30] and the shrinking of glaciers throughout theworld [31].

2.2.Mechanism
Global warming is an enhancement of Earth’s natural greenhouse effect, whichwas discovered nearly two
centuries ago [32]. Themechanismof global warming—whereby the burning of fossil fuel increases carbon
dioxide concentrations, leading to an additional trapping of heat and, therefore, warming of the planet—was
understood in broad outline by the late 1800s [33] and is understood in exquisite detail today [34]. The reasonwe
focus here on carbon dioxide is that the other greenhouse gases contribute amuch smaller warming (altogether,
about half asmuch as CO2) and, with the exception of some halocarbons, they last in the atmosphere for amuch
shorter time [34]. For example,methane, whose radiative forcing is equal to about one quarter that of carbon
dioxide [35], has a lifetime of only ten years. Carbon dioxide, on the other hand has an effective lifetime
measured in tens of thousands of years (see below).

2.3. Consensus
Climate scientists agree that the Earth is warming and that this warming is caused by human emissions of
greenhouse gases [36]. Among the studies that have quantified this consensus, it is found that about 97%of
climate scientists agree on the existence of global warming and its anthropogenic cause [37–40].

2.4.Highest CO2

At the time ofwriting, the atmosphere’s concentration of carbon dioxide is 410 ppm and rising at about 2.5 ppm
per year. This is higher than any concentration seen on Earth formillions of years [41]. In 1980, when ourNYT
database begins, the concentration hit 340ppm,whichwas unambiguously higher than any concentration of
CO2 from the past 800,000 years [42] and at or exceeding themaximumvalue ever experienced on Earth for
millions of years [41]. The human species originated roughly 300,000 years ago [43], so the concentration of
carbon dioxide has been higher than ever before in the history of our species during the full time period covered
by theNYTdatabase.

2.5. Permanent
Once put into the atmosphere, carbon-cyclemodels predict that the concentration of carbon dioxide is brought
back to its original value by silicate weathering on a timescale of∼100 thousand years [44], which is the same

Box 1.The five facts searched forwithinTheNewYork Times articles. Parentheses denote alternate or optional possible wordings.

WarmingNow:Global warming is happening now.
Mechanism: 1. Burning fossil fuels (coal, oil, gas) produces greenhouse gases (carbon dioxide), 2. greenhouse gases (carbon dioxide) trap
heat, and 3. that trapping of heat causes global warming.

Consensus:The vastmajority (90+%, consensus) of climate scientists agree that global warming is happening and is caused by human
activity.

Highest CO2: (Due to the burning of fossil fuels,) there is nowmore carbon dioxide in the atmosphere than there has been for hundreds of
thousands (likelymillions) of years.

Permanent:Global warming is permanent (for thousands of years).
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length of time that it took Earth to recover from an analogous release of carbon dioxide at the end of the
Paleocene [45, 46]. Human agriculture and human civilization originated roughly 10,000 years ago [47], so
global warming is effectively permanent on the timescale of human civilization.

3. Analysis

For this study, we used the ProQuestUSMajorDailies database, which contains all NYT articles from1980 up to
the present.We identified all NYT articles containing either ‘global warming’, ‘climate change’, or ‘greenhouse
effect’ in the title from1980 to 2018, inclusive. This generated 1801 articles.We subsetted these to standard news
articles (excluding, e.g., all op-eds, letters to the editor, editorials, blog posts, newsletters, advertisements, etc.)
that have full searchable text and aword count greater than or equal to 500. Duplicate articles were identified
using approximate stringmatching on the full text (appendix B) and the article with the largest word count was
kept, while the others were discarded. For duplicate articles from the past two decades, the article with the largest
word count is typically the online version. This left uswith 597 articles that were distributed in time as shown in
figure 1. Although the ProQuest database begins in 1980, thefirst article thatmet our criteria was in 1983, sowe
begin the time series then.

The coverage of climate change haswaxed andwaned over the years, with peaks in coverage coincidingwith
well-known events. Thefirst peak occurred during 1988-1990, which coincidedwith JamesHansen’s testimony
toCongress in 1988, the formation of the Intergovernmental Panel onClimate Change (IPCC) in that same year,
and the release of the IPCCFirst Assessment report in 1990. Coverage peaked again in 1997, coincident with the
UnitedNations Conference of the Parties inKyoto, Japan, at which parties agreed to theKyoto Protocol.
Coverage peaked again in 2007when theDemocratic Party took control of both houses of Congress, theNobel
Peace Prizewas awarded jointly to Albert Gore and the IPCC, and the IPCC released its FourthAssessment
report. In 2009, theAmericanClean Energy and Security Act, commonly referred to as theWaxman-Markey
Bill, was passed by theHouse of Representatives andwould have, if it had been approved by the Senate and
signed by the President, established a cap-and-trade system for carbon-dioxide emissions. Finally, in recent
years, coverage has spikedwith the negotiation of the Paris Agreement (2015) and the establishment of a
dedicated climate team at theNewYork Times (2017) [48].

With hundreds of person-hours contributed by undergraduate researchers, we identified the keywords or
character strings withoutwhich it was impossible for a paragraph to convey each corresponding fact
(appendix C). For each fact, a computer algorithm screened for the paragraphs containing that fact’s required
character strings, and thefirst author then read those paragraphs and judgedwhether the fact was present.
Table 1 lists some examples of articles that tested positive for each of the facts. For this table, four articles were
drawn randomly (without replacement) to represent each fact (except for the Permanent fact, for which there
were only two articles). For each of the randomly selected articles, the ProQuest identification number is given
alongwith the snippet of text that conveyed the relevant fact.

Figure 2 shows the fraction of articles that contain each fact in each year, drawn as black circles. On the
abscissa, the tickmarks denote January 1 of the corresponding year, while the circles (corresponding to articles
over the subsequent twelvemonths) are positioned at themiddle of the corresponding year (i.e. at July 1). For

Figure 1.Time series of the 597NewYork Times climate-change news articles.
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years with no climate-change news articles (1985 and 1987), no black circle is drawn. For each year, the blue
shading gives the Bayesian posterior probability density function (PDF)P(θ) for the probability θ of a climate-
change news article containing the fact (appendixD); inwhat follows, we also refer to θ as the prevalence. For
this Bayesian analysis, a uniformprior is used (therefore, 1985 and 1987 have uniformposterior PDFs).

To get a sense for the time-dependence of θ for each fact, we calculate a best-fit line parameterized by the
beginning probability θb for January 1, 1983 and the ending probability θe for January 1, 2019, using Bayesian
analysis with uniform priors for both θb and θe (appendix E). These best-fit lines are shown in black infigure 2.
Figure 3 displays themedian value of θe for each fact with the 95% central credibility interval given at the bottom
of each pie chart.

We see that the prevalence of theWarmingNow fact has remained fairly steady over the three and a half
decades of data here. In the linearmodel for θ, the prevalence of theWarmingNow fact likely increasedmodestly
from θb=20% (95%CI: [9%,31%]) in 1983 to θe=31% (26%,37%) in 2019. In sharp contrast, the prevalence

Table 1.Examples of occurrences of facts inNewYork Times climate-change news articles. (left column)The fact, (middle column) the
ProQuest identification number, and (right column) the relevant snippet of text.

WarmingNow 432916326 The report... found that rising temperatures had already eroded glaciers, sea ice and permafrost.
1868157563 [O]lder damsmay not be designed to deal with the severeweather patterns California has experienced

because of global warming.
1983944177 TheArctic is not as cold as it used to be—the region is warming faster than any other... Despite an unde-

niable overall year-roundwarming trend...
1975965260 Based on howmuch theworld haswarmed... [R]ising carbon dioxide haswarmed the planet.

Mech. part 1: 426896230 Burning of fossil fuels accounts formost of the carbon dioxide releasedworldwide.
Coal, oil, gas

430369370 ...greenhouse gases emitted by the burning of fossil fuel.
GHG /CO2 432637729 ...emissions of carbon dioxide and other greenhouse gases in the burning of fossil fuels.

1619268739 [T]heymust restrict emissions from additional fossil-fuel burning to about 1 trillion tons of carbon
dioxide.

Mech. part 2: 2126756961 [M]ethane, a powerful planet-warming greenhouse gas... ismore than 25 times
GHG /CO2 as potent as carbon dioxide in trapping heat in the atmosphere.

428352355 ...heat-trapping gases like carbon dioxide...
Trap heat 431481503 ...carbon dioxide and other heat-trapping ‘greenhouse gases’...

425686418 [A]tmospheric carbon dioxide retains heat.

Mech. part 3: 430823211 ...combat the growth of global warming by limiting the emissions of carbon
Trap heat dioxide and other gases that trap heat...

427062969 Carbon dioxide from such combustion is believed to be trapping radiation from
Warmer the Sun and causing Earth towarm.

428208584 ...carbon dioxide, the principalman-made atmospheric gas among several that trap heat... [T]he average
global temperaturewas likely to rise... if emissions of greenhouse gases continue unabated.

432109543 [T]he report... blames human actions for recent global warming. It says themain culprit is the burning of
fossil fuels that send heat-trapping greenhouse gases into the atmosphere.

Consensus 1840929642 ...the scientific consensus that global warming exists and is caused by people.
1764608902 More than 95 percent of climate scientists agree that recent global warming is causedmostly by human

activity.
2138968948 ...the established scientific consensus that climate change is occurring and is primarily the result of

human activity.
434050139 ...broad scientific consensus linking [heat-trapping greenhouse gases] towarming since 1950.

Highest CO2 1888882605 The last time atmospheric CO2 levels were as elevated as they are today, threemillion years ago, sea levels
weremost likely 45 feet higher, and giant camels roamed above theArctic Circle.

431177088 [P]resent-day atmospheric levels of heat-trapping carbon dioxide are higher than at any other time in the
last 420,000 years.

1350839635 Last week, scientists announced that the concentration of heat-trapping carbon dioxide in the atmos-
phere had reached 400 parts permillion—its highest level in at least threemillion years.

433470176 For at least 600,000 years before the Industrial Revolution, the concentration of carbon dioxide rarely
nudged beyond 280 parts permillion. It is now382 parts permillion and rising steadily.

Permanent 1010314252 By then, they say, the atmospherewould contain somuch carbon dioxide as tomake a substantial warm-
ing inevitable, and the gaswould not return to a normal level for thousands of years.

921555176 [C]arbon dioxide, the primary cause of climate disruption, persists in the atmosphere for thousands of
years.
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of theMechanism fact has decreased from θb=34% (26%,43%) in 1983 to essentially zero in 2019with
θe=0.2% (0.008%,1%). This is unfortunate because an understanding of themechanismof global warming
strongly affects thewillingness to takemitigative action [49]. It appears that journalists felt a need to explain the
mechanism to their readers when the topicwas new, but have since assumed, incorrectly [2], that today’s readers
have this knowledge.

Thefirst article tomention theConsensus fact appeared in 2007, three years after the scientific consensus
wasfirst reported [36]. Informing people of the scientific consensus has been shown to dramatically increase
their acceptance of global warming [50–54], but, unfortunately, the prevalence of this fact in climate-change
articles in 2019 is only θe=4% (2%, 6%). For theHighest CO2 fact, only 1%of all articlesmentioned this fact (6
out of 597). The Permanent fact wasmentioned by only 0.3%of all articles (2 out of 597). Based on the
distribution of these occurrences in time, the best-fit linearmodel gives a prevalence for 2019 of 1% (0.2%, 2%)
for theHighest CO2 fact and 0.4% (0.03%, 1%) for the Permanent fact.

Figure 2.Prevalence of thefive facts as a function of time. Black circles denote the fraction of climate-change news articles that
contained the fact. Blue shading gives the posterior PDF for the prevalence θ. Solid black lines are best-fit lines to the posterior PDFs,
which overlap the abscissa in the lower panels.
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4. Conclusion

This study quantifies the presence or absence of basic climate facts within climate news articles of amajor
national newspaper. In an analysis of nearly six hundred news articles inTheNewYork Times (NYT) that cover
climate change, wefind that, with one exception, basic climate facts appear in those articles todaywith
vanishingly small frequencies. The one exception is the fact that global warming is happening now,which
appears in 31%of currentNYTnews articles. The basicmechanismof global warming appearedwith a similar
prevalence (34%) in the early 1980s, but has dropped to a prevalence of essentially zero today (0.2%). The other
facts—the scientific consensus on global warming and its human cause, the fact that CO2 concentrations are
higher now than any other time in human existence, and the fact that global warming is effectively permanent—
appear todaywith similarly small frequencies (4%, 1%, and 0.4%, respectively). In fact, the vastmajority of
climate-change news articles contained none of the five basic climate facts. Since theNYT is highly regarded for
its coverage of news in general, and of science and global warming in particular, it is doubtful that any other
major newspaper faresmuch better.

This study confirms, in a quantitativemanner, the earlier finding that climate-related newspaper articles lack
the scientific context readers need tomake sense of the problem [19]. By looking at a set offive climate facts
within one of theUnited States’ prestige newspapers, and searching through all articles from the past 40 years,
this study provides a quantitative view into how the reporting has changed over past decades, and establishes a
methodology that can be used to look for improvements in the future. In themeantime, however, we conclude
that the American public is not learning basic climate science through newspaper journalism.Of course, this
need not be the case: as illustrated by the snippets in table 1, the basic facts of climate science can be embedded in
articles with ease. Amore systematic inclusion of these basic facts withinworks of climate journalismwould
likely increase the public’s concern for, and desire to stem, the growing climate crisis [9–11].
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AppendixA

Duplicate articles were identified by calculating ameasure of approximate stringmatching between the full text
of every article with any other article publishedwithin a two-week period. For every set ofmatching articles, the
article with the longest word count was retained and the others were removed. Stringmatchingwas calculated
based on the restrictedDamerau-Levenshtein distance [55]: if the restrictedDamerau-Levenshtein distance
between two articles, divided by the larger of the twoword counts, was less than 0.5, then the two articles were
identified asmatches.

Appendix B

For each fact, there are some keywords or character strings thatmust be present for a paragraph to be able to
convey that fact. For each fact, thefirst author read the subset of paragraphs thatmet the relevant criteria and
then judgedwhether the fact was present in each of them.Using standard logic notation, and defining Px to be
true if and only if string x is present, the subset of paragraphs identified for readingwere chosen as follows for
each fact:

WarmingNow P Pwarm temperature

Mech. part 1 ( )P P P P P P P Pfossil coal oil natural gas jet fuel methane gasoline petrol

-( )P P P Pcarbon dioxide greenhouse gas greenhouse gas co2

Mech. part 2 -( ) ( )P P P P P P Pcarbon dioxide greenhouse gas greenhouse gas co2 trap heat radiation

Mech. part 3 ( ) ( )P P P P P Ptrap heat radiation temperature warm hotter

Consensus P Pwarm temperature

Highest CO2 [( ) ]P P P P P P P Phundred thousand million ,000 year centuries milleni permanen

Permanent [( ) ]P P P P P P P Phundred thousand million ,000 year centuries milleni permanen

This preliminary screening of paragraphs, performed by a computer, allowed thefirst author to judge the
presence of facts in all 597 articles in a timelymanner.

AppendixC

Let us index years by a subscript i and let ni be the number of articles in that year. For a particular fact, let ki be the
number of articles that contained that fact (although there are five different facts being studied here, we omit an
index corresponding to the fact for notational simplicity). For year i, let θi be the underlying probability that an
article written in that year will contain the fact; we also refer to θi as the prevalence. For the Bayesian analysis, we
use a uniformprior for this probability: the prior probability density function isP(θi)=1 for - -q0 1i and
zero otherwise. Given θi, the likelihood of observing ki articles containing the fact out of ni articles sampled is the
binomial distribution,

q q q= - -⎜ ⎟⎛
⎝

⎞
⎠( ∣ ) ( )P k n

n
k

, 1 .i i i
i

i
i
k

i
n ki i i

ByBayes’ theorem, the posterior distribution (i.e. the probability density function for θi given an observation of
ki fact-containing articles out of ni total articles) is

q q= + - +( ∣ ) ( )P k n k n k, Beta , 1, 1 ,i i i i i i i

where Beta is the beta distribution. Themean of this distribution is (ki+1)/(ni+2).

AppendixD

To get a sense for the time-dependence of θi for each fact, and to get a best-fit present value of θi, we use Bayesian
analysis to calculate the posterior PDFs of the variables θb and θe in the expression

q
q q

=
- + -

-

( ) ( ) ( )y y y y

y y
, 1i

b e i e i b

e b

where θi is the probability of the fact occurring in an article in year yi (equal to, e.g., 2 014.5 for articles published
in 2014), yb is the beginning time for this time series (1 983.0, representing January 1 of 1983, the first year with a
nonzero ni) and ye is the ending time for this time series (2 019.0). In thismodel, θi transitions linearly from θb at
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yb to θe at ye. Taking the prior distributions for θb and θe to be uniformdistributions, the posterior distribution
for θb and θe is proportional to the likelihood,

q q q qµ - -⎜ ⎟⎛
⎝

⎞
⎠( ∣{ }) ( )P k n

n
k

, , 1 ,b e i i i

i

i
i
k

i
n ki i i

where θi is given by the linearmodel of equation (1). The properties of this posterior distribution (i.e., the
medians and credibility intervals of themarginal distributions of θb and θe) are calculatedwith theMarkov chain
Monte Carlomethod via theMetropolis algorithm. The lines plotted infigure 2 use themedian values of the
marginal distributions for θb and θe.
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