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“With his utmost wisdom and the lobbying power resulting 

from delicious fish, Kingfisher and his task force have 

received a consensus from all birds residing in the village 

over his GHG emission reduction plan.” 

In “GHG Emissions”; The Kingfisher Story Collection [1] 

 

Abstract 

In the United States, public opinions about climate change have become polarized, with a 

stark difference in the belief in climate change. Climate change denialism is pervasive 

among Republicans, especially conservatives, contrasting the high recognition of human-

induced climate change issues among Democrats. As the water crisis is closely linked to 

climate change, the current study aims to examine how the belief in climate change’s 

impacts on future water supply uncertainty affects water conservation behaviors and 

whether the effect is conditional on being a Republican. The Bayesian Mindsponge 

Framework (BMF) analytics was performed on a dataset of 1831 water users in an arid 

region (Albuquerque, New Mexico). The analysis shows that water users’ belief in climate 

change’s impacts on future water supply uncertainty positively affects the number of 

water conservation behaviors they adopt, regardless of whether they are Republicans. 

Although being a Republican does not significantly negatively moderate the association 

between climate change belief and water conservation behaviors, the result still 

underscores the importance of fighting climate change denialism. Otherwise, it will not 

only hinder the climate change alleviation efforts but also exacerbate the water crisis. 

Several strategies to reduce climate change denialism are also recommended. 

Keywords: social identity; political identity; eco-surplus culture; communication 

strategies; progressive culture 

 

1. Introduction 

Like climate change, water security is also a crucial issue relevant to all countries. Among 

a long list of global threats to humanity’s existence and the natural world, water has been 

ranked as the top at present and in the future. The water crisis does not only affect 

humans but also other species on the planet: 12 million hectares of global land are lost 

yearly to drought [2], and desertification and 1/3 of the world’s freshwater species are 

threatened with extinction partly due to the rapid decline of wetlands [3]. According to 

Lynch [4], drought could affect up to 75% of the world’s population by 2050. A report by 

UNESCO on behalf of UN-Water approximated that around 2 billion people, including 26% 

of the worldwide population, do not have adequate access to potable water. Furthermore, 

the report emphasized that around 3.6 billion individuals, accounting for 46% of the 

global population, lack access to sanitation facilities that are adequately managed [5]. 

Growing water demand and declining supplies could create a “perfect storm” that 

threatens the future of human civilization [6]. 



Ensuring a sustainable water supply is imminent to avoid the “perfect storm” caused by 

water insecurity. A multifaceted approach, especially behavioral-based approaches that 

promote water conservation, can be integral to demand reduction strategies [7]. 

Therefore, water-saving behaviors, as the most crucial water resource planning and 

management strategy, are becoming increasingly important globally in the coming 

decades [6]. However, much less attention has been paid to water-related interventions 

than other interventions around energy and recycling. This study will concentrate on 

examining how climate change belief and political affiliation can affect water-related 

conservation behaviors. 

As one of the biggest challenges facing human survival today, climate change has caused 

many direct or indirect impacts on humans [8], and water resources are among the most 

vulnerable to the impacts of climate change [9]. With population growth and economic 

development, climate change is driving demand and increasing pressure on water 

supplies [10]. The most critical impacts of climate change include global temperature 

rises, precipitation declines in water-scarce areas, and decreases in water quantity and 

quality [11-13]. Climate change is also expected to exacerbate droughts, making the 

drought set in quicker, become more intense, and last longer [14]. Rising temperatures 

can also cause ocean levels to rise and salt water to enter coastal aquifers [15], as well as 

facilitate the growth of fatal bacteria in freshwater sources, making the water unsafe to 

drink [16]. 

Studies have indicated that awareness, knowledge, and risk perception of climate change 

are significantly associated with people’s pro-environmental attitude and can promote 

their pro-environment behaviors in a direct and indirect way [17-20]. Public perception 

of climate change and other environmental issues mainly includes concern about the 

impacts of these issues and an understanding of their causes and damages [21]. For 

instance, Han, et al. [22] show that as mediated by environmental concerns, youths’ 

climate change causes and risk perceptions enable them to adopt energy-saving 

behaviors.  

Since water security is inextricably linked to the climate crisis and its consequences, 

climate change risk perceptions might be crucial in influencing water conservation 

behavior. People’s perceived risk of water scarcity due to climate change has a significant 

impact on their daily behavioral decisions and how they adjust their behavior accordingly, 

including those related to water conservation [23,24]. Previous research has examined 

how experiences with water shortage and quality influence attitudes and behaviors [25]. 

For example, Hannibal, et al. [26] reported that individuals living in drought-affected 

areas are more likely to change behaviors to conserve water and make small financial 

investments to save water. However, there are scenarios in which people are unwilling 

to change their behaviors toward water use despite perceiving the adverse impacts of 

climate change. Water conservation behavior does not depend solely on climate change 

perceptions but also on multiple other factors simultaneously, including personal 

experience, education level, worldview, considerations of economic, political, and 

technological factors, and awareness [6,25].  



Environmental issues, especially climate change, have become a politically polarizing 

issue globally. The climate change communication literature has extensively examined 

how conservatism and liberalism predict attitudes and behavior [21]. People who 

identify as liberals (or Democrats) are more likely to support measures to curb climate 

change than those who identify as conservatives (or Republicans) [27-29]. Besides 

climate change, other studies also found connections between political ideology and 

water conservation attitudes and behaviors. Callison and Holland [25] found that liberals 

are more likely to engage in behaviors that support water conservation than 

conservatives when responding to water scarcity and water quality news stories. Political 

identity is also found to affect the perceived message credibility of news related to water 

scarcity, but not the concern or intent to conserve water [30]. Thus, we suspect that 

political identity can be a potential factor influencing the relationship between climate 

change belief and water conservation behavior, as these factors have been found to be 

associated with each other. Nevertheless, to our knowledge, no study has been conducted 

to explore the moderation effect of political identity. 

To address the abovementioned gap, this research aims to enhance our understanding of 

how the possessed political identity can influence the association between climate 

change belief and water conservation behaviors. 

The current study has two primary objectives: 

• Examine whether the residents’ belief in climate change’s impact on future water 

supply uncertainty affects their water conservation behaviors. 

• Examine whether being a member of the Republican party moderates the 

relationship between the perceived impact of climate change on water supply and 

water conservation behaviors. 

2. Methodology 

2.1. Theoretical foundation 

This Subsection presents the Mindsponge Theory, which was used for building models 

[31,32]. The theory was developed from the mindsponge mechanism, which is an 

inclusive model of cognition-shifting processes that demonstrates how new information, 

deemed valuable, is absorbed from the environment while information deemed 

unimportant or with waning values is ejected from the individual’s mind [33]. The 

original mindsponge mechanism is formed through the observation of psychological and 

social phenomena, which is also true for many other theories and frameworks, like those 

produced by Abraham Maslow [34], Geert Hofstede [35], Inoue Nonaka [36], Henry 

Mintzberg [37], and Michael Porter [38], etc. Although this method has been found 

effective for explaining the complexity of human behavior and social systems, it still does 

not account for the essential components that make a human a human: the cells and 

molecules and the processes that give life to organic materials. As a result, the 

mindsponge mechanism was developed into Mindsponge Theory, integrating the newest 



data from brain and life sciences [32]. Many psychological and behavioral studies have 

employed the theory as the theoretical foundation. 

The theory contends that the human mind is an information collection-cum-processor. 

For cognitive processes to occur, the presence of physical structures is necessary to 

provide a foundation for processing activities, as demonstrated by the human brain. The 

collection of all accepted knowledge in the system (or beliefs or highly-trusted 

information) can be deemed as the mindset that takes memory to retain. Using the 

content of the existing mindset as the benchmark, the filtering mechanism determines 

what information can enter or be ejected from the mindset, which updates the mind and 

its subsequent information processing system [32]. The process is dynamically balanced 

and incorporates cost–benefit evaluation for maximizing the perceived benefits and 

minimizing the perceived costs of the system. When the information is deemed beneficial, 

it will be integrated into the mindset. If the information is deemed costly, it will be ejected 

from the mind [39]. From an information processing perspective, either a thought or a 

behavior is an outcome of an information process based on the available information and 

estimated consequences. As a result, for a behavior to be conducted, the ideation (or 

information) associated with such behavior must exist within the mind and be deemed 

the most beneficial alternative among other information in a specific context [40]. The 

evaluation is mainly driven by the value system induced by the mindset and the 

information observed from the environment at the time the behavior needs to be carried 

out.  

Following this logic, it can be thought that for people to conduct water conservation 

behaviors, the ideation associated with water conservation needs to exist within the mind 

and be deemed beneficial by the mind. For such ideation to emerge, beliefs (or highly-

trusted information) in the mindset significantly shape people’s value systems. If a belief 

implying climate change’s threats or negative impacts on people’s survival and well-being 

exists in the mindset, the mind will be more likely to seek and absorb information that 

aims to minimize the consequences of climate change or alleviate climate change. 

Subsequently, it gives ground for the emergence of conservation-related thinking and 

behaviors [41,42]. Empirically, people who believe or perceive the negative impacts of 

climate change are more willing to change their thinking and behaviors [22,23,41]. In 

addition, previous studies also indicated that experiencing water shortage is a strong 

predictor of water conservation behaviors, even including financial payment [25,26]. 

Based on this reasoning and evidence, we came up with the first Hypothesis: 

H1: Belief in climate change’s impact on future water supply uncertainty is 

positively associated with water conservation behaviors. 

Human social life is group-based, so their mindset can also be shaped by the collective 

identities of their groups, as suggested by the Social Identity Approach [21]. In other 

words, there exists beliefs or highly-trusted information identifying people as a part of 

the group they belong to in the mindsets, which influence people’s values, thinking, 

emotions, and behaviors according to the groups’ norms, values, and ideologies. Among 



types of collective identities, political identity is prominent, especially in the US [21]. 

When the new information is absorbed into the mind, it will be easily integrated into the 

mindset if it aligns with the political values stored in the people’s mindsets. In contrast, 

the information can be more likely rejected if it contradicts the peoples’ political values 

[43]. For example, Bouman, et al. [44] discovered that perceiving a national or political 

ingroup as prioritizing environmental values predicted pro-environmental behavior of 

individuals who highly identify with the group. Therefore, it is plausible to think that 

people in a political party not supporting climate change tend to attribute less value to 

information-related to climate change, subsequently hindering the absorption of 

information pertaining to water conservation. 

In the US’s political atmosphere, the divide between the Republican and Democratic 

parties over governmental environmental protection programs, especially issues 

pertaining to climate change, has widened significantly since the early 1980s. Most 

Republicans thought that the seriousness of global warming is generally exaggerated in 

the news, whereas only a few percent of Democrats thought so [45]. Most recently, the 

Politics & Global Warming report indicates that most of Democrats prefer to vote for a 

candidate supporting action on global warming (i.e., 95% of liberal Democrats and 76% 

of moderate/conservative Democrats), while much fewer Republicans prefer so (i.e., 23% 

of conservative Republicans and 44% of liberal/moderate Republicans). Almost half of 

conservative Republicans even prefer candidates opposing actions on global warming 

(46%) [46]. Given that most Republicans in the US are likely not to support or even 

oppose climate change, we hypothesized that: 

H2: Being a Republican negatively moderates the association between belief in 

climate change’s impact on future water supply uncertainty and water 

conservation behaviors. 

2.2. Model construction 

2.2.1. Variable selection 

The dataset generated by Distler and Scruggs [47] was employed in the current study for 

the data analysis. The dataset was an outcome of a large-scale community survey 

conducted by the Distler and Scruggs [47] and the Albuquerque Bernalillo County Water 

Utility Authority (ABCWUA), the sole provider of water and wastewater services to the 

greater Albuquerque metropolitan area. The community survey concentrates on 

collecting water knowledge, water habits, opinions on two potable reuse scenarios, level 

of trust in institutions, a variety of water- and climate change-related topics, and 

demographic information of ABCWUA account holders. During the survey collection, 

Distler and Scruggs concurrently distributed four versions of the survey, of which one 

version contained no additional material while the other three versions different types of 

educational materials (i.e., “Water Sources and Reliable Supplies,” “Environmental 

Benefits of Water Reuse,” and “The Urban Water Cycle”). This separation was to reduce 

the perceptual biases derived from educational materials.  



The questionnaire was designed through multiple focus group interviews and debriefing 

sessions. A total of eight focus groups, each lasting 90 minutes, were conducted to 

facilitate the evaluation of sample questionnaire questions and the identification and 

development of additional content to be incorporated into the survey. The focus groups 

consisted of 7-10 individuals each. Participants had to be at least 18 years old and 

ABCWUA clients. While conducting the focus group interview, the draft survey was 

administered to a sample population of 12 individuals, and the survey debriefing sessions 

were conducted one-on-one. These debriefing sessions facilitated researchers in 

verifying the accurate interpretation and comprehension of survey questions and 

materials, as well as ascertaining the duration required for survey completion. Eight focus 

group interviews were held in July, October, and November, and 12 debriefing sessions 

were conducted in August, October, and November of 2016. 

Four thousand accounts were randomly chosen from over 180,000 residential accounts 

in the ABCWUA customer accounts log for initiating the survey collection. The log 

contained many data, such as Census tract, ZIP code, and postal address for each client. 

The names of customers were instantly removed from the sample file, and the addresses 

were subsequently eradicated after the completion of data analysis. Every prospective 

participant was allocated a distinct random code as a means of identification, ensuring 

anonymity while facilitating response tracking. The survey was distributed to the 

prospective participants through mailing to their physical addresses. The invitation that 

was sent by mail includes a link to participate in the survey online via the internet 

platform Survey Monkey. A pretest was also conducted on 200 account holders to ensure 

the collection method worked properly. Finally, the survey distribution to a random 

sample of 4,000 ABCWUA account holders from April to September 5, 2017, resulted in 

1831 valid responses, with a response rate of 46%. Several studies have employed this 

dataset to study water-related issues in Albuquerque [48-50]. 

For the purpose of this study, three variables were retrieved from the dataset: 

WATER_CONSERVATION, CLIMATE, and REPUBLICAN. WATER_CONSERVATION is the 

outcome variable representing the number of water conservation behaviors the water 

users were doing at home. The variable was generated by summing six variables: 

CONSERVE_XERI (i.e., xeriscaped land/yard), CONSERVE_YARD (i.e., do not water 

land/yard), CONSERVE_FIXTURES (i.e., use water saving fixtures, like faucets, toilets, 

etc.), CONSERVE_APPLIANCES (i.e., use water-efficient appliances, like dishwasher, 

washing machine, etc.), CONSERVE_RAINWATER (i.e., practice rainwater harvesting), 

and CONSERVE_SIMPLE (i.e., use simple conservation measures, like turning off water 

when brushing teeth, etc.). The higher the number, the more water conservation 

behaviors the water user conducted.  

CLIMATE variable was retrieved directly from the original dataset without any 

modification. The variable was generated from the question asking whether the 

respondent “believes that the impact of climate change on the water cycle will make it 

more difficult for ABCWUA to meet our community’s water needs in the next 10 to 40 

years.” Meanwhile, the REPUBLICAN was generated from the POLITICAL variable, 



indicating the water users’ political parties that they primarily identify as. If the 

respondent chose Republican, they would be referred to as ‘1.’ For other political parties, 

they would be referred to as ‘0.’ All variable description is presented in Table 1. 

Table 1: Description of variables 

Variable Description Type of variable Value 

WATER_CONSERVATION 

The number of 

water 

conservation 

behaviors that the 

respondent was 

doing at home at 

the time of being 

surveyed. 

Numerical 
Min = 1 

Max = 6 

CLIMATE 

Whether the 

respondent 

believed the 

impact of climate 

change on the 

water cycle  would 

negatively affect 

the water supply 

in the region in the 

next 10-40 years 

Binary 
Yes = 1 

No = 0 

REPUBLICAN 

Whether the 

respondent 

primarily 

identified 

himself/herself as 

Republican 

Binary 
Yes = 1 

No = 0 

 

 

2.2.2. Statistical model  

For testing the association between climate change belief and wate conservation 

behaviors and the moderation effect of being a Republic on the relationship, we 

constructed Model 1 as follows: 

𝑊𝐴𝑇𝐸𝑅_𝐶𝑂𝑁𝑆𝐸𝑅𝑉𝐴𝑇𝐼𝑂𝑁 ~ 𝑛𝑜𝑟𝑚𝑎𝑙(𝜇, 𝜎)   (1.1) 

𝜇𝑖 = 𝛽0 + 𝛽1 ∗ 𝐶𝐿𝐼𝑀𝐴𝑇𝐸𝑖 + 𝛽2 ∗ 𝐶𝐿𝐼𝑀𝐴𝑇𝐸𝑖 ∗ 𝑅𝐸𝑃𝑈𝐵𝐿𝐼𝐶𝐴𝑁𝑖  (1.2) 



𝛽 ~ 𝑛𝑜𝑟𝑚𝑎𝑙(𝑀, 𝑆)     (1.3) 

The probability around 𝜇 is determined by the form of the normal distribution, whose 

width is specified by the standard deviation 𝜎 . 𝜇𝑖  indicates the number of water 

conservation behaviors of water user 𝑖 ; 𝐶𝐿𝐼𝑀𝐴𝑇𝐸𝑖  indicates whether water user 𝑖 ’ 

believes in the impact of climate change on future water supply’s uncertainty; 

𝑅𝐸𝑃𝑈𝐵𝐿𝐼𝐶𝐴𝑁𝑖 indicates whether water user 𝑖 primarily identified himself/herself as a 

Republican. 𝛽2 indicates the coefficient of the non-additive effect of 𝐶𝐿𝐼𝑀𝐴𝑇𝐸𝑖 ∗

𝑅𝐸𝑃𝑈𝐵𝐿𝐼𝐶𝐴𝑁𝑖  on 𝑊𝐴𝑇𝐸𝑅_𝐶𝑂𝑁𝑆𝐸𝑅𝑉𝐴𝑇𝐼𝑂𝑁. If the coefficient is significant, the water 

user’s political party is deemed to affect (or moderate) the relationship between climate 

change belief and water conservation behaviors. Model 1 has two coefficients, 𝛽1 and 𝛽2 , 

the intercept, 𝛽0 , and the standard deviation of the “noise”, 𝜎 . The coefficients of the 

predictor variables are distributed as a normal distribution around the mean denoted 𝑀 

and with the standard deviation denoted 𝑆. The logical network of Model 1 is shown in 

Figure 1. 

 

Figure 1. Model 1’s logical network 

2.3. Analysis and validation 

The current study utilized the Bayesian Mindsponge Framework (BMF) analytics as the 

methodological approach [39,51]. The BMF is an analytical structure that integrates the 

strengths of the Mindsponge Theory with Bayesian inference in order to examine various 

psychological and behavioral concepts and phenomena in humans. The utilization of the 

Mindsponge Theory within the framework enables the construction of theoretical models 

that effectively capture the intricate and dynamic nature of the human mind. 



Simultaneously, Bayesian inference, known for its substantial flexibility, facilitates the 

fitting of these models for statistical analysis. The two components exhibit a high degree 

of compatibility and mutually enhance one another over the course of performing a study. 

In general, the match between mindsponge and Bayesian inference can be characterized 

by the following key aspects [51]: (1) both approaches, at a philosophical and theoretical 

level, embrace subjectivity, making them particularly suitable for social and 

psychological research; (2) they offer researchers considerable flexibility in constructing 

and fitting models; and (3) both methods embrace information updating mechanism in a 

dynamic manner. 

Due to the intricate nature of the human psychological process, our objective is to develop 

parsimonious models to enhance the capacity to make accurate predictions. The Bayesian 

inference technique is advantageous in estimating parsimonious models due to its 

probabilistic treatment of all properties, including the unknown parameters [52,53]. 

Moreover, Bayesian analysis aided by the Markov Chain Monte Carlo (MCMC) algorithm 

offers the capability to estimate models with high complexity, such as those in the current 

study with non-linear relationships [54]. The inclusion of non-linear relationships in the 

estimating process increases the complexity of the model and necessitates a higher 

sample size in order to obtain accurate estimations [55]. The utilization of a large number 

of iterative samples produced by stochastic processes, specifically Markov chains, can 

significantly enhance the efficacy of fitting such intricate models. 

It is crucial to acknowledge that the scientific community is now facing a reproducibility 

crisis. Numerous research conducted in various disciplines, particularly psychology [56] 

and social sciences [57], have encountered challenges in replicating their findings. These 

challenges mostly stem from technical difficulties associated with the analytical methods 

utilized in these studies. One important factor believed to contribute to the crisis is the 

wide sample-to-sample variability observed in the p-value [58]. Therefore, the decision 

to utilize Bayesian analysis was motivated by the need to circumvent the utilization of p-

values. This is because Bayesian analysis requires researchers to observe the posterior 

distributions and credible intervals to interpret the results [59]. 

Finally, the inclusion of prior distributions is a notable benefit of employing Bayesian 

analysis. Despite the utilization of “uninformative” priors to mitigate subjective impacts 

on simulated outcomes, it is still possible to capitalize the prior function on assessing the 

robustness of simulated results through the implementation of the “prior-tweaking” 

approach [60]. In this study, we employed two informative priors to check the robustness 

of the simulated results. The first prior distribution represents our disbelief in the 

existence of the effect of CLIMATE and non-additive effect of CLIMATE*REPUBLICAN on 

WATER_CONSERVATION; their priors were set as a normal distribution with mean value 

at 0 and standard deviation being 0.5. The second prior distribution represents our belief 

in the existence of those effects; the prior of CLIMATE was set as a normal distribution 

with a mean value of 0.5 and standard deviation being 0.5, while that of 

CLIMATE*REPUBLICAN was set as a normal distribution with a mean value at -0.5 and 

standard deviation being 0.5. 



To validate the simulated posterior outcomes, a three-pronged validation technique is 

employed. We employed Pareto-smoothed importance sampling leave-one-out cross-

validation (PSIS-LOO) diagnostic plots to assess the goodness of fit with the dataset for 

each simulated model [61,62]. The model’s suitability with the data may be assessed by 

examining the plot and evaluating whether all k values are below the 0.5 threshold. 

Subsequently, we proceeded with the convergence assessment by employing diagnostic 

statistics and visualizations. The diagnostic statistics encompass two key measures: the 

effective sample size (n_eff) and the Gelman-Rubin shrink factor (Rhat). Additionally, the 

diagnostic plots consist of the trace plot, Gelman-Rubin-Brook plot, and autocorrelation 

plot. Ultimately, the prior-tweaking procedure was executed. The Results section 

provides a comprehensive presentation of diagnostic statistics and plots, accompanied 

by thorough explanations and interpretations. 

The researchers employed the bayesvl R package to perform Bayesian analysis in the 

present study [39,63]. The dataset, data description, and code snippets pertaining to the 

Bayesian analysis were posted to The Open Science Framework to improve transparency 

and aid later replication and validation [64]: https://osf.io/tb9ps/  

3. Results 

The model was fitted on R version 4.2.0 (“Vigorous Calisthenics”) using four Markov 

chains, each consisting of 5000 iterations, with 2000 used for the warmup period. The 

simulation took 322.5 s to be completed, and the simulated results are displayed in Table 

2. In this Section, we focus on evaluating the results simulated using uninformative priors, 

while the results simulated using informative priors are only used to check the simulated 

results’ robustness. 

Before interpreting the results, it is necessary to assess Model 1’s goodness of fit with the 

data. As seen in Figure 2, all the estimated k-values are below the 0.5 threshold, indicating 

a good signal of fit between the model and the data. 

https://osf.io/tb9ps/


 

Figure 2. Model 1’s PSIS-LOO diagnosis 

 

The statistics of Model 1’s posterior distributions are shown in Table 2. All the n_eff 

values are larger than 1000, and Rhat values are equal to 1, so it can be deemed that Model 

1’s Markov chains are well-convergent. The convergence of Markov chains is also 

reflected through the trace plots in Figure 3. Specifically, all the chains’ values fluctuate 

around a central equilibrium after the 2000th iteration. 

 

Table 2: Estimated results of Model 1 

 
Uninformative 

priors 

Informative priors 

(belive in the 

effects) 

Informative priors 

(disbelive in the 

effects) 

Parameters M S n_ff 
Rh

at 
M S n_ff 

Rh

at 
M S n_ff 

Rh

at 

Constant 
2.8

0 

0.0

8 

708

9 
1 

2.8

1 

0.0

8 

705

2 
1 

2.7

9 

0.0

8 

643

7 
1 

CLIMATE 
0.1

1 

0.0

9 

684

0 
1 

0.1

1 

0.0

9 

691

5 
1 

0.1

3 

0.0

9 

628

1 
1 



CLIMATE*REPUB

LICAN 

-

0.0

2 

0.1

0 

991

3 
1 

-

0.0

2 

0.1

0 

925

2 
1 

-

0.0

4 

0.1

0 

924

8 
1 

* Note: M is the abbreviation of Mean, while SD is the abbreviation of Standard 

Deviation 

 

 

Figure 3. Model 1’s trace plots 

The Gelman-Rubin-Brooks plots and autocorrelation plots also signify the good 

convergence of Markov chains. The Gelman-Rubin-Brooks plots are used to assess the 

ratio between the 

variance between Markov chains and the variance within chains. The y-axis illustrates 

the shrink factor (or Gelman-Rubin factor), while the x-axis demonstrates the iteration 

order of the simulation. In Figure 4, the shrink factors of all parameters drop rapidly to 1 

before the 2000th iteration (within the warmup period). This manifestation suggests that 

there is no divergence among Markov chains. 



 

Figure 4. Model 1’s Gelman-Rubin-Brooks plots 

The Markov property refers to the memoryless property of a stochastic process. In other 

words, the iteration values are not autocorrelated with the past iteration values. The 

autocorrelation plots are employed to evaluate the autocorrelation levels among 

iteration values. The charts in Figure 5 show the average autocorrelation of each Markov 

chain along the y-axis and the lag of the chains along the x-axis. Visually, all the Markov 

chains’ autocorrelation levels decline swiftly to 0 after a few number lags (before 5), 

suggesting that the Markov property is held and the Markov chains are well-convergent. 

 

Figure 5. Model 1’s autocorrelation plots 

Since all the diagnostics confirm the convergence of Markov chains, the simulated results 

are 

eligible for interpretation. The estimated results of Model 1 show that the belief in the 

impact of climate change on the uncertainty of water supply in the future has a positive 

effect on water conservation behaviors ( 𝑀𝐶𝐿𝐼𝑀𝐴𝑇𝐸  = 0.11 and 𝑆𝐶𝐿𝐼𝑀𝐴𝑇𝐸  = 0.09). The 

positive effect of climate change belief can be deemed reliable because a majority of its 

posterior distribution is located on the positive side of the x-axis (see Figure 6).  



Meanwhile, being a Republican negatively moderates the impact between climate change 

belief and water conservation behavior, but the moderation effect is not reliable. As can 

be observed from Figure 6, the posterior distribution of 𝐶𝐿𝐼𝑀𝐴𝑇𝐸 ∗ 𝑅𝐸𝑃𝑈𝐵𝐿𝐼𝐶𝐴𝑁 

neither lies entirely on the positive nor negative side of the x-axis, implying an ambiguous 

effect. 

The simulated results using two different prior distributions also confirm the results 

generated using the uninformative prior. Specifically, although the magnitude of the 

effect changes slightly, their main patterns are unchanged, suggesting that the estimated 

results are robust. 

 

 

Figure 6. Model 1’s posterior distributions 

4. Discussion 

Using the Bayesian Mindsponge Framework (BMF) analytics on a dataset of 1831 water 

users in Albuquerque, New Mexico, the current study found a positive association 

between the user’s belief in the climate change’s impacts on water supply uncertainty in 

the future and their water conservation behaviors. Although we also found the negative 

moderation effect of being a Republican on the association between climate change belief 

and water conservation behaviors, the effect is negligible and unreliable.  



These findings partially validate the hypotheses proposed using the Mindsponge Theory 

and Social Identity Approach in the Subsection of the theoretical foundation. The 

negligible and unreliable moderation effect of being a Republican can be due to several 

reasons. First, in this scenario, the effect of political identity is not significant enough to 

alleviate the effect of climate change belief on water conservation behaviors. Second, the 

relationship between climate change beliefs and water conservation behaviors might be 

influenced by other factors more significant than political identity. Further studies are 

required to discover what those factors are. 

Generally, the results suggest that people believing in the uncertainty of water supply 

caused by climate change are more likely to adopt more water conservation behaviors 

(e.g., having xeriscaped land/yard, using water-efficient appliances, using water saving 

fixtures, etc.), regardless of being a Republican or not. This finding can be explained by 

how the belief about climate change was asked. Specifically, the respondent was inquired 

whether they “believe that the impact of climate change on the water cycle will make it 

more difficult for ABCWUA to meet our community’s water needs in the next 10 to 40 

years” but not “human-caused climate change.” In the circumstance that Republicans 

believe in climate change’s impact, those people are likely to believe that humans do not 

cause climate change. Many prominent Republicans refuse that human activity is the 

major cause of climate change [65]. Recently, despite the strong consensus among the 

scientific community that climate change is caused by anthropogenic activities [66-68], 

Representative Mike Johnson of Louisiana, the newly elected House speaker of the US, 

still said that he did not believe fossil fuels were changing the climate [69]. From the 

viewpoint of Republicans with climate change beliefs, although they may not believe 

climate change is man-made, the information process within their minds will still be 

influenced by the consequences of climate change. In other words, regardless of the cause 

of climate change, those people tend to perceive conservation behaviors to be beneficial 

and more likely to adopt them due to the perceived uncertainty of water supply in the 

future.  

Our study findings also hint at the risks of politicizing climate change in exacerbating 

other environmental crises, like the water crisis. People within the political groups that 

oppose climate change will be more likely to refuse climate change information, 

hindering the creation of climate change beliefs in their minds. If the belief in the non-

existence of climate change persists, it might prevent the emergence of ideations and 

eventually the adoption of behaviors associated with climate change consequences, like 

water crisis. This tendency can further exacerbate the water crisis in arid regions like 

Albuquerque. Therefore, fighting climate change denialism and reducing the 

politicization of climate change is crucial for climate change alleviation and effective 

water conservation initiatives.  

Researchers have proposed various strategies to reduce climate change denialism among 

Republicans. Climate change policies endorsed by members from the same party can be 

more effective in improving Republicans’ support than those endorsed by members from 

the opposition party [70]. If the endorsing people are seen as prototypical of the ingroup, 



their social influence effectiveness might be higher [21]. The persuasiveness of 

communications among Republicans and conservatives is enhanced when they are 

supported by messagers that align with the Republican or conservative ideology or when 

they employ language and reasoning that are consistent with conservative moral norms 

[71-74]. Goldberg, et al. [75] also found that advertising campaigns using videos designed 

to appeal to Republicans and targeted to this audience can enhance their understanding 

of climate change’s existence, causes, and harms. 

Besides these strategies, we recommend policymakers and climate change activists 

emphasize the eco-surplus cultural values and frame them as a part of the progressive 

values of a nation when conveying the climate change message [76,77]. Eco-surplus 

cultural value has been suggested by Vuong [78] as the 11th progressive cultural value 

besides the other ten values proposed by Harrison and Huntington [79]. Through this 

way, the message might promote “the identification with a superordinate category one 

that incorporates multiple groups under the same identity” [21]. It was evident that when 

the formation of US identity incorporated a broad range of values from across the political 

spectrum, liberals and conservatives demonstrated a shared commitment to 

environmental preservation and a strong sense of connectedness to the natural world 

[80]. When the eco-surplus cultural values are successfully built, they are expected to 

increase perceived benefits toward environmental-friendly policies and actions as well 

as the immunity to climate change denialism narratives. 

The current study contains several limitations, which are reported here for transparency 

[81]. First, due to the cross-sectional nature of the dataset, the study could not confirm 

whether political identity does or does not affect the relationship between climate change 

belief and water conservation behaviors. Thus, longitudinal or experimental studies are 

required to check whether, in the long-term, being a Republican can moderate the effects 

of climate change belief on water conservation behaviors due to the information pressure 

induced by other ingroup members. Speaking differently, longitudinal or experimental 

studies can help validate if there are scenarios that, due to information exchange with 

other Republicans, belief in the impact of climate change on water supply might be 

weakened and eventually ejected, creating conditions for other information associated 

with water conservation to be ejected. In addition, it should be noted that the sample size 

is limited to the city of Albuquerque, which may not accurately reflect regions with 

varying geographical and climatic attributes across the United States. Further research is 

necessary to substantiate the impact of climate change beliefs on water conservation 

behaviors in regions exhibiting distinct geographical and climatic attributes. 
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