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Abstract

Climate change is predicted to increase the frequency and intensity of floods in the province of Quebec, Canada.
Therefore, in 2015, to better monitor the level of adaptation to flooding of Quebec residents living in or near a
flood-prone area, the Quebec Observatory of Adaptation to Climate Change developed five indices of adaptation to
flooding, according to the chronology of events. The present study was conducted 4 years later and is a follow-up
to the 2015 one. Two independent samples of 1951 (2015) and 974 (2019) individuals completed a questionnaire
on their adoption (or non-adoption) of flood adaptation behaviors, their perception of the mental and physical
impacts of flooding, and their knowledge of the fact that they lived in a flood-prone area.
The results of the study demonstrated the measurement invariance of the five indices across two different samples
of people over time, ensuring that the differences (or absence of differences) observed in flood-related adaptive
behaviors between 2015 and 2019 were real and not due to measurement errors. They also showed that, overall,
Quebeckers’ flood-related adaptive behaviors have not changed considerably since 2015, with adaptation scores
being similar in 2019 for four of the five flood indices. Moreover, the results indicated an increase in self-reported
physical and mental health issues related to past flooding events, as well as a larger proportion of people having
consulted a health professional because of these problems. Thus, this study provides a better understanding of
flood adaptation in Quebec over the past 4 years and confirms that the five adaptive behavior indices developed in
2015 are appropriate tools for monitoring changes in flood adaptation in the province. Finally, our results showed
that little has changed in Quebeckers’ adoption of adaptive behaviors, highlighting the need for awareness raising
in order to limit the impacts that climate change will have on the population.
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Background
Climate change will lead to a further increase in the
number and intensity of catastrophic weather events
such as heat waves, floods, and droughts [1–5]. Of these,
flooding is already the most common and destructive of
climate-related disaster in many countries, including
Canada. For instance, 80% of waterfront municipalities
in the Province of Quebec (Canada) are exposed to
flooding [6]. Over the course of the twentieth century,
more than 2 billion $CAD in damages have been caused
by floods in this province, with the Saguenay River flood
of 1996 alone accounting for around 1 billion $CAD [7].
In 2017, floods were estimated to have caused more than
376 million $CAD in damages to municipalities located
in southern Quebec [8]. In the spring 2019, flooding
occurred in more than 250 Quebec municipalities [9],
largely the same as in 2017.
Flooding is also linked to several health issues. It may

cause physical wounds, traumas or drowning, as well as
mold-induced respiratory problems, gastrointestinal dis-
eases, leptospirosis, skin infections, carbon monoxide poi-
soning, and electrocutions [10–16]. In addition, research
indicates that flooding can lead to mental health issues
such as post-traumatic stress disorder (PTSD), anxiety, and
depression [17–19]. Between 1980 and 2009, nearly 2.8 bil-
lion people were affected by floods worldwide, and 539,811
people lost their lives [20]. While this number includes ex-
tremely deadly events such as the flood following cyclone
Nargis in Myanmar in 2008 (≈ 100,000 deaths), Canada
has been relatively successful in preventing floods from dir-
ectly causing such a high number of deaths, even though
Canadians remain susceptible to the indirect and post-
event health effects of flooding. In a review of the health
impacts of the 2005 flood in southern Alberta, Acharya
et al. [21] found that 63% of participants reported flood-
related mental health effects. This is consistent with data
from Hajat et al. [22] and Azuma et al. [23], who found
that PTSD rates were significantly higher in populations
having experienced a flood than in the general population.
In Quebec, the Saguenay River floods of 1996 led to 10
deaths and 15,825 evacuations [24], while the Richelieu
River floods of 2011 forced 11 municipalities to declare a
state of emergency: 2524 primary residences were flooded,
3927 persons were affected, 1651 persons were evacuated,
and 7000 psychosocial interventions took place [25]. More
recently, the spring floods that occurred in 2019 in the
Province of Quebec and in the Province of New Brunswick,
its eastern Canadian neighbor, damaged 460 km of roads
and affected about 17,500 homes. Importantly, more than
25% of the homes in the most affected municipalities were
damaged [26].
The Quebec Observatory of Adaptation to Climate

Change (OQACC; Observatoire québécois de l’adapta-
tion aux changements climatiques) was established by

the National Institute of Public Health of Quebec and
the Green Fund as part of the Quebec government’s
2013–2020 Climate Change Action Plan. The OQACC’s
mission is to improve knowledge of climate change
adaptation practices in Quebec. From a public health
and health promotion perspective, it is essential to better
document to what extent individuals, organizations, and
municipalities are prepared to face the consequences of
climatic hazards such as heat waves, floods, vector-borne
diseases like Lyme disease and pollen allergies.
In 2015, the OQACC monitored the temporal evolu-

tion of the level of adaptation to floods of the Quebec
population living in or near a flood-prone area. In a first
study [27], five indices of adaptation to flooding were de-
veloped based on literature from across the world. These
indices echo recommended behaviors that any individual
should adopt according to the chronology of events: (a)
pre-alert preventive behaviors, (b) post-alert behaviors,
(c) behaviors during a flood not requiring evacuation,
(d) behaviors during a flood requiring evacuation, and
(e) post-flood behaviors. Results revealed that 115 of the
797 (14.45%) people who had experienced at least one
flood in their current home reported that their physical
health had been moderately to greatly affected by the
event, while 138 of them (17.32%) reported that their
mental health had been moderately to greatly affected by
the flood. Among those who reported that their physical
health was affected, 50 (43.51%) had consulted a health
professional about it (e.g., doctor, physiotherapist, chiro-
practor) while 35 (25.51%) had consulted a professional
(e.g., doctor, psychologist) after their mental health being
affected. Results also showed that 26.34% of the respon-
dents who lived in an at-risk area were unaware of that fact.
The purpose of the present follow-up study, conducted

4 years later, was threefold. First, we aimed to test the
measurement invariance of the five indices for different
samples of people over time to ensure that the differences
observed in flood-related adaptive behaviors between
2015 and 2019 were real and not due to measurement
errors. Importantly, by doing so, the present study also
contributes to establishing the psychometric properties of
these indices and, thus, to make them available for use for
research conducted in other regions and countries. Sec-
ond, we aimed to estimate the change in the prevalence of
health problems for people having experienced a flood.
Our third objective was to investigate whether the propor-
tion of the population unaware of living in a risk-prone
area was lower in 2019 than in 2015, since a major flood
occurred in 2017 and again in 2019.

Methods
Study design
To monitor the evolution of individuals’ flood-related
adaptive behaviors over time in the Province of Quebec
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(1,667,441 km2; population of 8.3 million), we conducted
two cross-sectional province-wide surveys, the first in
2015 and the second in 2019. Participants were selected
from all 136,505 (2015) and 136,476 (2019) households
whose main residence is found within or near a desig-
nated flood-prone area, as per the Quebec Government
Water Agency (Ministère de l’Environnement et de la
Lutte contre les changements climatiques).

Samples and data collection
In 2015 and 2019, we used a stratified sample to pre-
serve the geographical distribution of the flood-prone
zones throughout the province. The samples consisted
of 1951 (2015) and 974 (2019) individuals who were sur-
veyed by a polling firm: 1450 (2015) and 724 (2019) lived
in an at-risk area (flood recurrence: every 20 to 100
years), and 501 (2015) and 250 (2019) lived less than
150 m from a designated flood-prone area. Participants
of the 2015 survey were not eligible for the 2019 survey.
To avoid repeat participation, the phone numbers of the
2015 participants were excluded from the sampling
frame.
Of the surveyed population in 2015, 83.85% (n = 1636)

of the respondents were homeowners (80.80% in 2019;
n = 787) and 16.15% (n = 315) were renters (19.20% in
2019; n = 187). Lastly, in 2015, 2.90% of the respondents
were newcomers (had lived in their home for a year or
less) compared to 5.66% in 2019. See Valois el al [27].
for a more detailed description of the data collection
strategy.
To reduce costs in 2019, we used a sample that was

half the size of the one used in 2015 because the esti-
mated level of accuracy of the item responses did not
differ considerably: 0.16 versus 0.12 according to
Cochran’s formula [28], with a 99% level of confidence
and a maximal variance for a 5-point scale.
The interviews lasted an average of 21 min in 2015

and 22 min in 2019. The response rate was 21.82% in
2015 and 24.5% in 2019. The interviews used the same
questionnaire as that of the 2015 study [27]. The ques-
tionnaire is available as a supplementary file.

Measures
Five flood adaptation indices
The five flood adaptation indices are valid constructs
designed to assess the degree to which people living in
an at-risk area adopt recommended behaviors according
to the chronology of events. Fifteen are pre-alert actions
(e.g., waterproof the foundations) or expertise (e.g.,
knowing how to cut off the main water valve), if the
need arises. Nine are behaviors to adopt as soon as a
flood alert is given (e.g., waterproofing the doors and
windows with plastic tape). Five are behaviors suited for
floods when there is no requirement for an evacuation

(e.g., wearing rubber boots to walk in the flood water).
Four are suited in a flood requiring evacuation (e.g., reg-
istering with a temporary shelter if available). Finally, ten
are recommended after a flooding event (e.g., checking if
mold has developed). The behaviors composing the five
indices are listed in Tables 1, 2, 3, 4 and 5 below. All of
them are scored using a binary (present-absent) response
scale. We employed standards of validity that have been
used by many researchers across various sectors (health,
psychology, sociology, marketing, education, etc.) to con-
struct these indices [29–32].
Respondents had to answer questions that concerned

them directly, as filter questions were used throughout the
questionnaire (for example, some participants had never
been evacuated). Filters were also used in the question-
naire so that renters were asked if they knew whether their
landlord had adopted the behavior or not, while some
questions were only posed to homeowners, such as
whether they owned a water pump to evacuate flood water
and whether they blocked the basement water drain when
they received the flood alert. Items making up these indi-
ces were identified following a review of the literature on
flooding adaptation (e.g. [33–36]) and government guide-
lines [37–40]. For more details on how these flood adapta-
tion indices were constructed and validated, see Valois
et al. [27].

Knowing that they live in an at-risk area
The respondents who lived in an at-risk area (flood
recurrence: on average every 20 to 100 years) were asked:
“To your knowledge, do you live in a flood-risk zone?”

Table 1 List of pre-flood preventive behaviors

1. Make a list of your belongings that could be used for a claim in case
of flooding

2. Make a plan for evacuating your neighborhood in case of emergency

3. Know how to cut off the electricity or the water

4. Inquire about how to better prepare for a flood or to make your
home more flood-resistant

5. Inquire about the consequences that a flood could have on your
physical or mental health

6. Waterproof the foundations

7. Raise the baseboard heaters or electrical outlets on the walls

8. Replace water-sensitive flooring

9. Install a backwater valve

10. Relocate the home elsewhere on the property

11. Make other changes to the building

12. Change the landscape to help water runoff

13. Check to be sure the foundation drain is not blocked

14. Make other changes to the property to make it more flood-resistant

15. Own a water pump
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They had three response options to answer this ques-
tion: yes, no, don’t know.

Physical and mental health problems
The respondents who reported having been previously
flooded were asked the following two questions, evalu-
ated on a 4-point response scale (1 = not at all, 2 =
slightly, 3 =moderately, 4 = very much): “Was your phys-
ical health negatively affected by the flood?” and “Was
your mental health negatively affected by the flood?”.
After answering these two questions, the participants
were asked to indicate the nature of these physical (or
mental) health problems. Finally, respondents indicated
in a Yes-No response format whether they had consulted
a health professional regarding one of these physical (or
mental) health problems.

Statistical analyses
We tested the measurement invariance (equivalence)
of the five flood adaptation indices across the 2015
and 2019 independent samples of participants who
completed the questionnaire to ensure that the differ-
ences observed in flood-related adaptive behaviors be-
tween 2015 and 2019 were real and not due to
measurement errors. According to Morin et al. [41]
and Millsap [42], measurement invariance is a neces-
sary condition to ensure unambiguous interpretation
of the differences (or lack thereof) observed in flood-
related adaptive behaviors.
These tests were carried out in the following order.

First, a model with no parameter invariance, also

called a configural invariance model, was estimated.
Typically, two measurement invariance tests are used
to estimate the weak invariance (factor loadings) and
the strong invariance (factor loadings and response
thresholds) but separating these steps is not possible
when binary items are used [43]. Given the binary na-
ture of the items, in a second step we thus simultan-
eously tested the strong invariance of the factor
loadings and response threshold (i.e., the weak-strong
invariance model) [43]. Non-respect of factor loading
invariance suggests that the index does not assess the
same constructs across groups. Non-respect of re-
sponse threshold invariance suggest that participants’
item response process differed systematically across
groups irrespective of their true score on the under-
lying construct (i.e., an item bias). Both forms of in-
variance are required for valid group comparisons,
although partial invariance of a majority of factor
loadings and of response threshold is sufficient to en-
sure valid comparisons [44].
Third, we tested the strict invariance of the items’

uniquenesses (i.e., residuals). Non invariance of items’
uniquenesses suggests that the measurement errors
present in the item responses are non-equivalent across
groups.
Fourth and fifth, we tested the invariance of the latent

variance and of the latent means across groups. The pur-
pose of these tests was not to assess the presence of

Table 3 List of behaviors to carry out during a flood not
requiring an evacuation

1. Boil the water or use bottled water

2. Wear rubber gloves to handle items in contact with the flood water

3. Wear rubber boots to walk in the flood water

4. Install a pump to drain the water from the home

Table 4 List of behaviors to carry out when evacuating one’s
home

1. Bring your emergency kit, including your medication

2. Lock the doors

3. Tell your loved ones where you can easily be reached

4. Use the route indicated by the authorities to evacuate the
neighborhood

5. Wait for the authorities’ permission before returning home

Table 5 List of post-flood behaviors

1. Have the condition of the electrical installation and heating
appliances checked

2. Replace the refrigerator insulation if it is wet or replace the appliance

3. Disinfect the contaminated rooms

4. Sterilize all kitchen items contaminated by the flood water

5. Discard items in contact with the flood water

6. Wear rubber gloves to handle items in contact with the flood water

7. Check if mold has developed

8. Make a list of the damages caused to the home and to your
belongings

9. Update your emergency kit

10. Attend citizens’ meetings concerning the flood

Table 2 List of behaviors to perform at the time of a flood alert

1. Move your lawn or patio furniture or your vehicle to higher ground

2. Store items or furniture higher or on a higher floor

3. Block the basement drain

4. Cut off the electricity if requested by the authorities

5. Waterproof the doors and windows with plastic tape

6. Block the outside air inlets like the one for the clothes dryer, the
range hood, the air exchanger, etc.

7. Put sandbags on the property or help your neighbors implement
their protective measures

8. Implement other measures to prevent the water from entering (e.g.,
board up the windows, prepare the water pump, etc.)

9. Check regularly if the risk of flooding has increased or decreased
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measurement bias (as in the first steps), but to assess the
presence of meaningful group-based differences in
within-group variability and means. For each step of the
invariance testing process, each model was compared
with the model from the previous step. We used the
method suggested by Little et al. [45] to compare the
latent means between the 2015 and 2019 samples.
According to Litalien et al. [46] “This method allows
estimating latent means in a nonarbitrary metric that
reflects the metric of the indicators measured”. In
addition, comparison of latent means can generate more
accurate results than comparison of composite scores
using a t-test or analysis of variance (ANOVA), as the la-
tent variables are free of measurement errors [47].
All models were estimated using the robust weighted

least squares estimator with the mean and variance ad-
justed statistics (WLSMV) implemented in the Mplus
8.4 statistical package [48, 49]. Since chi-square is known
to be oversensitive to sample size and minor model mis-
specifications, model fit was assessed using sample-size-
independent fit indices: the comparative fit index (CFI),
the Tucker-Lewis index (TLI), and the root mean
squared error of approximation (RMSEA). CFI and TLI
index values greater than or equal to 0.90 and less than
0.95 indicate an acceptable model fit. Values greater
than 0.95 for these indices indicate an excellent model
fit. As for RMSEA, the model fit is acceptable when
values are between 0.05 and 0.08 and is excellent when
values are less than or equal to 0.05 [48, 50]. For each
step of the invariance process, invariance is respected if
both the CFI and TLI indexes do not decrease by 0.010
or more and the RMSEA index does not increase by
0.015 or more. Indices score reliability were computed
using McDonald’s omega (ω) [51]. This coefficient esti-
mates the reliability of a questionnaire (e.g., an attitude
scale) or an index. It is used to verify that the observed
differences between individuals are due to differences in
true scores and not to measurement errors. A value
above 0.70 is considered acceptable [52].

We finally performed proportion comparison z-tests
and effect size tests to evaluate whether there are differ-
ences between proportions of people in 2015 and 2019
who knew that they lived in a flood-prone zone, reported
adverse health effects of flooding, and reported having
consulted a health professional after being flooded.

Results
The two samples were very similar in terms of sociode-
mographic characteristics. All respondents were aged 18
years or older. The mean age of the participants in the
2015 and 2019 samples was respectively 57.3 and 60.7
years. Men made up 44.54% of the sample in 2015 and
40.66% in 2019. In 2015, 30.09% of the respondents
reported an annual net income of 40,000 $CAD or less,
29.21% an income between 40,001 and 80,000 $CAD,
and 26.71% an income greater than 80,000 $CAD, com-
pared with 27.9, 28.6, and 24.9%, respectively, in 2019.
All these differences were statistically significant but
negligible according to effect size analyses: Cramer’s V =
0.04 for gender and 0.06 for income; Cohen’s d = 0.24
for age. Finally, no statistically significant differences
were found between the 2015 and 2019 samples in
regard to the percentage of participants for whom the
highest education level obtained was a university degree:
31.37% versus 28.75%.

Measurement invariance
We tested the measurement invariance of the five indices
of adaptation to flooding across the independent samples
of participants who completed the survey measuring their
flood-related adaptive behaviors in 2015 and 2019. Results
from these tests are reported in Tables 6, 7, 8, 9 and 10.
For the pre-flood preventive behavior index, results

showed that throughout the full sequence of invariance
tests, no ΔCFI or ΔTLI exceeded − 0.010 and no
ΔRMSEA exceeded + 0.015 (see Table 6). Thus, the full
invariance of this index was respected over time. The in-
variance of the variance-covariance and the latent means

Table 6 Goodness-of-fit statistics for the models of the pre-flood preventive behaviors to adopt

Models χ2 df RMSEA CFI TLI ΔRMSEA ΔCFI ΔTLI Compared Model

Single-group models

2015 sample 288.900 90 0.034 0.933 0.921

2019 sample 192.495 90 0.034 0.926 0.914

Multiple-group measurement models

Configural invariance 432.133 181 0.031 0.940 0.930 – – – –

Weak-strong invariance 446.603 194 0.030 0.940 0.935 −0.001 0 0.005 1

Strict invariance 467.042 209 0.029 0.938 0.938 −0.001 − 0.002 0.003 2

Latent variance invariance 453.711 210 0.028 0.942 0.942 −0.001 0.004 0.004 3

Latent mean invariance 449.158 211 0.028 0.943 0.943 0 0.001 0.001 4
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indicated that there were no meaningful group-based
differences in terms of within-group variance and mean.
Moreover, according to an ANOVA-like latent mean

comparison across groups of participants within a latent
variable framework [45, 46], which is expressed as a
between-group deviation in standard deviation units, the
participants surveyed in 2019 and those surveyed in
2015 reported, on average, the same levels of adoption
of pre-flood preventive behaviors (deviation = − 0.01,
p = 0.81). This conclusion is consistent with the previ-
ously reported result supporting the invariance of the
latent means.
The means of each pre-flood preventive behavior in

2015 and 2019 are reported in Fig. 1. As expected, given
the previous result of latent mean invariance, results
showed that the percentage of people adopting each of
these behaviors in 2015 and in 2019 were very similar.
The results also showed that few participants (i.e.,
between 2 and 54%) reported adopting most of the pre-
flood preventive behaviors, for instance, raise the
baseboard heaters or electrical outlets on the walls
(≈18%), waterproof the foundations (≈30%), change the
landscape to help water runoff, check to be sure the
foundation drain is not blocked (≈43%). The only

exception was knowing how to cut off the electricity or
the water, which 95% of the participants reported adopt-
ing. The pre-flood index presented a good reliability
(ω = 0.829; above the .70 threshold).
The index of adaptation at the time of the alert did

not support strong invariance according to a ΔCFI of −
0.045 and a ΔTLI of − 0.044. This implies that either
one or many estimated factor loadings or response
thresholds differed between 2015 and 2019. A detailed
examination of the model parameters and model modifi-
cation indices suggested that invariance constraints
needed to be relaxed only for the response threshold
associated with three items: (a) cut off the electricity if
requested by the authorities, (b) put sandbags on the
property, and (c) check regularly if the risk of flooding
has increased or decreased. We therefore re-estimated a
partial invariance model in which the response threshold
associated with these three items was allowed to be
freely estimated over time. This model supported the
partial weak-strong invariance of this index. Starting
from this model, the strict invariance of the items’
uniquenesses, as well as the invariance of the within
group variance and latent means, was also supported by
the data.

Table 7 Goodness-of-fit statistics for the models of the behaviors to perform at the time of a flood alert

Model χ2 df RMSEA CFI TLI ΔRMSEA ΔCFI ΔTLI Compared Model

Single-group models

2015 sample 46.17 22 0.035 0.932 0.909

2019 sample 38.85 22 0.037 0.956 0.942

Multiple-group measurement models

Configural invariance 86.728 54 0.036 0.944 0.925 – – – –

Weak-strong invariance 119.909 61 0.045 0.899 0.881 0.009 −0.045 −0.044 1

Partial weak-strong invariance 90.807 58 0.035 0.944 0.930 −0.001 0.000 0.005 1

Strict invariance 105.099 67 0.035 0.935 0.930 0.000 −0.009 0.000 3

Latent variance invariance 108.505 68 0.036 0.930 0.926 0.001 −0.005 −0.004 4

Latent mean invariance 111.287 69 0.036 0.927 0.924 0.000 −0.003 −0.002 5

Table 8 Goodness-of-fit statistics for the models of the behaviors to perform at the time of a flood not requiring an evacuation

Models χ2 df RMSEA CFI TLI ΔRMSEA ΔCFI ΔTLI Compared Model

Single-group models

2015 sample 1.95 5 0.052 0.976 0.928

2019 sample 3.33 5 0.112 0.949 0.847

Multiple-group measurement models

Configural invariance 13.172 4 0.072 0.967 0.902 – – – –

Weak-strong invariance 18.896 6 0.070 0.954 0.908 −0.002 −0.013 0.006 1

Partial weak-strong invariance 14.504 5 0.066 0.966 0.919 −0.006 −0.001 0.017 1

Strict invariance 20.673 9 0.054 0.958 0.945 −0.012 −0.008 0.026 3

Latent variance invariance 20.404 10 0.049 0.963 0.956 −0.005 0.005 0.011 4

Latent mean invariance 19.584 11 0.042 0.969 0.967 −0.007 0.006 0.011 5
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Moreover, results of the ANOVA-like latent mean
comparison across the 2015 and 2019 samples indicated
that, on average, the participants surveyed in 2015 and
those surveyed in 2019 reported similar levels of behav-
ior adoption at the time of the alert (deviation = 0.15,
p = 0.14).
The means of each behavior to perform at the time of

a flood alert reported in 2015 and 2019 are indicated in
Fig. 2. In agreement with the results supporting the
latent mean invariance, results showed that the percent-
age of people adopting each of these behaviors in 2015
and in 2019 was very similar. An examination of the
means revealed low proportions of respondents having
adopted the recommended behaviors during an alert
(i.e., less than 50% for 8 out of the 10 behaviors). The
index of adaptation at the time of the alert presented a
good reliability (ω = 0.769).
Results for the index of adaptation during a flood

not requiring an evacuation are reported in Table 8
(see Fig. 3 for the means of each behaviors). When
weak-strong measurement invariance constraints were
included in the model, the decrease in fit exceeded
very slightly the recommended cut-off for the CFI
(ΔCFI = − 0.013), indicating non-invariance of factor
loadings or response thresholds between 2015 and
2019. A detailed examination of the model parameters

and model modification indices suggested that invari-
ance constraints needed to be relaxed only for the
response threshold associated with a single item (i.e.,
Wearing rubber gloves), The resulting model of par-
tial weak/strong was supported by the data. Starting
from this model, the strict invariance of the items’
uniquenesses, as well as the invariance of the within
group variance and latent means, was also supported
by the data.
Moreover, results of the ANOVA-like latent mean com-

parison across the 2015 and 2019 samples indicated that,
on average, the participants surveyed in 2019 and those sur-
veyed in 2015 reported similar levels of behavior adoption
during a flood not requiring an evacuation (deviation =
0.18, p = 0.09). This indicates that the proportion of partici-
pants that had adopted the behaviors recommended for this
index was similar in 2019 and in 2015. The proportion of
adoption of these behaviors was relatively low, varying be-
tween 25 and 68% in 2015 and between 36 and 71% in
2019. The index of adaptation during a flood not requiring
an evacuation presented a good reliability (ω = 0.709).
Finally, we performed invariance tests across time for

the index of adaptation during a flood requiring evacu-
ation as well as the index of post-flood adaptation.
Results from these analyses supported the full invariance
of the index of adaptation during a flood requiring

Table 9 Goodness-of-fit statistics for the models of the behaviors to perform at the time of a flood requiring an evacuation

Models χ2 df RMSEA CFI TLI ΔRMSEA ΔCFI ΔTLI Compared Model

Single-group models

2015 sample 5.18 2 0.000 1.000 1.000

2019 sample 9.46 2 0.000 1.000 1.000

Multiple-group measurement models

Configural invariance 5.544 10 0.000 1.000 1.000 – – – –

Weak-strong invariance 7.318 13 0.000 1.000 1.000 0 0 0.000 1

Strict invariance 8.777 18 0.000 1.000 1.000 0 0 0.000 2

Latent variance invariance 9.209 19 0.000 1.000 1.000 0 0 0.000 3

Latent mean invariance 12.179 20 0.000 1.000 1.000 0 0 0.000 4

Table 10 Goodness-of-fit statistics for the models of the behaviors to perform after the flood

Models χ2 df RMSEA CFI TLI ΔRMSEA ΔCFI ΔTLI Compared Model

Single-group models

2015 sample 44.450 35 0.026 0.991 0.988

2019 sample 44.817 35 0.040 0.982 0.977

Multiple-group measurement models

Configural invariance 125,657 73 0.050 0.966 0.959 – – – –

Weak-strong invariance 121,576 81 0.042 0.974 0.971 −0.008 0.008 0.012 1

Strict invariance 136,668 91 0.042 0.971 0.971 0 −0.003 0 2

Latent variance invariance 132,845 92 0.040 0.974 0.975 −0.002 0.003 0.004 3

Latent mean invariance 160,498 93 0.051 0.957 0.958 0.011 −0.017 −0.017 4
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evacuation and the weak, strong, strict, and latent vari-
ance invariance of the index of post-flood adaptation,
but not its latent mean invariance (see Tables 9 and 10
and Fig. 4).
A notable decrease in the levels of behavior adoption

during a flood requiring an evacuation was observed be-
tween 2015 and 2019 in the ANOVA-like latent mean
comparison, but was not statistically significant (devi-
ation = − 0.42, p = 0.09). Conversely, in accordance with
the lack of latent mean invariance, the results showed

that the participants surveyed in 2019 reported higher
levels of adoption of post-flood behaviors than the par-
ticipants surveyed in 2015 (deviation = 0.34, p = 0.002).
The proportion of participants who adopted the rec-

ommended behaviors during a flood requiring an evacu-
ation varied between 60 and 90% for four out of five
behaviors: lock the doors, tell your loved ones where you
can be easily reached, wait for the authorities’ permis-
sion before returning home, and use the route indicated
by the authorities to evacuate the neighborhood.

Fig. 1 Proportion of respondents who adopted the recommended pre-alert preventive behaviors

Fig. 2 Proportion of respondents who adopted the recommended behaviors at the time of the alert
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However, a small percentage of them (i.e., around 30%)
reported bringing their emergency kit, including their
medication, during the evacuation.
For nine of the 10 post-flood behaviors, the propor-

tion of respondents adopting them was quite low:
between 16 and 54% in 2015 and between 20 and 61%
in 2019 (see Fig. 5 for the means of each behaviors).
The least adopted (by less than 35% of the participants)
were: sterilize all kitchen items contaminated by the
flood water, update your emergency kit, attend citizens’
meetings concerning the flood, replace the refrigerator

insulation if it is wet or replace the appliance, and
check if mold has developed. The index of adaptation
during a flood requiring an evacuation presented an ac-
ceptable reliability (ω = 0.679; slightly below the 70
threshold). The post-flood index also presented a good
reliability (ω = 0.848). Detailed results for each index re-
garding the standardized loadings and uniquenesses are
available in the Supplemental Materials.
In sum, even though the Quebec media extensively

covered the 2017 and 2019 floods over many weeks, the
rates of adaptive behavior did not substantially change.

Fig. 3 Proportion of respondents who adopted the recommended behaviors during a flood not requiring evacuation

Fig. 4 Proportion of respondents who adopted the recommended behaviors during a flood requiring evacuation
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Thus, as a measure of control, we performed analyses of
covariance (ANCOVAs) to verify if this non-difference
in adaptive behavior between 2015 and 2019 (for four of
the five indices) was due or not to the effect of the re-
spondents’ property status (i.e., more newcomers in
2019 than in 2015). Results from the ANCOVAs showed
that there was no significant difference between the
adaptive behaviors of the 2015 and 2019 samples after
controlling for property status, except for the adaptive
behaviors related to the post-flood index, which supports
our latent means results (all p-values > .05 except for
the post-flood index): F(1, 2037) = 0.14 for the pre-flood
index; F(1, 537) = 3.85 for the alert index; F(1, 719) =
2.58 for the flooding with evacuation index; F(1, 179) =
1.51for the flooding without evacuation index; F(1,
485) = 10.54 for the post-flood index.

Knowing that they lived in an at-risk area
In 2015 and 2019, the proportions of respondents who
knew that they lived in a flood-prone area were 24.34
and 34.76%, respectively. Results from the z-test showed
that this difference was statistically significant (z = −
3.49, p < 0.0001) but negligible according to the effect
size analysis (Cohen’s h = 0.18).
We also performed an analysis of covariance to verify

that the higher percentage of people aware that they live
in flood-prone zones in 2019 as compared to 2015 was
not due to the effect of the respondents’ property status.
The ANCOVA results showed that there was still a sig-
nificant difference after controlling for property status:
F(1, 2143) = 10.66, p = .001.

Prevalence of health problems
The prevalence of physical problems reported by the
participants having been previously flooded was 14.67%
in the 2015 survey and 24.95% in the 2019 survey (i.e.,
the proportion of respondents who reported that their
physical health was moderately or very much affected by
the flood on a 4-point Likert scale). Results showed also
that the prevalence of the mental health and well-being
problems reported by these participants was 17.32% in
2015 and 31.69% in 2019. Results from the z-test showed
that these differences were statistically significant (phys-
ical problem: z = − 3.90, p < 0.0001; mental health prob-
lem: z = − 4.92, p < 0.0001), but small according to the
effect size analysis (Cohen’s h = 0.26 and 0.34).
Among the respondents who reported physical prob-

lems, 44.18% reported consulting a health professional
in 2015 compared with 48.65% in 2019. Among the re-
spondents who reported mental health problems, these
percentages were 25.51 and 35.40%. Results from the z-
tests showed that these differences were not statistically
significant (physical problem: z = − 0.48, p = 0.317; men-
tal health problem: z = − 1.44, p = 0.075), but there was a
small effect size for the mental health problems (Cohen’s
h = 0.09 and 0.22).

Discussion
When we created the five flood adaptation indices in
2015, there was, to our knowledge, no surveillance of cit-
izens’ flood adaptation behaviors in Quebec. Because
flooding is the most common and destructive natural
disaster in Canada [7], it was important to create a valid

Fig. 5 Proportion of respondents who adopted the recommended post-flood behaviors
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tool to better monitor how well the at-risk population
adopt measures promoted by authorities. This was
achieved in 2015, but at that time we could not verify
the measurement invariance of the indices over time,
since making such an analysis requires two measure-
ments over time. In fact, unless indices measure the
same construct and operate in the same manner over
time for different samples, they may not be valid for
monitoring the evolution of individuals’ behaviors over
time at the population level. Our results demonstrated
the measurement invariance of each of the five indices
across two samples of participants from Quebec,
Canada. This means that the results obtained from our
follow-up study are not due to measurement error and
can be reliably compared over time. Thus, it appears that
all five adaptive behavior indices are appropriate for the
culture and climate of Quebec, making them suitable
tools for monitoring changes in flood adaptation in the
province. A next step would be to verify the extent to
which these desirable psychometric properties generalize
to other regions, province, or countries.
Whereas monitoring will require the same survey to

be conducted more than twice over time, we can already
conclude that Quebeckers’ flood adaptation behaviors
did not change substantially between 2015 and 2019. In-
deed, our results indicated that, overall, they scored
similarly in 2015 and 2019 for four out of the five flood
adaptation indices. While some small changes between
specific behaviors from each index were observed, a
comparison of the adaptation scores showed that adap-
tation had not improved considerably in those 4 years.
Adoption of post-flooding adaptive behaviors had chan-
ged noticeably since 2015, with most of the behaviors in
the post-flood adaptation index being adopted more fre-
quently. For instance, there had been a large increase, of
24.7%, in the frequency of people attending citizens’
meetings concerning the flood they had experienced.
Though no mass awareness campaign had been con-

ducted during the period of 2015–2020, the spring
floods of 2017 and 2019 were widely covered by Quebec
media and affected thousands of homes [9, 26, 53–55].
Considering that the second survey took place after
these widely mediatized events, we could have expected
them to influence the rates of adaptive behavior adop-
tion by enhancing Quebeckers’ knowledge of flood risks.
Yet, adaptation rates remained similar for most indices.
Moreover, despite the widely publicized floods of 2017
and 2019 [9, 53], the percentage of at-risk population
who did not know they lived in a flood-prone area had
increased since 2015. Indeed, whereas 26.3% of the at-
risk population did not know that they lived in a flood-
prone area in 2015, 34.8% did not know it in 2020.
While this difference is negligible (i.e., small effect size),
it highlights a growing issue specific to the context of

flood maps in the Province of Quebec, which are often
outdated, difficult to access and hard to understand for
nonexperts [56–58]. In fact, these results show that it is
imperative that citizens be better informed of the exist-
ence of interactive maps identifying areas at risk and also
that guides be elaborated by local authorities to help the
general population use these maps, as they are not that
trivial to interpret. Results also show that from a flood
awareness education perspective, a better understanding
of the determinants that favor or limit the adoption of
preventive behaviors by citizens (e.g., their beliefs about
the likely positive and negative consequences of per-
forming the behaviors, and their perception of the pres-
ence of factors that facilitate or impede adoption of the
behaviors) is essential. As stated by Ajzen et al. [59],
changing people’s lifestyles and behavioral patterns re-
quires more than simply transmitting information. It is
thus essential for future research to target the source of
decision-making and to identify the specific beliefs that
shape the adoption of adaptive behaviors.
Results presented here are in line with findings show-

ing that floods have a major impact on psychological
and physical well-being [11, 21, 23, 60–62]. A longitu-
dinal study in England showed high psychological mor-
bidity in groups affected by flooding, even 2 to 3 years
after exposure, particularly when it comes to depression
and anxiety [63–65]. While our study design did not
have a control group with which to compare, respon-
dents who had experienced a flood reported high rates
of physical and mental health issues. In fact, there had
been a noticeable increase in reported health issues since
2015, as self-reported physical or mental health impacts
from flooding rose from 22.9% in 2015 to 40.7% in 2020.
These issues ranged from depression, PTSD, anxiety,
and sleep difficulties, to exhaustion, headaches, body
pain, illnesses, or respiratory and heart problems. More-
over, this increase in reported health issues was accom-
panied by an increase in the proportion of people having
consulted a health professional (e.g., doctor, psycholo-
gist) because of flood-related mental or physical health
problems: 50.7% of respondents reported consulting a
health professional in 2015, versus 59.2% in 2020. The
increase in reported health impacts of flooding and con-
sultation of health professionals since 2015 is hard to ex-
plain and may be due to differences in the severity of the
floods experienced by respondents in the 2020 survey, as
health impacts are highly specific to particular contexts.
Still, while short-term health impacts of flooding are well
understood [11, 13], long-term health effects, such as
PTSD, depression, and anxiety, are not as well docu-
mented. Longitudinal data from England support the
need to provide suitable treatment to flood victims in
order to prevent chronic health issues from developing,
because even over a three-year follow-up period, there
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was persistence of psychological morbidity [65]. While
nearly half (48.7%) of the respondents in the present
study reporting physical health impacts from flooding
consulted a health professional, only 35.4% of those
reporting mental health impacts did so. Both numbers
had increased since 2015, but the discrepancy between
them may indicate a need to improve the availability of
psychological help in order to prevent chronic mental
health issues from developing in this population.
This study presents several limitations that need to be

considered. As for the 2015 study, all the data came
from self-reported measures. Thus, it is possible that
participants overestimated their adoption of certain be-
haviors and that their memory was biased when it came
to questions about the actions they undertook during a
past flood. In addition, measurement invariance of the
indices was validated only for the specific context of the
province of Quebec, Canada. The indices would need to
be validated again in other countries and cultures before
being used in other areas, in order to ensure that the
measurement properties of each index can be general-
ized across different contexts.

Conclusion
Building upon the foundations established by the cre-
ation of the five flood adaptation indices in 2015, this
new study succeeded in demonstrating the measurement
invariance of the five indices across two different sam-
ples of people over time. This substantive methodo-
logical work is important for ensuring the improvement
of climate change adaptation indices and for providing
better measurement of the behavior adoption rates that
will be required to adapt to the dangers posed by our
changing climate. This assessment of Quebeckers’ flood-
related preventive behaviors also showed that, in terms
of overall adaptation, little has changed since 2015, des-
pite the occurrence of widely publicized floods between
the two measurement periods. This finding highlights a
growing need for improved awareness work by health
and government agencies.
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