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A B S T R A C T   

Objectives: To assess the economic and mental health impacts of COVID-19 in the presence of previous exposure 
to flooding events. 
Methods: Starting in April 2018, the Texas Flood Registry (TFR) invited residents to complete an online survey 
regarding their experiences with Hurricane Harvey and subsequent flooding events. Starting in April 2020, 
participants nationwide were invited to complete a brief online survey on their experiences during the pandemic. 
This study includes participants in the TFR (N = 20,754) and the COVID-19 Registry (N = 8568) through October 
2020 (joint N = 2929). 
Logistic regression and generalized estimating equations were used to examine the relationship between expo
sure to flooding events and the economic and mental health impacts of COVID-19. 
Results: Among COVID-19 registrants, 21% experienced moderate to severe anxiety during the pandemic, and 7% 
and 12% of households had difficulty paying rent and bills, respectively. Approximately 17% of Black and 15% of 
Hispanic households had difficulty paying rent, compared to 5% of non-Hispanic white households. The odds of 
COVID-19 income loss are 1.20 (1.02, 1.40) times higher for those who previously had storm-related home 
damage compared to those who did not and 3.84 (3.25–4.55) times higher for those who experienced Harvey 
income loss compared to those who did not. For registrants for whom Harvey was a severe impact event, the odds 
of having more severe anxiety during the pandemic are 5.14 (4.02, 6.58) times higher than among registrants for 
whom Harvey was a no meaningful impact event. 
Conclusions: Multiple crises can jointly and cumulatively shape health and wellbeing outcomes. This knowledge 
can help craft emergency preparation and intervention programs.   

1. Introduction 

Climate change has increased the number and severity of extreme 
weather events in the United States and globally. Nationally, the annual 
average of billion-dollar weather and climate events has steadily 
increased from 3.1 events per year in the 1980s to 12.8 events per year in 
the 2010s. In 2021, 20 billion-dollar weather and climate disasters 
affected the United States (NOAA National Centers for Environmental 
Information, 2022). Southeast Texas is especially vulnerable to effects of 

climate change in the form of extreme storms and flooding events. In 
Texas, the number of billion-dollar flood disasters, including inland 
(non-tropical) flooding events, severe storms, and tropical cyclone 
events, increased from a total of 37 events between 1980 and 2009 to 51 
events between 2010 and 2019 (NOAA National Centers for Environ
mental Information, 2022). 

Many studies have linked flooding to adverse economic and health 
impacts (Harville et al., 2011, 2018; Jacobs and Harville, 2015; Lowe 
et al., 2016, 2019). Economic and social stressors that emerge in the 
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aftermath of flooding events, including disaster-related income and 
property loss, and symptoms of stress and anxiety in the short-term 
post-disaster context, may worsen long-term mental health impacts 
(Stephenson et al., 2014; Bonanno et al., 2010; Cerdá et al., 2013; Lowe 
et al., 2013). Individuals affected by repeated flooding may cumulate 
stressors even before they are able to recover from a previous flooding 
event (Stephenson et al., 2014). Low-income and minority populations, 
as well as the elderly and those with pre-existing health conditions, are 
especially vulnerable to cumulating effects (Benevolenza and DeRigne, 
2019). 

In cohorts of US gulf coast residents in Mississippi and Louisiana, 
exposure to at least one hurricane (for example, Hurricane Katrina) led 
to exacerbation of mental health outcomes in a subsequent hurricane or 
disaster like the Deepwater Horizon oil spill (Covert et al., 2020). 
Additionally, residents exposed to both Hurricane Katrina and the 
Deepwater Horizon oil spill tended to experience worse mental and 
physical health outcomes compared to those who experienced just one 
or neither of the disasters. Cumulative or dose response effects in mental 
health were also observed in residents exposed to more than one storm. 
Outside of studies on multiple flood exposures, cumulative health effects 
have also been observed in persons exposed to multiple wildfires and 
persons exposed to traumatic events following the World Trade Center 
attack and collapse (Silveira et al., 2021; Fernandez et al., 2005; Car
amanica et al., 2015). In the Houston Metropolitan Statistical Area, 
increasing frequency of hazard exposure, including exposure to extreme 
weather and explosions and chemical releases at industrial facilities, has 
been associated with declines in mental health (Sansom et al., 2022). 
The economic and mental health impacts of natural disasters also vary 
by duration, severity, and mode of onset (Bonanno et al., 2010; Yamori 
and Goltz, 2021). In a cohort of US Gulf Coast residents exposed to 
multiple disasters, risk of adverse mental health outcomes, including 
stress, anxiety, depression, and post-traumatic stress disorder (PTSD), 
increased with increasing duration and severity of the cumulative 
exposure (Hu et al., 2021). The current literature focuses on the effects 
of repeated exposure to large-scale disasters of sudden onset and short 
duration (identifiable beginning and end) which are characterized by 
acute impacts. Few studies have incorporated gradual-onset disasters 
which are slowly evolving, not constrained by time, and characterized 
by chronic impacts (Yamori and Goltz, 2021; Adepoju et al., 2021; Siegel 
et al., 2003; Schafer et al., 2021). 

The COVID-19 pandemic is an ongoing, long-term disaster. Early 
studies on mental health impacts of the pandemic report increased 
symptoms of anxiety and depressive disorders in the first year and 
increased disruptions in mental health services (Jia et al., 2021; Vah
ratian et al., 2021; World Health Organization, 2022). Women, young 
adults, adults with less than high school education, individuals with 
pre-existing health conditions, and low-income and minority commu
nities were disproportionately impacted (World Health Organization, 
2022; Kearney et al., 2021; Panchal et al., 2021). Leveraging the infra
structure of a community registry launched in Southeast Texas in 
response to Hurricane Harvey during the year 2018, this study aims to 
understand whether previous flood-related stressors, controlling for 
socio-demographic factors, increase susceptibility and vulnerability to 
economic and mental health impacts during the COVID-19 pandemic. 
This investigation concentrates on the registry’s focal geography: 
Southeast Texas. 

2. Materials and methods 

The Texas Flood Registry is the first of its kind registry to track the 
health and housing impacts of a natural disaster (Miranda et al., 2021). 
The TFR is a collaborative project led by Rice University, the Environ
mental Defense Fund, and the University of Notre Dame with input from 
local health and emergency management organizations in Texas. In the 
months after Hurricane Harvey made landfall, the TFR implemented a 
survey to collect health, location, and exposure information from 

residents of Harvey-impacted areas, capturing data on both short- and 
long-term effects of the storm. The underlying technical infrastructure of 
the registry was designed to flexibly adapt to any type of disaster 
allowing for the rapid deployment of surveys related to severe storms 
after Harvey, such as the May 2019 and Tropical Storm Imelda flooding 
events. 

The emergence of COVID-19 presented a call to action to leverage 
technical resources from the TFR to help local health departments in 
their response efforts and interventions related to the global pandemic. 
Using the technical backbone of the TFR, the TFR team deployed the 
COVID-19 Registry, an ongoing data gathering and sharing platform 
designed to track the spread and impact of the COVID-19 pandemic over 
time and across geographies. For the COVID-19 Registry, participants 
completed a brief online survey of their experiences during the 
pandemic, including changes in their health, behavior, and economic 
status. 

2.1. Survey methods 

To deploy surveys, the registry’s technical infrastructure organizes 
individual storms or events as separate modules in the database to allow 
for the easy addition of new modules and multiple surveys in a module. 
Survey respondents are recruited through email and social media mar
keting, media interviews, radio and television ads, community contacts, 
and Public Service Announcements that direct community members to 
the registry website. Prior to COVID-19, participants were also recruited 
using tablets or paper forms at in-person events and community centers, 
particularly to assist in the recruitment of residents who might not have 
access to personal computers or wireless connections. 

New participants are directed to a survey selection page where they 
read explanatory information and consent to participate. They then 
select the weather event about which they would like to answer ques
tions. Based on the participant’s selection, the website populates a core 
survey with key questions on health, location, and exposures as a result 
of the weather event (Disaster Research Response (DR2) Resources 
Portal, 2021). Existing participants who agreed to be re-contacted and 
live in an affected area (determined using the address provided in their 
most recently completed storm survey), receive an email invitation to 
complete the new survey. Multiple surveys completed by a participant 
are linked by a user ID. We built on this infrastructure to deploy the 
COVID-19 Registry one month after the first known case of COVID-19 
was reported in Texas (Texas Department of State Health Services, 
2020). 

The COVID-19 Registry implements a survey designed to supplement 
surveillance data collected by health departments and also captures data 
on the economic and mental health impacts of the pandemic as experi
enced by the general public. It was launched as a national registry on 
April 10, 2020 at registry. rice.edu/covid_19. Recruitment consisted of 
Facebook advertising in the Greater Houston area, TV and radio ads, and 
online referrals (email and social media marketing) from health de
partments and community partners. TFR registrants who agreed to be re- 
contacted also received an email link to complete the survey online. 
After giving informed consent, participants were asked questions 
regarding their experience since January 1, 2020 (the month when the 
first case of COVID-19 was confirmed in the United States) (Holshue 
et al., 2020). The survey consists of four sections: 1) symptoms and 
accessing health care; 2) exposures; 3) behaviors; and 4) economic and 
household impacts (Disaster Research Response (DR2) Resources Portal, 
2022). The first section included questions on baseline health, COVID-19 
related symptoms, and measures of anxiety. The exposures section asked 
questions about contact with confirmed COVID-19 cases and recent 
travel history. The third section (behaviors) focused on participation in 
exposure mitigation behaviors (e.g., masking, physical distancing). The 
fourth section (impacts) covered a variety of economic and household 
experiences such as loss of income. Follow-up surveys were launched in 
June 2020 to track changes in health outcomes, mitigation behaviors, 
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and economic impacts over the duration of the pandemic. Respondents 
received an email every two weeks reminding them of the opportunity to 
complete the follow-up survey. The follow-up survey was configured so 
that respondents could login at any time to update their health or eco
nomic situation. A public summary dashboard is available (http 
s://registry.rice.edu/covid19_dashboard). Data are stored on the 
Kinder Institute Urban Data Platform (https://www.kinderudp.org) 
servers that meet the requirements of the Health Insurance Portability 
and Accountability Act. This work was undertaken under the auspices of 
human subjects research protocols approved by the IRB at Rice Uni
versity. If a researcher wishes to access registry data, they may apply 
through the Urban Data Platform provided they have IRB approval from 
their home institution. 

2.2. Statistical methods 

In this study, we examined the economic and mental health impacts 
of the COVID-19 pandemic in a group of respondents who lived in areas 
affected by Hurricane Harvey (and other flooding events in sensitivity 
analysis) – although they may or may not have personally experienced 
flooding. This analysis used TFR data collected between April 2018 and 
October 2020 and COVID-19 Registry data collected between April 2020 
and October 2020. This analysis was restricted to registrants who lived 
in the impact zone of a major storm in Texas when the storm hit, as 
determined by a federal disaster declaration or local emergency notifi
cation and the address provided in their completed storm survey. The 
study includes 2929 respondents who completed both surveys. Regis
trants with missing responses to questions pertaining to the exposures or 
outcomes of interest or demographic characteristics were excluded from 
any analysis involving that data. 

2.3. Exposures of interest 

In this analysis, explanatory variables used to characterize exposure 
included home flooding, home damage, income loss due to Harvey, and 
the respondent’s stress reaction to Hurricane Harvey. The Texas Flood 
Registry core survey includes questions on registrants’ experiences 
during and after a storm, covering a variety of sections including their 
living environment, their physical and mental health, and an open- 
ended response question. Responses to questions on home flooding, 
home damage, and income loss due to Harvey were dichotomous yes/no 
responses. To measure distress associated with Hurricane Harvey, the 
survey used the Impact of Event Scale, a 15-item self-report question
naire (Horowitz et al., 1979; Joseph, 2000). Respondents were asked 
how often, during the past week, they experienced symptoms of stress 
related to the storm event. Participants answered the questions using a 
4-point frequency scale, ranging from 0 (Not at all) to 4 (Often). A total 
IES score was calculated using the sum of all items and categorized to 
represent increasing severity of impact, with cutoff points of 0–8 (No 
meaningful impact), 9–25 (Impact event), 26–43 (Powerful impact event), 
and 44–75 (Severe impact event). 

2.4. Outcomes of interest 

Outcomes of interest in this analysis included household income loss 
due to COVID-19, anxiety severity, and economic difficulties experi
enced due to the COVID-19 pandemic. Registrants were asked to indi
cate whether they or any member of their household lost incomes as a 
consequence of the COVID-19 pandemic using the answer choices 1) 
Yes, I have, 2) Yes, a member of my household has, 3) Yes, I have and a 
member of my household has, and 4) No. Household income loss was 
recoded as a dichotomous yes/no variable. 

Anxiety severity was calculated from the Generalized Anxiety Dis
order Scale (GAD-7). The GAD-7 is a 7-item self-report questionnaire 
(Lowe et al., 2008). Respondents were asked how often, during the last 2 
weeks, they were bothered by symptoms of generalized anxiety disorder. 

Participants answered the questions using a 4-point scale, ranging from 
0 (Not at all) to 4 (Nearly every day). A total GAD-7 score was calculated 
using the sum of all items, with scores of ≥5, ≥10, and ≥15 representing 
mild, moderate, and severe anxiety, respectively. The GAD-7 is clinically 
validated (Lowe et al., 2008). A cut point of 10 is consistent with GAD 
diagnoses made by mental health professionals using DSM-IV criteria 
(Spitzer et al., 2006). 

Economic difficulties due to COVID-19 were captured using a check- 
all-that-apply question format with nine items or answer choices 
(Fig. 1). 

In the raw data, each item was formatted as a separate dichotomous 
variable. For registrants who selected at least one item, the selected 
items were coded as 1, and the unselected items were coded as 0. All 
variables were coded as missing if the registrant did not select any item. 

2.5. Statistical models 

Summary statistics were calculated for variables of interest. The 
relationship between COVID-19 income loss and exposure to Hurricane 
Harvey was examined using binomial logistic regression, while ordinal 
logistic regression was used to model anxiety severity. For the model 

log(
π

1 − π)= α + βExposure + βAge + βEducation + βGender + βRace/ethnicity (1) 

π denotes the probability of reporting COVID-19 income loss or 
higher anxiety severity. Thus, π

1− π is the odds and log( π
1− π) the log odds 

ratio. All models were adjusted for individual-level age, education level, 
gender, and race/ethnicity (1). Modeling anxiety severity provided an 
opportunity to examine the potential cumulative effects of Hurricane 
Harvey and COVID-19, particularly the economic fallout, on mental 
health. In addition to fitting single exposure models for each Hurricane 
Harvey exposure, a single exposure model was fit with COVID-19 in
come loss as a predictor variable. Double exposure models were also 
constructed for each Harvey exposure with COVID-19 income loss. 

For responses to the check-all-that-apply question on COVID-19 
economic difficulties, generalized estimating equations (GEE) with 
logit link function, as suggested by Agresti and Liu, were used to 
examine the relationship between COVID-19 economic outcomes and 
experiences during Harvey (Agresti and Liu, 1999, 2001). An unstruc
tured covariance structure was specified at the individual level to esti
mate the within-subject dependence among responses. For a respondent 
with exposure i, let πj|i denote the probability of responding “yes” on the 
jth item where i = 1, 0 and j = 1–8 (2). 

log(
πj|i

1 − πj|i
)=α + βExposure

i + βItem
j + βExposure × Item

ij + βAge + βEducation + βGender

+ βRace/ethnicity

(2) 

This model permits different marginal probabilities for each combi
nation of item j and i. Effects are constant across levels of demographic 
variables. This model includes an item indicator variable with a category 
for each answer choice to the check-all-that-apply question (Fig. 1). The 
item ‘recently evicted, currently housing insecure, or currently home
less’ was combined with ‘Other’ due to a small number of responses. 
‘Difficulty paying rent’ was set as the reference category. Therefore, the 
model provides information on the probability that an item is selected 
more or less commonly than “difficulty paying rent.” The addition of an 
exposure of interest to the model provided information on how that 
exposure influences the probability that any economic difficulty is 
selected (or the response is 1). GEEs were fit with an interaction term 
between exposures of interest and the item indicator variable to deter
mine the effect of each exposure on the selection of each economic 
difficulties item. QIC was used to assess goodness of fit for the GEEs. In a 
nested model comparison, model (2) had the lowest QIC. 

Separate models were fit for each combination of COVID-19 outcome 
and storm-related exposure. As a result of data sparseness, models were 
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not developed to examine the relationship between economic difficulties 
and distress related to Hurricane Harvey. All models were adjusted for 
individual-level age, education level, gender, and race/ethnicity. 
Although impacts of COVID-19 vary geographically, an exploratory 
analysis showed that adding a random intercept at the county level or 
fixed effects for county did not improve model fit, and the variance 
between counties in the data was found to be near zero. Odds ratios were 
generated from these models and are presented with 95% confidence 
intervals. 

2.6. Sensitivity analysis 

In addition to Hurricane Harvey, we collected data on exposures and 
impacts of the May 2019 storms, the first severe storms to impact the 
Greater Houston area after Hurricane Harvey, and Tropical Storm 
Imelda. All storm surveys in the Texas Flood Registry include yes-no 
questions on home flooding and income loss. Leveraging data avail
able from all three storm surveys, we performed a sensitivity analysis to 
examine the relationship between COVID-19 related outcomes and 
exposure to any storm. The sensitivity analysis includes 2964 re
spondents who completed the core COVID-19 survey and at least one 
storm survey. We reran the logistic regression models and GEEs for 
COVID-19 related income loss, anxiety severity, and economic diffi
culties using home flooding and income loss due to any storm as 
explanatory variables for COVID-19 outcomes. Home flooding was 
defined as responding “yes” at least once across the three storm surveys. 
Income loss was similarly defined. 

All analyses were conducted in SAS. The analysis code is available 
upon request. Follow-up data were not included as part of this study but 
can be found summarized on the public dashboard and on the Kinder 
Institute Urban Data Platform (https://www.kinderudp.org) servers. 

3. Results 

As of October 1, 2020, a total of 20,754 registrants have enrolled in 
the Texas Flood Registry and 8568 registrants have enrolled in the 
COVID-19 Registry. 

Of the 20,754 registrants of the Texas Flood Registry, 15,093 are 
non-Hispanic white (72.7%), 3045 are Hispanic (14.7%), and 1662 are 
non-Hispanic Black (8.0%). TFR registrants are predominantly female 
(77.9%), which is common in voluntary registries. Age is relatively 
evenly distributed: 5914 (28.5%) registrants are 40 years older or 
younger, 9290 (44.8%) between 41 and 60 years old, and 5463 (26.3%) 
are 61 years or older. 

Of the 8568 COVID-19 registrants, 6643 (77.5%) are non-Hispanic 

white, 1053 (12.3%) are Hispanic, and 388 (4.5%) are non-Hispanic 
Black. COVID-19 registrants are also predominantly female (75.1%). 
Age distribution is spread out evenly: 1862 registrants (21.6%) are 40 
years old or younger, 5204 (39.0%) are between 41 and 60 years old, 
and 3364 (39.3%) are 61 years or older. Results from the GAD-7 items 
indicated 21% of registrants experienced moderate to severe anxiety. 

Economically, 569 (7%) and 1040 (12%) of all COVID-19 registrants 
say their household has had difficulty paying rent or bills due to COVID- 
19, respectively. Broken down by race (Table 1), approximately 17% of 
Black households and 15% of Hispanic households say they have diffi
culty paying their rent, compared to 5% of non-Hispanic white house
holds. Similarly, 28% of Black households and 23% of Hispanic 
households say they are having difficulty paying bills, compared to 9% 
of non-Hispanic white households. 

A total of 2929 respondents completed both the Hurricane Harvey 
and COVID-19 core surveys. Compared to respondents in the COVID-19 
Registry as a whole, respondents completing both surveys were more 
likely to be non-Hispanic white (81.8%) and between 41 and 60 years 
old (42.9%). 75.9% of respondents completing both surveys were fe
male, which is comparable to the overall gender distribution of the 

Fig. 1. COVID-19 Registry question on economic difficulties due to the pandemic.  

Table 1 
Select economic impacts by race/ethnicity of COVID-19 registrants: April 10, 
2020 – October 1, 2020.   

Registry N 
(%) 

Non-Hispanic 
White N (%) 

Non-Hispanic 
Black N (%) 

Hispanic N 
(%) 

Total Population 8568 6643 388 1053 
Economic Impact     
Difficulty paying 

rent 
569 (7) 312 (5) 67 (17) 157 (15) 

Difficulty paying 
bills 

1040 (12) 628 (9) 108 (28) 238 (23) 

Difficulty finding 
food 

1524 (18) 1132 (17) 85 (22) 210 (20) 

Difficulty getting 
prescriptions 
filled 

535 (6) 407 (6) 34 (9) 64 (6) 

Increased 
household 
expenses 

2101 (25) 1438 (22) 152 (39) 379 (36) 

Increased medical 
expenses 

409 (5) 283 (4) 28 (7) 71 (7) 

No transportation 137 (2) 85 (1) 17 (4) 27 (3) 
Lost health 

insurance 
120 (1) 73 (1) 14 (4) 26 (2) 

Difficulty buying 
household 
supplies 

2335 (27) 1742 (26) 143 (37) 320 (30) 

Other 345 (4) 265 (4) 10 (3) 48 (5)  
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COVID-19 Registry. Among joint respondents, 1182 (40.4%) reported 
home flooding due to Harvey, 1525 (54.1%) reported home damage, 
and 1037 (35.4%) reported income loss due to Harvey. Responses to the 
Impact of Event Scale questionnaire indicate that for 441 (18.3%) re
spondents, Hurricane Harvey was a severe impact event. 

Results of the binomial logistic regression predicting household in
come loss due to COVID-19 are shown in Table 2. 

In models adjusted for age, education level, gender, and race/ 
ethnicity, home damage and income loss due to Harvey are significant 
predictors of COVID-19 income loss but not home flooding due to Har
vey (OR 1.10 (0.94–1.28), p = 0.25). The odds of COVID-19 income loss 
are 1.20 (1.02, 1.40) for those who had home damage due to Harvey 
compared to those who did not. The effect size is greater for income loss 
due to Harvey. The odds of COVID-19 income loss are 3.84 (3.25, 4.55) 
for those who lost income due to Harvey compared to those who did not. 
An increasing probability of COVID-19 income loss is also observed with 
increasing severity of distress or stress reaction related to Hurricane 
Harvey. For registrants for whom Harvey was a severe impact event, the 
odds of COVID-19 income loss are 1.78 (1.38, 2.30) times higher than 
among registrants for whom Harvey was a no meaningful impact event. 
In the models with home flooding and damage due to Harvey as the 
exposures of interest, respondents who were non-white, younger or had 
lower educational attainment had significantly greater odds of COVID- 
19 income loss. The effects of age and education level were sustained 
in the model with Harvey-related distress as the exposure of interest but 
not in the model with income loss due to Harvey, where only the effect of 
age was significant. 

The results of the ordinal logistic regression showing the odds of 
higher severity of anxiety show a similar trend (Table 3). 

In models adjusted for age, education level, gender, and race/ 
ethnicity, home damage and income loss due to Harvey are significant 
predictors of having more severe anxiety related to COVID-19. The odds 
of having higher anxiety related to COVID-19 is 1.22 (1.05, 1.41) for 
respondents who had home damage compared to those who did not. The 
odds of higher anxiety are 1.60 (1.37, 1.87) times greater for those who 
lost income due to Harvey compared to those who did not. Additionally, 
the odds of having higher anxiety increases in a dose response manner as 
severity of stress reaction to Harvey increases. For registrants for whom 
Harvey was a severe impact event, the odds of having more severe 
anxiety are 5.14 (4.02, 6.58) times higher than among registrants for 
whom Harvey was a no meaningful impact event. This effect is also 
observed when comparing respondents whose homes flooded to those 
who did not and trends toward significance (OR 1.15 (0.99, 1.33), p =
0.07). The significant effects observed in the single exposure models 
were sustained when COVID-19 income loss was added as a confounder 
(Table 3). When the effect of COVID-19 income loss on anxiety severity 
is examined alone, the odds of having higher anxiety are 1.73 (1.49, 
2.01). In the double exposure models, COVID-19 income loss continues 
to be a significant predictor. The effect size of COVID-19 income loss 
decreases when added to models for Harvey-related income loss and 
distress but remains stable when added to models for home flooding and 
damage due to Harvey. These results suggest a cumulative effect of more 
severe anxiety in the doubly exposed group. Lower educational attain
ment is a significant predictor of higher anxiety severity in the single 
exposure models for home flooding and damage due to Harvey but not in 
the other models. In all single and double exposure models, both male 
gender and older age have a significant protective effect on the odds of 
experiencing anxiety severity. 

The results of the GEE analysis show a significant positive effect for 
Harvey-related impacts (Table 4). 

Home flooding, home damage, and income loss due to Harvey in
crease the odds that difficulty paying rent due to the COVID-19 
pandemic is reported. Furthermore, interaction terms were significant 
for home flooding, home damage, and income loss due to Harvey, sug
gesting Harvey-related impacts differentially influence the probability 
that a specific economic difficulty due to the COVID-19 pandemic is 

Table 2 
COVID-19 income loss by Hurricane Harvey exposure.  

Exposure model OR (95% CI) p-value 

Flooding due to Harvey (N ¼ 2897)   
Home flooded 1.10 (0.94, 1.28) 0.2515 
Home not flooded Ref  
Gender   
Male 0.95 (0.79, 1.14) 0.5777 
Female Ref  
Race/ethnicity   
Non-Hispanic Other 1.72 (1.02, 2.93) 0.0097 
Non-Hispanic Asian 1.40 (0.80, 2.46)  
Hispanic 1.38 (1.06, 1.80)  
Non-Hispanic Black 1.44 (1.01, 2.05)  
Non-Hispanic White Ref  
Education group   
High school graduate or less 1.66 (1.21, 2.28) <.0001 
Some college or associates 1.44 (1.22, 1.71)  
Bachelors or higher Ref  
Age group   
61+ 0.49 (0.40, 0.61) <.0001 
41–60 0.97 (0.79, 1.20)  
18–40 Ref     

Damage due to Harvey (N = 2790)   
Home damaged 1.20 (1.02, 1.40) 0.0260 
Home not damaged Ref  
Gender   
Male 0.95 (0.79, 1.14) 0.5587 
Female Ref  
Race/ethnicity   
Non-Hispanic Other 1.83 (1.06, 3.15) 0.0097 
Non-Hispanic Asian 1.34 (0.75, 2.39)  
Hispanic 1.39 (1.07, 1.81)  
Non-Hispanic Black 1.43 (0.99, 2.06)  
Non-Hispanic White Ref  
Education group   
High school graduate or less 1.63 (1.18, 2.24) <.0001 
Some college or associates 1.42 (1.19, 1.69)  
Bachelors or higher Ref  
Age group   
61+ 0.48 (0.38, 0.59) <.0001 
41–60 0.96 (0.77, 1.19)  
18–40 Ref     

Income loss due to Harvey (N = 2897)   
Income lost 3.84 (3.25, 4.55) <.0001 
No income lost Ref  
Gender   
Male 1.06 (0.87, 1.27) 0.5723 
Female Ref  
Race/ethnicity   
Non-Hispanic Other 1.48 (0.85, 2.57) 0.3878 
Non-Hispanic Asian 1.28 (0.71, 2.31)  
Hispanic 1.17 (0.88, 1.54)  
Non-Hispanic Black 1.20 (0.83, 1.74)  
Non-Hispanic White Ref  
Education group   
High school graduate or less 1.29 (0.92, 1.80) 0.1207 
Some college or associates 1.17 (0.97, 1.40)  
Bachelors or higher Ref  
Age group   
61+ 0.55 (0.43, 0.69) <.0001 
41–60 0.95 (0.76, 1.18)  
18–40 Ref     

Impact of Event Scale (N = 2391)   
Severe Impact Event 1.78 (1.38, 2.30) <.0001 
Powerful Impact Event 1.37 (1.09, 1.73)  
Impact Event 1.09 (0.87, 1.36)  
No Meaningful Impact Ref  
Gender   
Male 1.02 (0.83, 1.25) 0.8650 
Female Ref  
Race/ethnicity   
Non-Hispanic Other 1.79 (0.98, 3.28) 0.1417 
Non-Hispanic Asian 1.13 (0.60, 2.12)  
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selected (p < 0.001). In models adjusting for age, education level, 
gender and race/ethnicity, the odds of difficulty paying rent due to the 
COVID-19 pandemic are 2.04 (1.52, 2.73) times greater for respondents 
who experienced home flooding compared to those who did not. Among 
respondents who did not experience home flooding due to Harvey, the 
odds of reporting difficulty filling prescriptions (OR 1.54 (1.16, 2.04)), 
difficulty finding food (OR 6.02 (4.68, 7.75)), difficulty paying bills (OR 
2.52 (2.07, 3.07)), and increased household expenses (OR 9.46 (7.34, 
12.20)) in comparison to difficulty paying rent were significantly 
greater. Among respondents who experienced home flooding, odds of 
reporting difficulty finding food (OR 2.63 (1.44, 4.80)), difficulty paying 
bills (OR 2.33 (1.47, 3.67)), and increased household expenses (OR 4.84 
(2.64, 8.87)) in comparison to difficulty paying rent remained signifi
cantly greater but with smaller effect size. The odds of reporting diffi
culty filling prescriptions (OR 0.67 (0.34, 1.34)), increased medical 
expenses (OR 0.54 (0.26, 1.10)), and other economic difficulties (OR 
0.48 (0.22, 1.05)) in comparison to difficulty paying rent were lower but 
not significantly different. The odds of reporting no transportation in 
comparison to difficulty paying rent remained significantly lower (OR 
0.20 (0.07, 0.55)). 

Similarly, the odds of difficulty paying rent due to the pandemic are 
2.12 (1.53, 2.93) times greater for respondents who had home damage 
compared to those who did not. Among respondents who did not 
experience home damage due to Harvey, the odds of reporting difficulty 
filling prescriptions (OR 1.54 (1.08, 2.20)), difficulty finding food (OR 
6.59 (4.80, 9.06)), difficulty pay bills (OR 2.54 (1.99, 3.24)), and 
increased household expenses (OR 9.81 (7.12, 13.50)) in comparison to 
difficulty paying rent were significantly greater. Additionally, there was 
no significant difference in the odds of reporting increased medical ex
penses (OR 0.92 (0.63, 1.36)) and other economic difficulties (OR 1.00 
(0.66, 1.52)) in comparison to difficulty paying rent. The odds of 
reporting no transportation in comparison to difficulty paying rent were 
0.23 (0.07, 0.78) times lower. Among respondents who experienced 
home damage, odds of difficulty finding food (OR 3.03 (1.51, 6.10)), 
difficulty paying bills (OR (2.32 (1.36, 3.94)), and increased household 
expenses (OR 5.53 (2.73, 11.18)) remained significantly greater but 
with smaller effect size. The odds of reporting difficulty filling pre
scriptions (OR 0.81 (0.37, 1.77)), increased medical expenses (OR 0.63 
(0.27, 1.48)), and other economic difficulties (OR 0.56 (0.22, 1.39)) in 
comparison to difficulty paying rent were lower but not significantly 
different. The odds of reporting no transportation in comparison to 
difficulty paying rent remained significantly lower (OR 0.23 (0.07, 
0.78)). 

The odds of experiencing difficulty paying rent due to the COVID-19 
pandemic are more than five times greater (OR 5.72 (3.99, 8.21)) for 
those who lost income to due Harvey compared to those who did not. 
Among respondents who did not experience income loss due to Harvey, 
respondents were significantly more likely to report difficulty filling 
prescriptions (OR 2.93 (2.01, 4.26)), difficulty finding food (OR 11.31 
(8.06, 15.87)), difficulty pay bills (OR 3.28 (2.45, 4.38)), increased 
household expenses (OR 16.73 (11.95, 23.43)), and other economic 
difficulties (2.41 (1.65, 3.52)) in comparison to difficulty paying rent. 

Table 2 (continued ) 

Exposure model OR (95% CI) p-value 

Hispanic 1.32 (0.99, 1.76)  
Non-Hispanic Black 1.15 (0.77, 1.71)  
Non-Hispanic White Ref  
Education group   
High school graduate or less 1.49 (1.05, 2.10) 0.0004 
Some college or associates 1.43 (1.18, 1.73)  
Bachelors or higher Ref  
Age group   
61+ 0.47 (0.37, 0.60) <.0001 
41–60 0.97 (0.77, 1.22)  
18–40 Ref   

Table 3 
Odds of higher anxiety severity during the COVID-19 pandemic by Hurricane 
Harvey exposure.  

Exposure model Single 
exposure  

Double 
exposure  

OR (95% CI) p-value OR (95% CI) p-value 

Flooding due to Harvey 
(N ¼ 2760)     

Home flooded 1.15 (0.99, 
1.33) 

0.0662 1.14 (0.98, 
1.32) 

0.0812 

Home not flooded Ref  Ref  
COVID-19 income loss 
Income lost – – 1.72 (1.49, 

2.00) 
<.0001 

No income lost –  Ref  
Gender     
Male 0.45 (0.38, 

0.54) 
<.0001 0.45 (0.38, 

0.54) 
<.0001 

Female Ref  Ref  
Race/ethnicity     
Non-Hispanic Other 1.13 (0.69, 

1.85) 
0.8988 1.06 (0.65, 

1.75) 
0.8310 

Non-Hispanic Asian 0.87 (0.51, 
1.48)  

0.84 (0.49, 
1.43)  

Hispanic 1.02 (0.80, 
1.31)  

0.98 (0.76, 
1.25)  

Non-Hispanic Black 0.88 (0.63, 
1.24)  

0.84 (0.60, 
1.18)  

Non-Hispanic White Ref  Ref  
Education group     
High school graduate or 

less 
1.28 (0.96, 
1.72) 

0.0411 1.21 (0.90, 
1.63) 

0.1728 

Some college or associates 1.20 (1.02, 
1.42)  

1.14 (0.97, 
1.35)  

Bachelors or higher Ref  Ref  
Age group     
61+ 0.29 (0.23, 

0.35) 
<.0001 0.31 (0.25, 

0.38) 
<.0001 

41-60 0.68 (0.56, 
0.82)  

0.67 (0.55, 
0.81)  

18-40 Ref  Ref   

Damage due to Harvey (N = 2660) 
Home damaged 1.22 (1.05, 

1.41) 
0.0098 1.20 (1.03, 

1.39) 
0.0188 

Home not damaged Ref  Ref  
COVID-19 income loss     
Income lost – – 1.66 (1.43, 

1.93) 
<.0001 

No income lost –  Ref  
Gender     
Male 0.45 (0.38, 

0.55) 
<.0001 0.46 (0.38, 

0.55) 
<.0001 

Female Ref  Ref  
Race/ethnicity     
Non-Hispanic Other 1.12 (0.67, 

1.85) 
0.9569 1.05 (0.63, 

1.74) 
0.9493 

Non-Hispanic Asian 0.91 (0.53, 
1.58)  

0.89 (0.51, 
1.54)  

Hispanic 1.05 (0.82, 
1.34)  

1.00 (0.78, 
1.28)  

Non-Hispanic Black 0.93 (0.65, 
1.31)  

0.88 (0.62, 
1.25)  

Non-Hispanic White Ref  Ref  
Education group     
High school graduate or 

less 
1.26 (0.94, 
1.69) 

0.0447 1.20 (0.89, 
1.61) 

0.1591 

Some college or associates 1.21 (1.02, 
1.43)  

1.16 (0.98, 
1.37)  

Bachelors or higher Ref  Ref  
Age group     
61+ 0.29 (0.23, 

0.36) 
<.0001 0.31 (0.25, 

0.38) 
<.0001 

41-60 0.67 (0.55, 
0.82)  

0.66 (0.54, 
0.81)  

18-40 Ref  Ref   
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The odds of reporting increased medical expenses in comparison to 
difficulty paying rent were greater but not significant (OR 1.40 (0.93, 
2.11)). The odds of reporting no transportation in comparison to diffi
culty paying rent were 0.45 (0.26, 0.79) times lower. Among re
spondents who experienced income loss, odds of difficulty finding food 
(OR 2.18 (1.04, 4.58)), difficulty paying bills (OR (2.31 (1.25, 4.29)), 
and increased household expenses (OR 4.22 (2.01, 8.88)) in comparison 
to difficulty paying rent remained significantly greater but with smaller 
effect size. The odds of reporting difficulty filling prescriptions (OR 0.55 
(0.24, 1.26)) and increased medical expenses (OR 0.54 (0.22, 1.33)) in 
comparison to difficulty paying rent were lower but not significantly 
different. The odds of reporting no transportation (OR 0.18 (0.05, 0.60)) 
and other economic difficulties (OR 0.30 (0.12, 0.72)) in comparison to 
difficulty paying rent were significantly lower. Across all models, non- 
white respondents and respondents who had lower educational attain
ment had increased odds of reporting any economic difficulty. Older age 
had a significant protective effect on the odds of reporting any economic 
difficulty. 

For the sensitivity analysis, a total of 2964 respondents completed 
the core COVID-19 survey and at least one storm survey. Results show 
the odds of COVID-19 income loss are 1.11 (0.95, 1.30) times higher for 
those who experienced home flooding due to any storm (p = 0.18) 
(Supplementary Table 1). In comparison to the effect of home flooding 
due to Harvey alone (p = 0.25), the effect trends more towards signifi
cance. When examining the relationship between COVID-19 income loss 
and income loss due to any storm, adding data from the other storms 
maintained the effects observed when looking at Harvey alone. The odds 
of COVID-19 income loss are 3.92 (3.32, 4.63) times higher for income 
loss due to any storm compared to no income loss for any storm. Home 
flooding and income loss due to any storm also increase the odds of 
reporting economic difficulties due to COVID-19 (Supplementary 
Table 2). These results are comparable to the effects observed for home 
flooding and income loss due to Harvey. Similarly, home flooding and 
income loss due to any storm are significant predictors of having more 
severe anxiety. In models examining the cumulative effect of exposure to 
any storm and COVID-19 income loss on mental health during the 
pandemic, home flooding and income loss due to any storm were sig
nificant predictors of more severe anxiety (Supplementary Table 3), as 
was COVID-19 income loss. 

4. Discussion 

As a result of climate change, the United States has experienced more 
flooding events in recent years (NOAA National Centers for Environ
mental Information, 2022). Previous studies have shown that repeated 
disaster exposure reduces resilience to future events (Bonanno et al., 
2010). This effect is often mediated by economic and social factors that 
intensify and prolong the impacts on individuals and communities 
(Stephenson et al., 2014). These studies, however, typically focus on the 
effects of repeated exposure to large-scale disasters of short duration. 
This investigation is the first of its kind to examine how stressors related 
to a large-scale, short-duration disaster influence economic and mental 
health outcomes in an evolving, long-term disaster. This study found 
that previous flood-related economic and mental health stressors influ
ence COVID-19 outcomes more than acute impacts like home flooding 
and damage. Additionally, COVID-19 income loss and previous 
flood-related stressors cumulatively affect anxiety severity during the 
pandemic. 

Results of the analysis examining economic and mental health out
comes in the group of respondents exposed to Hurricane Harvey are 
consistent with previous research on the compounding effects of mul
tiple disasters (Harville et al., 2011, 2018; Jacobs and Harville, 2015; 
Lowe et al., 2016, 2019). The results suggest respondents adversely 
affected by Harvey were more likely to experience economic and mental 
health difficulties due to COVID-19. On its own, COVID-19 income loss 
is a significant predictor of anxiety severity during the pandemic. When 

Table 3 (continued ) 

Exposure model Single 
exposure  

Double 
exposure  

OR (95% CI) p-value OR (95% CI) p-value 

Income loss due to Harvey (N = 2760) 
Income lost 1.60 (1.37, 

1.87) 
<.0001 1.39 (1.18, 

1.63) 
<.0001 

No income lost Ref  Ref  
COVID-19 income loss     
Income lost – – 1.58 (1.36, 

1.85) 
<.0001 

No income lost –  Ref  
Gender     
Male 0.46 (0.38, 

0.55) 
<.0001 0.46 (0.38, 

0.55) 
<.0001 

Female Ref  Ref  
Race/ethnicity     
Non-Hispanic Other 1.05 (0.64, 

1.73) 
0.8179 1.02 (0.62, 

1.68) 
0.7585 

Non-Hispanic Asian 0.84 (0.49, 
1.43)  

0.83 (0.48, 
1.41)  

Hispanic 0.96 (0.75, 
1.23)  

0.94 (0.74, 
1.21)  

Non-Hispanic Black 0.83 (0.59, 
1.17)  

0.82 (0.58, 
1.15)  

Non-Hispanic White Ref  Ref  
Education group     
High school graduate or 

less 
1.18 (0.88, 
1.59) 

0.2936 1.17 (0.87, 
1.57) 

0.3937 

Some college or associates 1.12 (0.94, 
1.32)  

1.10 (0.93, 
1.30)  

Bachelors or higher Ref    
Age group     
61+ 0.30 (0.25, 

0.38) 
<.0001 0.32 (0.26, 

0.39) 
<.0001 

41-60 0.67 (0.55, 
0.82)  

0.67 (0.55, 
0.81)  

18-40 Ref  Ref   

Impact of Event Scale (N = 2288) 
Severe Impact Event 5.14 (4.02, 

6.58) 
<.0001 4.95 (3.87, 

6.34) 
<.0001 

Powerful Impact Event 2.55 (2.04, 
3.19)  

2.49 (1.99, 
3.12)  

Impact Event 1.55 (1.25, 
1.93)  

1.55 (1.25, 
1.92)  

No Meaningful Impact Ref  Ref  
COVID-19 income loss     
Income lost – – 1.45 (1.23, 

1.70) 
<.0001 

No income lost –  Ref  
Gender     
Male 0.53 (0.43, 

0.64) 
<.0001 0.53 (0.43, 

0.64) 
<.0001 

Female Ref  Ref  
Race/ethnicity     
Non-Hispanic Other 0.99 (0.57, 

1.74) 
0.3062 0.94 (0.53, 

1.64) 
0.2678 

Non-Hispanic Asian 0.71 (0.39, 
1.30)  

0.70 (0.38, 
1.28)  

Hispanic 0.97 (0.74, 
1.27)  

0.94 (0.72, 
1.23)  

Non-Hispanic Black 0.68 (0.46, 
1.01)  

0.67 (0.46, 
0.99)  

Non-Hispanic White Ref  Ref  
Education group     
High school graduate or 

less 
0.93 (0.68, 
1.28) 

0.9024 0.90 (0.65, 
1.24) 

0.7923 

Some college or associates 1.00 (0.83, 
1.20)  

0.97 (0.81, 
1.17)  

Bachelors or higher Ref  Ref  
Age group     
61+ 0.26 (0.21, 

0.33) 
<.0001 0.28 (0.22, 

0.35) 
<.0001 

41-60 0.60 (0.49, 
0.75)  

0.60 (0.48, 
0.74)  

18-40 Ref  Ref   
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Table 4 
Economic difficulty during the COVID-19 pandemic by Hurricane Harvey exposure.  

Exposure model OR (95% CI) p-value 

Flooding due to Harvey (N ¼ 1620)   
COVID-19 economic difficulty x Flooding due to Harvey   
Difficulty paying rent by flooding due to Harvey   
Home flooded 2.04 (1.52, 2.73) <.0001 
Home not flooded Ref  
COVID-19 economic difficulty among respondents who did not experience home flooding   
Difficulty filling prescriptions, Home not flooded 1.54 (1.16, 2.04) <.0001 
Difficulty finding food, Home not flooded 6.02 (4.68, 7.75)  
Difficulty paying bills, Home not flooded 2.52 (2.07, 3.07)  
Increased household expenses, Home not flooded 9.46 (7.34, 12.20)  
Increased medical expenses, Home not flooded 1.02 (0.75, 1.38)  
No transportation, Home not flooded 0.30 (0.20, 0.46)  
Other, Home not flooded 1.02 (0.74, 1.41)  
Difficulty paying rent, Home not flooded Ref  
COVID-19 economic difficulty among respondents who experienced home flooding   
Difficulty filling prescriptions, Home flooded 0.67 (0.34, 1.34) <.0001 
Difficulty finding food, Home flooded 2.63 (1.44, 4.80)  
Difficulty paying bills, Home flooded 2.33 (1.47, 3.67)  
Increased household expenses, Home flooded 4.84 (2.64, 8.87)  
Increased medical expenses, Home flooded 0.54 (0.26, 1.10)  
No transportation, Home flooded 0.20 (0.07, 0.55)  
Other, Home flooded 0.48 (0.22, 1.05)  
Difficulty paying rent, Home flooded Ref  
Gender   
Male 0.98 (0.86, 1.12) 0.7821 
Female Ref  
Race/ethnicity   
Non-Hispanic Other 1.39 (1.05, 1.84) 0.0073 
Non-Hispanic Asian 1.26 (0.85, 1.86)  
Hispanic 1.21 (1.03, 1.43)  
Non-Hispanic Black 1.35 (1.09, 1.67)  
Non-Hispanic White Ref  
Education group   
High school graduate or less 1.72 (1.41, 2.10) <.0001 
Some college or associates 1.43 (1.28, 1.61)  
Bachelors or higher Ref  
Age group   
61+ 0.68 (0.59, 0.79) <.0001 
41–60 0.94 (0.83, 1.08)  
18–40 Ref     

Damage due to Harvey (N = 1620)   
COVID-19 economic difficulty x Damage due to Harvey   
Difficulty paying rent by damage due to Harvey   
Home damaged 2.12 (1.53, 2.93) <.0001 
Home not damaged Ref  
COVID-19 economic difficulty among respondents who did not experience home damage   
Difficulty filling prescriptions, Home not damaged 1.54 (1.08, 2.20) <.0001 
Difficulty finding food, Home not damaged 6.59 (4.80, 9.06)  
Difficulty paying bills, Home not damaged 2.54 (1.99, 3.24)  
Increased household expenses, Home not damaged 9.81 (7.12, 13.50)  
Increased medical expenses, Home not damaged 0.92 (0.63, 1.36)  
No transportation, Home not damaged 0.26 (0.15, 0.46)  
Other, Home not damaged 1.00 (0.66, 1.52)  
Difficulty paying rent, Home not damaged Ref  
COVID-19 economic difficulty among respondents who experienced home damage   
Difficulty filling prescriptions, Home damaged 0.81 (0.37, 1.77) 0.0009 
Difficulty finding food, Home damaged 3.03 (1.51, 6.10)  
Difficulty paying bills, Home damaged 2.32 (1.36, 3.94)  
Increased household expenses, Home damaged 5.53 (2.73, 11.18)  
Increased medical expenses, Home damaged 0.63 (0.27, 1.48)  
No transportation, Home damaged 0.23 (0.07, 0.78)  
Other, Home damaged 0.56 (0.22, 1.39)  
Difficulty paying rent, Home damaged Ref  
Gender   
Male 0.99 (0.87, 1.13) 0.8671 
Female Ref  
Race/ethnicity   
Non-Hispanic Other 1.38 (1.05, 1.81) 0.0101 
Non-Hispanic Asian 1.37 (0.92, 2.03)  
Hispanic 1.18 (1.01, 1.39)  
Non-Hispanic Black 1.35 (1.08, 1.69)  
Non-Hispanic White Ref  
Education group   
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modeled with Hurricane Harvey exposures, both COVID-19 income loss 
and the storm exposures contribute significantly to the odds of having 
higher anxiety, suggesting a cumulative effect. Furthermore, results of 
the sensitivity analysis show respondents impacted by any storm were 
more likely to experience worse outcomes during the COVID-19 
pandemic. 

Previous studies of hurricane survivors have shown that property 
damage, hurricane-related housing insecurity, and hurricane-related 
unemployment are associated with poor mental health (Galea et al., 
2007; Adeola, 2009). Recovery from a disaster can take anywhere from 
six months to a year or even longer depending on the severity of the 
incident and the pre-disaster vulnerability of the population (Finch 
et al., 2010). Additionally, psychological reactions to natural disasters 
occur in waves of emotional highs and lows that take place well beyond 
the one-year anniversary of an event (Kessler et al., 2008; Neria and 
Shultz, 2012; Ruggiero et al., 2012). In a study of particularly vulnerable 
Katrina-survivors, hurricane-related stressors were associated with high 
rates of mental and physical illness one year later (Rhodes et al., 2010). 
Nearly half of study participants exhibited probable PTSD (Rhodes et al., 
2010). Three or more years after Katrina, psychological distress 
remained high enough in 30% of this study population to indicate 
probable mental illness (Paxson et al., 2012). In March 2020, Southeast 

Texas was less than three years post-Harvey and less than one year past 
the severe storms of May 2019 and Tropical Storm Imelda. A preliminary 
assessment of mental health impacts three weeks after Harvey found a 
positive association between hurricane exposures and mental health 
symptoms, particularly PTSD and anxiety symptoms (Schwartz et al., 
2018). When the pandemic hit, it is likely vulnerable populations were 
still in the midst of recovery from previous storms. In this study, eco
nomic and mental stressors caused by Harvey have a larger effect size 
and appear to influence COVID-19 outcomes more than home flooding 
and damage, highlighting the differential effects of acute impacts versus 
long-term stressors (Lichtveld, 2018). 

The effect of both previous storms and the pandemic on mental 
health is consequential. The higher IES and GAD-7 scores documented in 
the registry are associated with functional impairment and depression 
(Spitzer et al., 2006), as well as panic disorder, social anxiety disorder, 
and posttraumatic stress disorder (Joseph, 2000; Kroenke et al., 2007). 
Both disasters are likely to have a long-term impact on the mental health 
and well-being of the population (Torales et al., 2020) indicating the 
need to have longitudinal studies designed to better analyze ongoing 
mental health impacts. 

Public health disasters amplify existing vulnerabilities in our com
munities. Results from the COVID-19 Registry show that in every 

Table 4 (continued ) 

Exposure model OR (95% CI) p-value 

High school graduate or less 1.69 (1.38, 2.07) <.0001 
Some college or associates 1.42 (1.26, 1.60)  
Bachelors or higher Ref  
Age group   
61+ 0.68 (0.59, 0.79) <.0001 
41–60 0.94 (0.82, 1.08)  
18–40 Ref     

Income loss due to Harvey (N = 1620)   
COVID-19 economic difficulty x Income loss due to Harvey   
Difficulty paying rent by income loss due to Harvey   
Income lost 5.72 (3.99, 8.21) <.0001 
No income lost Ref  
COVID-19 economic difficulty among respondents who did not experience income loss   
Difficulty filling prescriptions, No income lost 2.93 (2.01, 4.26) <.0001 
Difficulty finding food, No income lost 11.31 (8.06,15.87)  
Difficulty paying bills, No income lost 3.28 (2.45, 4.38)  
Increased household expenses, No income lost 16.73 (11.95, 23.43)  
Increased medical expenses, No income lost 1.40 (0.93, 2.11)  
No transportation, No income lost 0.45 (0.26, 0.79)  
Other, No income lost 2.41 (1.65, 3.52)  
Difficulty paying rent, No income lost Ref  
COVID-19 economic difficulty among respondents who experienced income loss   
Difficulty filling prescriptions, Income lost 0.55 (0.24, 1.26) <.0001 
Difficulty finding food, Income lost 2.18 (1.04, 4.58)  
Difficulty paying bills, Income lost 2.31 (1.25, 4.29)  
Increased household expenses, Income lost 4.22 (2.01, 8.88)  
Increased medical expenses, Income lost 0.54 (0.22, 1.33)  
No transportation, Income lost 0.18 (0.05, 0.60)  
Other, Income lost 0.30 (0.12, 0.72)  
Difficulty paying rent, Income lost Ref  
Gender   
Male 0.99 (0.87, 1.13) 0.8654 
Female Ref  
Race/ethnicity   
Non-Hispanic Other 1.29 (0.97, 1.71) 0.0305 
Non-Hispanic Asian 1.26 (0.85, 1.86)  
Hispanic 1.17 (1.00, 1.38)  
Non-Hispanic Black 1.32 (1.06, 1.63)  
Non-Hispanic White Ref  
Education group   
High school graduate or less 1.64 (1.35, 2.00) <.0001 
Some college or associates 1.34 (1.19, 1.52)  
Bachelors or higher Ref  
Age group   
61+ 0.74 (0.63, 0.85) <.0001 
41–60 0.95 (0.83, 1.08)  
18–40 Ref   
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measure of economic impact tested, non-Hispanic Blacks and Hispanics 
are experiencing economic difficulties due to COVID-19 at higher rates 
than non-Hispanic whites. Previous findings from the Texas Flood 
Registry show that in the year following Harvey, self-reported flood
water exposure increased the odds of adverse health outcomes including 
shortness of breath, skin rash, problems concentrating, headaches, and 
general allergic response (runny nose, itchy eyes, and dry skin) (Miranda 
et al., 2021). Low income and minority registrants, as well as those with 
pre-existing health conditions, were more likely to report adverse health 
outcomes (Miranda et al., 2021). This is concerning given that low in
come and minority populations are at higher risk of exposure to 
COVID-19 and face poorer health outcomes when infected with the virus 
(Raifman and Raifman, 2020). Those with pre-existing health conditions 
are also more likely to get severely ill from COVID-19 (Centers for Dis
ease Control and Prevention, 2021). 

These findings are subject to important limitations. First, the data are 
a convenience sample of those who elected to join the registries. Thus, 
respondents are not representative of the population of Southeast Texas. 
Low income and minority populations are more vulnerable to COVID-19 
and flooding events. A population-based SARS-CoV-2 prevalence study 
conducted in Houston demonstrated the disproportionate impact of 
COVID-19 on minority populations (Symanski et al., 2021). This study 
population, however, is mostly white. This may limit the generaliz
ability of the results. However, the strength of our findings in this 
disproportionately white, non-random sample suggests that the effects 
may be even stronger among minority populations. Second, the 
check-all-that-apply question for economic difficulties experienced due 
to the COVID-19 pandemic does not include a ‘Not applicable’ or ‘None 
of the above’ answer choice. As a result, it is not possible to identify 
respondents who did not experience economic difficulties. This reduced 
the number of observations used in the GEE analysis and may have 
created nonresponse bias. Third, the analysis uses self-reported exposure 
and health information rather than environmental data and diagnosis of 
mental health conditions by a medical professional, introducing poten
tial for misclassification and self-report bias. Finally, although the 
models in this analysis are adjusted for demographic characteristics, the 
registry lacks information on factors that could provide additional in
sights to the economic and mental health impacts observed in the study 
population. Specifically, pre-existing mental health disorders, medica
tion history, history of traumatic events, and the loss of loved ones due 
to a disaster have been associated with long-term continuing distress 
and less resilience compared to others (Bonanno et al., 2010; Chan and 
Rhodes, 2014). Nevertheless, we see important evidence of the high and 
disparate impact of both disasters in Southeast Texas. 

5. Conclusions 

The Texas Flood Registry and COVID-19 Registry are web-based 
community registries designed to track the impacts of public health di
sasters. The TFR team continues to work with health departments and 
community partners to contextualize results in the context of larger 
community concerns. Registries can provide an important mechanism 
for rapidly collecting important information in the midst of public health 
crises. 

Past flooding events may have made certain people more susceptible 
and vulnerable to mental health and economic impacts during the 
pandemic. In planning COVID-19 response efforts, considering exposure 
to previous disasters, particularly major storms like Hurricane Harvey, 
may help identify communities and individuals at greatest risk for 
adverse economic and mental health outcomes during the pandemic. 
Identifying high risk populations and persistent stressors of people who 
lived through Harvey will help develop evidence-based interventions. 
Given recent efforts by the Biden Administration to address health dis
parities, this work could help assist in prioritizing resources and in 
guiding policies such as the Justice-40 initiative (Young et al., 2021). To 
reduce vulnerability to future disasters, storm recovery efforts should 

prioritize interventions that address mental health and social and eco
nomic stability. 
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