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ABSTRACT

Increasing incidences of climate-change-related extreme weather is known to cause
risk perception and anxiety. When these psychological reactions lead to proactive beh-
aviors such as an intention to purchase a disaster insurance policy, the psychological
reactions are regarded as adaptive. According to the deficit model, information con-
tents should strongly affect psychological reactions and proactive behaviors. However,
the causal model postulates that the processing depth of information should affect
psychological reactions and proactive behaviors. These models led to an examina-
tion of the deficit model in Study 1 and of the causal model in Study 2. In Study
1, 505 participants, who did not have disaster insurance at the time of the study,
were randomly assigned to either the informative or less informative condition. Then,
they responded to an online questionnaire which included items for demographics,
risk perceptions regarding climate-change-related disasters, efficacy in dealing with
climate-change-related disasters, anxiety about climate-related disasters, absence of
worry about a climate-related disasters, and intention to buy disaster insurance. The
results revealed no significant difference between the informative and less informative
conditions, implying that the deficit model was not supported. In Study 2, 445 parti-
cipants, who did not have disaster insurance at the time, were randomly assigned to
shallower or deeper processing conditions, and all participants responded to the same
questionnaires used in Study 1. The results indicated that risk perception and insura-
nce purchase intentions were higher in the deeper processing condition, implying that
the deficit model is partially supported. Taken together, manipulating the manner in
which information is processed can be an effective way to promote proactive behavior.

Keywords: Kansei engineering, Psychological reaction to disaster, Adaptive behavior, Commu-
nicating information, Risk perception

INTRODUCTION
Background

We have been experiencing increasing incidences of extreme weather associ-
ated with climate change (Howe et al., 2013). For instance, the number of
floods around the world each year has been skyrocketing since the 1990s
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(The OFDA/CRED International Disaster Database). Our perceptual expe-
riences of extreme weather lead to psychological reactions such as risk
perception, worry, and climate anxiety (Van der Linden, 2014; Damasio,
1994). When these psychological reactions lead to proactive behaviors such
as intention to purchase disaster insurance, the psychological reactions are
regarded as adaptive (Xie et al.,, 2019). The way perceptions of climate
change relate to psychological reactions and proactive behaviors has yet
to be elucidated. Previously, Van der Linden (2014) quantitatively modeled
the association among personal experiences of climate change, risk perce-
ption, and negative affect. His study supported the dual processing model
of risk perception where information from external stimuli influences affect
and cognitive appraisal, and, in turn, affect and cognitive reactions affect
each other (see Figure 1). According to the deficit model, information con-
tent should strongly affect psychological reactions and proactive behaviors
(Hershey & Shoemaker, 1980); however, the causal model postulates that the
processing depth of information should affect psychological reactions and
proactive behaviors (Fernbach et al., 2013). The purpose of the current two-
fold study was to examine the effect of information content on the variables in
the causal model (Study 1) and the effect of depth of information processing
on the variables in the hypothesized model (Study 2).

Psychological Responses and Behavioral Intentions

Risk with regard to climate change is the perception of future stochastic
events, rather than an existing threat, which occur over an extended period
of time (Solomon et al., 2007). Responses to stochastic threats differ among
individuals, unlike responses to an emergent risk that requires each individual
to produce an instantaneous fight, flight, or freeze response for survival. The
risk with regard to climate change is perceived in conjunction with a negative
affect according to Van der Linden (2014) (see Figure 1). Risk perception is
accounted for by personal experience related to climate change while a nega-
tive affect is accounted for by knowledge of the causes of climate change. This
risk-perception model was expanded by Xie et al. (2019), who encompassed
pro-environment behavioral intention.

Content of Information vs. Depth of Processing Information

There are two opposing theories regarding the effect of information on deci-
sion making with regard to purchasing insurance (Bodomer report, 1985).
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Figure 1: Effect of information content. Note: Error bars = standard error.
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According to the deficit model, the content of relevant information affects
behavior. Specifically, a shortage of information is though to cause misun-
derstanding between the transmitter and receiver of a message. Indeed, it is
known that information strongly affects the consumer’s decision to purchase
insurance (Hershey & Shoemaker, 1980). Fernbach et al. (2013) explored the
minimum amount of information required to attract a consumer’s attention.
On the other hand, detailed information, including the source of the infor-
mation, is known to affect consumers’ trust of a product (Fernbach et al.,
2013).

In contrast to the deficit model, the causal model postulates that the depth
of information processing, rather than the contents of the information, affe-
cts behavior. In other words, how a consumer processes information alters
their behavior. For instance, Fernbach et al. (2013) reported that when people
realized their understanding of a political issue was superficial, they tended
to be more open to accepting others’ opinions. Specifically, participants were
asked to explain why they rejected a political opinion which was in oppo-
sition to their personal views. In this condition, they only had to retrieve
information from long term memory, meaning they were utilizing a relati-
vely shallow cognitive process. Participants were subsequently asked to point
out the potential consequences of not supporting the political opinion. In
this condition, they had to imagine potential consequences that had not yet
occurred, forcing them to utilize a deeper cognitive process, which resulted in
many of them changing their opinion. This change is thought to be caused by
lowered self-efficacy caused by processing information in a cognitively deep
manner.

Purpose of the Study

The current two-fold study was conducted to examine and compare the
deficit model (Study 1) and the causal model (Study 2).

STUDY 1

The effects of information content on model variables were examined based
on the deficit model.

METHOD

Participants and Procedure

Characteristics of participants are presented in Table 1. A survey com-
pany (ASMARQ Co. Ltd., Tokyo, Japan, Npuicipant poor> 16 million
at the time of measurement) was contracted to collect online responses.
Criteria for recruiting were Japanese adults (age over 20 years at the
time of measurement) who had no disaster experience and who had no
disaster insurance. Also, participants without any anxiety were elimina-
ted because they were not the target population. Invitations were ran-
domly sent for the screening study, and six hundred respondents voluntarily
agreed to participate in the online-questionnaire study. Five hundred and
five participants were retained for Study 1 after eliminating participants
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Table 1. Socio-demographic profiles of study 1 & 2 participants.

Characteristic Category Study 1 Study 2
n n
Gender Male 321 288
Female 184 157
Employment status Unemployed/retired 83 84
Self-employed 44 29
Full-time 237 209
Part-time 45 49
Other 96 74
Marital status Not married/widowed 101 106
Married 365 339
No reply 39 0
Has child(ren) Yes 303 306
No 202 139
Annual household <200 40 26
income (in million yen) 200~299 40 46
300~399 54 50
400~499 61 50
500~599 44 41
600~699 48 28
700~799 39 35
800~999 52 59
1000~1500 60 41
>1500 15 18
No reply 52 51

Note: One U.S. dollar was equivalent to 143 Japanese yen at the time of the study.

who did not exhibit any climate-related anxiety and outliers (Z > 13.29I).
First, participants were randomly assigned to a high information content con-
dition which included the source of the information, quantitative evidence,
and the overall theme or a low information condition which only provided
the theme. The theme of the information focused on extreme weather such
as unreasonable changes in temperature and precipitation related to climate
change (see Appendix). The questionnaires and items in the questionnaires
were presented in a random order to avoid an order effect. Participants were
compensated in the research company’s points. The entire procedure took
about 15 minutes. The current study was approved by the institutional review
board at Chuo University, Tokyo, Japan.

Measures

The responses to the self-report questionnaires described below were used for
analyses for the current study. Each scale’s reliability (Cronbach’s a > 0.70)
was examined based on the classical testing theory (Nunnaly & Bernstein,
1994). The unidimensionality of each scale was examined using parallel
analysis (principal factor analysis). Back-translation procedures between
English and Japanese were conducted based on the WHO guidelines (acces-
sed in 2022). All responses were given on a 5-point Likert scale (1 = “strongly
disagree” and 5 = “strongly agree”).
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Demographic items. Socio-demographic questions (see Table 1) were asses-
sed in the screening study, encompassing both Study 1 and Study 2 partici-
pants, and included age (continuous), sex (dichotomous), resident prefecture
(categorical), marital status (dichotomous), existence of child (dichotomous),
employment status (5 categories), and income level (11 categories).

Risk perception and efficacy. Four items from Miao et al. (2020) were
used to measure the extent of perception of risk caused by a disaster and
self-efficacy in coping with disaster risk. Two items that were related to a
sense of relief from disaster risk and from anxiety about a disaster were
excluded from the study. Of the remaining four items, two were interpreted
as self-efficacy in coping with disaster risk and the other two were interpre-
ted as risk perception. For the current study, there were no problems with
reliability (Cronbach’s o = 0.80) or unidimensionality for risk perception.
However, scale reliability should be improved in future studies by modifying
and adding items for efficacy (Cronbach’s a = 0.44).

Anxiety about climate-related disasters. Five out of six items from the
Anxious Specifier Interview (Zimmerman et al., 2017) were used to measure
the extent of anxiety caused by climate-related disaster risk. The items’ sub-
jects were modified from “the individual” to “I” to adapt to the self-report
questionnaire. One item, which indicated extreme symptoms (“Feeling that
that I might lose control of myself”), was eliminated from the study. There
were no problems with reliability (Cronbach’s a = 0.94) or unidimensionality
for risk perception.

Absence of worry about climate-change-related disasters. Three items from
Ruedy et al. (2013) were used to measure the extent of relief from a disa-
ster. There were no problems with reliability (Cronbach’s a = 0.90) or
unidimensionality for risk perception.

Behavioral intentions. Three items from Fink et al., (2020) were used
to measure the extent of proactive behavior based on the intention to buy
an insurance policy for a potential disaster. There were no problems with
reliability (Cronbach’s o = 0.97) or unidimensionality for risk perception.

Data Analyses

A one-way between MANOVA was conducted to examine the effect of
information contents (source of information, numerical evidence, and theme
vs. theme only) on risk perception, risk efficacy, anxiety about climate-
related disasters, absence of worry about climate-change related disasters,
and behavioral intentions. If the deficit model adequately reflects consumers’
responses to disaster risk, there should be significant differences between
conditions.

RESULTS AND DISCUSSION

A one-way between MANOVA was conducted as described above. There
were no significant differences between the two conditions, indicating that
the deficit model was not supported, F(5,499) = 1.42, p = 0.22, 5> = 0.01
(see Figure 1).
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STUDY 2

The effects of depth of information processing on risk perception, risk
efficacy, anxiety about climate-related disasters, absence of worry about
climate-change-related disasters, and behavioral intentions were examined
based on the causal model.

METHOD

Participants and Procedure

Characteristics of participants are presented in Table 1. Survey method and
inclusion criteria for the participants were identical to those of Study 1. Four
hundred and forty-five participants were randomly assigned to one the fol-
lowing three conditions. In the first condition, the participants were asked
why they did not have a disaster insurance policy. Thus, they only had to
use a shallow cognitive process to retrieve the reason for not buying a policy
based on their own past experience. In the second condition, participants
were asked to describe the good points about not purchasing an insurance
policy in as much detail as possible and in a sequential manner. In this con-
dition, participants had to anticipate future events. In the third condition,
participants were asked to describe the bad points about not purchasing an
insurance policy in as much detail as possible and in a sequential manner. In
this condition, participants had to consider future risk.

Measures

Risk perception and efficacy. For the current study, there were no problems
with reliability (Cronbach’s « = 0.79) or unidimensionality for risk perce-
ption. However, scale reliability should be improved in future studies by
modifying and adding items for efficadcy (Cronbach’s a = 0.43).

Anxiety about climate-related disasters. There were no problems with
reliability (Cronbach’s & = 0.91) or unidimensionality for risk perception.

Absence of worry about climate-change-related disasters. There were no
problems with reliability (Cronbach’s a = 0.96) or unidimensionality for risk
perception.

Behavioral intentions. There were no problems with reliability (Cron-
bach’s & = 0.95) or unidimensionality for risk perception.

Data Analyses

A one-way between MANOVA was conducted to examine the effect of the
depth of information processing (reason of decision vs. expectations of nega-
tive consequences considered in a sequential manner) on risk perception,
risk efficacy, anxiety about climate-related disasters, absence of worry about
climate-change-related disasters, and behavioral intentions. If the causal
model adequately reflects consumers’ responses to disaster risk, there should
be significant differences between conditions.
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RESULTS AND DISCUSSION

A one-way between MANOVA was conducted as described above, iden-
tifying significant differences, F(5. 439) = 4.17, p < 0.001, #* = 0.05.
There were significant differences between conditions for risk perception
(F(1,443) = 15.10, p < 0.001, #> = 0.033), anxiety (F(1, 443) = 5.39,
p < 0.021, > = 0.012), and behavioral intentions (F(1, 443) = 14.23,
p < 0.001, #* = 0.031), indicating that the causal model was partially
supported for the current type of information processing (see Figure 2).
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Figure 2: Effect of the depth of information processing. Notes: Error bars = standard
error.

CONCLUSION

Unlike an existing threat that requires an immediate response, including the
fight, flight, or freeze response, to survive, climate-change-related risk is a
stochastic event (Solomon et al., 2007) that causes psychological respon-
ses to climate-change that include risk perception and negative affect (Van
der Linden, 2014) (see Figure 1). Further, both psychological reactions and
behavioral intentions are indispensable in order to distinguish adaptive and
maladaptive reactions (Xie et al., 2019). Thus, it is important to elucidate
how to communicate disaster risk to the general population. It has been
shown that information strongly affects the consumers’ decision to purchase
or not purchase insurance (Hershey & Shoemaker, 1980). In fact, there are
two competing theories that both postulate the effect of information on deci-
sion making as it pertains to purchasing insurance (Bodomer report, 1985).
First, according to the deficit model, the content of information affects beh-
avior. However, the causal model postulates that the depth of information
processing, rather than its contents, affects behavior. The purpose of the cur-
rent study was to examine the effect of information content in Study 1 (the
deficit hypothesis; Hershey & Shoemaker, 1980) and the effect of depth of
information processing in Study 2 (the causal model; Frenbach et al., 2013).

Taken together, the results indicate that deeper processing leads to heigh-
tened risk perception, anxiety, and behavioral intentions, indicating partial
support for the causal model. Because behavioral intention was enhanced
due to deeper processing, heightened risk perception and anxiety seemed to
be adaptive psychological reactions to flood risk (Xie et al., 2019). Thus, the
information content (source of information, numerical evidence, and theme
vs. theme only) did not create any differences between dependent measu-
res. This indicates that the deficit model, which postulates that a shortage
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of information would cause misunderstanding between the transmitter and
receiver of a message (Hershey & Shoemaker, 1980), was not supported. On
the other hand, the causal model, which postulates that the depth of cogni-
tive processing needed to cause an individual to realize their own lack of
knowlege would affect psychological responses (Frenbach et al., 2013), was
partially supported. In other words, it is important for consumers to ade-
quately process information regarding disasters by actively considering the
consequences that could be caused by their decisions about proactive beha-
vior such as purchasing disaster insurance. Thus, regardless of the transmitted
contents of certain information, our psychological responses and behavioral
intentions appear to remain intact with adequate cognitive processing. That
is to say, the way we process information potentially affects the personal
consequences of a disaster through our adaptive responses.

Although the current two-fold study elucidated a part of adaptive psycho-
logical responses to disaster-related information, we have not yet elucidated
the psychological process underlying the current findings. Future studies will
add to the literature and create a holistic theoretical picture of psychological
responses to disaster-related information.

APPENDIX

Contents of Information Used in Study 1

High information condition (source of information, quantitative evidence,
and theme). According to data from the Japan Meteorological Agency, the
annual average temperature in Japan has increased by 1.19°C over the last
100 years, and the number of extremely hot days per year has also increased.
According to the Ministry of the Environment, if global warming counterme-
asures are not taken, the annual average temperature is expected to increase
by 4.4°C between 2080 and 2100, and the number of midsummer days
will increase by approximately 53 days. Even with strict global warming
countermeasures, the average annual temperature is expected to increase
by 1.1°C, and the number of midsummer days is expected to increase by
about 12 days. In addition, according to the Cabinet Office, “the atmosphe-
ric temperature is summarized as increasing due to the progression of global
warming. This is believed to increase the amount of water vapor in the atmo-
sphere, which in turn increases the intensity of precipitation”. Indeed, many
studies predict a 10~30% increase in precipitation. As a result, there are fears
that heavy rains will become more frequent and that large-scale flood damage
will occur every year. The importance of flood insurance is highlighted on the
website of the General Insurance Association of Japan.

Low information condition (Theme only). The average annual temperature
in our country is getting higher. Even with global warming countermeasures,
it is believed that global warming will further increase. It is feared that rainfall
will increase, leading to a higher frequency of torrential rains and large-scale
floods every year. Therefore, the importance of flood insurance and flood
countermeasures is being highlighted.
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