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ABSTRACT
Motorists’ willingness to drive through flooded roads:

Evidence from a stated preference experiment

Keywords: Flooding, Driving Behavior, Data Visualization

We conduct a stated-preference choice experiment to reveal motorists’ driving-related
behavioral responses to different types of signs indicating that the road is flooded and travel
costs associated with avoidance of the flooded road. We use three flood-indicating visualization
treatments and control group to identify the effects of particular road signs and identify
associations between drivers’ behavior and their demographic characteristics and the cost
(time) of taking an alternate route. Using responses from 714 adult participants, we estimate
willingness to drive additional minutes to avoid flooded roads using a random utility
framework. Our results suggest that individuals are more likely to avoid flooded roads when
shown flood-indicating road signs that do not indicate the exact depth of the water and signs
that indicate that the water is relatively deep (more than 12 inches). We further find that
individuals tend to persist in their initial choices. They often make risky choices when high risk-
indicating information is presented at the beginning of the decision-making process.
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Motorists’ willingness to drive through flooded roads:

Evidence from a stated preference experiment

Ahsanuzzaman?, and Kent D. Messer?

Abstract

We conduct a stated-preference choice experiment to reveal motorists’ driving-related behavioral
responses to different types of signs indicating that the road is flooded and travel costs associated
with avoidance of the flooded road. We use three flood-indicating visualization treatments and
control group to identify the effects of particular road signs and identify associations between
drivers’ behavior and their demographic characteristics and the cost (time) of taking an alternate
route. Using responses from 714 adult participants, we estimate willingness to drive additional
minutes to avoid flooded roads using a random utility framework. Our results suggest that
individuals are more likely to avoid flooded roads when shown flood-indicating road signs that
do not indicate the exact depth of the water and signs that indicate that the water is relatively
deep (more than 12 inches). We further find that individuals tend to persist in their initial
choices. They often make risky choices when high risk-indicating information is presented at the
beginning of the decision-making process.

Keywords: Flooding, Driving Behavior, Data Visualization
JEL Codes: D12, Q58, R41, R42, R48, R49

Research Highlights:

-Motor vehicle driving on flooded roads is one of the major causes of flood related deaths.
-Despite the government initiatives, such death has been rising over the last few decades.
-Data from a stated preference experiment has been used to understand motorists’ behavioral
response to visualizing flood indicating road signs.

-The data suggests that motorists respond in desired direction to flood indicating sign that do
not convey explicit level of flood risk.

-In case of road signs explicitly indicate water depth, motorists avoid flooded roads only if the
water depth is high enough that exceed certain threshold (>12 inches).
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1.Introduction

Flooding is one of the world’s most pervasive and destructive natural hazards. Few regions
are unaffected by flood events, and, on a global scale, incidents of flooding outnumber all other
natural hazards and have been increasing over the past three decades (Berz et al., 2001).
Consequently, the economic costs of flooding, arising from damage to human health, property,
and assets and from inhibited travel (Grothmann and Ruesswig, 2006; Hallenbeck et al., 2014),
are almost unmatched by costs of other hazardous events and have been rising sharply (Berz et
al., 2001; Grothmann and Ruesswig, 2006; Ashley and Ashley, 2008). More concerning is the fact
that flooding is one of the most common causes of death due to natural hazards (Ashley and
Ashley, 2008; Kellar and Schmidlin, 2012; Drobot et al., 2007; Pearson and Hamilton, 2014) and
is cited as the most common reason for drowning-related deaths worldwide (Ashley and Ashley,
2008; Hamilton et al., 2016; Ahmed et al., 2018; Hamilton et al., 2018b). In the United States
between 1959 and 2005, there was an average of 98 flood-related deaths per year, a truly
significant loss of life (Ashley and Ashley, 2008).

What is particularly striking about flood-related mortality in the United States and in
other parts of the world, such as Australia and Greece, is the extent to which motor vehicles are
involved in flood deaths (Ashley and Ashley, 2008; Diakakis and Deligiannakis, 2013; Haynes et
al., 2017). For instance, Ashley and Ashley (2008) found that more than 60% of flood-related
deaths in the United States between 1995 and 2005 occurred in motor vehicles. Kellar and
Schmidlin (2012) revealed that motor-vehicle-related drownings in floods have been increasing,
rising from an average of 55.5 in 2005 to an average of 80 per year in the following decade. The
increase in deaths occurred despite establishment of the National Weather Service’s “Turn

Around, Don’t Drown” program in the mid-2000s (Becker et al., 2015). Therefore, developing



and testing a mechanism that can prevent motorists from driving through flood waters and
therefore reduce flood-related mortality is urgently needed. First, however, we must improve our
understanding of factors that motivate motorists to risk their lives by driving through flood waters.
We conduct a stated-preference choice experiment to reveal motorists’ driving-related behavioral
responses to different kinds of road signs warning them about flooding and travel costs associated
with avoiding flooded roads. We also analyze associations between participants’ driving
behaviors, their demographic characteristics, and the cost in terms of time of choosing an
alternate route rather than driving over a flooded road. We account for the time difference in the
current route and the alternate route that would take to reach destination in the motorists’
decision-making as the value of travel time savings is identified a critical parameter in
transportation literature (Hensher, 2001; Wardman, 1998). In addition to assessing the efficacy of
the road signs in influencing motorists to avoiding flood waters, we use a random-utility model
framework to estimate individuals’ willingness to drive additional minutes to avoid the
floodwater.

Various research papers have sought to identify the reasons behind drivers’ voluntary
engagement in this dangerous and largely avoidable behavior (Drobot et al., 2007; Pearson and
Hamilton, 2014; Becker et al., 2015; Hamilton et al., 2016; Hamilton et al., 2018b). Ahmed et al.
(2018), in a systematic review of 24 studies of the act of driving into flood waters, summarizes
the current understanding of how people make this decision. The literature on this topic to date
has identified seven factors that collectively impact decision-making on such issues: individual
preferences, demographic characteristics, environmental views, situational and social factors,

their purpose for entering flood waters, and flood-risk indicators (Ahmed et al., 2018). The



literature also suggests that individuals’ decisions to drive into or avoid flood waters are
motivated by their perceptions of the risk and awareness of flood threats.

Ahmed et al.’s (2018) review also pointed to an important gap in our knowledge: the
relative impacts of such factors on the decision to drive into flood waters. There is an
opportunity, therefore, to contribute to the current literature and to inform policy by
determining which elements of the decision-making process are the most significant in
motivating motorists to engage in risky, flood-related driving behavior.

Prior research on risky driving associated with flood waters has emphasized the extent to
which the decision to enter flood water varies with demographic factors such as age, gender, and
geographic location (Ashley and Ashley, 2008; Drobot et al., 2007; Kellar and Schmidlin, 2012;
Becker et al.,, 2015; Haynes et al., 2017; Hamilton et al., 2018a; Hamilton et al., 2018b; Ahmed et
al., 2018). Additionally, recent studies have emphasized the importance of conveying proper
flood risk information to motivate safe behavior, including structural mechanisms such as road
signs that warn of flood risks to promote safe driving (Diakakis and Deligiannakis, 2013; Becker
et al., 2015; Hamilton et al., 2016; Ahmed et al., 2018). Several of these studies have found that
the effectiveness of flood warnings depends on how they demonstrate the seriousness of the
circumstances to drivers (Drobot et al., 2007; Ahmed et al., 2018). Hence, more information is
needed about how drivers respond to various kinds of warnings such as road signs. A study
integrating demographic factors and drivers’ perceptions of different types of flooding-related
road signs can reveal the relative extent to which these two factors affect driving behavior.

We conduct a stated-preference experiment in which motorists reveal their driving-
related behaviors in response to viewing three flooding-related road signs, and we compare their

subsequent driving choices to choices made by drivers in a control group who are not



shown any flooding-related signs. The three visualization treatments differ in what flooding-
related information is presented in the road signs — an indication of the depth of the water versus
no indication of the water depth — and how the information is conveyed — water depth indicated
by exact inches versus images that imply different water depths by depicting how high the water
is relative to a car’s exterior.

By prompting behavioral responses to each road sign, this experiment design induces
participants to make decisions about what they would do if they saw the signs. Thus, the
experiment can reveal whether flood-risk-related road signs affect driving behavior and, if so,
how effective the different methods of conveying the flood-risk information (explicit water depth
vs. water depth through images) are. Using demographic information in the systematic analysis
allows us to demonstrate whether drivers engaging in risky behavior during a flood event is
related solely to their demographic characteristics, solely to their perceptions of specific street
signs, or a combination of both factors. Our novel approach, which integrates experimental
methods with data visualization techniques, allows us to (1) determine the relative importance of
demographic factors and flood risk indicators in motivating driving behavior and (2) identify
how best to convey flooding-related information in road signs.

Our results suggest that motorists are more likely to avoid flooded roads when shown
flood-indicating road signs that do not indicate the exact depth of the water relative to the
control group where no road flooding sign is shown. In case of exact depth, on the other hand,
motorists are more likely to avoid flooded roads when they are shown the signs that indicate that
the water is relatively deep (more than 12 inches). We further find that individuals tend to persist
in their initial choices. They often make risky choices when high risk-indicating information is

presented at the beginning of the decision-making process.



2. Research Design and Procedure

We conduct a stated-preference choice experiment to elicit motorists’ behavioral responses in
terms of crossing certain flooded roads after seeing different types of road signs warning of
flooding ahead and travel costs (time) associated with avoidance of the flooded roads. The
experiment was conducted in a laboratory-type setting using adult participants in a university-
organized annual event, which takes place on a certain day each year. The event attracts both
students and non-students who live nearby and historically has attracted a few thousand people
each year, allowing us to recruit a sufficient number of representative adult participants.
Administrators recruited participants who were 18 years of age or older.

Prior to the experiment session, participants signed a consent form approved by the
university’s Institutional Review Board. The experiment was conducted on iPads using the
program set on the SoOPHIELabs platform. It required 10 to 15 minutes to complete, and
participants were paid $6 as compensation at the end of the experiment, which was disclosed to
them prior to participating (see Appendix A for the experiment roadmap).

The experiment presented flood-like scenarios in which participants were asked what
they would have done if they had faced such flood-indicating road signs while driving. There
were four between-subject treatments (Table 1) in which each participant made yes/no type
choices in the given scenarios indicating whether they would continue driving the current route
through flood water or would take an alternate route to avoid the flood water. Participants in the
treatment groups and control group first saw a general message that portrayed the driving
conditions, such as ongoing heavy rain while driving a two-wheel sedan car such as a Toyota
Camry, Honda Accord, Nissan Altima, or Chevy Malibu, which could be a risky choice when the

road was flooded (see appendix A). In each decision scenario, participants were given the



information that, if they wanted to take an alternate route, it would take additional time
determined by a random draw from 0 to 60 minutes and were shown the associated additional
fuel cost.

For all of the decision settings, participants evaluated the road conditions based on a
common message describing them, information regarding flooding contained on a road sign in
the treatment groups, and information about the additional time and cost required to use the
alternate route to reach their destination. They then chose whether to continue driving on the
current route or take the alternate route to avoid the potentially risky flooded road.

Participants in the control group (T1) were shown no road signs. The road signs
presented in the treatments displayed text and illustrations: (T2) Road Flooded; (T3) Road
Flooded and text identifying four water depths expressed in inches; and (T4) Road Flooded and
four water depths indicated by symbols of water waves next to a symbol of a car. Table 1 presents
details of the treatments used, and Table 2 presents the road signs presented to participants. The
four variations in the road signs in T3 and T4 were presented to the participants in a random
order to attempt to account for order effects. The between-subject design allowed us to estimate
differential driving-related behavior in response to the road signs. In addition, the within-
treatment variation in the road signs in T3 and T4 allowed us to estimate individuals’ responses
to similar risk-related road signs shown in different orders. For example, motorists might, on
average, decide not to continue on the flooded road when shown that the water depth is greater

than 12 inches, but their responses could depend on how many other water depths they had

3The total cost of driving the alternate route was calculated under the assumption that a 60-minute drive in a
city/suburb area would require 2.0 to 2.5 gallons of gas at a given market price of $2.40 per gallon at the time
of the experiment.



already viewed. In the process of eliciting participants’ behavioral responses to data visualization,
we did not provide any feedback to the participants about the choice(s) they made. This ensures
that our design and implementation did not have any influence on the participants’ subsequent
decisions when applicable.
In each decision, participants were presented with a statement of the additional time required to
use the alternate route to reach the destination. The times presented were randomly drawn from a
distribution of 0 to 60 minutes, and the average additional time required was 30 minutes.

After making their driving decisions, participants completed a short demographic survey
before receiving their compensation. In total, 714 participants completed the experiment with 178
participants assigned to treatment groups T1 (control) and T2 and 179 participants assigned to the
treatment groups T3 and T4 (Table 1). In the control group (T1) and T2, each of the participants
made a single decision. Each participant in treatment groups T3 and T4, on the other hand, made
four decisions comprising total 10 decisions (9 treatment (road signs) and a control group). Thus,
the experiment generated 1,782 choice observations. Table 2 presents the hypotheses tested in the
study. There are 9 hypotheses to be tested associated with decisions made by 9 treatment (road

signs) groups and compare them with the behavior of the control group (no road sign).
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3. Empirical Strategy

We use a single-bounded dichotomous-choice model to estimate motorists’ behavioral
responses to viewing flooding-related road signs in the experiment and the travel cost in terms
of additional time required to take the alternate route as the price variable (McKean et al., 1996;
Randall, 1994). Each respondent was shown flooding-related road sign j and chose whether to
continue driving the current route or take the alternate route, resulting in the following discrete
outcomes for road sign j:

0 if Benefit <TC,
D= [1 if Benefit > TC,

@)
in which D = 1 indicates that the participant chose to continue driving the current route at
travel cost TC; and D = 0 indicates that the participant chose to take the alternate route and
incur a greater travel cost based on the additional time needed to reach the destination. Thus,
participants would choose to take the alternate route only when their benefit from it was greater
than or equal to the associated cost of taking it. The probability of each outcome for individual i

can be expressed as

F(V(TC,, X, Z;))
1-F(V(TC.X.Z))

0

M =PY=D)= for D = [1 )

where F(-) is a cumulative distribution function, V; is the difference in indirect utility of
individual i between continuing and not continuing to drive the flooded road given the
additional travel cost associated with alternate route j, X' represents the set of individual i’s

socio-economic characteristics, and Z; is the set of treatments to which individual i is exposed.
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The participant’s decision is based on random utility:
Vi(TCij, X1, Z;;) = a+ YTC;; + XiB + 8Z; + 1 + ¢ (3)

where y, B, and § are the parameters of interest and represent changes in utility associated with
one-unit changes in travel time using the alternate route, the individual’s demographic
characteristics, and the type of road signs viewed, respectively. The set of treatments (Z) includes
the information treatments (Road Flooded; Road Flooded plus depth in inches; Road Flooded
plus number of waves indicating depth of flooding). The demographic characteristics included in
X are age, highest level of education, income level, gender, frequency of driving in a week,
exposure to flooding, and past decisions when facing road flooding. Finally n; represents
individual specific random effects and E;; is the the idiosyncratic disturbance term that has
standard logistic distribution.

Using a sample of nj independent observations, the log-likelihood function for estimating

the parameters of interest in equation 3 (a, y,p,and § ) can be expressed as

Inl. = L= {ly=oIn F(a +yTC;; + X;B, + ﬁZZ;-) +1p4In [1 = F(a+yTC; + X;B, + B:Z;)} (4)

where I(p- 0,1} is an indicator variable representing individual i’s driving decision associated with
a detour time for route j in response to road sign Z; (yes, D = 1; no, D = 0) and F(:) represents a

standard logistic distribution.
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4. Data and Results

Table 3 reports the summary statistics for all variables for the 714 participants and resulting 1,782
choices. Overall, participants chose to drive the flooded road in 25% of the scenarios on average. They
were least likely to choose to drive the flooded road when shown the sign stating Road Flooded and a
symbol of a car with no water waves in front of it (T4 1), followed by the sign that showed only Road
Flooded (T2).

On average, the participants in the study were 31 years old and 31 percent were male. Participants
reported driving 2.62 times per week on average. In terms of education, 51% of the participants had at
least a bachelor’s degree, 38% had an associate degree or some college with no degree earned, and the
remaining 11% had at most a high school education. The participants’ annual incomes were relatively
high; 29% earned between $75,000 and $99,999 and 42% earned between $100,000 and $149,999 per
year. The majority of the participants (80%) in the study identified themselves as white, 10% identified
themselves as Asian, and 5% identified themselves as Black. Half (51%) of the participants had been
exposed to flooding in the past and 37% had taken an alternate route when confronted with a flood
road while driving.

To estimate participants’ likelihood of driving through the flooded road in response to road
signs conveying information about the flooding conditions, we estimate equation 4 using the mixed
effect logit model (Train 1997; 1999) estimating participants specific random effects. The random
effects that capture unobserved heterogeneity such as taste differences that is randomly distributed can
induce correlation among the utilities of each alternative in the choice set (Hensher, 2001; Bhat, 1997;

McFadden and Train, 1997; Revelt and Train, 1999).
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In order to check the sensitivity of the results, we estimate equation 4 with and without the demographic
characteristics as covariates in the model. We interpret, however, the coefficients from the model with
explanatory variables included.

In the data matrix that was used to estimate equation 4, we stack four observations for each
participant in T3 and T4 groups on top of other where each of the four corresponding road sign is
represented by an indicator variable (T3-j, j=1,...4; and T4-j, j=1,...,4) that are included in Z in equation 4.
Also, we account for potential the order effect in treatment groups T3 and T4 by adding dummy variables
indicating the order of each of the road signs in T3 and T4 that was presented to the participants. In
particular, the natural order of road sign from least to most risky road condition are as follows: <4 inches,
4-8 inches, 9-12 inches, and >12 inches (for T3) and just a car, a single wave in front of a car, 2 waves in
front of a car, and 3 waves in front of a car (for T4). We included dummy variables indicating if the
sequence of each road sign was shown in different order (higher order for first two signs and lower orders
for the last two signs) or not with reference to the natural order indicating risk. Table 4 reports the resulting
estimated logit coefficients, corresponding robust standard errors, and marginal effects (ME) that describe
the change in probability of driving through the flooded road for any change in corresponding variables.

We use additional driving time required by the alternate route as a travel cost that factors into
participants’ driving decisions since it involves both direct (fuel) and indirect (the opportunity cost of time
spent driving that potentially captures both the labor and leisure value of time) costs. As shown in Table 4,
the likelihood of a motorist continuing to driving the flooded road increases with the time required for the
alternate route. This is logical as it implies that motorists intend to avoid alternate routes to avoid costs

associated with driving extra miles.
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We next compare the results of motorists viewing the road signs warning of flooding compared to
motorists who were not shown any road signs (T1). The Road Flooded sign (T2) reduced the likelihood of
motorists continuing on the flooded route (by 9%) compared to no presentation of a road sign (T1) under
similar conditions. The results also show that the depth of the flood water influenced drivers’ decisions.
The marginal effects (last column in Table 5) indicate that participants’ likelihood of driving the flooded
road rose 22% in response to the Road Flooded sign that indicated that the flood waters were less than 4
inches deep (T3 1) and declined 21% in response to the Road Flooded sign that indicated that the flood
waters were greater than 12 inches deep (T3 4).

To examine the effectiveness of our two methods of conveying information about the depth of the
flood water, we compare the results from T3 and T4 in which the signs in T3 explicitly stated the depth of
the water in inches and the signs in T4 expressed water depth as one or more wave symbols depicted in
front of a car symbol. The variations in depth in T3 were less than 4 inches, 4 to 8 inches, 9 to 12 inches,
and greater than 12 inches. Equivalent expressions of depth in T4 were the car symbol with no wave, one
wave, two wave, and three wave symbols in front of it. Higher water levels indicated greater risk to the
driver in choosing to cross the flood water.

The motorists were less likely to drive the flooded road in T4 only when the road flooding
information was conveyed by adding the car with no waves (T4 1) and with three waves (T4 4) to the
Road Flooded sign relative to the baseline of no road sign. Thus, we find that how information conveys
the depth of flood waters can have an impact on drivers’ behaviors. We find that explicit statements of
relatively low water levels (less than 4 inches, T3 1) increase the likelihood of motorists continuing and
explicit statements of relatively high water levels (more than 12 inches, T3 4) reduce the likelihood of

their driving the flooded road. Likewise, the symbol of the car with the symbol with three waves
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indicating that the water is relatively deep (T4 4) decreases their likelihood of driving through the flood
water. More importantly, however, the participants were more cautious and less likely to drive the
flooded route when the signs provided only vague information about the severity of the flooding: Road
Flooded (T2) and Road Flooded plus the car symbol (T4 1).
Each of four different roads signs in treatment group T3 are intended to imply a similar flood risk to the
four road signs in T4. In particular, the order of the severity of flood-indicating road signs and the
expected behavioral responses to the corresponding road signs, from lowest to highest, is as follows:
T3-1=T4-1; T3-2=T4=2; T3-3=T4-3; T3-4=T4-4. As a result, comparison of the corresponding pairs of
coefficients in Table 4 tests whether a road sign in T3 is equally effective in inducing motorists’
responses in a certain direction relative to its counterparts in T4. In other words, the equality of
coefficients is tested for each pair (T3-1=T4-1; T3-2=T4=2; T3-3=T4-3; T3-4=T4-4). Table 5 shows
that both types of road signs conveying a similar flood risk are equally effective at changing participants’
reported behavior except when the water depth is very shallow (T3-1 and T4-1). For the latter case,
T4-1 that uses just a car image to indicate the least flood risk is more effective in inducing responses to
desired direction (taking an alternate route) compared to the road sign (T3-1) that conveyed a similar
flood risk. In sum, motorists respond in the desired direction to both types of road signs when road
signs indicate medium to high-water depth. Road sign using the just a car-image (T4-1) is more
effective in generating desired outcomes compared to the road sign explicitly indicating shallow water
depth (<4 inches: T3-1).

In terms of the influence of participants’ demographic characteristics, the results show that male

drivers and more-frequent driving are associated with continuing on the flooded roads despite the
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presence of the road-flooding warning signs. Age is associated with a reduced likelihood of driving the
flooded road. Of particular interest is the effect of prior experience with taking an alternate route in this
type of road flooding, which reduces the likelihood of driving the flooded road by 10%. Thus, motorists
who have experienced taking a detour to avoid a flooded road on their daily commute in the past are less
likely to drive the flooded road than motorists with no such experience.

There were four road signs that were shown to participants in T3 and T4 treatment groups at
random order. We accounted for potential order effects, if any, of those road signs by including dummy
variables indicating if the corresponding road sign was shown at order that is different from natural order.
The results show that, for T3, altering the order in which the signs are shown from natural to random
decreases (increase) the participants’ likelihood of staying on the flooded route if the shallow (deep) water
depth-indicating road signs are shown later (earlier) than their natural order (see Table 4). Such

conclusion in case of T4 holds only for the road signs indicating two deepest flood water (T3-3 and T3-4).

Marginal rate of substitution: Willingness to drive additional minutes

Following Hanemann (1999), we estimate individuals’ willingness to pay (WTP) a premium for
certain characteristics when valuing environmental and environmentally friendly goods and services such
as food (Li et al., 2020) and when estimating travelers’ variations in required compensation (contingent
value) when valuing characteristics associated with beaches (Legget et al., 2017). These valuations are
estimated using the ratio of the marginal rate of substitution (MRS) of characteristic k over characteristic

m, which is expressed as

=
=
=

Sx

MRS =

(5)
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=
=

e
-
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Since one of the explanatory variables in our model is the cost of additional minutes required
to take the alternate route, the marginal willingness to avoid driving (WTAD) additional minutes
associated with other attributes can be estimated using the ratio of the coefficient of the corresponding
attribute to the coefficient of the additional-minutes variable. For example, WTAD for individual i in
response to the road signs relative to the baseline of no road sign can be estimated as

WTAD, = % (6)
where § is the coefficient associated with road sign j and v is the coefficient associated with the
additional minutes required to use the alternate route to reach the destination. The estimates in
equation 6 can be interpreted as a participant’s willingness to avoid the extra driving time by
continuing the current route given the road conditions. A negative value indicates willingness to take
the alternate route and drive the additional minutes; a positive value indicates unwillingness to spend
the additional minutes. Therefore, WTAD is the number of minutes saved the driver requires as
compensation for taking the alternate route due to flooding to maintain the level of welfare gained by
continuing on the flooded route (the reference level).

We use equation 6 to estimate motorists’ preferences for time saving (WTAD) by not driving
additional minutes and hence choosing to travel the flooded road. Positive values indicate that
motorists are unwilling to drive additional minutes in response to changes in corresponding
characteristics, while negative values indicate that motorists are willing to drive the additional minutes.
The results of this analysis are reported in Table 6. Since these measures are based on point estimates
reported in Table 4, we check the robustness of the statistical significance of the results in Table 6 by

constructing bias-corrected confidence intervals using bootstrapped standard errors. We use 500
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iterations to construct the confidence intervals and report the results in Table 7. We once again
interpret the results from the full model that includes the demographic characteristics as variables.

We find that participants were willing to drive an additional 18.47 minutes to avoid
flooded roads in response to the Road Flooded (T2) sign (Table 6). However, in response to the
Road Flooded sign with information about the water being less than 4 inches deep (T3 1), they
preferred to remain on the flooded route and save the equivalent of 43.37 minutes. They were
much more cautious in response to the Road Flooded sign stating that the water was more than 12
inches deep (T3 4) and were willing to drive approximately 40.63 additional minutes to avoid the
risk. In response to road signs showing Road Flooded plus the car symbol with no wave symbol
(T4 1, equivalent to T3 1) and with three wave symbols (T4 4, equivalent to T3 4), participants
were willing to drive an additional 27.13 minutes and 35.55 minutes, respectively, to avoid the
corresponding flooded road.

The results show some differences associated with participants’ demographic
characteristics. A one-year increase in age leads to a 0.87 minute increase in willingness to drive
(WTD) additional minutes to avoid the flooded road. Extrapolating from this estimate, this
suggests that a 50-year-old motorist would be willing to drive 16.4 minutes more than a 30-year-
old motorist to avoid a flooded road. Experience with road flooding also affected WTD.
Participants who have past experience taking an alternate route to avoid flooding and view a flood
warning sign are willing to drive approximately 20 (19.91) minutes more than participants without

such experience.
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The objective of the study is to identify the road sign(s) or the style of the road sign(s) that
induce motorists to avoid risky driving on flooded roads so that associated damages of lives and
livelihoods can be averted. An important policy implication of our findings is that the road sign to
use for achieving the desirable outcome depends on the type of rood flooding. If the desired
outcome is to induce motorists to avoid flooded roads even with as shallow as 4 inches of water, use
of road sign without explicit water depth might be more effective. As the flood water level rises, it is
always desirable that motorists avoid flooded road and avert damages to lives and/or livelihoods
that are more likely to occur. Though using both explicit statement of water depth and image
indicating deep water on the road are effective, the former generates a higher likelihood of desired
outcome. Therefore, applying evidence-based policy on road sign might avert damages that are

associated with driving motor vehicles on flooded roads and save lives and livelihoods.

5. Conclusion

Floods are highly destructive natural disasters that have severe economic consequences in terms of
damage to property and assets, inhibited travel, and significant losses of human life. Over the past
three decades, the number of flooding events and their severity have increased significantly.
Flooding is one of the most common causes of death due to natural hazards, and a substantial
number of the deaths occur while driving. Unfortunately, the frequency of driving-related deaths
has been gradually rising over time despite establishment of the National Weather Service’s “Turn
Around, Don’t Drown” program in the mid-2000s (Becker et al., 2015). These trends to make clear

that we need a better understanding of why individuals choose to drive into flood waters despite the

significant risk to their health and survival and programs aimed to make them aware of the risk.
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We conducted a stated-preference choice experiment to reveal motorists’ driving-related
behavioral responses to road signs indicating road flooding ahead by presenting three types of
warning messages and comparing their choice to drive the flooded road anyway or take a longer
alternate route to choices made by participants who viewed no road signs. By using two road sign
treatments that differed in how the severity of the flooding was communicated, we identified
thresholds of depth of the water that induced participants to avoid driving the flooded road. Our
results indicate that participants are less likely to continue down a flooded road when shown
either a simple sign stating Road Flooded (no information about the severity of the flooding) and
when shown a sign stating Road Flooded and displaying information indicating that the flood
water is relatively deep at greater than 12 inches.

We find that they are more likely to remain on the flooded route when shown a sign
stating Road Flooded and displaying information indicating that the flood water is shallow at less
than 4 inches. Drivers avoid the flooded road and take the alternate route when shown a simple
Road Flooded sign and when shown a sign stating Road Flooded and showing the car symbol
with no wave symbols (no information on depth) and the car symbol with three wave symbols
indicating deep water. The significance of the responses to the simple Road Flooded sign and to
the sign stating Road Flooded and displaying only a car symbol suggests that drivers will tend to
be more cautious when warned by signs that do not provide information about the severity of the

flooding and therefore of the risk they face in choosing to drive through the flood water.
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In terms of demographic characteristics, we find that older drivers report that they are less
likely to drive through flood waters than younger drivers and that experience with having to take a
detour around a flooded section of road is associated with a greater willingness to take the additional
time needed for the alternate route to avoid flooding-related risk. The results also suggest that the
order in which drivers are confronted with warning signs about flooding can affect their decisions
because they tend to persist in making the same choice in subsequent decisions despite changes in the
severity of the risk.

The findings from this study have significant policy implications for efforts to induce
motorists to avoid flooded roads and other flood waters. We find that the most effective signs do not
provide information about the depth of the water (and severity of the risk) unless the flood water is
quite deep. When the flood water is deep (more than 12 inches in this study), signs that explicitly
inform drivers of the severity of the flooding convince many drivers to avoid the flooded road and

take the alternate route despite the time cost required to do so.
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Treatment 1 Treatment 2 (T2) Treatment 3 (T3) Treatment 4 (T4)
(T1) i
No flood-related
road signage ROAD
ROAD FLOODED FLOGDED
ROAD e =
FLOODED
| (13-1) | (T4-1) -
ROAD
ROAD FLOGDED FLOODED
WATER LEVEL: ﬁ
(T3-2) (T4-2)
ROAD
s =
triss (=]
# of 179 179
participants
#of 179 179 712 712
observations

Notes: a: number of observations in Treatment groups T3 and T4 are different from the number of i
\_particivants as each participant in those erouns made four decisions associated with four different road signs.
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[ Table 2: Hypotheses tested

o |

Hypotheses

Results

H,: Motorists are equally likely to drive on a road with flood-related road signs
and without any flood-related road sign.

H,: Motorists are not equally likely to drive on a road with flood-related road
signs and without any flood-related road sign.

H,: Motorists are equally likely to drive on a road with flood-related road signs
and showing <4 inches of water and without any flood-related road sign.

H,: Motorists are not equally likely to drive on a road with flood-related road
signs and showing less than 4 inches of water and without any flood-related
road sign.

Reject H,
p<0.01

Hy: Motorists are equally likely to drive on a road with flood-related road signs
and showing 4 to 8 inches of water and without any flood-related road sign.

H,: Motorists are not equally likely to drive on a road with flood-related road
sigms and showing 4 to 8 inches of water and without any flood-related road
sigmn.

Fail to reject Hy
p>=01

H,: Motorists are equally likely to drive on a road with flood-related road signs
and showing 9 to 12 inches of water and without any flood-related road sign.

H,: Motorists are not equally likely to drive on a road with flood-related road
signs and showing 9 to 12 inches of water and without any flood-related road

sigr.

Fail to reject Hy
p>01

H,: Motorists are equally likely to drive on a road with flood-related road signs
and showing greater than 12 inches of water and without any flood-related road
§ige.

H,: Motorists are not equally likely to drive on a road with flood-related road
signs and showing greater than 12 inches of water and without any flood-related
road sign.

Reject H,
p < 0.05

Hy: Motorists are equally likely to drive on a road with flood-related road signs
and showing a car and without any flood-related road sign.

H,: Motorists are not equally likely to drive on a road with flood-related road
signs and showing a car and without any flood-related road sign.

Reject Hy
p=01

H,: Motorists are equally likely to drive on a road with flood-related road signs
and showing a single water wave under a car and without any flood-related road
sigm.

H,: Motorists are not equally likely to drive on a road with flood-related road
signs and showing a single water wave under a car and without any flood-
related road sign.

Fail to reject Hy
p>01

Hy: Motorists are equally likely to drive on a road with flood-related road signs
and showing two water waves under a car and without any flood-related road
§ige.

H,: Motorists are not equally likely to drive on a road with flood-related road
signs and showing two water waves under a car and without any flood-related
road sign.

Fail to reject Hy
p=01

H,: Motorists are equally likely to drive on a road with flood-related road signs
and showing three water waves under a car and without any flood-related road
sigm.

H,: Motorists are not equally likely to drive on a road with flood-related road
sigms and showing three water waves under a car and without any flood-related
road sign.

Fail to reject Hy
p>01
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between 1 and 2; d: the order of this sign was from 1 to 3.
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Appendix A
Appendix A — Experiment Design Roadmap

Step 1. Experimental questions design. This step included experts’ input, such as academic
scholars contributing to policy related to road-signs in Delaware.

Step 2. Developing program for running the experiment. Testing in experiment-like sessions
prior to the actual session.

Step 3. Design Implementation using dichotomous choice experiments. 714 Participants
responded either yes or no to at least one dichotomous choice question.

a. Participants were set up with $6.
b. Participants made at least one dichotomous choice decision.

c. Participants filled out a survey (Appendix B)

Step 4. Data analysis and preparation of manuscript, outreach activities.

Driving through a flooded road can be risky. Suppose there has been heavy rain and you are driving on a road to
a destination in a 2-wheel drive sedan car (such as a Toyota Camry, Honda Accord, Nissan Altima, Chevy
Malibu, etc.)

If you avoid your current route, the alternate route will:

+ take an additional 7 minutes compared to the travel time using the current route.
= cost approximately an additional $0.85.

What would you do to reach your destination?

Continue on the current route
Take the alternate route

Submit ...

Figure Al: Screenshot of the general message about road condition shown to all
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Drriving through a flooded road can be risky. Suppose there has been heavy rain and you are driving on a road to
a destination in a 2-wheel drive sedan car (such as a Toyota Camry, Honda Accord, Nissan Altima, Chevy
Malibu, etc.)

The street sign resembles the following photo.

If you avoid your current route, the alternate route will:

« take an additional 16 minutes compared to the trave! time using the current route.
« cost approximately an additional $1.93.

What would you do to reach your destination?

Continue on the current route
Take the alternate route

Submit ...

Figure A2: Decision-screen of treatment group 2 (T2)
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Driving through a flooded road can be risky. Suppose there has baen heavy rain and you are driving on a road to
a destination in a 2-whee! drive sedan car (such as a Toyota Camry, Honda Accord, Nissan Altima, Chewy

Malibu, etc.)
The street sign resembies the following photo.

If you aveid your current route, the alternate route will:

- take an additional 22 minutes compared to the trave! time using the current route.
- cost approximately an additional 52.66.

What would you do to reach your destination?

Continue on the current route
Take the alternate route

Submit ...

Figure A3: Decision-screen of the second choices for treatment group 3 (T3-2)
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Driving through a flooded road can be risky. Suppose there has been heavy rain and you are driving on a road to
a destination in a 2-wheel drive sedan car (such as a Toyota Camry, Honda Accord, Nissan Altima, Chevy

Malibu, etc.)
The street sign resembles the following photo.

ROAD
FLOODED

-

o

If you avoid your current route, the alternate route will:
« take an additional 3 minutes compared to the travel time using the current route.
« cost approximately an additional 30.36.

What would you do to reach your destination?

Continue on the current route
Take the alternate route

Submit ...

Figure A4: Decision-screen of the second choice of treatment group 4 (T4-2)

34



Appendix: B - Survey

1. What is your age (in years).

2. What is your sex?
o Male
o Female

3. Are you Hispanic?
o Yes
o No

4. How would you identify your race?

White

Middle Eastern or Arab
Black

East Asian

South Asian

Pacific Islander

Native American

Other (please specify)

0000 00 0

5. What is the highest level of education that you have completed?
o Less than high school

High school graduate or equivalent (i.e. GED)
Some college, but no degree

Associate degree

Bachelor degree

Graduate degree or professional degree

0 OO0 O

6. Which category best describes your household income (before taxes) in 2018
o Less than $25,000

$25,000-$49,999

$50,000-$74,999

$75,000-$99,999

$100,000-$149,999

$150,000-5199,999

$200,000-5249,999

$250,000 and above

0 0 00 O0QCO0OO0
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7. How many days a week do you drive on average?
1 day/ week or less

2-3 days/week

4-5 days/week

6-7 days/week

8. How frequently does your daily commute route ever get flooded?
Never

Once/year

Twice/year

Once/month

Once/week

9. Have you ever taken a detour due to flooding in your daily commute route?
* Yes

s No
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The Department of Applied Economics and Statistics
College of Agriculture and Natural Resources
University of Delaware
The Department of Applied Economics and Statistics carries on an extensive and coordinated program

of teaching, organized research, and public service in a wide variety of the following professional
subject matter areas:

Subject Matter Areas

Agricultural Policy Environmental and Resource Economics
Food and Agribusiness Management and Marketing International Agricultural Trade

Natural Resource Management Price and Demand Analysis

Rural and Community Development Statistical Analysis and Research Methods

The department’s research in these areas is part of the organized research program of the Delaware
Agricultural Experiment Station, College of Agriculture and Natural Resources. Much of the research is
in cooperation with industry partners, the USDA, and other State and Federal agencies. The
combination of teaching, research, and service provides an efficient, effective, and productive use of
resources invested in higher education and service to the public. Emphasis in research is on solving
practical problems important to various segments of the economy.

The mission and goals of our department are to provide quality education to undergraduate and
graduate students, foster free exchange of ideas, and engage in scholarly and outreach activities that
generate new knowledge capital that could help inform policy and business decisions in the public and
private sectors of the society. APEC has a strong record and tradition of productive programs and
personnel who are engaged in innovative teaching, cutting-edge social science research, and public
service in a wide variety of professional areas. The areas of expertise include: agricultural policy;
environmental and resource economics; food and agribusiness marketing and management;
international agricultural trade; natural resource management; operations research and decision
analysis; rural and community development; and statistical analysis and research methods.
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