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Abstract

Beliefs and attitudes form the core of public opinion about climate change. Network analysis

can reveal the structural configuration of these beliefs and attitudes. In this research, we uti-

lize a belief system framework to identify key psychological elements, track change in the

density of these belief systems over time and across political groups, and analyze the struc-

tural heterogeneity of belief systems within and between political groups in the United

States. Drawing on fifteen waves of nationally representative survey data from 2010 to 2021

(N = 16,742), our findings indicate that worry about climate change is the most central psy-

chological element. Interestingly, we find that among politically unaffiliated individuals, the

connections between psychological elements have strengthened over time, implying an

increase in the consistency of belief systems within this group. Despite the political polariza-

tion in beliefs about climate change between Republicans and Democrats, our findings

reveal that the ways these two groups organize and structure climate change beliefs sys-

tems are not markedly different compared to those of other groups. These findings provide

theoretical and practical insights for climate change experts and communicators.

Introduction

The successful implementation of many climate solutions hinges on public approval and adop-

tion. As such, understanding public beliefs and attitudes about climate change is critical. Aca-

demics often examine the relationships among diverse psychological elements, such as beliefs,

risk perceptions, and policy support. Earlier research has found that beliefs that climate change

is real and human-caused, perception of scientific consensus, and risk perceptions about cli-

mate change are associated with support for climate actions and policies [1–3].

This literature offers valuable insights into public beliefs and attitudes about climate change.

However, it has historically focused on relationships between specific psychological elements

without fully addressing the interconnected nature of these components within a broader

belief system. For example, although worry and risk perceptions are crucial predictors of cli-

mate policy support [1], our understanding of how these psychological elements are
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structurally embedded within people’s broader system of climate-related beliefs remains lim-

ited. A prior study conducted in 22 European countries has shed some light on this question,

revealing that worry about climate change stands as a central component strongly connected

with its adjacent psychological elements within these systems [4]. However, whether these

findings are applicable to the U.S. context, where climate change is highly politicized, remains

unclear.

The U.S. is a major emitter of carbon dioxide [5], underscoring the importance of examin-

ing the structure and organization of public belief systems regarding climate change. Given the

strong political polarization of the issue in the U.S., an analysis of how these belief systems

vary among different political groups, is also important. Further, it is particularly pertinent to

study the evolution of these belief systems over the past decade, a period during which there

has been a notable positive change in climate change perceptions in the U.S [6]. By examining

these changes from a structural perspective, we can gain insights into the effectiveness of com-

munication efforts. Such an analysis can also reveal whether these collective efforts have helped

to shape a more cohesive and coherent belief system regarding climate change in the American

context.

In the current study, a climate change belief system is defined as a network of interrelated

beliefs, attitudes, and behaviors relevant to climate change [7, 8]. Within this framework,

nodes symbolize beliefs (and/or attitudes and behaviors) and edges depict the relationships

between them. A belief system is empirically constructed by interlinking these individual ele-

ments based on their associations. Although behavior is not typically classified as an integral

component of belief systems in a direct sense, it is certainly associated with beliefs, attitudes,

and perceptions. As belief systems guide behaviors and, reciprocally, behaviors can affirm or

contradict beliefs, we argue that this action-reflection cycle forms a key part of belief systems.

Hence, we integrate both psychological and behavioral elements into our investigation of cli-

mate change belief systems.

Recent advances in network analysis have helped researchers estimate the structural proper-
ties of a complex psychological system where an array of psychological elements are intercon-

nected. This study examines two key structural dimensions: centrality and density. Centrality,

based on a structural position of a psychological element within the belief system, enables the

identification of particularly influential elements [7, 9]. Mapping a belief system allows for the

estimation of the structural position of each psychological element, such as whether a particu-

lar belief is central or peripheral within a network. Elements centrally located in a belief system

typically carry more weight than peripheral ones, due to their potentially stronger influence on

other beliefs within the system [10]. For example, if worry about climate change is the central

node in a network, changes in the level of worry would subsequently be expected to have a

larger cascading impact on the rest of the network than a similar level of influence on a less-

central element. Network analysis can help develop more effective climate change communica-

tion strategies by identifying which psychological elements are likely to be the most influential

within a belief system.

Density, representing the overall strength of the connections among elements [11], also

provides valuable insights for climate change communication. A dense belief system denotes

high correlations among its constituent elements. Individuals with a dense belief system

exhibit less randomness and disorder in their opinions, and exhibit more consistency and sta-

bility in their psychological processes [8, 9, 12, 13]. However, given that elements within a

dense belief system are tightly interwoven, influencing the beliefs and attitudes of individuals

with such a system can be more difficult [12]. Conversely, individuals with a less dense net-

work are more likely to exhibit randomness and disorder in their opinions [13], with less

coherent views on subjects such as climate change. Nevertheless, strategic communication can
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have a greater impact on them, as there is more opportunity to insert new belief elements and/

or strengthen existing connections between elements. Network density analysis can then help

communicators optimally allocate communication resources. Providing structured informa-

tion about a topic to those with less organized belief systems can increase their belief system

density, while individuals with high-density systems may prove less receptive.

The density of belief systems has been examined in political contexts. Scholars have found

that politically informed individuals tend to have denser political belief systems than do politi-

cally apathetic individuals [8, 14, 15]. This could potentially explain why political elites consis-

tently demonstrate relatively well-defined and coherent opinions on a range of political issues

[8, 9]. A similar pattern can be observed with climate change belief systems, especially in the

U.S., where climate change opinions have become deeply intertwined with political ideologies

[16, 17]. As a result, individuals with strong political affiliations are likely to have denser cli-

mate change belief systems than those who are politically unaffiliated.

The structure of a network shapes the flow of information within it. Depending on this

structure, a shift in a single belief could either rapidly or only gradually propagate, influenc-

ing either the entire system or just a portion of it. Comparing structures within and between

political groups can also illuminate the organization of people’s beliefs, showing how alike

or different they are. Although the concept of density offers a perspective on the structure of

belief systems, it falls short of encapsulating the intricate architecture of a network, as it

merely reflects the overall degree of connection. In this study, we examine the heterogeneity

of belief systems within and between political groups using a network metric (i.e., graph dif-

fusion distance) to quantify the heterogeneity between two networks. It is noteworthy that

structural variations pertain to the difference in belief organization rather than the differ-

ence in the level of belief. Therefore, although Republicans generally have lower climate

change beliefs than Democrats, the way their beliefs are organized could nonetheless be

similar.

In sum, this study has three primary objectives: a) to examine the centrality of different cli-

mate beliefs, b) to analyze how the network density of climate change belief systems changes

across political groups over time, and c) to compare the network structures of belief systems

both within and between political groups. For data, we use fifteen waves of nationally represen-

tative cross-sectional survey data collected from 2010 to 2021. As these survey datasets are

nationally representative, combining these cross-sectional surveys allows us to observe any sys-

tematic structural changes in climate change belief systems over time in the U.S.

Methods

Survey design and samples

This study utilized multiple waves of nationally representative cross-sectional surveys collected

by the Yale Program on Climate Change Communication (YPCCC) and the George Mason

University Center for Climate Change Communication (Mason 4C). The original survey data-

sets were collected under an exemption granted by the Institutional Review Board (IRB) of

Yale University (IRB Protocol ID: 2000031972). Subsets of de-identified datasets were accessed

for the purpose of this research on September 20, 2022.

After launching an initial survey in 2008, YPCCC and Mason 4C have conducted a repre-

sentative survey on climate change opinions twice every year since 2010. The researchers

obtained a distinct sample for each survey from Ipsos KnowledgePanel of U.S. adults aged 18

and above, recruited using probability sampling and representative of the country’s popula-

tion. The panel includes individuals recruited through different methods, such as random

digit dialing and address-based sampling, covering nearly all U.S. residential phone numbers
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and addresses. The respondents completed the survey questionnaires in a web-based environ-

ment. Individuals that did not have internet access were provided with computers and internet

access.

This study utilized fifteen waves of survey data that each include fifteen common variables

that were used to construct the climate change belief systems. The total number of respondents

in the selected survey datasets was 16,949. We excluded 207 respondents who refused to indi-

cate their political affiliation in the survey. These respondents are distinct from those with no

party affiliation, who were retained in the sample. The former did not provide any response to

the party affiliation question, while the latter explicitly said they were not affiliated with any

party. Therefore, in the main analysis, there were 16,742 respondents consisting of 6,255

Republicans, 6,823 Democrats, 1,821 independent/other, and 1,843 categorized as having no

party affiliation or interest in politics. The average number of respondents for each wave was

1,116 (SD = 164.99).

Survey measurements

We selected fifteen variables from the survey datasets to construct network maps of the belief

systems. These variables were chosen based on four criteria. First, we considered variables of

significance in climate change communication research. Second, we included diverse psycho-

logical and behavioral elements, which could conceivably capture an adequate representation

of a climate change belief system. Third, we endeavored to provide balance by including differ-

ent types of psychological and behavioral elements within the belief system, thereby reducing

any bias (e.g., an overestimated strength centrality due to strong relationships between the

same type of elements). Finally, we selected variables that were included in a sufficient number

of survey waves. Table 1 offers a summary of the items.

Global warming (GW, hereafter) happening. To measure GW happening, we provided

a short definition of global warming and then asked “Do you believe that global warming is

happening?” with response options on a three-point scale: (1) “No,” (2) “Don’t know,” and (3)

“Yes” (M = 2.49, SD = .77).

GW human cause. GW human cause was measured with a question asking “Assuming

global warming is happening, do you think it is. . .” with response options on a four-point

scale: (1) “Neither because global warming isn’t happening,” (2) “Caused mostly by natural

changes in the environment,” (3) “Caused by human activities and natural changes,” and (4)

“Caused mostly by human activities” (M = 3.03, SD = 1.07).

GW consensus. GW consensus was measured by asking “Which comes closest to your

own view?” with response options on a three-point scale: (1) “Most scientists think global

warming is not happening,” (2) “There is a lot of disagreement among scientists about whether

or not global warming is happening,” and (3) “Most scientists think global warming is happen-

ing” (M = 2.49, SD = .58).

GW worry. GW worry was measured with a question asking “How worried are you about

global warming?” with response options on a four-point scale: (1) “Not at all worried,” (2)

“Not very worried,” (3) “Somewhat worried,” and (4) “Very worried” (M = 2.52, SD = .96).

Collective efficacy. Collective efficacy was measured with a question asking “Which of

the following statements comes closest to your view?” with response options on a four-point

scale: (1) “Humans can’t reduce global warming, even if it is happening,” (2) “Humans could

reduce global warming, but people aren’t willing to change their behavior, so we’re not going

to,” (3) “Humans could reduce global warming, but it’s unclear at this point whether we will

do what’s needed,” and (4) “Humans can reduce global warming, and we are going to do so

successfully” (M = 2.45, SD = .85).
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General attitude. General attitude was measured with a question asking “On a scale from

-3 (Very Bad) to +3 (Very Good) do you think global warming is a bad thing or a good thing?”

with response options on a six-point scale: (1) “+3—very good,” (2) “+2,” (3) “+1,” (4) “-1,” (5)

“-2,” and (6) “-3” (M = 4.63, SD = 1.31).

US risk. US risk was measured with a question asking “How much do you think global

warming will harm: people in the United States?” with response options on a four-point scale:

(1) “Not at all,” (2) “Only a little,” (3) “A moderate amount,” and (4) “A great deal” (M = 2.66,

SD = 1.05).

Community risk. Community risk was measured with a question asking “How much do

you think global warming will harm: Your community?” with response options on a four-

point scale: (1) “Not at all,” (2) “Only a little,” (3) “A moderate amount,” and (4) “A great deal”

(M = 2.42, SD = 1.02).

Risk time. Risk time was measured with a question asking “When do you think global

warming will start to harm people in the United States?” with response options on a six-point

scale: (1) “Never,” (2) “In 100 years,” (3) “In 50 years,” (4) “In 25 years,” (5) “In 10 years,” (6)

“They are being harmed now” (M = 3.91, SD = 1.93).

Policy support rebate. Policy support rebate was measured with a question asking “How

much do you support or oppose the following policies?: Provide tax rebates for people who

Table 1. Questions and labels for questions included in the climate belief systems.

Labels Types Questions

GW happening Belief Do you believe global warming is happening (Rephrased)

GW human cause Belief Assuming global warming is happening, do you think it is a human cause?

GW consensus Belief In your opinion, to what extent do scientists agree that global warming is

happening (Rephrased)

GW worry Other How worried are you about global warming?

Collective efficacy Other How much do you think humans can reduce global warming? (Rephrased)

General attitude Other Do you think global warming is a bad thing or a good thing?

US risk Risk

perception

How much do you think global warming will harm people in the United

States

Community risk Risk

perception

How much do you think global warming will harm your community?

Risk time Risk

perception

When do you think global warming will start to harm people in the United

States?

Policy support rebate Policy

support

How much do you support or oppose the following policies? Provide tax

rebates for people who purchase energy-efficient vehicles or solar panels

Policy support fund Policy

support

How much do you support or oppose the following policies? Fund more

research into renewable energy sources, such as solar and wind power.

Policy support CO2 Policy

support

How much do you support or oppose the following policies? Regulate

carbon dioxide (the primary greenhouse gas) as a pollutant

Political behavior Behavior Over the past 12 months, how many times have you done each of the

following? Written letters, emailed, or phoned government officials about

global warming

Consumer behavior

reward

Behavior Over the past 12 months, how many times have you rewarded companies

that are taking steps to reduce global warming by buying their products?

Consumer behavior

punish

Behavior Over the past 12 months, how many times have you punished companies

that are opposing steps to reduce global warming by NOT buying their

products?

Note. GW = Global warming. Questions GW happening, GW consensus, and Collective efficacy are rephrased from

the original survey questions in order to fit into the table. For the full text, see Measurements of Beliefs and Attitudes

in the supplemental document.

https://doi.org/10.1371/journal.pone.0300048.t001
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purchase energy-efficient vehicles or solar panels” with response options on a four-point scale:

(1) “Strongly oppose,” (2) “Somewhat oppose,” (3) “Somewhat support,” (4) “Strongly sup-

port” (M = 3.06, SD = .89).

Policy support funding renewable energy. Policy support funding renewable energy

(hereafter, policy support fund) was measured with a question asking “How much do you sup-

port or oppose the following policies?: Fund more research into renewable energy sources,

such as solar and wind power” with response options on a four-point scale: (1) “Strongly

oppose,” (2) “Somewhat oppose,” (3) “Somewhat support,” (4) “Strongly support” (M = 3.13,

SD = .88).

Policy support CO2. Policy support CO2 was measured with a question asking “How

much do you support or oppose the following policies?: Regulate carbon dioxide (the primary

greenhouse gas) as a pollutant” with response options on a four-point scale: (1) “Strongly

oppose,” (2) “Somewhat oppose,” (3) “Somewhat support,” (4) “Strongly support” (M = 2.91,

SD = .93).

Political behavior. Political behavior was measured with a question asking “Over the past

12 months, how many times have you done each of the following?: Written letters, emailed, or

phoned government officials about global warming” with response options on a five-point

scale: (1) “Never,” (2) “Once,” (3) “A few times (2–3),” (4) “Several times (4–5),” (5) “Many

times (6+)” (M = 1.23, SD = .71).

Consumer behavior reward. Consumer behavior reward was measured with a question

asking “Over the past 12 months, how many times have you done these things?: Rewarded

companies that are taking steps to reduce global warming by buying their products” with

response options on a five-point scale: (1) “Never,” (2) “Once,” (3) “A few times (2–3),” (4)

“Several times (4–5),” (5) “Many times (6+)” (M = 1.98, SD = 1.38).

Consumer behavior punish. Consumer behavior punish was measured with a question

asking “Over the past 12 months, how many times have you done these things?: Punished

companies that are opposing steps to reduce global warming by NOT buying their products”

with response options on a five-point scale: (1) “Never,” (2) “Once,” (3) “A few times (2–3),”

(4) “Several times (4–5),” (5) “Many times (6+)” (M = 1.78, SD = 1.30).

Political affiliation. Political affiliation was used to segment respondents into four

groups. Political affiliation was measured using a two-step approach. Initially, participants

were asked to indicate their identification as “Republican,” “Democrat,” “Independent,”

“other,” or “no party/not interested in politics.” Subsequently, individuals who selected “Inde-

pendent” or “other” were presented with a follow-up question inquiring whether they consid-

ered themselves closer to the “Republican party,” “Democratic party,” or “Neither.”

Respondents were classified as Republicans or Democrats if they initially identified as either

party or, alternatively, did not initially identify with either party but expressed a closer affinity

for one of the parties (i.e., “leaners”) in the follow-up question. The “Independent” category

excluded all such leaners. Participants who responded with “no party/not interested in poli-

tics” were categorized in the “no party” group.

Network measurements

The R package bootnet [18] was used to estimate a climate change belief system consisting of

fifteen nodes and several edges. The strength of each edge is based on a partial correlation

between two nodes. Specifically, the method uses regularized partial correlation coefficients.

Partial correlation coefficients offer advantages when assessing belief systems as they elucidate

the relationship between two variables while controlling for influences from all other variables.

Lasso regularization was used to eliminate potential spurious associations between nodes [19].
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Ideally, when two variables are conditionally independent, edges should equal zero. However,

partial correlation coefficients seldom reach an exact zero value. To address this limitation, the

Lasso regularization technique is employed to reduce extremely weak edges to zero [18]. By

discarding weak edges that potentially indicate spurious relationships, Lasso regularization

prevents over-interpretation and failures to replicate estimated networks [19], as well as facili-

tates the estimation of a sparse belief system, which is more readily interpretable than a fully

connected belief system.

The comprehensive belief system derived from all datasets was estimated in order to exam-

ine centrality of elements. Moreover, we estimated 60 belief systems, each representing a politi-

cal group’s belief system at each wave (4 political affiliations x 15 waves), to examine the

temporal changes in density and structural heterogeneity within and between political groups.

Centrality. We assessed three distinct types of centralities, including betweenness, close-

ness, and strength centrality. Betweenness centrality represents the degree to which a belief

system component is crucial in integrating and connecting other parts of the system [7]. Close-

ness centrality aims to measure how quickly a particular element’s influence spreads to all

other parts of the belief system [7]. Strength centrality indicates an element’s potential to have

a greater impact on its neighboring nodes [7]. Given that the belief system in the current study

is a weighted network, which is a network where the edges have assigned weights (i.e., partial

correlations), we utilized methods designed to calculate centrality for weighted networks [19].

Density. Density was measured by dividing the sum of absolute partial correlations by the

total possible connections of a belief system. Theoretically, density ranges from 0, indicating

no edges, to 1, indicating a fully connected network where every edge has a weight of 1 (M =

.06, SD = .01).

Structural difference. We employed the Graph Diffusion Distance (GDD) metric to mea-

sure the structural difference between two belief systems, using the R package NetworkDistance
[20]. This measurement operates under the assumption that if two networks sharing the same

set of nodes possess distinct structures, their diffusion patterns of information or something

that flows through these networks will vary [21]. By simulating and comparing these diffusion

patterns, the algorithm quantifies the dissimilarity between two compared networks. Theoreti-

cally, GDD can range from 0, denoting identical networks, to infinity. To constrain the values

within a range of 0 to 1, we normalized GDD using the min-max method. GDD values were

calculated for each pair within the sixty belief systems, resulting in a total of 1,770 GDD values.

These comprised 420 GDD values for intra-group comparisons (M = .36, SD = .12) and 1,350

GDD values for inter-group comparisons (M = .41, SD = .12).

Data analysis

All statistical analyses were conducted using R, version 4.3.1 [22]. In a belief system, there is

only a single centrality score per element, which prevents us from evaluating the score statisti-

cally. To address this limitation, we employed a bootstrap method. As a non-parametric sam-

pling technique, it allows for estimating the distribution of statistical parameters such as

confidence intervals without making assumptions about the form of the underlying population

distribution. The implemented bootstrap repeatedly sampled 1,000 respondents with replace-

ment from the observed data and estimated the 95% confidence interval of the centrality score

for each element. To assess density change over time and across different political groups, we

conducted a regression analysis in which density is regressed on an indicator for survey wave,

political affiliations, and their interaction terms. A simple slope analysis is conducted to further

clarify the strength and direction of the density trends within the political affiliation. To assess

PLOS ONE Climate change belief system

PLOS ONE | https://doi.org/10.1371/journal.pone.0300048 March 20, 2024 7 / 16

https://doi.org/10.1371/journal.pone.0300048


the structural differences (GDD) both within and between political groups, we carried out

pairwise comparisons using Tukey’s Honestly Significant Difference (HSD) test.

Results

Fig 1 illustrates climate change belief systems for all Americans and further breaks them down

by political group. Fig 2 demonstrates the three types of centrality scores for each belief ele-

ment. Here, we report mean centrality and its 95% confidence interval based on the bootstrap.

Fig 1. Climate change belief system of all, Republicans, Democrats, Independents, and no party. Note. Questions for all variables are

shown in Table 1. The color of an edge represents the sign of the partial correlation, with blue indicating a positive partial correlation and red

indicating a negative partial correlation. The thickness of an edge represents the strength of the partial correlation. The thicker edge indicates

a stronger partial correlation.

https://doi.org/10.1371/journal.pone.0300048.g001
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Worry about global warming (hereafter “worry”) is the most central element of the belief

system. The highest betweenness centrality score for worry indicates that it plays a significant

role in connecting disparate elements such as beliefs, attitudes, policy support, and behaviors

(μ = 59.23, 95% CI [45.42, 82.58]). Moreover, worry also has the highest closeness centrality

score, indicating that changes in worry can influence other psychological elements or that

changes in other elements can in turn influence worry (μ = .005, 95% CI [.005,.006]).

Worry has the second highest strength centrality score, indicating that it has the potential

to substantially impact its neighboring elements (μ = 1.21, 95% CI [1.18, 1.24]). Although US

risk was estimated to have the highest strength centrality score (μ = 1.25, 95% CI [1.23, 1.28]),

a substantial variance in this score (73%) was driven largely by its strong relationships with

community risk perception (edge strength between US risk and community risk = .69, 95% CI

[.68,.70]) and risk time (edge strength between US risk and risk time = .22, 95% CI [.20,.23]),

indicating that changes in the US risk perception will likely influence only these neighboring

elements or vice versa. Moreover, the lower scores for US risk in both betweenness (μ = 9.18,

95% CI [-2.48, 14.48]) and closeness centrality (μ = .004, 95% CI [.003,.004]) compared to

those for worry further lends further evidence to our conclusion that worry is the most central

element in the climate change belief system.

The pairwise comparison between worry and other elements indicates that the centrality

scores of worry, including betweenness, closeness, and strength, are significantly higher than

those of other elements, except for the strength centrality of US risk. The detailed results of the

comparison are available in S1–S3 Tables in the supplemental material.

Next, we examined the density of belief systems across political groups over the past decade.

Fig 3 illustrates the results. In the analysis, we used Republicans as a reference, meaning that

Fig 2. Betweenness, closeness, and strength centralities for each element. Note. Variables are ordered by

betweenness centrality score. Centrality scores were estimated from the belief system from all participants. Each point

on the graph represents the mean centrality score for a specific belief element, and error bars represent the 95%

confidence interval for each estimate.

https://doi.org/10.1371/journal.pone.0300048.g002
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the density of each group was compared with that of Republicans. It is worth noting that the

choice of a reference group does not influence or alter the outcomes of the analysis. While the

group with no political affiliation generally had less dense belief systems compared to Republi-

cans (b = -.02, p<. 001, 95% CI [-.03, -.01]), the density of the no affiliation group increased

significantly over time relative to Republicans (b = .001, p< .01, 95% CI [.001,.002]). The

results of the simple slope analysis further reveals a significant increase in the density of the no

affiliation group (estimated slope b = .002, 95% CI [.001,.002]), whereas the density of groups

with political affiliations remained relatively stable over time (Republicans: b = .0002, 95% CI

[-.0004,.001]; Democrats: b = .0003, 95% CI [-.0003,.001]; Independent/Other: b = .0002, 95%

CI [-.0004,.001]).

We compared the overall structure of belief systems to evaluate the extent to which political

groups develop homogeneous or heterogeneous belief systems both within and between

groups. Fig 4 illustrates the results. First, intra-group comparisons of belief systems across mul-

tiple time points revealed that the politically unaffiliated developed more heterogeneous belief

systems within the group (M = .49, SD = .14) compared to other groups, including Democrats

(M = .27, SD = .03; difference (diff, hereafter) = .21, p< .001), Republicans (M = .27, SD = .04,

diff = .21, p< .001), and Independents (M = .39, SD = .04, diff = .09, p< .001). Republicans

developed relatively more homogenous belief systems within their group than Independents

(diff = .12, p< .001). In addition, Democrats also developed more homogenous belief systems

than did Independents (diff = .12, p< .001). There was no significant difference in GDD score

between Republicans and Democrats, indicating that the level of intra-homogeneity was simi-

lar between the two groups (diff = .001, p = 1.00).

We also conducted inter-group comparisons to compare the overall structure of belief sys-

tems between different political groups. The politically unaffiliated had more heterogeneous

belief systems compared to other political groups. Specifically, the unaffiliated shared the least

Fig 3. Changes in belief system density across political affiliations for the past decade.

https://doi.org/10.1371/journal.pone.0300048.g003
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overlapping structure with the Independents (M = .50, SD = 13), followed by the Republicans

(M = .47, SD = 13) and the Democrats (M = .44, SD = 13). Comparing the belief systems of the

three groups indicated that the average GDD score for the pair of Republicans and Democrats

(M = .34, SD = .05) was significantly lower than that of the pair of Democrats and Indepen-

dents (M = .37, SD = .04), diff = .03, p< .01. In other words, Democrats had a more structur-

ally similar belief system to Republicans than to Independents. There was no significant

difference between the pair of Republicans and Democrats (M = .34, SD = .05) and the pair of

Republicans and Independents (M = .35, SD = .04), diff = .01, p = .96. In other words, the level

of heterogeneity was similar between the pair of Republicans and Democrats and the pair of

the Republicans and Independents. These results are illustrated in Fig 5. We performed an out-

lier sensitivity test to ensure the findings were robust without outliers. The results showed that

the findings were nearly identical before and after removing outliers. The details of the sensi-

tivity test can be found in the supplementary material.

Discussion

This study indicates that worry about global warming is the most central element of climate

change belief systems in the United States. Although other studies have also identified worry

as a significant factor [1, 23], our investigation reaffirms its importance from a structural

standpoint, finding that worry plays multiple important roles in people’s climate change belief

systems. Worry plays a significant role in connecting various psychological elements, includ-

ing beliefs, risk perceptions, attitudes, policy support, and behaviors. Moreover, changes in the

level of worry have a greater potential than other elements to have cascading impacts on other

psychological and behavioral elements within the system.

Fig 4. Intra-group comparison of belief systems for each political group. Note. Each dot represents the graph diffusion distance

(GDD) score of two belief systems. More specifically, each dot represents a comparison between different waves of data collected at

different time points, within each political group. GDD scores are normalized to fall within 0 to 1.

https://doi.org/10.1371/journal.pone.0300048.g004
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The significant and multi-faceted roles of worry, as identified in this study, could aid cli-

mate change communicators in devising more precise communication strategies. As worry

serves as a critical psychological bridge, it can facilitate shifts in beliefs and attitudes from one

element to others within the system. This finding aligns with prior research indicating that

worry might be a pivotal mediator, potentially forging links between beliefs and their conse-

quent outcomes [3, 24]. Given its proximal position and potent ties with other elements, acti-

vating worry should trigger a cascade of changes in other psychological components. Worry is

not only positively associated with support for taking action [3], but can also encourage people

to engage with the issue on a personal level [25]. This underscores that worry is a vital psycho-

logical construct that merits emphasis in climate change communication, a conclusion sup-

ported by both psychological evidence and our own observations from a structural perspective.

Despite the central role of worry, this research does not imply that worry is a universal fac-

tor that every message should focus on. Addressing worry might be effective when the inten-

tion of communication is to achieve a broad impact on the entire belief system. However,

when the aim is more specific, focusing directly on other psychological or behavioral elements

may be more effective. For example, influencing consumer activism may offer a more direct

path to influencing political actions, given the tight link between these elements in the climate

change belief system. Moreover, it is worth noting that it may be more challenging to influence

worry than other peripheral elements because central elements are more tightly interwoven

with other beliefs and attitudes, making them harder to change [12].

Researchers should also exercise caution when determining the appropriate level of worry

to induce. Excessive worry can lead individuals to engage in maladaptive behaviors such as

avoidance, rather than problem-solving, particularly when efficacy to respond to the issue is

low [26]. A pertinent example of this is the rising phenomenon of “eco-anxiety,” or potentially

debilitating chronic worry about the environmental crisis. For some, the overwhelming scale

of climate change can elicit extreme worry, which, instead of prompting constructive action,

leads to feelings of despair. Therefore, it is also important to provide efficacy messages, which

Fig 5. Inter-group comparison of belief systems between political groups. Note. Each dot represents the graph diffusion distance (GDD) score of two belief systems.

More specifically, each dot represents a comparison between different or same waves of data collected at different or same time points, between two political groups.

GDD scores are normalized to fall within 0 to 1.

https://doi.org/10.1371/journal.pone.0300048.g005
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can empower individuals with the agency to effect change, and help prevent worry from

morphing into paralyzing anxiety. Future research needs to investigate the role of efficacy mes-

sages in fostering a positive influence of worry within belief systems.

Our research also reveals significant changes in the density of climate change belief systems

over the past decade, predominantly among individuals without political affiliations. Specifi-

cally, people without political affiliations have experienced a significant increase in density, in

contrast to politically affiliated groups, which have largely maintained steady density levels.

This pattern is echoed in intra-group comparisons. The increase in density, particularly

among politically unaffiliated individuals, represents heterogeneities of belief systems within

this group across time, contrasting with the relative unchanging structures amongst their polit-

ically affiliated peers over the same period. The findings about density align with previous

studies suggesting that those less engaged with U.S. politics have less tightly organized belief

systems [9]. Our research adds a new dimension to this finding, indicating that those unaffili-

ated with a political party have experienced an increase in the organization of their belief sys-

tems over time. This development could be influenced by the greater public discourse,

expanded awareness, and changes in attitudes toward climate change that have occurred over

the past decade [6]. Yet, it remains uncertain which factors specifically contributed to this

change in density among politically unaffiliated individuals. Future research is needed to

answer this intriguing question.

Interestingly, the inter-group comparisons demonstrate a greater level of structural homo-

geneity in belief systems between Republicans and Democrats compared to other group pair-

ings, with the exception of the pair comparing Republicans and Independents. This suggests

that despite Republicans’ lower levels of pro-climate beliefs and attitudes in comparison to

Democrats [6], the underlying structure that governs how individuals from both groups orga-

nize their belief systems is not markedly different. This finding implies that bolstering core

pro-climate beliefs and attitudes among Republicans could lead to subsequent support for cli-

mate change policies and actions, similar to their Democratic counterparts. Indeed, previous

findings support this notion by suggesting that effective climate change communication can

increase policy support among Republicans [27].

Limitations and future research direction

The current study has limitations. First, this study uses cross-sectional survey datasets, not

controlled experiments, thus cannot provide causal explanations. This may obscure the causal

implications of central belief elements. For instance, it remains unclear whether worry, identi-

fied as the central element, is the cause or the consequence of other elements such as risk per-

ceptions. Determining the causes of change in a belief system is challenging, as it requires

numerous manipulations and strong assumptions. Nevertheless, theories and empirical evi-

dence from experimental research suggest that worry is both a cause and consequence [3] as

well as a strong predictor of environmental policy support and behaviors [1, 23]. Therefore, it

is important to interpret this study in the context of previous studies to enrich our understand-

ing of where climate change beliefs and attitudes fit within a broader psychological system and

what the causal directions are.

Second, there is a need for future research on effective ways to cultivate a productive level

of worry about global warming through communication. Previous research has shown that

emphasizing the scientific consensus on climate change does increase worry, but only to a

modest degree [3]. An alternative and potentially more effective strategy is ‘worry modeling,’

in which trusted figures explicitly state their concerns about climate change and explain the

basis for their worry. This approach holds promise based on social cognitive theory and social
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norm theory. First, role modeling can help individuals learn and adopt similar emotional states

from a trusted figure [28]. Second, role modeling can help establish a perceived social norm

that worrying about climate change is common, proper, and even imperative. The impact of

worry modeling could be further amplified by utilizing multimodal content that includes non-

verbal cues, such as facial expressions and tone of voice, providing immediate indicators of

emotional urgency [29]. We call for future research to investigate the potential of this intrigu-

ing strategy.

Estimating belief systems at the aggregate level presents another caveat. While using nation-

ally representative survey data allows us to approximate the belief system of an average individ-

ual within a given group [30], it does not necessarily follow that all individuals in that group

share the same belief system structure. Promisingly, recent studies have attempted to estimate

belief systems at the individual level [31]. Future research could try to match belief system

analysis at multiple levels to identify similarities and differences.

The findings of this study should also not necessarily be generalized to other countries.

Although climate change is a global issue, public beliefs and attitudes toward climate change

vary widely by country [32]. The U.S. likely has substantially different climate change belief

systems than other countries in this regard. Given the tremendous variation in public

responses to climate change around the world, climate change beliefs systems are also likely to

vary. Belief systems are presumably affected by many factors such as culture, education, and

other socio-economic factors. As the belief system framework can provide valuable insights for

the development of strategic climate change communication, implementing the belief system

framework on a global scale is encouraged. This could shed light on the diversity of belief sys-

tems around the world and help us develop more effective communication strategies that take

into account the context of each country.

Overall, the findings demonstrate that the belief system approach is a valuable framework

that enriches our understanding of the organization and interplay of different climate change

beliefs. Worry about climate change is identified as the central element in American climate

change belief systems. Over the past decade, the organization of belief systems among politi-

cally disengaged individuals has increased, implying that improved climate change communi-

cation is helping people develop more coherent and cohesive belief systems on the subject.

Despite the pronounced discrepancy in the strength of beliefs between the political left and

right, our findings reveal a structural similarity in how belief systems are organized within

these two groups. Collectively, these insights can guide the development of effective climate

change communication strategies.
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