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of Nebraska Medical Center, Omaha, Nebraska, USA; cDepartment of Environmental, Agricultural and Occupational Health, University of 
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ABSTRACT
This study used a novel survey instrument to evaluate the hypothesis that U.S. agricultural 
producers have significantly different stress and recovery experiences following acute-onset 
natural disaster compared to their non-agricultural counterparts. Participants were recruited 
through local organizations and targeted email and social media in communities in Arkansas 
and Nebraska that had experienced violent tornadoes in 2014 and/or severe flooding in 2019. The 
survey instrument incorporated the Brief Resilience Scale, the Revised Impact of Event Scale 
referencing two time points, the Posttraumatic Growth Inventory-Short Form, and original ques
tions. Demographic, exposure, stress, and recovery measures were analyzed in SAS with Chi- 
square tests, t-tests, Wilcoxon tests, and multiple linear regression modeling to test for differences 
between agricultural and non-agricultural groups in resilience, event exposure, stress symptoms 
in the week after the event, stress symptoms in the month before the survey, a calculated 
recovery ratio, and posttraumatic growth. Analysis sample (N = 159) contained 20.8% agricultural 
occupation, 71.1% female, and 49.1% over age 55. No significant differences were found between 
agricultural and non-agricultural participants when comparing resilience, stress, or recovery ratio 
measures. Unadjusted posttraumatic growth score was significantly lower in the agriculture group 
(P = .02), and an occupation group by sex interaction was significantly associated with posttrau
matic growth score (P = .02) when controlled for number of initial posttraumatic stress symptoms 
in the adjusted model, with agricultural women showing lower growth. Overall, there was no 
evidence of significant difference in disaster stress and recovery between agricultural and rural, 
non-agricultural groups in this study. There was some evidence that women in agriculture may 
have lower levels of recovery. Data indicated that rural residents continue to experience post
traumatic-type symptoms up to 8 years beyond the acute-onset natural disaster events. 
Communities should include strategies to support mental and emotional health in their prepared
ness, response, and recovery plans with intentional inclusion of agricultural populations.  
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Introduction

Living through a natural disaster can range from 
inconvenient or disruptive to terrifying, traumatic, 
and life changing. Since 1980, 355 natural disasters 
individually exceeding a billion dollars in cost 
(2023 cost-adjusted) and together exceeding 2.5 
trillion dollars, not to mention many less costly 
events, have occurred in the U.S., affecting all 50 
states.1 Even more concerning is the increasing 
frequency of these devastating events. The average 
number of billion-dollar weather disasters per dec
ade in the U.S. has steadily risen from 3.3 per year 
in the 1980s (average annual total $21.0 billion) to 

13.1 in the 2010s ($95.0 billion). The last 3 years 
(2020–2022) averaged 20 events per year 
($149.2 billion annually).1 Extreme weather 
impacts property, infrastructure, and health with 
individual effects such as posttraumatic stress, 
depression, and substance use.2 Because of the 
connection between agriculture and weather, it is 
important to understand whether agricultural 
populations have unique risk or resilience affecting 
mental and emotional health status when faced 
with natural disaster.

In 2019, 3.6 million people in the U.S., or 1.8% 
of the workforce, were directly employed in 
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farming, forestry, and fishing activities.3 Existing 
research highlights potential mental health effects 
for disaster survivors,2 but little is known regard
ing experiences specific to U.S. agricultural produ
cers faced with acute-onset natural disasters such 
as floods and tornadoes.

An extensive literature review provided limited 
information on natural disaster stress and recovery 
in U.S. agricultural populations. Greater depressive 
symptoms were reported in residents of small 
towns and rural communities than in larger cities 
or farm populations following 1993 Midwest 
floods.4 Fishing captains in the Northeast experi
enced increased psychological distress following 
widespread fishery failure, a slow-onset disaster.5 

Research has been conducted examining the men
tal health needs of veterinarians following natural 
disasters and the potential to employ this group as 
a mental health resource in disaster-affected agri
cultural settings.6 Increased occupational stress in 
agricultural producers has been associated with 
drought during the growing season.7

Other studies have measured disaster stress or 
depression symptoms in rural but not specifically 
agricultural settings, most often looking for asso
ciations to identify individuals at greater risk of 
mental health conditions post-disaster, but mea
sures of recovery and interventions to promote 
recovery were not included.8–12 Although some 
research on international agricultural populations 
has been published, primarily related to drought in 
Australia, conclusions may not be generalizable to 
U.S. populations due to differences in culture, 
social networks, or community infrastructure. In 
addition, analysis from slow-onset disasters like 
drought may not generalize to acute-onset events.

The Central States Center for Agricultural 
Safety and Health (CS-CASH) in Omaha, 
Nebraska, supported the Rural Natural Disaster 
Stress and Recovery (RNDSR) survey development 
and study. This research aimed to assess disaster 
mental health experiences related to acute-onset 
natural disasters in U.S. rural and agricultural 
populations to provide evidence for disaster pre
paredness, response, and recovery to support men
tal and emotional health. We hypothesized that 
agricultural producers have different disaster stress 
and recovery experiences compared to rural non- 
agricultural counterparts. Anecdotally, agricultural 

producers – farmers, ranchers, and fishers – have 
a reputation for strength and resilience, so we 
might expect them to experience less stress and 
greater recovery.13,14 However, they have 
a particular dependence on weather along with 
an elevated suicide rate,15 so we also consider the 
possibility of greater disaster mental health risk.

Methods

Human subjects protection

The University of Nebraska Medical Center 
(UNMC) Office of Regulatory Affairs approved 
the Rural Disaster Stress and Recovery Study as 
exempt research under IRB #729–21-EX. While 
human subjects were involved in the survey 
study, no identifying protected health information 
was collected.

Study design

We collected and analyzed survey data from agri
cultural and non-agricultural populations in tar
geted disaster-affected rural communities in 
a cross-sectional observational study of 
a voluntary convenience sample. Only acute- 
onset natural disaster events such as flood, tor
nado, or fire were included. Slow-onset natural 
disasters such as drought, manmade disasters 
such as chemical accident or war, and disease out
breaks such as COVID-19 were excluded.

An a priori sample size estimate of 128 was 
calculated (G*Power 3.1.96) based on alpha =  
0.05, power = 0.80, and a medium effect size d =  
0.5 in a t-test for two independent samples with 
allocation ratio 1:1 between agricultural and non- 
agricultural subgroups, allowing for 20% incom
plete surveys.

Study populations

Agricultural and non-agricultural populations 
affected by natural disasters in Arkansas and 
Nebraska were targeted for participation in this 
research, based on all authors’ personal knowl
edge, relationships, and networking in impacted 
communities. On April 27, 2014, an EF-4 tornado 
(winds 166–200 mph) struck Mayflower 
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(population 1,984)16 and Vilonia (4,288)16 in 
Faulkner County, Arkansas, with 16 fatalities,17 

and 400–500 homes were destroyed along a 41- 
mile path.18 This county and others were also 
affected by destructive Arkansas River flooding in 
May–June 2019, part of a $3.3 billion event.1

In Nebraska, the town of Pilger (240)16 and the 
surrounding region were struck by two EF-4 tor
nadoes on June 16, 2014, with 20 injuries and 2 
fatalities;19other tornadoes occurred nearby during 
the same outbreak. The town and vicinity of North 
Bend (1,279)16 experienced significant damage to 
infrastructure, property, and agricultural opera
tions from Platte River flooding in March 2019, 
a disaster that cost over $11 billion.1

The RNDSR survey was delivered in English via 
targeted communities’ local social media pages, 
email and postal mail to agricultural organization 
member lists, personal contact in local communi
cation hubs, agricultural newsletters and social 
media, and local media reports. CS-CASH colla
borated with community partners, including 
extension agents, farm association representatives, 
health department official, newspaper manager, 
and community center director. Study data were 
collected from December 2021 through 
February 2022 and managed using the REDCap 
electronic data capture tools hosted at the 
University of Nebraska Medical Center (UNMC). 
Service and support was provided by the Research 
Information Technology Office (RITO), which is 
funded by the UNMC Vice Chancellor for 
Research.

Survey components

Validated survey instruments measuring resilience, 
stress, and recovery that had been tested in diverse 
and disaster-affected populations were adapted for 
the RNDSR survey (Appendix A). The Brief 
Resilience Scale (BRS) was designed and validated 
to “assess resilience as bouncing back from 
stress.”20 Respondents indicated their level of 
agreement with six statements about their typical 
responses to stressful events. The scale was scored 
by averaging values of 1–5 assigned to Likert-type 
responses. Three of the six items were reverse 
scored.

The Revised Impact of Event Scale (IES)21 is 
a screening tool for posttraumatic stress disorder 
(PTSD) but was used here as a tool for counting 
commonly experienced intrusion (re-experien
cing) and avoidance posttraumatic stress symp
toms without accounting for frequency or 
intensity of those symptoms. Minor modifications 
to the survey instructions were made, but no 
changes were made to questions. This scale has 
been used and tested in diverse populations after 
stressful events, including post-disaster, and was 
designed for use at any length of time after 
a stressful event.21

Subjects completed the Revised IES based on 
their memory of presence or absence of 15 possi
ble posttraumatic stress symptoms in the first 7  
days following their primary disaster event.22 

Subjects were also given the option to select 
Don’t recall for each symptom. The Revised IES 
was scored here as number of symptoms reported.

Subjects then completed the Revised IES scale 
again regarding the same 15 possible event-related 
symptoms occurring in the 30 days prior to com
pleting the survey. The time difference of 30 days 
for the present scale versus 7 days for the past 
allowed for the expected trend of reduced symp
toms over time while capturing symptoms still 
experienced even if less frequent.

The Posttraumatic Growth Inventory – Short 
Form (PTGI-SF)22 is a self-report measure of 
recovery as positive personal growth rather than 
reduced posttraumatic stress symptoms. Subjects 
chose the degree to which 10 specific positive 
changes occurred in their life due to the stressful 
event, from Not at all to Very great degree (six 
options scored 0–5). The PTGI-SF score was the 
sum of responses, ranging from 0 to 50.

Demographic data were collected. Age, sex, race 
or ethnicity, rural or urban residence, specific dis
aster event, agricultural occupation, and presence 
of dependents in the home were independent cate
gorical variables. Rural was defined as residence in 
a location of population less than 10,000, following 
the U.S. Census Bureau’s proposed definition 
based on the 2020 U.S. Census.23 Choices for pri
mary occupation were Farm, Ranch, Fishery, and 
Not in Agriculture, and the first three were com
bined into a single Agriculture occupational group 
in data preparation due to sample size limitations. 
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No distinction was made between farmworker and 
farm owner/operator.

Exposure questions evaluated direct or indirect 
impact, property loss, displacement, financial 
hardship, injury to self or family member, and 
fear for life of self or family member. These were 
summed for a single exposure score where per
ceived direct impact was 2 points, indirect was 1, 
no impact was 0, and all other exposures were 1 
point for presence or 0 for absence. This method 
combining perceptions and objective experiences 
was adapted from the literature.9,11 Qualitative 
open field responses and a novel Resource Use 
and Effect inventory to be described in a separate 
report were also collected.

Statistical analysis

Statistical analysis was performed in SAS Studio 
3.8 (Enterprise Edition) (Cary, NC, USA). 
Descriptive statistics and graphs were produced 
to review population characteristics and scale 
score distributions. Chi-square tests for equal 
proportion and t-tests for independent means 
were conducted to identify significant differences 
between agricultural and non-agricultural occu
pational groups. Wilcoxon non-parametric tests 

were also used for confirmation where outcomes 
and residuals were not normally distributed. 
Linear and multiple regressions were used to 
test association of occupational group with out
come scores while controlling for covariates, 
including age group, sex, race or ethnicity, dis
aster type, exposure level, dependents in home 
and years since event. An additional outcome 
Recovery Ratio (RR), the proportional reduction 
in symptom count from time of event to present 
was calculated as IESpast� IESnow

IESpast and tested with the 
same procedures. A significance level of α = 0.05 
was used for all hypothesis testing. Across all 
comparisons, post hoc power was 0.94–0.98 for 
detecting a large effect, and 0.59–0.71 for med
ium effect.

Results

Sample size and population

The full data set included 216 records, which was 
reduced to 159 for analysis. Subjects were flagged 
for completeness of each scale, defined as at least 
5/6 exposure questions completed, 5/6 BRS, 13/15 
Revised IES, and 8/10 PTGI-SF. Only individuals 
with completed scales were included at each stage 

Figure 1. Sample size flow for rural and agricultural natural disaster stress and recovery study.
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Table 1. Demographic summary of participants in data 
analysis set of the rural and agricultural natural disaster 
stress and recovery study (N = 159).

Demographic Number
Percentage 

(%)

Age (years)
19–20 4 2.5
21–25 6 3.8
26–35 17 1.7
36–45 29 18.2
46–55 25 15.7
56–65 34 21.4
Over 65 44 27.7

Sex
Female 113 71.1
Male 46 28.9

Race or Ethnicity
White 144 9.6
Other 9 5.7
Unreported 6 3.8

Residence
Not in town 60 37.7
Town <10,000 92 57.9
Urbana 4 2.5
Unreporteda 3 1.9

Occupation
Not in agriculture 116 73.0
Agriculture 33 2.8
Unreported 10 6.3

Dependents in home
Yes 62 39.0
No 92 57.9
Unreported 5 3.1

Disaster Type b
Tornado 93 58.5
Flood 52 32.7
Other acute event 3 1.9
No disaster c 9 5.7
Unreported 2 1.3

Disaster State
Arkansas 82 51.6
Nebraska 62 39.0
Other state 1 .6
Unreportedc 14 8.8

Disaster Year
2014 90 56.6
2019 52b 32.7
Other year 6c 3.8
Unreportedc 11a 6.9

aFour participants who identified urban residence and three who 
did not report rural/urban location were included because 
they were determined to be closely tied to rural locations 
through open field responses and targeted survey distribution. 

bSixteen participants (10.1%) reported being affected by more 
than one natural disaster; they were asked to select the event 
that affected them most and answer the rest of the survey 
with that event in mind. Only one event per participant was 
included in event data. 

cNine of the missing event-related values were participants who 
had not experienced a disaster and completed only the BRS. 
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of the analysis. Sample size completing the last 
scale was 126. See Figure 1 for sample size flow.

See Table 1 for demographic and disaster event 
details. The proportion of male to female was sig
nificantly different in the agricultural group (17–16) 
compared to the non-agricultural group (23–93) on 
chi-square test (P < .001); therefore, sex was con
trolled for in further occupational group analysis.

Outcomes

The agricultural and non-agricultural occupational 
groups were compared on each scale covering an 
aspect of a stress and recovery cycle (Figure 2), 
where each statistical null hypothesis was for no 
difference in mean or median score by occupa
tional group.

Resilience

On independent samples t-test, there was not 
a significant difference (P = .385) in mean BRS 
between agricultural (3.27, 95% confidence inter
val [CI] 2.97–3.57, N = 33) and non-agricultural 
groups (3.42, CI 3.26–3.58, N = 116). There was 
a significant difference (P = .021) in mean BRS by 
sex between males (3.62, CI 3.38–3.86, N = 46) and 
females (3.27, CI 3.11–3.44, N = 113); however, 
both fell in a range of normal resilience.24 On 
analysis of covariance (ANCOVA), the difference 
in mean BRS by occupational group was not sta
tistically significant when controlled for sex (P  
= .135). Age group, race or ethnicity, event state, 
dependents in home, and presence or absence of 
disaster event were not significant as covariates.

Event exposure

Exposure scores were calculated for 146 subjects; 
122 (83.6%) reported, in their opinion, being 
directly affected by the disaster, and 24 (16.4%) 
indirectly. There were 82 (56.6%) who reported 
losing property, 75 (51.4%) were displaced from 
their home, 69 (47.9%) experienced financial 
hardship due to the event, 3 (2.1%) reported 
injury to self or family member, and 78 
(53.4%) feared for their life or a family 
members. Overall distribution of exposure 
score was approximately normal (mean 3.94, CI 
3.69–4.19), but the agricultural subgroup (N =  
28) showed a more uniform distribution. 
Agriculture median was 3.00 (interquartile 
range [IQR] 3.00; N = 28) compared to non-agri
culture 4.00 (IQR 2.00; N = 111), which was sig
nificant on Wilcoxon test (P = .015), so exposure 
score was included as a covariate in further 
analysis.

Stress symptoms

IES past score (first 7 days after event) was 
approximately normally distributed with overall 
mean 6.89, CI 6.39–7.39, minimum 0.00 and max
imum 14.00 (N = 143). It had a negative Pearson 
correlation (−0.35, P < .001) with BRS score and 
a positive correlation (0.49, P < .001) with expo
sure score. Subjects marked a total of 4.3% of IES 
past symptoms as Don’t Recall, and 0.8% of 
responses were missing. One hundred thirty-six 
subjects (95.1%) were able to recall Yes or No for 
at least 13 of the 15 symptoms, and only 1 did not 
recall more than half.

Figure 2. Disaster stress and recovery cycle as proposed by authors.
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Unadjusted, IES past score was significantly dif
ferent by occupational group on t-test (P = .025; 
NAgriculture = 28, NNon-agriculture = 109). On multiple 
linear regression modeling, IES past score was 
significantly associated with sex (P < .001), expo
sure score (P < .001), and BRS score (P = .021). 
With these covariates, occupational group was 
not significant (P = .584). Age group, race or eth
nicity, event type, dependents in home, and resi
dence in or out of town also were not significant. 
Interactions were tested but rejected for insignif
icance. Assumptions of linearity, independence, 
normality, and equal variance were satisfied for 
the linear regression model. A Poisson regression 
model of symptom count was rejected for poor 
performance.

Symptom decline or persistence

Current stress symptoms. IES now score (past 30  
days prior to taking survey) had an overall right 
skewed distribution with median 3.00 (IQR 5.00, 
N = 133). Wilcoxon testing was insignificant for 
different median IES now score by occupational 
group (P = .73; NAgriculture = 26, NNon-agriculture =  
101). Subjects marked a total of 1.0% of IES now 
symptoms as Don’t Recall, and 0.5% of responses 
were missing. There were 131 subjects (98.5%) 
able to recall Yes or No for at least 13 of 15 
symptoms, and only 1 did not recall more than 
half. There were 112 (84.2%) who reported at least 
one disaster-associated symptom in the 30 days 
before taking the survey. On linear regression 
modeling with residual normality, occupational 
group was not significant (P = .081) when con
trolled for IES past, BRS, and exposure scores.

Recovery Ratio. RR distribution was left-skewed 
and non-normal (median 0.40, IQR 0.75, N = 131). 
A non-parametric Wilcoxon test was not signifi
cant (P = .510) for equal RR median between agri
cultural (0.29, IQR 0.67, N = 25) and non- 
agricultural (0.40, IQR 0.71, N = 100) subgroups. 

Subjects were also classified into IES past score 
rank groups above and below median to determine 
whether RR differed significantly between the 
groups with fewer initial symptoms and more 
initial symptoms. On Wilcoxon test, there was no 
evidence of a different RR between the median 
rank groups (P = .180). There were 17 participants 
who reported more symptoms in the month before 
the survey than in the week following the event, 
resulting in negative RRs. Of these participants, 
eight ranked in the lower half of IES past scores 
and nine were in the upper half.

On multiple linear regression, only BRS score 
was significantly associated with RR (P = .001), but 
BRS was not a good predictor of RR (R2 = 0.073). 
Occupational group was not significant (P = .231) 
when controlled for BRS on regression or when 
controlled additionally for sex and exposure score 
(P = .370). Other covariates tested but excluded for 
insignificance were years since event, IES past 
score, age group, rural/urban, dependents in 
home, event type, exposure score, race or ethni
city, and sex. Normality of residuals was ade
quately satisfied for the model.

Posttraumatic growth

Of the subjects, 126 completed the PTGI-SF with 
overall mean score 26.56 (CI 24.18–28.09) of 
a possible 50 points, with approximately normal 
distribution. The agriculture group mean was 
21.08 (CI 16.41–25.75) with minimum 0, maxi
mum 36, and N = 24. The non-agriculture group 
mean was 27.67 (CI 25.38–29.96) with minimum 
2, maximum 47, and N = 97. On unadjusted t-test, 
there is evidence that means are significantly dif
ferent for agricultural and non-agricultural groups 
(P = .012; Table 2). Non-parametric Wilcoxon test
ing to confirm, due to distribution by subgroups, 
had P = .014, further evidence for significant dif
ference in central measure between the groups.

Table 2. Unadjusted t-test for PTGI score by occupational group (agricultural vs. non- 
agricultural).

Analysis Variable : PTGI Score
Parameter Estimate Standard Error t Value P value

Intercept 27.67 1.15 24.09 <.0001
Occupational group −6.59 2.58 −2.55 .0119
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On multiple linear regression, PTGI score and 
IES past score were significantly positively asso
ciated (P < .001), and an occupational group by sex 
interaction was identified where women in agri
culture had a significantly lower mean PTGI score 
(P = .024) (Table 3). Main effects were included in 
the model for occupational group and sex. 
Linearity, independence, normality, and equal var
iances were adequately satisfied on diagnostic 
plots. Model main effects of years since event, 
age group, IES now score, RR, exposure score, 
event type, and BRS score were rejected for insig
nificance. Occupation group interactions with 
these variables and with IES past score were also 
tested but insignificant.

When the analysis was re-run for only females 
by occupational group, the agricultural group 
(mean 19.4, CI 12.4–26.3, N = 14) scored signifi
cantly lower (P = .004) on PTGI-SF compared to 
non-agricultural (29.3, CI 26.9–31.7, N = 78) 
when controlled for IES past score (as indicated 
by the regression model) on analysis of covar
iance (ANCOVA). An unadjusted Wilcoxon test 
was conducted due to the small subgroup size 
and showed a significant difference (P = .005) in 
central measure (agriculture: median 23.5, IQR 
22; non-agriculture: 32.0, IQR 15). Descriptive 
statistics to compare occupational group by sex 
PTGI scores are provided (Table 4).

Discussion

Stress and recovery around a disaster can be pic
tured as a cycle of baseline resilience, then the 
event, followed by stress symptoms, symptom 
decline and/or persistence, recovery toward base
line, and personal growth (Figure 2). Individuals 
may not experience all aspects, but all are consid
erations for comparing experiences.

Key results

We hypothesized that agricultural producers 
have different disaster stress and recovery 
experiences compared to their rural, non-agri
cultural counterparts across the stress and 
recovery cycle. We did not specify the direction 
of difference. In a systematic review, agricul
tural producers demonstrated higher occupa
tional control and self-efficacy, which are 
potentially protective for mental health,25 so 
they might be expected to score higher in resi
lience and recovery, and lower in posttraumatic 
stress, compared to non-agricultural residents. 
One researcher anticipated high resilience 
among farmers but found low resilience on 
analysis.26,27 A number of studies have shown 
that factors such as pesticide exposure, financial 
stressors, and weather concerns contribute to 

Table 3. Adjusted linear regression model for PTGI score.
Analysis Variable : PTGI Score
Parameter Estimate Standard Error t Value P value

Intercept 12.85 2.86 4.50 <.0001
Occupational group: Agriculture 2.59 3.93 0.66 .5116
Occupational group: Not agriculture 0.00 . . .
Sex: Female 3.48 2.77 1.26 .2117
Sex: Male 0.00 . . .
IES Past score 1.68 0.35 4.77 <.0001
Interaction: Agriculture * Female −11.20 4.90 −2.28 .0242
Interaction: Agriculture * Male 0.00 . . .
Interaction: Not agriculture * Female 0.00 . . .
Interaction: Not agriculture * Male 0.00 . . .

Table 4. Descriptive statistics for occupational groups by sex. Effect of sex differs by occupational group.
Analysis Variable : PTGI Score
Occupational Group Sex N Mean Median Std Error Lower Quartile Upper Quartile Minimum Maximum

Not agriculture Male 19 20.89 22.00 2.75 10.00 31.00 2.00 40.00
Female 78 29.32 32.00 1.21 22.00 37.00 4.00 47.00

Agriculture Male 10 23.50 20.50 3.02 14.00 32.00 12.00 36.00
Female 14 19.36 23.50 3.23 9.00 31.00 0.00 32.00
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higher mental health risk in general for agricul
tural occupations than non-agricultural, but 
other studies have shown lower risk or no dif
ference in rik.28

In the present study, no significant difference 
was identified between the agriculture and non- 
agriculture groups in resilience on BRS or post
traumatic stress symptom count on IES past. 
There was also no evidence of difference in recov
ery toward baseline on Recovery Ratio, which 
incorporated the IES now score into 
a proportional reduction in symptom count. The 
PTGI-SF qualitatively measured positive post- 
event growth and found an unadjusted significant 
difference between the agriculture and non-agri
culture groups, as well as a sex by occupational 
group interaction on regression modeling.

Contrary to our hypothesis, this study found 
there is not strong evidence that agricultural pro
ducers have different overall experiences com
pared to rural, non-agricultural residents across 
the proposed disaster stress and recovery cycle. 
The agricultural participants did not exhibit 
a unique resilience or immunity to post-disaster 
stress effects. However, since women overall had 
significantly lower BRS score and higher IES past 
symptom count, and women in agriculture speci
fically reported lower posttraumatic growth, the 
results suggest that women in agriculture may be 
at risk of relatively lower resilience and lower 
posttraumatic growth compared to men in agri
culture. Differences could exist due to baseline 
perceptions on qualitative scales, which still raise 
a question of why women in agriculture may 
report less confidence about recovery and lower 
personal growth after acute-onset disaster. A small 
sample size also could have influenced results. 
However, this finding is consistent with interna
tional studies that identified higher stress and 
lower resilience for agricultural women compared 
to men.27 Farm women may have greater stress 
due to performing multiple roles in farm work, 
off-farm work, and home responsibilities including 
childcare.29 Natural disasters disrupt social net
works due to displacement and interrupted rou
tines. Similar disruption was noted in the COVID- 
19 pandemic and may disproportionately affect 
farm women.30 Higher general stress may be asso
ciated with higher disaster stress and diminished 

recovery although this study was not designed to 
detect such a relationship. The stress and recovery 
experiences of women in agriculture merit further 
study and attention in disaster preparedness and 
recovery planning.

Implications for disaster preparedness, 
response, and recovery

While we exceeded the total sample estimate with 
159 in the data analysis set, the allocation ratio was 
closer to 1:4 than the planned 1:1. For this reason, 
we completed a post hoc power calculation based 
on the actual group sizes at each comparison. Post 
hoc power for a medium effect size d = 0.5 ranged 
from 59% to 71%, and for a large effect size d = 0.8 
from 94% to 98%. Though acknowledging con
cerns about the value of post hoc power 
analysis,31 we believe the sample size was adequate 
for identifying a large difference between agricul
tural and non-agricultural groups. It is unlikely 
that small-to-medium effects would require differ
ential policies or programs, so this study provides 
evidence for including agricultural residents in 
general community response and recovery 
plans.32 As noted, women in agriculture may ben
efit from targeted strategies.

In this study, some rural residents reported 
posttraumatic-type symptoms persisting up to 8 
years beyond acute-onset natural disaster events. 
Community-level actions mindful of disaster- 
related emotional health could be beneficial over 
an extended period of time. In another study, 2  
years post-flood, rural community members 
described long-term stresses and how some 
response activities supported or hindered 
resilience.32 International studies of long-term dis
aster mental health may provide insight as to the 
types of symptoms that may occur, who may be at 
risk, and steps communities can take to promote 
recovery.33–35

Strengths and limitations

A strength of this study was the comprehensive 
approach to evaluating a cycle of disaster stress 
and recovery experiences in rural populations 
with intentional efforts to include agricultural resi
dents. Using a combination of existing scales, data 
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represented a story of community experiences over 
time although it was collected at a single time 
point. Another strength was the presence of com
mitted local individuals to recruit participants in 
the targeted communities, an important factor in 
rural culture.

Limitations centered around study and survey 
design. The study used a voluntary convenience 
sample prone to selection bias, and rural disaster- 
affected populations, especially agricultural, are 
challenging to reach and may be uncertain about 
participating in outside research. Local collabora
tors indicated that internet access and use is unre
liable for survey distribution in this population. 
Paper surveys were mailed based on affected ZIP 
codes and local knowledge of affected residents. In 
the analysis data set, females were over-repre
sented, particularly in the non-agricultural group; 
however, sex was controlled in statistical model
ing. Multiple household members could have com
pleted the survey, potentially introducing 
correlation in the data although family members 
may also experience different stress and recovery 
patterns.36 Finally, the study included severe 
acute-onset natural disasters – primarily tornado 
and flood – in the South Central and Midwestern 
U.S. Results may not generalize to disasters of 
other types or intensities, or to diverse geographic 
communities with unique culture and resources.

The RNDSR survey has inherent limitations. 
Exposure questions, BRS, and PTGI-SF have qua
litative components subject to variability. Whether 
a participant’s own definition of “directly affected” 
or “financial hardship,” or a personality unlikely to 
“strongly agree” or “strongly disagree,” quantita
tive analysis of qualitative data requires caution. 
Trends and patterns bear more weight than speci
fic numeric values or individual scores.

The use of the Revised IES was modified to ask 
about symptoms occurring years before during the 
week following a disaster event and is subject to 
recall bias. To address this, we added the option 
Don’t Recall; however, only 4.3% of response items 
were marked as Don’t Recall, and only 0.8% were 
missing. There is evidence of strong and long- 
lasting recall around disaster events37 to support 
delayed inquiry. The Revised IES is also limited to 
questions about intrusion (re-experiencing) and 
avoidance posttraumatic stress symptoms without 

addressing hyperarousal posttraumatic symptoms 
or any other mental health indicators such as 
depression, anxiety, or substance abuse. 
Frequency, intensity, and life disruption of symp
toms were not accounted for, only presence or 
absence of symptoms. The findings in this study 
do not preclude the possibility of additional or 
disparate severity of emotional or mental health 
challenges by occupational subgroup.

This study broadly targeted affected individuals 
through both agricultural and general community 
sources, but the survey did not distinguish 
between farmworkers and farm owner/operators, 
and the study was not designed to capture experi
ences of a mobile population. It is likely that the 
agricultural participants were primarily owners. 
Migrant farmworkers, in particular, are recognized 
as a vulnerable population for whom stress factors 
and mental health risks are not well 
understood.38,39 Future study to evaluate migrant 
farmworkers’ natural disaster stress and recovery 
is warranted with attention to mobile lifestyle and 
language preferences.

Conclusion

While the comparison between agricultural and 
rural, non-agricultural groups did not yield statis
tically significant differences overall, the RNDSR 
study has implications for disaster management 
and future research. Agricultural populations 
should be included alongside non-agricultural 
counterparts in disaster mental and emotional 
health supports, and women in agriculture may 
require specific attention. The long-term persis
tence of posttraumatic stress symptoms for many 
individuals should also be a factor in community 
level disaster recovery plans. Additional efforts 
should be made to study effects in agricultural 
populations where a larger sample size can parti
cipate and where further comparisons can be 
made between men and women. The RNDSR sur
vey is easily adaptable to additional disaster set
tings for future studies.
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