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Citizens' opinions are crucial for action on climae change, but are, due to the complexity of the
issue, diverse and potentially un-formetl We contribute to the understanding of public vievs on
climate change and to knowledge needed by decisiorakers, using a novel approach to analysing
answers to the open survey question “what comes your mind when you hear the words ‘climate
change?”. We apply automated text analysis, spedflly Structural Topic Modelling (STM) 2,
which from 2,115 responses induces distinct topitesed on the relative frequencies of the words
used. From these data, originating from the new, rionally representative Norwegian Citizen
Panel, four distinct topics emerge: weather/ice, ture, consumption and attribution. We find that
Norwegians emphasise societal aspects of climateadge more than do respondents in previous US
and UK studies®* ® ® Furthermore, variables that explain variation in closed questions, such as
gender and education, yield somewhat different andurprising results when employed to explain
variation in what respondents emphasise. Finally hie sharp distinction between scepticism and
acceptance of conventional climate science, ofte@es in previous studies, blurs in many textual

responses as scepticism frequently turns into amkalence.

Numerous studies of public opinion about climatange show that agreement with the scientific
consensus, concern about consequences and suppoitifjation policies vary with age, gender, inagm
and education® * 1 * 2However, fewer studies address differences in tlonate change is interpreted
and what associations are made by individualshilgtudy, we make three contributions. First, we
examine Norwegians' conceptions of what type oblero climate change is, and contrast this with
previous studies of climate change imagery in t82 t#and UK. Second, we test whether the
structurally stable variables that have explainéémnces in degree on indicators such as conmern
trust in science also explain differences in kithdy is, what type of association individuals cloagen
asked to write about climate change in their owndsoThird, analysing the most representative arswe

of each topic, we often find emotional or affectesgoressions.



The overwhelming number of sub-topics that linklimate change makes it difficult to condense
this issue into a few salient dimensions. The tjaeernmental Panel on Climate Change (IPCC) divides
the area into three sub-fields: Physical sciensisbampacts and mitigatidh Hulme' suggests six
distinct frames: scientific uncertainty, nationatsrity, polar bears, money, catastrophe and
justice/equity. Analysis of blogs shows how visiaisiegative impacts compete with more positive
perspectives in the climate change defidfe

Open-ended survey questions that permit respontentee their own frame of reference, "even if
this might seem inappropriate or ‘irrational’ te urvey designer or analys' thus add great value to
the study of public perceptions of climate changeerican respondents emphasise ice melt, heat,
"alarmist” and "naysayer" topics when asked to@as®a word or phrase with ‘global warming' inifou
studies from 2003 to 203d > Overall, physical images (ice melt, heat, natfioed/sea level, weather)
dominate, while the "naysayer" views increase tivee. Using open-ended questions to elicit reasons
supporting or opposing mitigation measures in tvidthtes, Shwom et dlfind four main categories of
answers: Economic, moral, political, and technalabiMen were more likely to bring up political
rationales; women and young people more likelyriogoup costs to self, while education, perhaps
surprisingly, played no significant role predictitagpic choice.

The main explanation for the relatively low numbéstudies of this kind has traditionally been
cost, both to interviewers transcribing textuapasses and to scholars analysing and categorising t
output. Recently, online survey methods and quativé text analysis have brought those costs dowh,
to our knowledge this combination has not yet begioited to shed light on climate change opinion.
This study breaks new ground by including a greatenber of responses, longer responses, a new
country context (Norway) and crucially by employiaigtomated techniques to induce a set of key topics
based on mutual exclusivity and internal cohesion.

We aim to explore how the diverse climate changeatirses may influence and be reproduced
by members of the public in their own words. Mel@dges of a phenomenon arguably precede cognition

and thus serve as priors in decision-making, imitireg how new information is proces$edDiscourse
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creates, reproduces, challenges and excludesatiffezpresentations of the world, thus formingtihsis
of decisions and actions. From this perspectiwe ptiesent study permits us to uncover some of the
fundamental constraints on and opportunities ofiale action. Specifically, the degree to whiclzeitis
cast climate change as personal and immediater thidue distant may influence the extent to which
policymakers perceive support for controversiaigaiion and adaptation measufes

The basic components of natural language — thesvetgpically have many meanintjs
Through the textual answers, we see that “climhassnge” is associated with many different phenomena
some related to physical reality and others to [gg®pubjective attitudes, their beliefs, valued an
interesté’.

Among the textual responses, the median respongthlevas four words and the mean length
was 10.1 words (62.7 characters); the longest respbad 310 words. The total corpus contained 21,47
words (110,247 characters not including spaces)h€e, the most frequent words were "extreme
weather" (one word in Norwegian, used 142 timesggdther" (131), "warmer" (94), "natural disaster(s)
(78), and "human-made" (77).

Through manual analysis of a range of alternatieeehspecifications, we found that running a
structural topic model with four topics yielded the@st semantically coherent and distinct topics,
compared to specifications with more or fewer tegggee Supplementary Material). The selected nisdel

shown in Table 1. We propose the following labelsthe four topics:

Topic 1: MONEY/CONSUMPTION. Besides frequent references to the negative seftdatonsumer
society, and the need to help poor countries, resgmassociated with this topic contain concejrteck
to policy, such as an international agreement arelst but also statements suspecting monetary @sotiv

behind climate policy. There is some overlap witpit 3.



Topic 2: WEATHER/ICE. This topic emphasises the physical manifestatidreimate change,
including predictions about the weather becomingemmstable, warmer and wetter and with more rain

and landslides, melting ice and sea-level rise.

Topic 3: ATTRIBUTION. These entries focus on what causes climate chandejotably the causal
effect of human actions. Natural cycles are fretjyenentioned, but often through expressions alimvi

for human causation at the same time.

Topic 4: FUTURE/IMPACT. Negative consequences for humans are emphaseege(d challenges),
especially for future generations (children, grdrildicen). The perspective represented here is btieeo

effects of climate change on humans in the future.

[Table 1 about here]

The most representative words for each topic t-ithavords with high frequency in the given topic
combined with low frequency in other topics -- gieen in Table 1. Four of the most representative
answers of each topic, given the selected modeklawwn in Table 2. Note, for example, that somtbef

Attribution statements express doubts about huraaeation of climate change.

[Table 2 about here]

The most prevalent topic is Weather/Ice, with claskalf the document proportions in the
aggregate, while the Attribution and Money/Consuomptopics are smallest with less than one-fiftolea
While the categories are not directly comparablintse used in the US and UK studies, the restdts a
similar across the three countries in that ice nfilelbding and the weather appear prominently. Here
attribution emphasis in Norway (15 percent) is dieamaller than the US naysayer category (23 perce
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in 2010). Furthermore, human and societal aspeettogether much more prevalent than in the US and
UK studies. For example, Impacts/Future and Monegmption have a total topic proportion of 40
percent in Norway, against less than 15 percerthiotJS Alarmist category and five percent for the
Disaster frame in the UKWhile this suggests that Norwegians see climatmge differently than their
US and UK counterparts, it could also reflect aggahglobal increase over time in attention to haraad
societal aspects of climate change.

Is the greater emphasis on human and societattasgréven by any particular segments of
society? We know that structurally stable varialslesh as age, gender and education have previously
been used to explain differences in degree of cormed trust in science: do they also explain diffiees
in the kinds of associations made by citizens?

Figure 1 shows that respondents who in a closestigmeexpressed more concern about climate
change also devote significantly greater shargiseif responses to the Future/Impact topic, a# elgual.
Conversely, those less concerned are more likdbyitg up the Attribution topic. These positive

relationships increase confidence in our STM method

[Figure 1 about here]

We also find that older respondents are more likelgxpress their thoughts about climate change
in terms of weather and ice melt. Younger respotgjdry contrast, emphasise human or societal sffect
through concern about the future, which may beamptl either as a consequence of self-intereshyou
people are more likely to experience adverse effieotn climate change) or cohort effect (young peop
have learned about climate change in a period wéfégets on society have been emphasised). A strong
cohort effect would imply increasing public attemtito climate change over time, and likely growing
support for mitigation and adaptation measures.

As Figure 2 shows, women are significantly lessliithan men to use an attribution frame and
more likely to respond in terms of weather and &leglse equal. Among the 100 respondents with the
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highest "Weather/Ice" topic proportions, 67 werenen; among the 100 with the highest "Attribution"
proportions, 88 were men. This agrees with ediilielings that women express more scientifically
accurate climate change knowledge and less clistageticism than mén *2 Nevertheless, the result
contrasts with studies using closed questions, ehvemen tend to be more concerned than'fémour
study, this elevated concern, confirmed by theaddaguestions of our own poll, does not translai® an
higher likelihood of using words related to futimgacts.

Education has more muted effects. There are teigleamong individuals with university
education to choose responses that fit the Fuinpaltt frame rather than the Money/Consumption frame
but only the effect on the latter topic is bordeglsignificant. This is somewhat surprising givieatt
education usually predicts significant variatioropinion” 1> 2 put agrees with Shwom's study using
open-ended survey questiohd hus, although educational effects clearly exisiosed questions on
climate change, education has less of an effed¢fi@rmining what people think of as important ia th

context of climate change.

[Figure 2 about here]

To validate our regression analyses shown in Egyrand 2, we undertake close readings of the
100 most representative statements of Topics Zla8gecifically, among the 100 responses with the
highest "attribution" topic prevalence, only seved in an earlier, closed survey question agreduavi
statement that climate change is to a large extigmto human action. A reading of these resporsrgss
that 29 percent nevertheless expressed ambivddgan®ents allowing for a human role in causing atien
change. Items 6 and 10 under Attribution in Tabéerepresentative of such statements. Thus, the
written answers of respondents are much more ndahea can be derived from closed survey questions.
A Norwegian "naysayer" category would need to exelthe ambivalent respondents, and thus constitute

only about ten percent of respondents or half tiraber seen in the US



Furthermore, an in-depth reading of the 100 mqgeiesentative Topic 4 (Future/Impact)
responses shows that concern is made explicit ghremotional wordings such as ‘afraid’ and
‘frightened’ (19 occurrences in the top 100). Téwent "serious” appears 14 times among the top 100,
underlining the personal relevance of climate cleaoga substantial share of Norwegians.

For future closed questions, this study implies ¢haater insights may be garnered from allowing
for expressions of ambiguity or uncertainty abdet ttelative contributions of natural and anthropige
drivers of climate change. Another option is to aslat type of issue respondents think climate chasg
allowing respondents to choose between sub-togargified by this study and others.

In more general terms, the present Norwegian stadributes to the relatively modest set of
national studies already undertaken in countrieb sis US and UK on what people associate with tima
change, using their own words. Given the globatattar of climate change and the recurrent eftorts
institute cross-national mitigation and other measuwe believe that comparative research of thig k
constitutes important input to decision making tmthe understanding of public opinion formatiom an

risk perceptioh

Methods

STM generates mixed membership results where eatlal response is assigned proportions of
each topic. Choices such as model specificatiombau of topics and interpretation of topic cohesiod
exclusivity are made qualitatively by the authors.

The topic proportions are based on word frequengiegical prevalence is a vector that sums up
to one for each individual text or response: faragle, in a three-topic model, one response may be
deemed by the model to belong 70 percent to Topiedl15 percent to each of Topics 2 and 3. Singilarl
aggregate topic prevalence is based on overaliémecjes of words associated differentially withreac

topic. Earlier studies using open-ended questionise context of climate charigé® *register counts of



one or more topics per respondent, making aggregpie proportions exceed 100 percent; these
proportions are thus not directly comparable wligh ¢urrent study.

Responses with a high prevalence of words strdinttgd to one topic are said to be
representative of that topic, and close readingpifesentative responses is key to evaluating afsod
guality. When choosing the most representativeaesgs for close reading, we select the 100 response
with the highest values on that topic's prevaleremor, as generated by the model.

The STM model specification with four topics presehin this paper reflects the general
tendencies seen in more than 100 model runs. $@dlif the overwhelming number of models tended to
distinguish between the overall topics of impadtifa/consequence, attribution/scepticism and
weather/ice/sea level rise. When more than foluicsopere modelled, weather and ice/sea level tilgica

separated into distinct topics, see Supplementateial.

Data were collected as part of the online Norwe@iizen Panéf, based on postal recruitment
of 25,000 individuals running from November 6, 2Qgil January 5, 2014. Gender, age, and education
bias in the response rate was {oWhe first wave garnered 4,905 survey subjectsuaning to a
response rate of 20.1 percent. Of these, a randdralyn sub-sample of 2,297 responses was used in th
current study. The open-ended question had theimgirtiWhat comes to mind when you hear the words
‘climate change'?" This produced responses frodb2ridividuals or 92 percent. The question appeared

at the end of the study to minimise loss of respoitsl

Seven other questions related to climate change p&sed early in the study, in part to correlate
with the open-ended answers. These questions asked opinions on oil production in Norway,
personal concern about and causes of climate chdmgat assessment, ease/difficulty of mitigatiod
moral obligation to reduce emissions. To minimipatext effect$? the climate questions were asked
early in the survey, with 41 questions (82 if cangtindividual battery items) about immigration,
domestic terrorism, individual work situation artier demographic matters serving as a buffer. This

strategy satisfies recommendations of a distaneg lefast six irrelevant items between related



question$’. The fact that the questions are formally différ@tosed vs. open), have dissimilar wordings
and measure different constrifét§ also serves to avoid contamination effects. Citeading of the open
answers finds no evidence of context effects, agy'pil" (appearing early in the survey) is men&d by
only 26 respondents (1.2 percent) in the open asswidile "weather" and "ice", mentioned by 449 and

468 respondents, respectively (over 20 percente wet brought up by earlier survey questions.

Concern was measured with the question "How coeckane you about climate change?" with a
five-point answer scale ranging from "Not at alhcerned" to "Very concerned." Views on climate
science were measured by asking respondents wiatithate change was human-induced, natural, or not
happening, with "don't know" a fourth option (sesviston et af®). The textual responses were stemmed
and stop words and punctuation removed using toevisallC package. Subsequently, 371 terms
remained. For the most frequent terms, varietighefvritten standardsynorskandbokmalwere
harmonised.

In the regression analyses of topic prevalence sefected variables, significance testing using T-
statistics was performed based on standard etvatsricorporate both estimation uncertainty froem th

topic induction procedsand estimation uncertainty from the regressionetsd
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Figure captions

Figure 1: Co-variation of topic proportions with climate concern and age.

The lines indicate the predicted topic proportiondach of the selected topics given values of/éin@ble on the
horizontal axis. The values have been generated &oegression where the outcome variable is tbegstion of
each document dedicated to each topic, given tiv ®ddel shown in Table 1. Explanatory variablesdimate
concern, age, education (binary: university-levehat) and gender; those not shown on the horitexts are held
at their sample medians. Confidence intervals migithe 95 percent uncertainty range and includte tregression
uncertainty and measurement uncertainty from thid 8bdef” %% N=1,922 for both models. In model 1a, the
concern variable has an effect size of -.17 antessipon uncertainty standard error of .0077 forAttgbution topic
and effect size .11 (SE=.011) for the Future/Impapic. For Model 1b the respective effects of ggmip are .024
(SE=.0038) on the Weather/Ice topic and .019 (SEE/Don the Future/Impact topic. Further detailghan
statistical analysis are given in Supplementaryenials.

Figure 2: Effect of gender and education on topichwice

The figure shows the difference in expected topgicalalence between women and men, and betweenduodis
with university education compared to individualishout university education. Specifically, topics the right of

the zero line are more likely to be brought up lmmven (panel a) or those with university educatmemeél b); topics
on the left more likely to be brought up by mennglaa) or those with no university education (pdjelConfidence
intervals indicate the 95 percent uncertainty raage include both regression uncertainty and measemt
uncertainty from the STM mod&l N=1,922 for both models. See Supplementary Maitefor effect sizes, standard
errors and other details on the statistical anslysi
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Tables

Topic Most discriminating terms (frequency and exclugi: Topic labe Topic
Norwegianand English proportion
1 forbruk, peng*, hjelp, mest, mennesk, tror, tenk, Money/consumptia | .1€
land, alt

consumption, money, help, most, human*, believiakth
little, land, everything

2 veer, ekstremveer, smelt*, temperatur, naturkatag Weatherl/ic AL
global, uveer, flom, stig

weather, extreme weather, melt*, temperature, ahtur
disaster, global, bad weather, flood, rise

3 endr*, klima, syklus, jord, forhold, pavirk*, forens*, Attribution JAE
all, menneskeskapt, endring

change, climate, cycle, earth, compare/condititfect
pollut*, all/every, human-made, change

4 fremtid, alvor*, gjar, far*, verd, folk, ansv*, hibarn, Future/impac 22
konsekv

future, serious*, do, danger*, world, people, rasib*,
car, child, consequence

Table 1: Most discriminating words by induced topi¢ with suggested topic labels.

The displayed terms are those that are the magtdre within as well as exclusive to each t6hicabels for each
topic are suggested qualitatively based on theetwrf the terms and associated survey responsésrigks
indicate stemming, e.g., the term "responsib*" coags "responsible” and "responsibility." Tranglas are best
approximations based on readings of representatitrées.
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*** Start Table 2

Topi c 1: Money/ consunption

[2] Bureaucrats who want to earn as much as possibl
to make money on alleged climate change. Bureaucrac
e who are afraid of not making enough money if agen
ink hole for public funds across the world.

[3] I hope and pray that the countries of the world

0 something about this problem, but rich countries

s by investing in climate-friendly industry and CO2
The oil [sovereign wealth fund] should pull out of

be invested in environmentally-friendly technology,
UN should set up a fund, into which all rich countr
thematically needed, where the money goes to furthe
ently, rich countries should be forced to spend ano
projects ... or overseas aid. And on top of that this

, and additional developed-country commitments, whi
the rich countries, have created this problem, we m
[4] That everything is changing. The climate, too.

t because we and society are so focused on money an
aring and thinking about future generations, we are
hat catastrophes mostly fall on countries and peopl
themselves with. But who may happier and more satis
[7] Rich countries have to do something to stop cli

Topic 2: Weather/ice

[1] More rain, storms and bad weather, higher sea |
[2] Ocean rising, temperature in ocean and air incr

[3] More bad weather such as precipitation, storms,
[4] More extreme weather. Warmer or colder..., floods

Topic 3: Attribution

[1] The climate has been changing several times in
still going on and can barely be changed by humans,
od for vegetation. The greenest periods on Earth ha
[3] That this is something we in no way may influen
extent is cycles on Earth that are governed by the

[6] Climate change: the sum of human-made and natur
d its atmosphere.

[10] The climate has always been changing and it st
the reason is human-made.

Topi c 4: Futurel/inpact

[2] That a lot needs to be done to reduce emissions
e done to prevent deforestation in Africa, Asia and
ainst climate change.

[4] Climate change is very serious for people aroun
onsequences in our country, which may be one of the
to reduce/stop this dangerous development. I'm reti
not least grandchildren and future generations will
d the "governing generations" aren't able to or lac
ures that are needed to reduce the "acceleration of
truly ecologically "sustainable" production, perhap
living standards in our rich part of the world. The
ture," a much more important and decisive voice, si
th the consequences.

[5] That people no longer take it seriously because
ians are doing little because voters give very low
tle is being done. It's a vicious circle. Furthermo

f their nation. They are tired of hearing about pro
ity.

[7] Our grandchildren will condemn our generation f

*** End Table 2

e from participating / being a part of expert staff
y. Researchers who think they know everything. Lots
cies are shut down. Egotistical climate bureaucrats

will come to a comprehensive agreement. It IS poss
have to stop being so greedy and actually help poor
-reducing actions in poor countries as well as in t
everything dirty and environmentally unfriendly, an
infrastructure, etc., in other countries. Furtherm

ies should pay an allowance of e.g. 1% of GDP, or w
ring environmental projects in developing countries
ther half of what they put into the fund, extra, to
emission reduction treaty should come, with this U
ch incentivise developing countries to sign the tre
ust take most of the responsibility.

That it's a bit frightening. And a bit unfair. [I]

d profit, to increase consumption and pleasure inst
only able to think a little about the global pictu

e who have a lot to deal with already and little to
fied than us...

mate change and help poor countries with actions.

evel, extreme drought, extreme cold, glaciers melti
easing, more unstable weather, floods, droughts.
etc. as well as melting of the poles.

, bad weather etc.

the course of the past billions of years. These cha
or not at all. Besides, high levels of CO2 emissio
ve been those with high levels of CO2 in the air.
ce to any great extent. My opinion is that this to
solar system.

al changes that affect the climate on the Earth's s

ill is. Now it's changing a bit faster than before.

in China, India and the rest of the world; a lot n
the rest of the world; we need not only words but

d the whole globe. So far we haven't seen the most
reasons why we don't seem to be willing to do what
red and think a lot about the problems that our chi
face. The world is a bit locked into its growth ec

k the courage to take the unpopular and partly dram
the wheels." That would entail a long transition p

s with high levels of unemployment and necessary lo
refore we should give the young and engaged, who "o
nce they, in any event, will be the ones who have t

nothing is being done. It's a bit like crying wolf
priority to climate change, which in turn may be be
re, Norwegians in general seem pretty egocentric on
blems that affect the rest of the world. | think th

or not doing what was necessary.

Table 2: Most representative responses by inducedpic
Selected responses from the ten most represengatsweers by topic, based on a qualitative assessshien

representativity. The model-based representatigitk of each response is given in square brackbssfull list of
top 10 responses is given in the original Norwegma8upplemental Table 1.
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