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Abstract: Driving into floodwater is a leading cause of fatal and non-fatal drowning during times
of flood. The present research aimed to understand drivers’ beliefs and intentions in relation to
driving into floodwater caused by flash floods in an urban area (Newcastle City, Australia), using
the theory of planned behavior as a framework. The study (N = 217) used a survey-based design to
identify the psychological processes (attitude, subjective norm, perceived behavioral control, planning,
moral norm) underpinning drivers’ intention to avoid driving into floodwater in Newcastle; and to
concurrently investigate the potential effects of a brief planning intervention on drivers’ willingness
to drive into floodwater in Newcastle. The structural equation model explained 49% of the variance in
intention to avoid driving into floodwater in Newcastle, with subjective norm, perceived behavioral
control, and planning each significant independent predictors of drivers’ intention to avoid driving
into urban floodwater in Newcastle. Paired samples t-tests revealed participants’ willingness to stay
at their location and not drive if a flood alert was received, and willingness to drive into floodwater
when there is perceived pressure from other drivers, significantly changed after a brief planning
intervention. These findings can inform intervention targets and development of prevention strategies
targeting personal mitigation measures, particularly in the context of driver behaviour during flash
flooding in an urban area.

Keywords: drowning; flood; driving; theory of planned behavior; planning; implementation
intentions

1. Introduction

Drowning is a leading cause of mortality and morbidity during floods [1], with
flooding predicted to increase in frequency and severity due to the effects of climate
change [2]. Driving into floodwater, commonly in personal motor vehicles, is one of the
leading causes of fatal and non-fatal drowning during times of flood [3–5]. Beyond loss of
life and personal injury, people driving into floodwater causes economic damage and places
rescuers, such as the State Emergency Service (SES) in Australia, at risk [6]. Despite public
awareness campaigns aimed at discouraging people from driving into floodwater [7,8], this
risky behavior persists. With a third La Niña for 2021-2022 impacting Australia [9], and
with flooding predicted to increase in frequency and severity because of climate change [10],
lives will continue to be lost and rescuers placed at increased risk [6]. Concern around such
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incidents has been behind the national drowning prevention sector’s call for research into
behaviors around floodwater in Australia [11].

Previous behavioral research has explored reasons behind driver willingness to drive
into (and avoid driving into) floodwater [12,13], but has not explored this behavior specific
to an urban context. The present research focused on the local government area (LGA)
of Newcastle in the Australian state of New South Wales (NSW), a relatively large urban
city with a population that exceeds 165,000 people [14]. Newcastle is regularly impacted
by flooding as more than two thirds of the LGA is located on a coastal floodplain of the
Hunter River. The LGA is subject to three types of flooding that include riverine, oceanic
(from storm surge), and flash flooding [15,16]. Flood risk is compounded as some of the
city’s upper catchments are steep, and intense rain can quickly turn into run off because
much of the city is paved and impervious to water. The city was heavily impacted by the
Pasha Storm in 2007, which saw many parts of the Newcastle city road network become
quickly inundated with floodwater during a peak transit period, resulting in 5000 vehicles
being written-off due to flood damage and numerous flood rescues being carried out by
trained NSW SES volunteers, the police, and civilians [17]. To aid the Newcastle SES,
and key decision makers in general who are responsible for flood prone urban areas, in
understanding driver decisions in times of flood, the present research aimed to examine the
social cognition factors that guide driver intentions to avoid driving into urban floodwater
in Newcastle.

1.1. Theory of Planned Behavior

The theory of planned behavior (TPB) [18] is a social cognition model which has
previously been applied to understand wide range of health and safety behaviors [19–21],
including driver behavior around floodwater [12,13,22–25]. The TPB proposes intention as
the proximal predictor of behavior, with intention predicted by attitude (global positive or
negative evaluation or assessment of performing the behavior), subjective norm (perceived
social pressures from significant others to perform a given behavior), and perceived behav-
ioral control (perceived capacity and autonomy to carry out the behavior), with perceived
behavioral control further hypothesized to moderate the intention-behavior relationship
and have a direct effect on behavior.

Given the support for the TPB in general, as well as in the specific context of driving
behaviors during flooding, the present study adopted the model to understand drivers’
intention to avoid driving into floodwater during urban flash flooding in the Newcastle
City area. The base model (i.e., attitude, subjective norm, and perceived behavioral control)
was conceptualized as per the original TPB proposed by Ajzen [18]. However, while meta-
analytic evidence supports the use of the TPB in behavioral prediction [20] and researchers
are attracted to the elegant parsimony of the model, it is not without limitations, including
the substantive amount of variance in intentions and behavior remaining unaccounted
for by model factors. It is therefore suggested that the model is flexible in including other
potentially important, theoretically relevant factors that may improve the prediction of
both intentions and behavior. Accordingly, in the present study, the TPB was augmented to
include the additional constructs of moral norm and planning.

1.2. Moral Norm

Given the importance of normative influences in the prediction of individuals’ driving
intentions [26,27], including in flood contexts [12,13,22], investigating additional normative
components as modifications to the TPB seems useful to increase variance explained in
particular behaviors. The TPB component of subjective norm, which is aimed at capturing
the influence of social factors, does not explicitly encompass individuals’ beliefs regarding
the moral obligations toward performing the target behavior [18]. Such beliefs might be
important in the current context as driving into floodwater may affect the well-being of
others (e.g., passengers, rescuers) or society at large (e.g., insurance claims, litigation).
Thus, people’s rationale for avoiding driving into floodwater may, in part, be out of moral
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obligation to those who might incur consequences if the driver decided to drive through. It
seems reasonable, therefore, that moral norm would be a likely determinant of individuals’
intentions to avoid driving through floodwater in this context.

1.3. Planning

Research has shown that behavioral action is more likely when individuals make
plans to enact a target behavior [28–30]. Planning involves specifying the situational
context in which an individual will act to ensure behavioral performance is successfully
achieved. For example, “If I approach a section of road that is flooded, then I will pull off
to the side and turn around”. The context (If I approach a section of road that is flooded)
provides the cue that is proposed to trigger the behavior (then, I will pull off to the side
and turn around). Making plans, therefore, requires mental representation of how to
achieve a future outcome that allows one to mentally link the intended behavior with the
context for its enactment [30,31]. Research supports the use of plans in encouraging desired
behavior [32,33]. Despite this empirical evidence, current Australian campaigns promote
the formation of alternate plans (e.g., “If its flooded forget it”–Make a plan). However, these
campaigns do not provide drivers with adequate instructions or tools for creating effective
plans. This is particularly important given the effect of planning for subsequent intended
behavior may be dependent on the skill of the planner and the quality of the plan [34].
Taken together, this suggests that it might be useful to equip people with the skills to create
‘if-then’ plans (i.e., implementation intentions) [31], for example: “IF the road I normally
take home is flooded, THEN I will wait at my workplace until the flooding subsides.”
Such initiatives have demonstrated effectiveness at improving safe driver behavior across
different situations [32,33]. Furthermore, linking the intention to a situational context
(e.g., a flooded road) or an environmental cue (e.g., severe rain) is expected to strengthen
the effectiveness of if-then plans.

The present research aimed to understand Newcastle drivers’ beliefs and intentions
in relation to driving into urban floodwater due to flash flooding in the Newcastle City
area, to gain a comprehensive understanding of drivers’ decision making when urban
floodwater is encountered. The research draws on previous published work by the research
team examining drivers’ experiences during floods and the psychological influences that
underpin decisions to drive into (or avoid driving into) floodwater [13,22–25] and extends
upon this by drawing on the research partners’ knowledge of the specific flood risks in
the Newcastle City area to examine drivers’ intentions to avoid driving into floodwater in
an urban context. Specifically, we explored the role of the TPB social cognitions (attitude,
subjective norm, and perceived behavioral control) as well as moral norm and planning
on drivers’ intentions to avoid driving into floodwater during urban flash flooding in the
Newcastle area.

Furthermore, we investigated the potential effects of a brief ‘If-then’ planning approach
on drivers’ willingness to drive into floodwater in Newcastle. Due to the risky nature
of driving into floodwater during urban flash flooding, a measure of willingness was
believed to be more appropriate than measuring individuals’ intent in the context of the
brief planning intervention, as intentions may not fully account for the more impulsive and
irrational nature of people’s actions [12].

2. Materials and Methods
2.1. Participants

Participants (N = 217, 57.1% women) were Australian adults with a driver’s license
(open or provisional) living in the Newcastle LGA and its surrounding areas (36.9%
lived in Newcastle LGA, 37.8% lived within 45-min of Newcastle central business district
(CBD), 25.3% lived > 45-min from Newcastle CBD). Participants were recruited through
KANTAR Inc., an Australian research panel company. The age of participants ranged
from 18–86 years (M = 55, SD = 18). Most participants had full-time or part-time em-
ployment (48.0%) or were unemployed/attended to home duties in a full-time capac-
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ity (37.3%). The majority of participants had a greater than high-school-level education
(74.6%), had English as their first language (93.5%), and did not have dependents un-
der the age of 18-years (80.2%). It was estimated that a minimum sample size of 160
would be required to achieve adequate statistical power, based on the inverse square
root method recommended for use with partial least squares-based structural equation
modelling [35,36].

2.2. Design and Procedure

To explore the theoretical determinants of Newcastle drivers’ intention to avoid driving
into urban floodwater, a cross-sectional correlational design was used with self-report
measures of social cognitive variables (intention, attitude, subjective norm, perceived
behavioral control, planning, moral norm) administered in a single online survey using the
QualtricsTM survey tool. Participants were provided with an information sheet outlining
study requirements, which included a consent form and instructions on how to complete
the questionnaire. Approval for study procedures was granted prior to data collection from
the Griffith University Human Research Ethics Committee (2021/102).

Prior to completing the measures, participants were provided with the following
information: “The questions in this survey will ask about your beliefs and behaviors
relating to driving into floodwater in Newcastle. ‘Floodwater’ refers to water that occurs
with storms and heavy rain, when floodwater covers most or all of the driving lane or
flows quickly over the road. This can occur during flash floods and can appear and
disappear within hours. It can also occur as inundation of whole roadways for days
after severe storms and major floods. We are not asking about smaller scale ponding,
especially ponding that occurs outside of driving lanes and during fine weather. Please
now imagine you are driving in your vehicle in Newcastle during or immediately after
a flash flood. You approach a section of the road where floodwater covers all of the
driving lane. . . ” The message was accompanied by an image of a flooded road previously
tested and validated in previous research [24], followed by the instructions “For the next
questions, please think about driving into floodwater in Newcastle, keeping in mind the
above scenario.”

A quasi-experimental design was used to concurrently explore the effect of plan
formation on drivers’ willingness to engage in driving into floodwater in Newcastle. The
‘If-then’ planning intervention was administered at the end of the same online survey,
where participants were presented with three scenarios: (1) “You approach a flooded
section of road in your vehicle;” (2) “You have a trip planned, but you receive an alert to
potential moderate or major flooding in Newcastle before you have started driving;” and
(3) “You approach a flooded section of road, and you are being pressured by other cars
to drive into the floodwater.” Participants were instructed to formulate ‘If-then’ plans to
avoid driving into floodwater in each of the three scenarios. Their plans were recorded in
text entry boxes that were preceded by the prompts “If . . . –where participants identified
the specific scenario in which driving into floodwater road flooding scenario, and “then I
will . . . ”–where participants recorded how they would avoid driving into floodwater if
that situation were encountered. Participants’ willingness to drive into floodwater in each
of the three scenarios was measured at the beginning of the survey and again directly after
the planning intervention.

2.3. Measures

Model constructs. Study measures were multi-item self-report measures of constructs
based on published guidelines and measures used in previous studies [12,22,37,38]. Com-
plete study measures for intention (i.e., intention to avoid driving into floodwater in
Newcastle), attitude (i.e., attitude towards avoiding driving into floodwater in Newcastle),
subjective norm (i.e., the extent to which important others would want them to avoid
driving into floodwater and whether people similar to them would avoid driving into
floodwater), perceived behavioral control (i.e., drivers’ perceptions of their control over
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avoiding driving into floodwater in Newcastle), planning (i.e., the extent to which partici-
pants planned to avoid driving into floodwater in Newcastle), moral norm (i.e., the extent
to which participants viewed avoiding driving into floodwater in Newcastle as a moral
obligation), and willingness (i.e., participants rated their willingness to drive into floodwa-
ter in each of the three scenarios presented in the planning intervention) are provided in
Table 1.

Demographic variables. Participants self-reported their sex, age in years, postcode,
employment status (full-time employed, part-time employed, full-time student, part-time
student, unemployed), highest level of formal education in categories (completed ju-
nior school, completed senior (high) school, further education diploma, undergraduate
degree, postgraduate degree), marital status (married registered, married de-facto, sep-
arated/divorced, widowed, never married), and whether they have dependents under
the age of 18-years, operationalized as a binary variable (has dependents, does not have
dependents). All demographic questions also included a response option of ‘I would prefer
not to answer’.

2.4. Data Analysis

To examine the theoretical predictors of intention to avoid driving into floodwater in
Newcastle, we specified direct effects of the social cognitive constructs (attitude, subjective
norm, perceived behavioral control, planning, moral norm) on intention. We also controlled
for effects of the following demographic variables age, sex, and number of dependents
by specifying paths from each demographic variable to intention. Hypothesized relations
among the social cognition constructs and intention to drive into floodwater were tested
using variance-based partial least-squares structural equation modelling implemented in
the WARP 7.0 analysis package. Model parameters and standard errors were computed
using the ‘Stable3’ estimation method [36]. All constructs were latent variables indicated by
multiple items, and missing data were imputed using stochastic hierarchical regression [36].
Model effects were estimated using standardized path coefficients with confidence intervals
and test statistics. Effect sizes were estimated using an equivalent of Cohen’s f-square
coefficient, with values of 0.02, 0.15, and 0.35 representing small, medium, and large effect
sizes, respectively.

The effectiveness of the planning intervention at reducing willingness to drive into
floodwater was tested using three separate paired-sample t-tests comparing participants’
willingness to drive into floodwater in each of the three flooding scenarios before (T1) and
after (T2) the planning intervention. Descriptive statistics and paired-sample t-tests were
conducted using SPSS V28. As the survey used a forced-response method, there were no
missing data. Full details of the assumptions for the partial least squares structural equation
model, data files and output of the analyses are available online: https://osf.io/jkq7f.

https://osf.io/jkq7f
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Table 1. Items and response scales for social cognitive construct measures.

Construct Items Scoring

Intention
It is likely that I will avoid driving into urban floodwater in Newcastle
I intend to avoid driving into urban floodwater in Newcastle
I plan to avoid driving into urban floodwater in Newcastle

[1] strongly disagree–[7] strongly agree

Attitude Avoiding driving into floodwater in Newcastle would be . . .
[1] Harmful–[7] Harmless
[1] Bad–[7] Good
[1] Unwise–[7] Wise

Subjective norm

Most people who are important to me would want me to avoid driving into flood water in Newcastle
Other people I know avoid driving into floodwater in Newcastle
Most people who are important to me would approve of me avoiding driving into floodwater in Newcastle
Most people who are important to me think I should avoid driving into floodwater in Newcastle

[1] strongly disagree–[7] strongly agree

Perceived behavioral control

It is mostly up to me whether I avoid driving into flood water in Newcastle
I have complete control over whether I avoid driving into floodwater in Newcastle
It would be easy for me to avoid driving into floodwater in Newcastle
I am confident that I could avoid driving into floodwater in Newcastle

[1] strongly disagree–[7] strongly agree

Planning
I have made a plan for when to avoid driving into floodwater in Newcastle
I have made a plan for where to avoid driving into floodwater in Newcastle
I have made a plan for how to avoid driving into floodwater in Newcastle

[1] strongly disagree–[7] strongly agree

Moral norm
It is the right thing to do to avoid driving into floodwater in Newcastle
It is morally responsible to avoid driving into floodwater in Newcastle
It is my moral obligation to avoid driving into floodwater in Newcastle

[1] strongly disagree–[7] strongly agree

Willingness scenario 1 How willing would you be to drive into floodwater in Newcastle? [1] not at all willing–[7] very willing

Willingness scenario 2 If you were alerted to potential moderate or major flooding in Newcastle, how willing would you be to stay put
and not get in your car to drive to a destination? [1] not at all willing–[7] very willing

Willingness scenario 3 Imagine you approach a section of road in Newcastle that is completely covered in water. How willing would you
be to drive into the floodwater if cars behind you were pressuring you to keep moving forward? [1] not at all willing–[7] very willing
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3. Results

The model exhibited adequate fit and quality indices. Factor loadings and average
variance extracted (AVE) values exceeded recommended 0.700 and 0.500 cut-off values in
all cases. Omega reliability coefficients, inter-item correlations (for two-item scales), and
composite reliabilities indicated good internal consistency of scales used. Latent variable
correlations among model constructs were mostly statistically significant ranged from small-
to-large in size (−0.02–0.62). Square-roots of the AVE for each latent variable exceeded
the correlation of that variable with all other latent variables, supporting discriminant
validity. Goodness-of-fit and quality indices of the structural equation model are presented
in Table 2. Means, standard deviations, alpha reliability coefficients, and intercorrelations
among study variables are presented in Table 3.

Table 2. Model quality and goodness-of-fit statistics for the structural equation model of intention to
avoid driving into floodwater.

APC AR2 AVIF AFVIF GoF SPR R2CR SSR NLBCDR

0.14 0.49 1.35 1.47 0.67 1.00 1.00 1.00 1.00
APC = Average path coefficient; AR2 = Average R2; AVIF = Average block variance inflation factor; AFVIF = Average
full collinearity variance inflation factor; GoF = Tenenhaus’s goodness-of-fit index; SPR = Simpson’s paradox
ratio; R2CR = R2 contribution ratio; SSR = Statistical suppression ratio; NLBCDR = Nonlinear bivariate causality
direction ratio.

Table 3. Descriptive statistics, alpha reliability coefficients, and zero-order correlations among
study variables.

Variable Descriptive Statistics Correlations

M SD α 1 2 3 4 5

1. Intention 6.42 0.97 0.91 -

2. Attitude 5.66 2.24 0.98 0.18 **

3. Subjective norm 6.17 1.02 0.79 0.52 ** 0.28 **

4. Perceived
behavioral control

6.28 0.94 0.92 0.62 ** 0.14 ** 0.56 **

5. Planning 5.41 1.39 0.96 0.41 ** −0.03 0.31 ** 0.46 **

6. Moral norm 2.32 2.02 0.97 −0.12 0.02 −0.02 −0.11 0.05
Note: ** p < 0.001.

The structural equation model depicted in Figure 1 explained 49% of the variance
in intention to avoid driving into floodwater in the Newcastle City area, with subjective
norm, perceived behavioral control, and planning as significant predictors of intention
to avoid driving into floodwater, after controlling for differences based on age, gender,
and whether participants had dependents aged under 18-years. Standardized parameter
estimates, confidence intervals, and effect sizes of the model effects are summarized in
Table 4. Statistically significant parameter estimates for intention to avoid driving into
floodwater in Newcastle are presented in Figure 1.

Focusing on the results of the planning intervention (Figure 2), participants’ willing-
ness to drive into floodwater in Newcastle did not change significantly after forming a plan
in Scenario 1 (i.e., approaching a flooded section of road in their vehicle), t (216) = 1.86,
p = 0.064. However, participants’ willingness to stay put and not drive if alerted to potential
urban flash flooding (Scenario 2) was significantly higher after the planning intervention
compared to before, t (216) = −3.37, p < 0.001. Similarly, participants’ willingness to drive
into floodwater if they feel pressured by other cars on the road (Scenario 3) was signifi-
cantly lower after the planning intervention compared to before, t (216) = −3.37, p < 0.001.
Changes in willingness to drive into floodwater across the three driving scenarios after the
brief planning intervention are graphically depicted in Figure 2.
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Table 4. Standardized path coefficients and variability statistics for the structural equation model of
intention to avoid driving into floodwater.

Effect β SE 95% CI p ES

Attitude→Intention 0.06 0.07 −0.072, 0.192 0.186 0.011
Subjective norm→Intention 0.26 0.07 0.131, 0.385 <0.001 0.141

Perceived behavioral
control→Intention 0.35 0.06 0.230, 0.479 <0.001 0.222

Planning→Intention 0.16 0.07 0.034, 0.292 0.007 0.068
Moral norm→Intention 0.07 0.07 −0.204, 0.058 0.138 0.009

Age→Intention 0.13 0.07 −0.002, 0.258 0.027 0.031
Sex→Intention 0.08 0.07 −0.055, 0.207 0.128 0.006

Dependents under
18-years→Intention 0.01 0.07 −0.123, 0.142 0.444 0.001

Note. β = standardized parameter estimate; SE = standard error; CI = 95% bootstrapped confidence interval of
parameter estimate (unstandardized); ES = effect size of the standardized parameter estimate.
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4. Discussion

The aim of the present study was to understand the predictors of Newcastle drivers’
intention to avoid driving into floodwater resulting from urban flash flooding. The results
of this study mostly supported the efficacy of an augmented TPB in predicting individ-
uals’ intention to avoid driving into urban floodwater, with subjective norm, perceived
behavioral control, and planning, but not attitude or moral norm, predicting intention.
Overall, the augmented TPB explained 49% of the variance in intention (see Figure 1). In
addition, the present study investigated the potential effects of a brief ‘If-then’ planning
intervention on Newcastle drivers’ willingness to drive into urban floodwater. The results
showed that willingness to drive into floodwater significantly changed in favour of safer
driving decisions following the formation of ‘If-then’ plans for what do in two different
urban flash flooding scenarios (See Figure 2).

Study findings support the utility of TPB constructs subjective norm and perceived
behavioral control as motivational antecedents of intention to avoid driving into urban
floodwater. The latter finding of perceived behavioral control suggests that individuals’
appraisal of the ease and their perceived confidence with which they can successfully
negotiate such a situation might be an important source of influence on drivers’ intentions,
and thus, their actual behavior. The former finding of subjective norm suggests that social
influence may also be an important factor guiding Newcastle drivers’ intention to avoid
driving into urban floodwater. This is consistent with previous research exploring driver
willingness to drive into flooded waterways [12], and is in contrast to literature identifying
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subjective norm as the weakest predictor of intention among studies in which the TPB has
been applied to predict health behavior [20,39]. The finding suggests that, in the context of
driving into urban floodwater, people look to significant others for normative guidance
to inform their decisions, and the more social pressure that is perceived, the greater their
intentions will be to avoid driving into urban floodwater. The importance of subjective
norm in this context may be explained by the fact that the behavior of avoiding driving into
urban floodwater is a social behavior and likely to carry consequences for others. Thus, the
perceptions of significant others may be an important consideration in deciding to avoid
driving into urban floodwater; a finding consistent with previous research investigating
driving violation behaviors [40].

In addition to the TPB constructs, planning was also included in the present study.
The results showed that intention to avoid driving into urban floodwater in Newcastle was
positively predicted by planning, suggesting that the greater the degree to which drivers
had a plan to avoid driving into urban floodwater, the greater their intentions to avoid
driving into floodwater. This is consistent with previous literature that has demonstrated
the utility of planning in improving safe driver behavior across different situations [32,33].
Furthermore, planning strategies have been frequently applied in interventions to change
health and safety behaviors, with many studies documenting evidence of their
efficacy [25,41]. The importance of planning in the context of driving into urban floodwater
was further demonstrated by the results of the brief planning intervention in the present
study. Willingness to drive into floodwater in two of the three urban flash flooding scenar-
ios significantly changed in the direction of safer driving decisions after the formation of an
‘If-then’ plan. Specifically, willingness to stay put and not drive if alerted to a flash flooding
risk increased, and willingness to drive into floodwater when there is perceived pressure
from other cars to drive into the floodwater decreased, following ‘If-then’ plan formation.

The findings of the present study have a number of theoretical and practical impli-
cations for the development of strategies to reduce the incidence of driving into urban
floodwater. Firstly, the research draws on previous research examining drivers’ decisions
to drive into floodwater [13,22–25] and extends upon this by examining the theoretical
processes underpinning these decisions in the specific context of urban flash flooding. In
terms of theoretical importance, the research supports that theory-based targets should be
considered for the development of behavior change interventions due to their association
with intention to avoid driving into urban floodwater in the present context of the New-
castle City area. Specifically, the present study provides evidence for the importance of an
approach that incorporates TPB constructs subjective norm and perceived behavioral con-
trol when designing programs to reduce people driving into urban floodwater in an urban
context. For example, intervention designs that incorporate (1) strategies highlighting the
approval of important others to avoid driving into urban floodwater, and (2) techniques
to challenge people’s beliefs about their ability to avoid the behavior, may be useful in
eliciting behavior change in relation to driving into urban floodwater. In addition, the
significant findings for planning, both as a determinant of intention to avoid driving into
urban floodwater and in the brief planning intervention, suggests that planning should
be considered in the development of behavior change interventions, particularly those
targeting the adoption of private mitigation behaviours. Evidence shows that knowledge
provision alone often does not translate into behavior change [42,43]. Findings from this
study provide preliminary empirical evidence that the ‘If-then’ plan strategy is superior
to providing information alone on people’s willingness to drive into urban floodwater.
The formation of ‘If-then’ plans is a simple, yet theory-based intervention offering a flexi-
ble, wide-reaching, and cost-effective method for delivery that has the potential to save
people’s lives in times of flood and for largescale implementation across many different
driving scenarios.
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Strengths, Limitations, and Future Directions

The present study has a number of strengths including the investigation of a driving
behavior that has, to date, not been investigated extensively in the context of urban flash
flooding; the theoretical method adopted to investigate the target behavior (i.e., inten-
tion/willingness); the application of a brief planning approach; and the use of a moderate
sized sample drawn from the community. Some limitations should also be raised. Firstly,
while the model accounted for moderate variance in intention to avoid driving into flood-
water in Newcastle, substantive variance in intention remained unaccounted for–and any
utilisation of the present findings to inform policy decisions should be considered in light
of this limitation. The study also adopted a cross-sectional observational design, thus pre-
cluding causal inferences being made about the direction of relationships between model
constructs. Further, due to the practical and ethical implications of directly observing driver
behaviour during urban flood events, self-report measures of intention to avoid driving
into urban floodwater, and willingness to drive into urban floodwater in a hypothetical
scenario were used, without explicitly examining driving behavior. Research, however,
reveals behavioral intention to be the strongest predictor of subsequent behavior [19,44].
Furthermore, we sought to improve our measurement of intention to avoid driving into
urban floodwater by showing participants a picture of a flooded road that had been vali-
dated in previous research [25]. Finally, the planning intervention was a single-arm trial,
prohibiting the comparison of effects against a control group. Furthermore, the research
was conducted in Newcastle and surrounding suburbs. Although this could be considered
a strength of this research as this is an area prone to flooding and findings could be used
to target intervention development in other urban flooding situations and areas, it could
also be considered a limitation as findings might only generalize to similar areas. Future
research should examine the effect of embedding behavior change techniques targeting the
identified beliefs and theoretical mechanisms (i.e., subjective norm, perceived behavioral
control, planning) in driver education programs and public safety campaigns that are
aimed at reducing intention to avoid driving into urban floodwater. Furthermore, it is
recommended that future research also test the efficacy of ‘if-then’ planning at changing
driver intentions and behavior in a randomized controlled trial. Finally, future research
may benefit from exploring the influence of additional socio structural variables, such as
socio-economic status or education level, on driver intentions and behaviour in times of
flood [45].

5. Conclusions

The present study aimed to understand the social cognitive determinants of drivers’
intention to avoid driving into urban floodwater, a risky driving behavior that is of national
and international importance, which had previously not been investigated systematically.
Specifically, the research extends upon current literature examining the theoretical pro-
cesses underpinning drivers’ decisions to avoid driving into floodwater by exploring these
processes in the specific context of urban flash flooding. Overall, the findings provide
support for the efficacy of the TPB in that subjective norm and perceived behavioral control
significantly predicted intention to avoid driving into floodwater in an urban area. Present
findings also identify planning as a significant predictor of intention to avoid driving into
urban floodwater; and, notably, the study makes a novel contribution to the literature by
providing formative evidence for the use of a brief planning intervention to change drivers’
willingness to drive into urban floodwater. The findings of the present study and continued
efforts to understand this driving behavior around floodwater will inform the development
of resultant interventions designed to deter people from driving into floodwater which, in
turn, will ultimately help to save lives and reduce the burden placed on emergency services
personnel during flooding events.
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