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Global warming threatens ecosystems and societies globally. 
However, in many countries public attitudes and perceptions 
of climate risks have lagged behind the accumulation of sci-

entific evidence and assessments, contributing to inadequate politi-
cal support for mitigation or adaptation1–3. As the risks and costs of 
climate change will increase the longer mitigation is delayed4, there 
is a need to understand barriers to public engagement with the issue 
and support for public action, including drivers of risk perceptions.

Many contextual and cultural factors can influence individuals’ 
climate change beliefs and attitudes, including value orientations, 
social identity and group norms5. While acceptance of the scientific 
consensus on human-induced climate change has been identified 
as an important ‘gateway belief ’ to increased support for climate 
actions6, simply presenting more scientific facts to a sceptical or 
unengaged audience can be ineffective and even counterproduc-
tive7. Changing attitudes, beliefs and value orientations requires 
both cognitive and affective engagement (that is, reasoned under-
standing combined with emotional consequence), with emotion 
regarded to have the greater influence3,8,9. Yet failure to elicit an 
affective response to the threat of climate change is common among 
climate and behaviour change campaigns10. Part of this problem is 
a widespread perception that climate change is an abstract threat, 
with distant impacts that are presumed to affect other people, in 
other places at a future time11–13.

Research that seeks to understand the processes by which cli-
mate change risks become more salient to people has become an 
important field of enquiry. Climate change awareness and risk per-
ceptions can be influenced through affective stimuli and the emo-
tional responses associated with the perceived threat of loss or harm 

to oneself and/or things that are valued5,14. The effectiveness of emo-
tional appeals and of evoking specific emotions to promote public 
engagement in environmental issues and behaviour change is an 
ongoing subject of scholarly debates15. Discrete emotions that have 
been identified as strongly associated with increased support for  
climate change policy include worry, interest and hope14. Eliciting 
fear can result in attitudinal changes and motivate new behaviours 
in response to a perceived threat15,16; however, fear has also been 
shown to negatively influence engagement with the climate change 
issue and is considered detrimental to self-efficacy (the belief in 
one’s ability to affect change)9,14,17.

One approach to fostering improved engagement with climate 
change is the use and portrayal of icons. Icons are potent in their 
appeal to personal values and emotions; as such, they play an 
important role in representing climate change18,19. Iconic entities, 
including various animals, plants, natural and human-made land-
marks, landscapes and ecosystems are symbolic, highly valued in 
numerous ways, and are synonymous with national and cultural 
identities20. Climate icons have been defined as “tangible entities 
which will be impacted by climate change, which the viewer consid-
ers worthy of respect, and to which the viewer can relate and feel 
empathy”17. Studies on the affective appeal of climate icons have 
used focus groups and workshops to identify characteristics that 
contribute to higher engagement9,17,18. However, affective responses 
associated with a large-scale climate impact to an iconic entity have 
not previously been documented.

In addition, an emerging body of literature on the ‘science of 
loss’ has highlighted an increasing need for research that explains 
the range of human values associated with the natural world, and 
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how these values are endangered by a changing climate21,22. While 
the prospect of icons becoming damaged or degraded might prompt 
evaluations of tangible and direct economic losses, there are many 
intangible and non-economic values for icons that are likely to 
remain insufficiently accounted for (for example, cultural, lifestyle, 
health and identity values)22. The incomplete recognition of these 
intangible values, and of how heterogeneous communities will be 
affected by an icon’s loss or damage, increases the risk of failure to 
anticipate limits to adaptation, and to distinguish between accept-
able, tolerable and intolerable outcomes22,23.

The Great Barrier Reef (GBR) is an iconic ecosystem and is 
regarded as Australia’s ‘most inspiring’ icon24. It is part of the 
national cultural identity and its UNESCO World Heritage status 
is a source of pride for most Australians24,25. Place attachment, pride 
and place values (for example, aesthetic, biodiversity, scientific 
heritage and lifestyle values) for the GBR extend to communities of 
stakeholders internationally26,27 and contribute to the GBR’s appeal 
as an international tourism attraction28. Physical and aesthetic attri-
butes of the GBR that motivate tourists to visit and that contribute 
to their satisfaction with reef-based activities (for example, snorkel-
ling, scuba diving and wildlife watching), include the perception of 
healthy corals, abundant fish and clear water29. Tourism has become 
the GBR’s largest direct economic contributor, providing more than 
58,000 sectoral jobs (full-time equivalent) and generating an esti-
mated AUD$5.7 billion annually; the GBR’s total economic, social 
and icon asset value has been estimated at AUD$56 billion30.

However, the GBR faces multiple, cumulative threats, including 
climate change, and its long-term outlook has been assessed as poor 
and getting worse31. The 2016 marine heatwave caused the most 
intense coral bleaching observed on the GBR and resulted in an esti-
mated 29–30% loss of shallow coral cover32. The following summer, 
unprecedented back-to-back coral bleaching caused an estimated 
20% of additional coral mortality33. Most of the severe bleaching 
occurred in the northern half of the GBR Marine Park, affecting 
many tourism sites in the Cairns region34. Additionally, in March 
2017, a severe tropical cyclone damaged reef and island tourism 
sites in the Whitsundays region35. Future projections of heat stress 
under a business-as-usual scenario (representative concentration 
pathway RCP 8.5) represent an existential threat to the GBR and to 
coral reefs globally, with severe coral bleaching expected to occur 
annually from the mid-2040s (ref. 36).

News of impacts to the GBR over 2016–2017 were reported 
internationally and a large proportion of those media stories were 
sensationalized and fatalistic in their messaging37. There were con-
cerns that this negative media coverage would lead to a decline in 
tourist visits to the region38 and propagate perceptions that no effec-
tive action to save the GBR is possible37. Records of visits to the GBR 
indicate that general decline in tourist visits has not yet occurred39; 
instead, there has been an increase in ‘last chance tourism’, charac-
terized by the motivation to see an iconic place (or species) before it 
is gone or permanently changed40.

In this study, we present results from surveys of 4,681 tourists 
(53% Australian and 47% international) who visited the GBR region 
before and after the events of 2016–2017 described above (see 
Methods). We show that imperilled icons can contribute to proxi-
mizing the climate change issue across scales by comparing tourists’ 
affective responses and place values associated with an icon, their 
perceptions of threats to those values and their protective sentiment 
and self-efficacy, before (2013, n = 2,877) and after (2017, n = 1,804) 
the icon was subjected to a large-scale climatic impact.

emotional responses to the GBR
We found a significant increase in the use of negatively valenced 
emotional words from 2013 to 2017 in response to the open-ended 
question, “what are the first words that come to mind when you 
think about the GBR?” (Fig. 1a,b). In particular, words associated 

with sadness (for example, ‘fragile’ and ‘disappointing’), disgust 
(for example, ‘pollution’ and ‘ruined’), anger (for example, ‘destruc-
tion’ and ‘damage’) and fear (for example, ‘change’ and ‘danger’) 
increased significantly, while words evoking neutral or positive 
emotions did not change (Fig. 1c). We compared the use of emo-
tive words provided by tourists who had visited the GBR (n = 3,121) 
with words of those who had not visited the GBR at the time they 
were surveyed (n = 1,560). There was no difference in the use of 
such words between the two groups (Fig. 1c), suggesting that the 
emotive response was not dependent on personal experience and 
observation of GBR impacts.

Elements of the negative emotional content of responses in 2017 
(Fig. 1b,c) were consistent with ‘ecological grief ’, characterized as 
“the grief felt in relation to experienced or anticipated ecological 
losses, including the loss of species, ecosystems and meaningful land-
scapes due to acute or chronic environmental change”41. Sadness, 
anger and fear are common emotional reactions to many differ-
ent types of loss, contributing to diverse grief responses42. Disgust 
is a primitive behaviour-influencing emotion that also occurs in 
a variety of contexts, including in response to politically oriented 
stimuli43. Ecological grief is increasingly being recognized among 
the unquantified and intangible costs of ecological losses associated 
with the Anthropocene41,44,45. A related study reported ‘reef grief ’ 
as a response to the 2016–2017 GBR coral bleaching event among 
local coastal residents and tourists, and found that ratings of place 
attachment, place identity, place-based pride, lifestyle dependence 
and derived wellbeing are associated with stronger expressions of 
ecological grief46. Our results here (Fig. 1) provide further insights 
into the emotional manifestation of ecological grief in this context. 
As non-local actors, tourists would not normally be considered to 
have strong lifestyle dependence on the destinations and attractions 
they visit; however, their place attachment for an icon such as the 
GBR can still be strong25,26 and they are vulnerable to experiencing 
grief in response to the icon’s loss or damage.

Threat perceptions and climate change attitudes
In short, open-ended responses to the question “what do you think 
are the three most serious threats to the GBR?”, the proportion 
of respondents identifying climate change increased from 40% of 
respondents in 2013 to 51% in 2017, making climate change the 
most frequently cited threat overall in 2017 (Fig. 2a). In compari-
son, in 2013 the most commonly identified threat to the GBR was 
tourism (43% of respondents), which dropped to third-ranked in 
2017 (27% of respondents). The pollution category included a wide 
range of responses (for example, litter, marine debris and urban 
pollutants) and was identified in 2017 by 50% of respondents.  
In 2017, pollution ranked second: up from being ranked third in 
2013 at 30%, potentially reflecting an increased awareness of the 
threat of marine debris. The other category that displayed a notable 
increase was effects of humanity (9% in 2013 to 24% in 2017), which 
included responses such as overpopulation, human activity and 
anthropogenic threats. Coral bleaching was cited by 8% of respon-
dents in both years; however, its ranking relative to other perceived 
threats increased from eleventh in 2013 to ninth in 2017.

Public perceptions of environmental risks and threats are shaped 
by social, cultural and psychological processes, and the exchange 
of information about ‘risk events’ can amplify (or attenuate) pub-
lic responses to a risk or threat47. Symbols and imagery portraying 
risk events further interact with these processes in ways that can 
intensify risk perceptions48. Public awareness and perceptions of 
threats facing the GBR have evolved in recent decades and media 
representations of threats and risk events are considered to have 
had influence37,49. Ironically, tourists perceive their own activi-
ties as a dominant impact at ecologically sensitive sites50. The 
presence of other tourists, associated infrastructure and localized 
site degradation are often the only pressures and impacts readily  

NATURe CLIMATe CHANGe | VOL 9 | JULY 2019 | 535–541 | www.nature.com/natureclimatechange536

http://www.nature.com/natureclimatechange


ArticlesNATuRe ClImATe CHANGe

visible and identifiable at tourist sites, thus influencing visitors’ wider 
threat perceptions51. While tourism has not been recognized in any 
recent scientific literature as among the most serious threats to the 
GBR, our results suggest that in 2013 many GBR tourists were prob-
ably unaware of the level of risk associated with other, scientifically  

recognized, threats such as climate change; and that any effects that 
could be attributed to such threats were less (or were not) visible to 
GBR tourists at that time.

There was a marked increase from 2013 to 2017 in the proportion 
of tourists who reported their acceptance that “climate change is an 
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Fig. 1 | emotional words associated with the GBR. a,b, Visual comparisons of “the first words that come to mind when you think of the GBR” among 
tourists in the GBR region in 2013 (n = 2,877) (a) and 2017 (n = 1,804) (b). The size of words represents the relative frequency of responses. Words with 
positive and negative valence are coloured in blue and red, respectively. Neutral words are shown in grey. Words occurring fewer than three times are 
omitted. c, Mean change in occurrence of positive (blue), negative (red) and neutral (grey) emotions associated with responses from 2013 to 2017 in 
respondents who had visited the GBR (n = 3,121) compared with those who had not (n = 1,560). Error bars show 95% confidence intervals. Changes in the 
occurrence of specific emotions are significant if the confidence interval does not overlap with the 2013 (zero) baseline.
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Fig. 2 | Changes in perceived threats to the GBR and in climate change attitudes. a, The percentages of tourists in 2013 (n = 2,877) and 2017 (n = 1,804) 
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immediate threat requiring action” (56 to 73%; Fig. 2b). While this 
proportion for international tourists (increasing from 64% in 2013 
to 78% in 2017) was higher than that for Australians (increasing 
from 50% in 2013 to 67% in 2017), the magnitude of this increase 
in both groups towards recognition of the climate change threat, its 
immediacy and the need for action, represents a substantial shift in 
normative attitudes toward climate change at a scale and in a time-
frame not reported in previous studies. Previous annual surveys of 
Australian attitudes towards climate change, over the period from 
2010 to 2014, showed that while the attitudes of individuals fluc-
tuated, the aggregate levels of opinion remained stable over that 
time52. Whether the observed changes in 2017 represent a reaction 
at a moment in time or a lasting change in attitudes is uncertain 
and further work is needed to determine whether these perceptions 
have become normalized in the wider population.

While we cannot conclusively attribute the cause of this attitu-
dinal change to the GBR coral bleaching events, we believe that a 
strong influence and ‘risk amplification’ was likely, considering the 
scale of the event, its extensive media coverage that explicitly attrib-
uted the events to climate change37, associated imagery, as well as 
the direct observation of affected reef sites by many tourists who 
visited the GBR over this time. While the more sensationalized and 
fatalistic media stories of the coral bleaching events and the GBR’s 
imperilled status have been criticized for their potential to cause 
public disengagement and a loss of hope in mitigation actions37, the 
broader exchange of information precipitated by this risk event may 
have had positive outcomes on public threat awareness (Fig. 2a) and 
support for mitigative action (Fig. 2b).

Personal experience and perceptions
We found significant declines in tourists’ perceptions of the GBR’s 
aesthetic beauty, their overall satisfaction with their experience 
of the GBR (among those who had visited) and in their ratings of 
the quality of reef tourism activities (among those who had par-
ticipated; Table 1a). While the 2017 mean scores remained relatively 
high on a 10-point scale (ranging between 7.46 and 8.52), there is an 
inherent positivity bias associated with tourist satisfaction ratings 
and relatively small changes can signal a qualitative distinction53.

The aesthetic appreciation of natural settings is a fundamental 
way in which people relate to the environment, and aesthetic per-
ceptions play a critical role in the satisfaction that tourists derive 
from places54. In a coral reef setting, physical attributes that have 
been correlated quantitatively with non-expert ratings of aesthetic 
beauty include water clarity, fish abundance and ‘coral topography’ 
(the complexity of coral formations and features); however, many 
more visual and sensory attributes contribute to people’s overall aes-
thetic appraisal54. Imagery associated with the mass coral bleaching 
events was widely featured in media articles, in which aerial and 
underwater scenes of white, pale and fluorescent corals were often 
depicted (for example, see the March 2017 cover of Nature55). Such 
imagery is visually striking, and scenes of bleached coral gardens 
can even be considered beautiful56. Such scenes are typically short-
lived: once mortality occurs, brown algae quickly smothers coral 
skeletons57. While the biological process of coral bleaching is com-
plex and its explanation is technical, the imagery from the event 
may have been highly engaging to non-expert audiences, overcom-
ing barriers that have been associated with ‘expert’ conceptualiza-
tions of climate change threats and impacts18.

At the time of the 2017 tourist survey (July–August), bleached 
coral was still present in low levels; however, mortality associated 
with the 2016 coral bleaching event had already occurred from 
Cairns to the far north of the GBR, and cyclone-damaged reefs and 
islands in the Whitsundays region had not recovered58. We there-
fore consider that a substantial proportion of the 1,076 respondents 
who had visited the GBR when surveyed in 2017 probably had per-
sonally experienced and observed affected areas, influencing their 

aesthetic perceptions and satisfaction. However, as noted above, the 
personal observation of impacts on the GBR was not a requisite for 
recalling a negative emotional response to the GBR (Fig. 1c).

effects on place values, pride and identity
Understanding place values, which represent the estimated worth 
and meaning of a place, is important for environmental manage-
ment and decision making59,60. We found that strong, shared values 
for an icon are responsive to ecosystem disturbances and threats. 
In contrast with the declines in ratings of GBR perceptions and 
the tourist experience reported above, we found small but signifi-
cant increases from 2013 to 2017 in ratings of values attributed to 
the GBR, including its biodiversity value, scientific and education 
value, lifestyle value and international icon value. Similarly, pride 
and identity associated with the GBR were significantly higher in 
2017 (Table 1b). Pride in the GBR and GBR identity were positively 
correlated with these cultural values attributed to the GBR (see 
Table 2). Place values, such as those recorded for the GBR’s biodi-
versity, scientific heritage and lifestyle values, are consistently strong 
among diverse stakeholder groups (geographically proximate and 
distal alike), whereas greater variability is expressed for pride and 
identity27, consistent with the lower mean scores for GBR identity 
among tourists (Table 1b).

We propose that these increased ratings for (or expressions of) 
place values, identity and pride are complementary to the expression 
of ecological grief (representing ‘ecological empathy’), and form 
part of the holistic affective response to an imperilled climate icon. 
Empathy for nature stems from a recognition of its intrinsic value 
and a feeling of connectedness to it (for example, pride and iden-
tity)61 and the desire to protect the environment has been proposed 
as an extension of Maslow’s ‘values of being’ in the self-actualiza-
tion process61. Knowing that such values can change in response to 
environmental change highlights a need for their continued assess-
ment. As loss and ecological grief are expected to become increas-
ingly common responses to climate impacts21,41, the health literature  
on cumulative trauma suggests that ‘compassion fatigue’62 and  
the erosion of ecological empathy (or ‘environmental numbness’)63 
may occur.

Protective sentiment and self-efficacy
While protective sentiment associated with the GBR increased sig-
nificantly in 2017, including tourists’ willingness to act and will-
ingness to learn (Table 1c), there was a corresponding decline in 
self-efficacy, represented here by capacity to act and optimism for 
the future of the GBR. The slight increase in ratings for sense of 
agency and opportunity to act indicates some self-awareness of the 
individual’s role in mitigating threats. However, the corresponding 
decline in sense of individual responsibility suggests that commu-
nity expectations of responsibility and capacity for addressing great 
threats such as climate change are located in the actions of govern-
ments and corporations, rather than their own actions.

Conclusions
Our study identified a clear affective response amongst tourists, 
whose protective sentiment for the GBR became heightened after 
a notable climate impact, while their sense of self-efficacy dimin-
ished. Concomitant with grief-associated emotive responses (sad-
ness, anger and fear; Fig. 1c), respondents expressed empathy for 
the icon through increased ratings of place values, identity and pro-
tective sentiment (Table 1a,b).

While our study is limited to tourists, we note that they repre-
sent diverse national and international stakeholder interests, atti-
tudes and values, from widespread places of origin. Their affective 
responses in this case were not dependent on visits to the GBR and 
personal experience of impacts (Fig. 1c), indicating other contribut-
ing influences; for example, sensationalized media representations37 
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and imagery of the coral bleaching event. This suggests that rep-
resentations of icons like the GBR, when subject to a high-profile 
risk event, can elicit wide-reaching affective responses, amplify 
risks and proximize the climate change issue. However, like other 
examples of the iconic approach for representing climate change9,18, 
the observed decline in self-efficacy represents a barrier to produc-
tive engagement in mitigative actions. In particular, the expres-
sion of fear (Fig. 1c) and the observed decline in individual sense 
of responsibility (Table 1c) may be indicative of the perceived scale 
of the climate threat and the intractability of the problem through 
individual efforts alone. Nonetheless, the expressions of protective 
sentiment in this context suggest a significant potential to mobilize 
public support around addressing threats to icons, like the GBR, 

where opportunities for individual action are linked to a broader, 
collective response.

From an action perspective, our findings can be considered 
both potentially constraining (due to reduced self-efficacy) and 
enabling (due to increased protective sentiment). Management, 
scientific or conservation agencies that seek to engage communi-
ties in climate mitigation and adaptation may arouse high levels of 
interest and empathy by using evocative imagery of icons during 
crises or high-profile events. However, achieving and sustaining 
engagement in collective action will require a more strategic and 
thoughtful approach to overcome efficacy barriers. Prevailing over 
such barriers can potentially be achieved by drawing on lessons 
from health and psychology literature, including, for example, the 

Table 1 | Changes to the tourist experience and GBR perceptions, place values and protective sentiments

2013: mean 
(±s.e.m.)

2017: mean 
(±s.e.m.)

Test statistic (U); 
effect size (r)

Direction of change and 
significance (two-tailed)

(a) Quality of tourist experience and perceptions of the GBR (ratings of agreement, quality, satisfaction; 1–10 scale, 1 = lowest, 10 = highest)

“The aesthetic beauty of the GBR is outstanding” (aesthetic 
perception) (GBR visitor subset; 2013 n = 1,951; 2017 n = 1,076)

8.94 (±0.033) 8.52 (±0.056) U = 929,910.5
r = −0.10

↓ P = 0.000

Quality of snorkelling (participant subset; 2013 n = 1,041; 2017 
n = 699)

8.18 (±0.051) 7.46 (±0.083) U = 297,981.0
r = −0.16

↓ P = 0.000

Quality of scuba diving (participant subset; 2013 n = 364; 2017 
n = 275)

8.30 (±0.095) 7.49 (±0.148) U = 40,625.0
r = −0.16

↓ P = 0.000

Quality of wildlife watching (participant subset; 2013 n = 962; 
2017 n = 515)

8.50 (±0.048) 7.97 (±0.084) U = 210,593.5
r = −0.13

↓ P = 0.000

Overall satisfaction with this experience of the GBR (GBR visitor 
subset; 2013 n = 2015; 2017 n = 1,073)

8.46 (±0.031) 8.07 (±0.053) U = 952,631.0
r = −0.10

↓ P = 0.000

(b) Place values, pride and identity associated with the GBR (ratings of agreement: 1 = very strongly disagree, 10 = very strongly agree)

“I value the GBR because it supports a variety of life, such as 
fish and corals” (biodiversity value)

8.98 (±0.027) 9.21 (±0.032) U = 2,222,887.0
r = −0.10

↑ P = 0.000

“I value the GBR because we can learn about the environment 
through scientific discoveries” (scientific heritage value)

8.29 (±0.036) 8.69 (±0.040) U = 2,138,690.0
r = −0.11

↑ P = 0.000

“I value the GBR because it supports a desirable and active way 
of life” (lifestyle value)

8.04 (±0.037) 8.28 (±0.047) U = 2,229,313.5
r = −0.08

↑ P = 0.000

“I value the GBR because it attracts people from all over the 
world” (international icon value)

7.79 (±0.044) 8.24 (±0.056) U = 2,105,251.5
r = −0.12

↑ P = 0.000

“I feel proud that the GBR is a World Heritage Area” (pride in 
the GBR)

8.77 (±0.034) 8.99 (±0.039) U = 2,236,301.0
r = −0.08

↑ P = 0.000

“The GBR is part of my identity” (GBR identity) 4.63 (±0.058) 4.82 (±0.070) U = 2,111,818.0
r = −0.03

↑ P = 0.041

(c) Protective sentiment and self-efficacy (ratings of agreement: 1 = very strongly disagree, 10 = very strongly agree)

“I would like to do more to help protect the GBR” (willingness 
to act)

7.02 (±0.042) 7.47 (±0.049) U = 2,141,775.5
r = −0.09

↑ P = 0.000

“I would like to learn more about the condition of the GBR” 
(willingness to learn)

6.81 (±0.044) 7.34 (±0.050) U = 2,148,977.5
r = −0.11

↑ P = 0.000

“I do not have the time or opportunity required to reduce any 
impact that I might have on the GBR” (opportunity to act)a

4.69 (±0.053) 4.96 (±0.059) U = 2,190,395.0 
r = −0.04

↑ P = 0.004

“I cannot make a personal difference in improving the health of 
the GBR” (sense of agency)a

4.98 (±0.052) 5.20 (±0.061) U = 2,258,414.0
r = −0.03

↑ P = 0.021

“It is my responsibility to protect the GBR” (sense of individual 
responsibility)a

6.43 (±0.050) 6.33 (±0.058) U = 2,305,122.5
r = −0.04

↓ P = 0.009

“I have the necessary knowledge and skills to reduce any 
impact that I might have on the GBR” (capacity to act)

5.28 (±0.051) 4.55 (±0.058) U = 1,991,622.5
r = −0.14

↓ P = 0.000

“I feel optimistic about the future of the GBR” (optimism) 6.18 (±0.047) 5.40 (±0.066) U = 1,992,016.0
r = −0.14

↓ P = 0.000

aStatements were worded negatively in the survey to reduce systematic bias in responses; rating scores are inverted to show equivalent for positive wording. a–c, Comparison of mean ratings (2013 
n = 2,877 and 2017 n = 1,804; ±s.e.m.) and statistical test results (Mann–Whitney U-test; 95% confidence interval) for tourists in the GBR region, comparing indicators of quality of the tourist experience 
and perception of the GBR (includes subsets of respondents who had visited the GBR and participated in those activities) (a), place values, pride and identity associated with the GBR (b) and protective 
sentiment, self-efficacy and optimism (c).
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‘small changes’ approach64, positive affirmation and promotion of 
incremental successes65, and fostering pride in pro-environmental 
behaviours66. Maintaining hope, balanced with clear and accessible 
actions linked to attainable goals, also remains critical to motivat-
ing people and sustaining their engagement in collective efforts to 
restore, mitigate and adapt63,67.

Engaging with loss and grief represents an additional challenge 
that requires sensitivity. An understanding of shared place values 
provides an important basis for constructive engagement with the 
possibility of loss, and appealing to such values can empower com-
munities and motivate cooperation to offset potentially harmful 
outcomes21,22. However, it is important to recognize that wider place 
values are heterogeneous, that some may be in conflict, and that 
respectful, transparent dialogue provides the best avenue to negoti-
ate areas of contention68.

Our study provides insights into some of the shared place values 
assigned to the GBR among one, albeit diverse, non-local stakeholder 
group. As a multiple-use marine park and World Heritage area, with 
adjacent coastal communities dependent on tourism, fishing, agri-
culture and mining (among other industries), and with cross-scale 
communities deriving wellbeing from a broad range of cultural 
and ecosystem services, the GBR represents an important example 
among climate icons that encapsulates a multiplex of human val-
ues that are challenged by climate change. Like other natural World 
Heritage-listed sites, the full extent of cultural and other intangible 
values that are at stake in the GBR remains poorly understood31. 
Research to describe the diversity and importance of human values 
associated with iconic places that are vulnerable to loss is needed, as 
a precursor to predicting how such values might respond to future 
losses, to guide coordinated responses to the climate threat and to 
mitigate potential suffering from future impacts21,22.

Online content
Any methods, additional references, Nature Research reporting 
summaries, source data, statements of code and data availability and 
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Methods
Survey design. To measure and compare tourists’ perceptions and values of the 
GBR and protective sentiments for the GBR, we used a series of statements from 
an established framework for monitoring human–environment cultural and 
place values27 and asked survey respondents to indicate their level of agreement/
disagreement on a 10-point scale (1 = very strongly disagree; 10 = very strongly agree). 
Similarly, we asked respondents who had visited the GBR to provide ratings of their 
satisfaction (1 = extremely dissatisfied; 10 = extremely satisfied) and the quality of 
popular reef-based activities (1 = very low quality; 10 = very high quality) if they had 
undertaken them during their visit. Climate change threat awareness and perceptions 
were elicited by asking respondents to select one statement from five options that best 
reflected their viewpoint: (1) “climate change is an immediate threat requiring action”, 
(2) “climate change is a serious threat but the impacts are too distant for immediate 
concern”, (3) “I need more evidence to be convinced of the problem”, (4) “I believe that 
climate change is not a threat at all” and (5) “I do not have a view on climate change”. 
To elicit threat perceptions, respondents were asked to list what they thought were the 
“three most serious threats to the GBR” in a short, open-ended format. While some 
minor changes were made to the overall survey instrument between 2013 and 2017, 
the questions used for our analyses in this study remained identical.

Data collection. Tourists in the GBR region (defined as the GBR catchment, 
bounded by Cape York in the north, Bundaberg in the south and the Great 
Dividing Range in the west) were surveyed using face-to-face interviews between 
June and August in both 2013 and 2017 (ref. 69). For the purposes of this study we 
defined tourists broadly as non-resident visitors to the GBR region. The surveys 
were conducted at 14 regional population centres along the coast, in public 
locations such as beaches, boat ramps, parks, shopping centres and markets, 
and on a limited number of GBR tourism vessels. Interviews were conducted by 
trained survey staff, and responses were entered in situ into tablet computers, using 
the iSurvey application. In 2013, we achieved a sample of 2,877 tourists (1,557 
of whom were Australian, 1,286 from overseas and 34 respondents who did not 
provide their place of origin), followed by a sample of 1,804 tourists in 2017 (831 
Australian, 805 from overseas and 168 respondents who did not provide their place 
of origin). Our sampling strategy used a combination of convenience and quota 
sampling70, to minimize potential biases for gender, age and nationality. However, 
a limitation of the study was its availability in English only, and we acknowledge 
that some non-English-speaking tourist market segments are under-represented 
(for example, tourists from China). This research involving human participants 
was reviewed and approved by the CSIRO Social Science Human Research Ethics 
Committee and was conducted in accordance with the Australian National 
Statement on Ethical Conduct in Human Research (2007). All respondents gave 
informed consent to participate in the voluntary survey.

Description of sample. The demography and location of origin for both domestic 
and international tourists was comparable between years; however, in 2017, the 
mean age of domestic tourists was lower than that for 2013 (43.5 ± 0.45 yr compared 
with 48.9 ± 0.64 yr respectively). A higher proportion of females was represented 
among the international tourists in both years (55% of our sample in 2013 and 57% 
in 2017). Overseas respondents came from 54 countries in our 2013 sample and 35 
countries in our 2017 sample. Most international respondents came from Europe 
and North America, with the largest proportions originating from the United 
Kingdom (25% in 2013 and 19% in 2017), Germany (18% in 2013 and 19% in 2017), 
France (12% in 2013 and 11% in 2017) and the United States (8% in 2013 and 11% 
in 2017). Most domestic tourists were repeat visitors to the GBR region (77% in both 
years), while most international tourists were first-time visitors to the region (84% in 
2013 and 86% in 2017). Among domestic tourists, 58% in both years had visited the 
GBR during their stay in the region; among international tourists, 85% had visited 
the GBR in 2013 and 67% had visited the GBR in 2017. The number of responses 
(n) varied for some of the survey questions (for example, ratings of the quality of 
scuba diving, snorkelling and wildlife watching were limited to respondents who 
had participated in those activities); where relevant, these differing sample sizes are 
shown (Table 1), with accompanying standard errors for mean scores.

Statistical analyses of numeric data. We used MS Excel and SPSS (v.22) software 
for analyses of numeric data (providing means and comparing the distribution of 
rating scores for a range of 10-point scaled response questions, as described above). 
Non-parametric Mann–Whitney U-tests (Table 1) and Spearman’s rho correlation 
tests (Table 2) were used, as the appropriate statistical tools for ordinal (10-point 
rating scale) data71. Effect sizes (r) were calculated manually from the SPSS  
output z value using: =r z

n
.

Word–emotion analysis and word clouds. Our first question in the survey asked, 
in an open-ended short response format: “what are the first words that come 
to mind when you think about the GBR?” Responses were cleaned (correcting 
spelling, removing punctuation and stop words) and their association with eight 
core emotions theorized by R. Plutchik (fear, anger, joy, sadness, trust, disgust, 
anticipation and surprise)72 were scored on a binary scale (0 = not associated, 
1 = associated) using the National Research Council of Canada Word–Emotion 
Association Lexicon (EmoLex)73. EmoLex is a large, high-quality, word–emotion 

lexicon in which more than 14,000 English unigrams (nouns, verbs, adjectives and 
adverbs) and 25,000 word senses were manually annotated by crowdsourcing74, 
noting that multiple emotions can be evoked simultaneously by the same word. 
We then calculated, for each emotion, the difference in average occurrence (±95% 
confidence interval) between 2017 and 2013.

To produce the word-cloud visualizations showing basic emotional valence/
sentiment associated with words/terms (positive or negative valence shown in blue 
and red, respectively; Fig. 1a,b), we adapted EmoLex to account for the contextual 
relevance of particular words used when referring to a coral reef ecosystem. We 
removed words that otherwise would have been identified as negatively valenced 
(for example ‘cold’, ‘sharks’ and ‘wild’) or positively valenced (for example ‘hot’ and 
‘warm’) outside this context. New words that we categorized as positively valanced 
included ‘diversity’, ‘life’, ‘icon’, ‘pristine’, ‘heritage’, ‘colours’, ‘relaxing’, ‘sunshine’, 
‘biggest’, ‘vast’, ‘biodiversity’, ‘natural’, ‘nature’, ‘colourful’, ‘unique’, ‘holiday’, 
‘holidays’ and ‘relax’. New words/terms that we identified as negatively valanced 
included ‘bleaching’, ‘bleached’, ‘climate change’, ‘coal’, ‘endangered’, ‘oil’, ‘pollution’ 
and ‘threatened’. Analyses were done using the {tm} and {syuzhet} packages (for 
text mining and cleaning and for the word–emotion and word cloud/sentiment 
analyses, respectively) in R.

Coding of threats. Respondents were asked “what do you think are the three most 
serious threats to the GBR” in a short open-ended response format. Ranking of the 
listed threats by respondents was not taken into account. Responses were cleaned 
and then sorted into main categories, using MS Excel, with coding checked by at 
least two researchers. Responses in the pollution category included marine debris, 
beach litter and a range of other contributors, as well as the generic term ‘pollution’. 
The water quality category included agricultural as well as urban and industrial 
runoff, sediments and pesticides, while coastal development encompassed port 
developments, dredging and other industrial activities. The fishing category 
included all extractive activities, commercial and recreational, illegal foreign 
fishing and ‘overfishing’ in general. The shipping category included oil spills and 
ballast water/pollution from shipping. The natural disasters category included 
responses such as storm damage, cyclones, floods, tsunamis and earthquakes. 
The climate change category included global warming, rising temperatures (sea 
and air) and sea level rise. Coral bleaching was coded separately, as was ocean 
acidification. While climate change, coral bleaching and ocean acidification are 
related, separate coding of the three terms was considered appropriate. Broad-scale 
(‘mass’) coral bleaching events result from heat stress, including the recent GBR 
events, and have been attributed scientifically to climate change58,75. However, coral 
bleaching can occur as a result of multiple non-climate change pressures, such as 
fresh-water inundation and overexposure to direct sunlight57. Further to this, heat-
stress-induced coral bleaching is only one potential effect (or ‘symptom’) of climate 
change. Increased storm intensity and/or frequency (physical damage) and sea-
level rise (reduced water quality and reef drowning) are other pressures affecting 
coral reefs that are linked to climate change76. Acidification, while associated with 
climate change as another consequence of increased atmospheric CO2 absorbed by 
the ocean, is regarded as a separate driver of many (different) pressures affecting 
marine ecosystems76.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
The data that support the findings of this study (SELTMP 2013; 2017)69  
are publicly available from the CSIRO online data access portal at  
https://doi.org/10.25919/5c74c7a7965dc. The R code used in this study  
is available from the corresponding author upon reasonable request.
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Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection Survey data were collected directly from respondents via face to face interviews, with responses entered in situ into tablet computers, 
using the iSurvey application. No other software or code was used in our data collection.

Data analysis Statistical analyses of numeric data were performed using MS Excel and SPSS software. Word-emotion analyses of text responses were 
done using R and the {syuzhet} package, as described in our methods. The text data and R code are available from the corresponding 
author upon reasonable request.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers. 
We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A list of figures that have associated raw data 
- A description of any restrictions on data availability

Our 2013 and 2017 survey data are publicly available in a persistent repository (CSIRO Data Access Portal): https://doi.org/10.25919/5c74c7a7965dc  
Attribution statement: Marshall, N., Curnock, M., Goldberg, J., Gooch, M., Lankester, A., Pert, P., Scherl, L., Stone-Jovicich, S. & Tobin, R. Social and Economic Long 
Term Monitoring Program (SELTMP) for the Great Barrier Reef data. v1. CSIRO. Data Collection. 10.25919/5c74c7a7965dc (2019).
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Behavioural & social sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description Quantitative, survey based case study

Research sample Tourists in the GBR region (defined as the GBR catchment, bounded by Cape York in the north, Bundaberg in the south and the Great 
Dividing Range in the west) were surveyed via face-to-face interviews between June and August in both 2013 and 2017. For the purposes 
of this study we defined tourists broadly as non-resident visitors to the GBR region. The surveys were conducted at 14 regional 
population centres along the coast, in public locations such as beaches, boat ramps, parks, shopping centres, and markets, and on a 
limited number of GBR tourism vessels. In 2013 we achieved a sample of 2877 tourists (1557 of whom were Australian; 1286 from 
overseas), followed by a sample of 1804 tourists in 2017 (831 Australian; 805 from overseas). Our sample forms part of the wider data 
set collected for the Social and Economic Long Term Monitoring Program (SELTMP) for the Great Barrier Reef region, supported by the 
Australian Government and the Great Barrier Reef Marine Park Authority (further details are available at https://seltmp.eatlas.org.au/
seltmp and https://research.csiro.au/seltmp/).

Sampling strategy Our sampling strategy utilised a combination of convenience and quota sampling (Bryman 2012), to minimise potential biases for gender, 
age and nationality. However, a limitation of the study was its availability in English only, and we acknowledge that some non-English 
speaking tourist market segments are under-represented (e.g. tourists from China). No sample size calculation was performed for the 
tourist data set, due to inherent variability in visitation numbers and patterns. The sample sizes were the maximum achievable within the 
time and resources available.

Data collection Trained survey staff were deployed to 14 regional population centres along the coast, to conduct face-to-face surveys of respondents in 
public locations such as beaches, boat ramps, parks, shopping centres, and markets, and on a limited number of GBR tourism vessels. 
Interviews were conducted by trained survey staff, and responses were entered in situ into tablet computers (iPads), using the iSurvey 
application.

Timing Data collection occurred from June to August in 2013, and was replicated from June to August in 2017.

Data exclusions No data were excluded from the analysis.

Non-participation Our estimated response rate for SELTMP surveys in 2013 (including both tourists and local residents) was 59%, and in 2017 this response 
rate was 50%.

Randomization Participants were not allocated into experimental groups.

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 

Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology

Animals and other organisms

Human research participants

Clinical data

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Human research participants
Policy information about studies involving human research participants

Population characteristics See above.
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Recruitment Participants were approached in public spaces by trained survey staff, who were briefed on our sampling strategy (as described 
above). Periodic analysis of sample demographics was conducted by the project leader (Marshall) during each sampling period, 
and staff were advised if/when any demographic biases were observed (e.g. for age, gender), and if necessary, were instructed 
to modify their participant selection tactics.

Ethics oversight This research involving human participants was reviewed and approved by the CSIRO Social Science Human Research Ethics 
Committee and was conducted in accordance with the Australian National Statement on Ethical Conduct in Human Research 
(2007).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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