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A B S T R A C T

Disasters can have dramatic implications for gateway communities of National Parks, especially
local economies that rely on park tourist visitation as their primary source of income. In June
2022, a 500-year flood event impacted Yellowstone National Park (YNP) and gateway businesses,
both directly through infrastructure damages (property loss) and indirectly through park closures
and post-disaster marketing. We used a combination of approaches to document and explore the
relative importance of these diverse sources of economic impacts. First, structured surveys were
used to evaluate economic impacts, from the perspective of individual business owners and com-
munity leaders in six gateway communities surrounding YNP. Average revenue loss was 48 %
during peak tourist season across all communities but averaged 75 % for communities inaccessi-
ble to the park. Direct infrastructure damages to businesses were localized; however, even busi-
nesses sustaining property losses suggested more severe economic impacts were the result of loss
of visitors from park closures and damaging media coverage. Using annual visitation and eco-
nomic input-output model data, we developed a statistical model to estimate regional economic
impacts from the flood. The model corroborated the results of our survey and suggested the flood
led to a total loss of $156 million in visitor spending in gateway areas in 2022, exceeding eco-
nomic losses from the COVID-19 pandemic in 2020. We present some guidelines for building eco-
nomic resilience in gateway communities, including diversifying sources of income, building so-
cial capital, embracing tourist adaptations, and developing coordinated park-gateway-regional
messaging and marketing to the media post-disasters.

1. Introduction
Globally, protected areas receive 8 billion visitors per year and generate US$850 billion (2014) in total economic expenditures

and consumer surplus [1]. These economies are critical for local tourism-based communities dependent on protected area operations
(e.g., Ref. [2]). Likewise, United States (U.S.) National Parks are vital to local economies, especially their proximate gateway commu-
nities. National Parks have been described as “economic engines for local communities”, supporting 252,000 jobs nationwide [3]. The
National Park Service (NPS) manages 424 individual units covering over 340,000 km2 in all 50 states and U.S. territories [4]. In 2022,
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the NPS estimated that almost 312 million people visited parks and spent $23.9 billion in gateway communities, leading to $50.3 bil-
lion in economic output to the national economy ([5]).

Given the critical co-dependency of local and regional communities on protected areas, disasters in parks can have dramatic impli-
cations for proximate economies. These highly localized, tourism-based economies can be “fragile” and risk-prone, due to their re-
liance on singular sources of income, making them vulnerable to changes in park operations [6,7]. Indeed, this was clearly demon-
strated during the COVID-19 pandemic, where limited access to protected areas in South Africa led to 96 % losses in recreational vis-
its and 90 % losses in tourism revenue [6]. Visitation to U.S. National Parks dropped 87 % during COVID-19 and created burdens for
park management, including altered park operations, reduced staff, and decreased park revenues [8]. The global tourism industry ex-
perienced a loss of $4.7 trillion USD from global GDP and a loss of 174 million tourism jobs due to the pandemic [9].

Compared to other tourism-based economies, however, gateway communities may not respond predicably to disasters. Indeed,
these areas may not experience diminished tourism because of complex interactions between park operations and tourist behavioral
adaptations [10]. Depending on the significance of the hazard, studies have reported both measurable losses ([11]; [12]; [13]) as well
as little-to-no effects [14–16] on visitation and economic impacts. For example, in some cases, wildfire occurrence led to reductions in
visitation and measurable economic losses in gateway areas [11,13], whereas in other cases, park operations and tourist adaptations
(i.e., driving further to open entrances) led to unnoticeable economic impacts [15,16]. Seemingly, the most critical factor influencing
visitation and economic impacts is related to restricted park access, such as complete or partial park closures [8,17].

Aside from the potential impacts of reduced tourism, gateway communities, like other naturalized tourist destinations, are also ex-
posed and vulnerable to hazards [18–20] and can experience a range of “traditional” economic losses (for a review, see Ref. [21]).
Here, we define “traditional” impacts as generic categories of economic losses typified by any tourism destination experiencing a dis-
aster, not just those proximate to National Parks. Traditional economic losses can occur through both direct and indirect pathways
[22]. Direct losses include damages or destruction to infrastructure [23], labor shortages [24,25], or supply chain disruptions [26],
whereas indirect losses can occur via diverse and systemic pathways, such as post-disaster marketing challenges and failures
[18,20,27] or inadequate social capital and community inter-connectedness [28–30]. Chang et al. [31] report that small businesses
oriented towards local customers, especially those within communities experiencing widespread impacts, tend to be the most vulner-
able to economic impacts of disasters. These characteristics are epitomized by national park gateway communities, comprised of
small businesses situated proximate to highly naturalized areas where human-built infrastructure, such as accommodation services,
are highly exposed to extreme climate events ([18]; [32]). However, most studies of disasters within gateway regions, have focused
almost exclusively on the influence of park-related visitation since this encapsulates the predominant source of tourism revenue
[8,17], rather than the impact pathways more commonly documented in disaster-response literature [21,31].

As with most disasters, economic impacts are multifaceted [21] and depend on context [31]. This is especially true in the case of
gateway communities where quantifying and characterizing the impacts of disasters on local economies, specifically elucidating the
multifaceted impacts on small businesses, is critical to plan for future economic resilience and disaster preparedness [33]. Commonly
documented hazards for U.S. National Parks, especially those in the Intermountain West, include wildfire [15,16], drought ([14];
[12]), and extreme heat ([12]; [34]). In recent years, riverine flooding impacts to visitation in U.S. National Parks are far less docu-
mented compared to wildfire events (but see Ref. [35]), although coastal flooding is a rising concern (e.g., Ref. [36]). Yellowstone Na-
tional Park (YNP), in particular, has been no exception to disasters from wildfire [11] to climate extremes ([12]), the COVID pan-
demic [8], and most recently, a monumental flooding event that reshaped the northern portion of the park [37]. YNP sustains over
four million visitors annually, generating 8736 jobs and $834 million of benefits to the surrounding region's economy [38]. During
June 2022, a >500-year flood event [39,40] was spread across Southwest Montana and Northwest Wyoming, destroying or damag-
ing buildings, roads, and utility services within YNP and gateway communities [41–44]. Although much of the physical impacts of
flooding to gateway communities were ameliorated within a few weeks, entire sections of roads and bridges within YNP sustained
heavy damages with some sections completely obliterated, cutting off access to the entire northern portion of the 890,000-ha park
from the northern gateway villages [37,44,45]. YNP completely closed for over one week during the peak season, then partially
opened allowing access from some gateways, but not others [44]. The locations and duration of park closures were expected to affect
gateway communities disproportionately. Apart from park closures, businesses could have also experienced economic losses through
physical damages to assets and workforce reductions [46].

The compounding stressors following the Yellowstone flood provides a unique case study to document the relative importance of
the diverse direct and indirect economic impact pathways to small businesses in gateway communities following disasters. Herein, we
used a multi-pronged approach to comprehensively document and explore the direct and indirect economic impacts, at the scale of
both individual businesses and the entire gateway region. Specifically, we questioned the relative role of park operations and tourist
adaptations versus the traditional disaster-impact pathways, including infrastructure damage, workforce loss, or marketing issues
prevalent in other tourist destinations. Documenting the economic impacts of disasters are commonly achieved via surveys from the
perspective of individual business owners [47,48]; however, community-level perspectives, especially from non-traditional sources,
can also provide insightful information on recovery and social capital [49]. Hence, the first prong of our approach relied on a series of
structured surveys, one set customized for individual business-owners and a second for community leaders, such as chamber of com-
merce executives or town mayors, to determine the leaders’ awareness and accuracy of issues facing businesses, as a measure of social
capital and connectivity. To understand longitudinal shifts in perspectives, we compared business surveys immediately following the
flood to those almost three months following the event. However, surveys may fail to comprehensively capture the magnitude of eco-
nomic losses, in which case economic models are used. In the second prong of our approach, we estimated system-wide economic im-
pacts using statistical models linking national park visitation to regional visitor spending and economic output data. This approach
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not only provided a regional estimate in economic losses due to diminished park visitation, but also a secondary validation of business
revenue losses due to lower customers relative to other sources of economic losses (e.g. infrastructure damage).

2. Methods
2.1. Background

Yellowstone National Park (YNP) has five entrances, each associated with gateway communities (Fig. 1). On June 12, 2022, over
two inches of rain fell within YNP and neighboring areas, escalating rates of snowmelt and leading to unprecedented flooding in
rivers throughout the region, infrastructure damages, and losses to utility services. Landslides and rising flood waters led to the imme-
diate closure of YNP and evacuation of more than 10,000 visitors. Due to proactive decisions by emergency responders, there were no
mortalities from the flood within YNP and across the entire region. Although much of the impacts of flooding to roads in the commu-
nities outside YNP were ameliorated within a few weeks, large portions of the Northern Road and Northeastern Road entrances, along
the Gardiner and Lamar Rivers within YNP, respectively, were completely severed, cutting off access of YNP from the northern gate-
way villages of Gardiner, Cooke City, and Red Lodge, Montana. The entire park closed on June 13, 2022, and remained closed until
only the southern portion of YNP was opened under an alternative license plate system from the west, south, and eastern gates on
June 22. The northern loop of the park was reopened on July 2; however, the northern and northeastern road entrances remained
closed, continuing to disconnect northern gateway communities. To avoid extended closures and ameliorate economic impacts to the
surrounding region, the National Park Service (NPS), with the aid of $50 million in emergency funds from the Federal Highway Ad-
ministration, rapidly engaged on an ambitious road construction project to build a new Northern Road and repair the Northeastern
Road [37]. The roads were finally opened in October and November 2022, which is typically the end of the primary tourist season for
the YNP gateway communities. Even though YNP experienced closures from past climate-related disasters, 2022 was the first time
that all five entrances to YNP were forced to close since a set of large fires in 1988 [50]. However, these past events do not share the
modern context of visitation volumes, growth in gateway communities, and investments in infrastructure.

2.2. Federal Reserve Bank of Minneapolis (FRB MN) survey
Directly following the flooding in June 2022, the Federal Reserve Bank of Minneapolis (FRB MN) conducted a survey of small

businesses in Southwest Montana to assess the direct economic impact of the physical impacts, revenue losses, and community needs
associated with flooding [46]. Through the FRB MN's Community Development and Engagement Program, supported by the U.S.
Community Reinvestment Act, the survey was aimed at providing data analysis in support of labor and housing policy evaluations for
impacted communities in their district. The survey was structured towards identifying the traditional economic impacts, particularly
damages to property and assets, supply chain disruptions, staffing and labor shortages, and the financial status and outlook of each
business. Similar to our approach, the FRB MN leveraged community partners (e.g. chamber of commerce, community foundations)
to disseminate the survey and solicit responses. The survey provided a valuable template for drafting a subset of questions and to sup-
port a comparison of the longitudinal analysis of changes in small business perspectives over time following the flood. However, the
FRB MN did not ascertain the importance of YNP park and its operations relative to the direct impacts of flooding on gateway busi-
nesses. Additionally, the FRB MN survey was focused solely on Southwest Montana, with respondents from at least seven counties,
some of which were outside the gateway region, and did not consider gateway villages in Wyoming.

2.3. Direct and indirect economic impact survey
Our survey was aimed at assessing the direct impacts of the flooding in comparison to the indirect impacts, specifically YNP opera-

tions and closures, on the ecotourism business economy of six focal gateway communities, each situated outside of the park's five en-
trances: West Yellowstone, Montana (outside the west entrance), Jackson, Wyoming (south entrance), Cody, WY (east entrance),
Cooke City, MT and Red Lodge, MT (Northeast entrance), and Gardiner, MT (North entrance) (Fig. 1a–Table 1). As our team navi-
gated among these communities, other non-focal communities were also briefly visited including Bozeman, MT, Driggs, ID, and Victor
ID (Fig. 1a). The businesses of these gateway communities are largely supported via ecotourism, which primarily includes lodging,
restaurant/food, retail, and recreation; however, respondents representing other business sectors were included (Fig. 1b). Many busi-
nesses in the region are combinations of multiple economic sectors (e.g., lodging and restaurants).

All questions and optional response categories are provided in Tables S1–S2. Compatible questions between the FRB MN survey
and our efforts are noted. Questions attempted to differentiate the direct effects of the flood from the indirect effects of park closures
and operations. Like the FRB MN survey, we documented direct impacts by assessing the degree of direct physical impacts, such as
losses in assets and supply chain issues from dysconnectivity of roads, as well as the perspectives of businesses as to their financial sta-
tus and outlook. Additionally, we documented indirect impacts by evaluating the importance of YNP to each business, the peak tim-
ing of visitors and revenue to each community, and the magnitude and timing of revenue losses associated with both the flood and
park closures.

Questions were issued via two web-based surveys, a business and community-level questionnaire, to assess and understand the na-
ture of economic impacts on businesses and perspectives from community leaders, respectively. Community-level surveys were con-
ducted to assess social capital, i.e. ascertain how well community leaders understood the nature and diversity of problems faced by
businesses. Prior to issuing surveys, we contacted the chamber of commerce (COC) in each community to identify businesses, facili-
tate community participation, and serve as a centralized point of communication to businesses to circulate online surveys. The cham-
ber representatives, along with community leaders they selected, were targeted as respondents for the community-level survey. We
also inventoried all businesses using Google and Open-Street Maps.
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Fig. 1. a) Map of Yellowstone National Park Gateway region. Green area is boundary of Yellowstone National Park and surrounding focal and non-focal gateway
communities. Major park roads are depicted at right. b) Stacked bar plot of economic sectors identified by business respondents in each community. Community
codes are provided in Table 1. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Online surveys were first circulated via email to the respective chambers of commerce on September 4, 2022. During September
9–16, 2022, our team visited businesses in person and solicit responses to surveys. All gateway communities have a centralized down-
town where businesses are aggregated. Each town was partitioned into sections, and a team member was assigned to a section. The
team member asked for the manager, or if unavailable, spoke with the onsite representative to see whether they felt confident in re-
sponding to questions about the status of the business. Each survey required reading a preamble providing information about the sur-
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Table 1
Distribution of regions (according to groups of zip codes) and business visited during the economic survey. Numbers of business respondents versus business con-
tacted within each region are used to calculate response rate. Respondents to the community survey are also included.

State Zip Group Region (Abbrev). Zip Codes Businesses
contacted

Business
respondents

Response Rate
(%)

Community
respondents

MT Bozeman-Livingston (BL) 59034, 59047, 59718 5 4 80.0 1
WY Cody (CY) 82414 49 8 16.3 13
MT Cooke City (CC) 59020, 59081 16 3 18.8 0
MT Gardiner (GR) 59027, 59030, 59065 38 29 76.3 1
WY,

ID
Jackson-Teton (JT) 83001, 83002, 83420, 83422,

83455
75 6 8.00 4

MT Red Lodge (RL) 59068 56 12 21.4 4
MT West Yellowstone (WY) 59758 51 15 29.4 1
WY Yellowstone National Park

(YNP)
82190 1 1 100 1

MT Other 59011, 59070 0 0 0 2

vey and contact information. Respondents were then asked if they would prefer to fill out the survey with the team member. If not, an
information flier with access to the survey was left with the business representative. In cases where surveys were not filled out in-
person, our team contacted businesses during the subsequent weeks via phone calls and email to re-solicit responses. Our survey re-
sponse period closed on November 1, 2022.

Our survey and methodological approach were reviewed and approved by Baylor's Institutional Review Board (Project 1944825-
1]. We conducted a comparison of the FRB MN results with our study to understand commonalities in responses across the broader
Yellowstone region, but also assess how perspectives might have changed longitudinally over the tourist season. We also compared
the results of the business and community-level surveys to determine the strength of association (or compatibility) between the two
(Supporting Information). Finally, we amassed the open-ended responses to synthesize emergent factors that our survey was not nec-
essarily structured to capture. We grouped these responses according to natural themes of response types.

2.4. Systemic impacts to local economies
To estimate the economic impacts of the 2022 flood to the entire gateway region, we developed two sequential statistical models,

the first to predict annual recreational visitors over time and the second to predict annual economic activities, including visitor spend-
ing and total economic output, based on visitor counts. Visitor spending and total economic output was obtained from the National
Park Service Visitor Spending Effects Report [51], specifically total annual estimates (2012–2022) associated with the YNP gateway
region. Visitor spending includes the direct effects of park visitation, such as direct purchases from local gateway businesses, whereas
economic output includes the additional indirect and induced effects of visitor spending on the gateway region [5]. Indirect effects in-
clude the purchase of supplies or inputs to the immediate businesses, whereas induced effects refer to the subsequent purchase of
goods and services by employees of businesses or input suppliers [5]. Determining economic effects requires establishing a local gate-
way region, which are typically defined by NPS staff as the set of counties surrounding each park that include towns and cities visited
by park visitors ([52]). In the absence of this information, gateways were considered, by default, all counties within a 100-km radius
of the park. Visitor spending is estimated from park visitation counts partitioned into visitor spending profiles and lodging categories,
both of which are estimated from visitor socioeconomic surveys ([53]; [52] [54]). Economic output, inclusive of secondary effects, re-
lies on regional economic multipliers derived from IMPLAN Pro Version 3.0 software. IMPLAN is an input-output economic model
that tracks all transactions between sectors and between industries and institutions based on general equilibrium models (https://
implan.com/). Visitor spending effect model categories were first mapped to IMPLAN sectors, and then regional multipliers were ob-
tained using county-level IMPLAN models for the gateway counties of interest [5]. An important note is there is considerable uncer-
tainty in applying proportions of visitor spending profiles to visitor counts, as well as the estimates of regional economic multipliers.

Building the sequential models relied on gathering economic and visitation data from YNP as well as other neighboring parks or
parks of comparable popularity (based on visitation statistics), including Grand Teton, Rocky Mountain, Glacier, Bryce Canyon, Zion,
Grand Canyon, Yosemite, Acadia, and Great Smoky Mountain. As Grand Teton was proximate to YNP (south entrance), we considered
Grand Teton to share similar, but less extreme impacts. Visitor count data were obtained from National Park Visitor Use Statistics [55]
within the Integrated Resource Management Applications (IRMA) Portal. Visitor counts were modeled as a Poisson distribution in a
generalized linear mixed model (GLMM), where time (Year) served as both a fixed effect and a random slope effect for each park
(grouping variable). Certain years were classified as “disasters”, specifically 2020 for all parks due to closures or partial entry systems
during the peak of the Coronavirus Disease 2019 (COVID-19) restrictions, and in 2022 for Yellowstone and Grand Teton due to the
June 2022 flooding. This categorical variable was also included as a fixed variable in the GLMM predicting visitor counts.

A GLMM was also used predict visitor spending and total economic output based primarily on visitor count. Given differences in
local economies and sectors, we first normalized values (x) for visitor spending and economic output from 0 to 1 for each park, using
the following formula:

x
it
=

x
it
− min

(
x

i

)

max
(
x

i

)
− min

(
x

i

)

International Journal of Disaster Risk Reduction 113 (2024) 104827 

5 

https://implan.com/
https://implan.com/


R.A. McManamay et al.

Where.
xit is the raw economic value for the ith National Park at time t. Minimum and maximum values are calculated across all time peri-

ods for National Park i. Normalized economic values, representing fractional values ranging from 0 to 1, were modeled as binomial
distributions in a GLMM, where visitors were used as fixed variables and random slope variables according to National Park as a
grouping variable (random effect). Because visitor counts were reduced from disaster years, there was no need to include a disaster
variable. Proportions (e.g., 0.35) were translated into binomial trials as two sets of whole numbers, one representing the target values
(e.g., 35) and the second vector representing alternative outcomes (e.g. 100–35 = 65). For every observation, these values were
modeled jointly.

Both GLMMs were constructed and validated in R-4.4 using the glmmTMB library [56]. Prior to developing the models, we tested
the data for potential temporal autocorrelation across variant time lags. No evidence of autocorrelative structure was found indicat-
ing no need to incorporate this structure in the models. The visitor and economic activity models were used sequentially to predict
visitors and economic values, respectively, for Yellowstone and Grand Teton National Parks in 2020 and 2022 under normal opera-
tions, i.e., in the absence of COVID-19 restrictions and the flood-related closures, respectively. The predicted or expected values were
then compared to observed visitation and observed economic values to estimate losses in visitation and revenues.

In order to associate economic losses with individual gateway communities surrounding Yellowstone, we examined traffic counts
for each of the five entrances. Traffic counts, also obtained from the NPS [55], were used because these data explicitly report counts
for each entrance, whereas visitor counts are only reported for the entire park. Visitor activity in Yellowstone appears to be synony-
mous with traffic counts, as annual traffic totals (1992–2022) explain 96.4 % of variation in annual visitor counts (Supporting Infor-
mation, Fig. S1). Over the past thirty years, traffic counts have been increasing at all entrances, especially in the last five years, with
notable increases at the West Entrance. We calculated the proportion of total traffic at each entrance for non-disaster years
(2016–2019, 2021) to represent an expected distribution, and calculated the proportion of traffic at each entrance for the 2022 flood
year. Predicted economic activity (visitor spending and economic output) for 2022 was multiplied by the average proportion of traffic
at each entrance for non-disaster years. Observed economic activity (reported by NPS) for 2022 was multiplied by the proportion of
traffic at each entrance for 2022. The difference between these values was used to estimate losses for each entrance and hence, groups
of gateway communities. The values of economic loss for each entrance were then compared to revenue losses reported for business
respondents in each gateway.

3. Results
3.1. Economic survey

A total of 291 businesses within the six gateway communities and surrounding areas were contacted by our team or a respective
chamber of commerce person. During September 9–15, 2022, our team visited 267 of these businesses in person. We subsequently
called all but 37 businesses who either had no phone number or the phone number provided did not work. An additional 24 busi-
nesses were not visited in person but were contacted by phone or the COC representative and responded to our survey. More busi-
nesses may have been contacted by the COC other than those recorded; however, we only have records of those businesses that com-
pleted the survey. Seventy-eight respondents completed the business survey, whereas 30 individuals completed the community-level
survey. Across all respondents, 19 zip codes were represented, which were distilled into eight zip code groups for summarization
(Table 1). Respondents to our business survey represented 15 of the zip codes, whereas nine zip codes were represented in our com-
munity survey. Business response rates were highly variable, ranging from 3.77 % in Jackson, WY to 75 % in Gardiner, MT (Table 1).
Response rates were not indicative of effort, as Jackson had among the most businesses visited, yet lowest responses. Summaries of all
responses for business and communities are provided in Figs. S2–S15.

Economic sectors listed as the primary importance to businesses included lodging, retail, restaurant and food industries, and recre-
ation, although 35 % of respondents characterized their businesses under multiple economic sectors (Fig. 1b). Over 88 % of respon-
dents surveyed considered their businesses to be located within a gateway community. Forty-one percent of respondents were in gate-
way communities that were also impacted by flooding, whereas only 8 % of respondents were impacted by the June 2022 flooding
but not located in a gateway community (Fig. 2). Most respondents indicated that YNP was essential or very important to their busi-
ness, and most indicated that closures to YNP, rather than infrastructure losses, had the most impacts to their businesses (Fig. 2).

Physical impacts of flooding were relatively rare for the businesses surveyed in our study. Across all categories, only a quarter of
respondents had experienced some flooding physical impact, the majority of which were categorized as slight losses related to water,
sewer, electric, or gas utility service outages (Fig. 3). Generally, only 10 % of respondents experienced flood-related impacts to their
buildings, equipment, or property in our survey, whereas in the FRB MN survey, roughly 20 % of respondents indicated having im-
pacts to those categories, partially an artifact of that study focusing primarily on Southwest Montana. Our survey found significant
impacts to critical supply chains occurred directly after the flood but subsided considerably by the time of our survey (Fig. 4a). Prior
to the flood, our survey documented moderate or significant supply chain issues in a small subset of businesses, whereas almost a
third of businesses had issues in the FRB MN study (Fig. 4b). Verbal responses indicated these issues originated during the COVID-19
pandemic restrictions. Directly following the flood, 47 % of businesses in our study suggested significant supply chain problems, very
similar to rates (48 %) reported in the FRB MN study (Fig. 4b). In the FRB MN study, businesses surveyed during June 2022 antici-
pated supply chain problems to continue in the foreseeable future; however, our survey during September 2022 indicated that supply
chain problems, at least due to flooding, had mostly been resolved.

Most respondents reported only losses in revenue (Fig. 5a), with highest rates of loss reported in Gardiner and Cooke City (Fig.
5d). Loss of customers were cited as the primary reason behind revenue losses (Fig. 5b) with trip cancellations, lower numbers of visi-
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Fig. 2. River plot depicting the relative distribution of answers to business survey responses to three questions and the relations or connectivity in responses among
questions. These included asking businesses to categorize their community type (left), the importance of Yellowstone National Park to their business (middle), and
the largest source of impacts to their business revenue (right).

Fig. 3. Proportion of business respondents reporting infrastructure damages and losses or utility losses from the June 2022 flood relative to the significance of dam-
ages or losses. Left panel are responses from our study, whereas the right panel includes responses from the Federal Reserve Bank of Minneapolis (FRB MN).

tors generally, and less advanced bookings all cited as the predominant factors related to lower visitation (Fig. 5c). Reasons behind
revenue losses and the presumed reason for lower customers were generally similar among communities (Fig. 5e–f).

Most businesses in the YNP gateway region experience high volumes of customers throughout the entire tourist season
(May–September), with a slight peak in July (Fig. 6a). Impacts to revenue from the flooding and park closures were also distributed
across the entire 2022 season, with noticeably more impacts occurring primarily in June 2022 but also July 2022 (Fig. 6b). In our sur-
vey, roughly 40 % of respondents reported 50 % or greater declines in revenue for June, July, and August compared to revenue levels
in 2021 (Fig. 6c). The FRB MN survey similarly asked respondents to report their losses for the month of June 2022 but to project their
estimated losses for July and August. Reported declines for June and projected declines for the remainder of the summer were similar
to our survey in terms of general losses (Fig. 6d). On average, respondents reported 50 % losses in revenue across all months (Fig. 6f).
Gardiner and Cooke City reported the most extreme losses in revenue, averaging 75 % losses for the summer months, followed by Red
Lodge and West Yellowstone, averaging 44 % and 40 % losses, respectively (Fig. 6e). Cody and Jackson-Teton, WY reported 21 % and
4 % revenue losses, respectively (Fig. 6e).

Responses were mixed regarding which of the YNP operations had the largest influence on businesses (Fig. 7). Timelines of opera-
tion are noted in Fig. 7a. The largest percentage of respondents reported that closure of the North and Northeast Entrances (July 2 to
October 5) had the most significant impacts on businesses, whereas equal numbers of respondents indicated that any closure or the
complete closure (June 13–22) had the most significant impacts (Fig. 7b). The influence of YNP operations among communities was
mostly related to the location of each community relative to entrances and closures. For instance, Gardiner, Cooke City, and Red
Lodge are positioned outside of the North and Northeast Entrances; hence, the closure of these roads was reported as the most signifi-
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Fig. 4. Significance of impairments to supply chains supporting businesses in the gateway region relative to before or after flood occurrence. (a) River plot depicting
associations among responses related to time period and degree of difficulty. (b) Proportion of business respondents with supply chain difficulties relative to the de-
gree of difficulty and time period surrounding the flood.

cant impact to businesses in these communities (Fig. 7c). In contrast, West Yellowstone and Cody were more impacted by the com-
plete closure of the park from June 13–22 (Fig. 7c), whereas after June 22, the West and East Entrances were opened for the remain-
der of the season.

Most respondents reported the financial status of their businesses as strong or good and stable, which was typically associated with
positive financial outlooks, although this varied (Fig. 8a). A third of respondents indicated their financial status as poor or declining,
and this corresponded to a range of financial outlooks for the future (Fig. 8a). Cooke City, by far, had the highest proportion of re-
spondents with poor financial status and likely to go out of business, followed by Gardiner (Fig. 8b–c).

Generally, community surveys showed agreement with business responses; however, this varied by community and survey ques-
tion (Fig. 2–9, 9–15). Community survey responses for Gardiner and Red Lodge tended to accurately reflect trends in business re-
sponses. Community responses for all communities seem to fail to capture the timing of economic impacts experienced by businesses
(Fig. 9). Bozeman-Livingston community responses were generally poorly reflective of business responses in that area. Jackson-Teton
community responses did not seem to agree with business responses related to revenues and financial status of businesses (Fig. 9).

Based on open responses, we identified five major themes that were repeated among survey respondents: media and marketing, fi-
nancial assistance, communication issues, tourist adaptations, and park operations (Appendix Table 1). We selected a subset of the
most representative quotes from respondents as indicative of each theme.

3.2. Systemic impacts to local and regional economies
Apart from disaster years, visitor counts to national parks have increased over time, which has led to increased visitor spending

(Fig. 10a) and increased economic output. All parks displayed a peak in visitation in 2021, a response to the widespread lockdown
procedures from COVID-19 in the year prior. Patterns in visitor spending in Yellowstone and Grand Teton mimicked the general pat-
terns of other national parks, including ubiquitous decreases in economic values in 2020 due to COVID-19 restrictions (Fig. 10a). In
contrast, Yellowstone and Grand Teton showed major declines in visitor spending in 2022 relative to other parks.

All models converged and displayed relatively high performance when all parks were included (Supporting Information, Tables
S3–S5). Validation plots indicated performance was robust when considering all parks (Supporting Information, Figs. S16, S17, S19);
however, when only considering Yellowstone and Grand Teton National Parks, the visitor spending and economic output model per-
formances were significantly improved (Figs. S18 and S20). For the visitor count model, time had a significant positive effect on visi-
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Fig. 5. Characterization of impacts to business revenues based on the proportion of respondents across all communities reporting (a) revenue losses or gains, (b) rea-
sons behind revenue losses, and (c) reasons for lower customers. (d) Responses are also broken out by community.

Fig. 6. Timing and degree of impacts to revenue from flooding and park closures. Business respondents indicated the (a) time of year they experienced highest numbers
of customers and (b) the time of year (month) they experienced the most impacts to sales and revenues. The timing, direction, and magnitude of impacts to sales and
revenues were explored in (c) our study and (d) the Federal Reserve Bank of Minneapolis survey. Violin plots depicting the distribution of revenue impacts presented
(e) among communities for all months, and (f) among months for all communities for our study. “Jittering” of points is used to highlight distribution of observations.
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Fig. 7. Effects of Yellowstone National Park operations on business revenue and sales. (a) Timeline of park operations following the June 2022 flood. Proportion of
business respondents indicating which operation had the most significant effect on business sales or revenue is summarized for (b) all respondents, and (c) among com-
munities.

tor frequency, whereas disasters had significant negative effects. For both the visitor spending and economic output models, the num-
ber of visitors had significantly positive effects.

Based on our models, we estimate the 2022 flood led to 1.5 million less visitors in Yellowstone and 1.3 million less visitors in
Grand Teton (Fig. 10b). Losses in visitors from the 2022 flood were larger than those estimated for COVID-19 in 2020. We estimate
COVID-19 led to 731,000 less visitors in Yellowstone and 477,000 less visitors in Grand Teton than expected (Fig. 10b). Likewise, we
estimate the June 2022 flood caused $156 million in losses to visitor spending in communities outside Yellowstone and $158 million
in losses to Grand Teton; these numbers both exceed estimates of losses from COVID ($134 million and $121 million, respectively)
(Fig. 10c). Economic output losses from the flood mirrored visitor spending and totaled $193 million from Yellowstone and $214 mil-
lion from Grand Teton (Fig. 10c).

When distributed across the gate entrances, the 2022 flood had the most significant negative impacts on the economies of the
Northeast (−82 %) and North (−53 %) gated entrances, followed by the East and South areas (Fig. 10d). Of note, is that the impacts
on the Northeast ($33 million) are reported as percentages of expected revenues (baseline), and hence impacts of the June 2022 are
considered the most severe for the Northeastern communities, even though the total gross losses for the North gate were more than
twice this value (-$75 million). All entrances displayed declines in traffic volume relative to the previous 5-year average (2016–2019,
2021) except the West entrance, which showed a 47,000 vehicle increase in traffic (Supporting Information). Based on this outcome,
we estimate that the West entrance could have had a very modest increase in visitor spending and economic output when compared
to the 5-year baseline traffic expectations for 2022. However, all entrances, including the West gate, showed dramatically lower num-
bers of vehicles in 2022 than in 2021. Had we used 2021 as a baseline, however, the relative percentages of impacts to each gateway
community would have still mirrored the analysis reported herein. For instance, based on 2021 traffic volumes, the Northeast gate
had 83.5 % lower traffic in 2022 (109,000 less vehicles) and the North gate had 61 % lower traffic in 2022 (305,301 less vehicles),
whereas the West gate had 15 % lower traffic (123,000 less vehicles). As an additional validation measure, the visitor spending
model, when proportionalized to each gate entrance, mirrored the revenue losses reported by survey respondents for each corre-
sponding gateway community, except West Yellowstone (Fig. S21).

4. Discussion
We used a combination of methods to transect and explore the relative roles of direct and indirect economic impacts of a flood on

gateway communities of YNP. The results suggest that gateway communities experienced significant economic impacts from the
flood, predominantly the result of park closures and diminished visitor volumes, rather than property loss, workforce reduction, or
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Fig. 8. Financial outlook among gateway businesses, based on (a) circos plot comparing associations among current financial status (at the time of the survey) and fi-
nancial outlook. Proportion of business respondents in different communities reporting different (b) financial status, and (c) financial outlooks. Results from the Fed-
eral Reserve Bank (FRB) of Minneapolis survey are provided for Park County, MT and other counties.

supply chain issues. As other studies have shown [57], even temporary park closures can lead to significant reductions in tourists and
economic losses in gateway communities. We found these effects persisted and were not mitigated through shifts in tourist behaviors,
i.e. social disruptions [10]. Similar levels of economic impacts of park closures to gateway communities were clearly documented
during the COVID-19 pandemic, for not only U.S. National Parks [8,17] but also other international communities surrounding pro-
tected areas supporting tourism [6,7,58,59].

4.1. Economic losses in gateway communities following disasters
Multiple previous studies have pointed to the dependence of gateway economic vitality on visitor volumes to National Parks dur-

ing or following climate-related hazards [8,11,13,17,35]; however, many of these previous studies did not consider other potentially
confounding factors that could further dampen revenues to tourism industries in gateway areas. Despite the extensive nature of re-
gional flooding, physical impacts were isolated among businesses and public infrastructure. Even with areas that received widespread
physical impacts, such as Red Lodge, where 40 % of respondents indicated damages and 70 % indicating loss in utilities, business
owners responded that losses in customers posed more significant impacts to revenue. The regional economic model also corrobo-
rated the results of our survey. The model suggested a 30 % decline in visitor spending, slightly lower than the average revenue losses
reported among business respondents (48 %). Estimated losses in visitor spending, when proportionalized across gated park en-
trances, closely mirrored the revenue losses reported in surveys for corresponding gateway communities (except West Yellowstone),
further suggesting that the primary source of economic loss was dampened visitation.

Our regional economic model estimated over $150 million USD in losses to visitor spending in YNP gateway communities from di-
minished visitation during 2022 – this estimate exceeds the estimated losses from COVID in 2020 by $20 million. This estimate also
dwarfs the predicted $7.9 million in annual regional economic losses to the YNP gateway region due to dampened visitation from re-
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Fig. 9. General agreement between community responses and business responses across each gateway community. Full red bars indicate little or no agreement, par-
tial red bars indicate some agreement, and no red bar indicates general agreement between the community and business responses. (For interpretation of the refer-
ences to colour in this figure legend, the reader is referred to the Web version of this article.)

cent wildfires [11]. A similar study estimated $2.7-$4.7 million in losses to the regional economy for all of Utah's National Parks due
to visitation losses from wildfire [13]. Jedd et al. [12] found that visitor responses to extreme dry conditions were inconsistent among
parks and years, ranging anywhere from $9 million to $90 million in losses to regional spending around individual parks, particularly
Rocky Mountain, Grand Teton, and YNP. In all these situations, National Parks were operating under full or near-full capacity; hence,
any shifts in visitation were based on visitor preferences. In the case of the June 2022 flooding, YNP was fully closed and then oper-
ated at partial capacity for the remainder of the primary tourist season. The severity of these impacts should be expected given that
90 % of gateway respondents consider YNP very important, if not essential, to their livelihood.

Although the June 2022 flood was unprecedented for YNP, the hydrometeorological and socioeconomic context of the event was
not unprecedented in the broader Rocky Mountain region. A near identical flood disaster occurred in Yosemite National Park in 1997
when an atypical, warm torrential rain escalated melting following historical snowfall [60]. The resulting flood was the largest in 40-
years and immersed the Yosemite Valley, causing significant infrastructure damage and eliciting $258 million in total flood recovery
funding [60]. Yosemite was fully closed for a month, then partially opened, leading to an estimated loss of almost 800,000 visitors
across 1997 and 1998 and $46.5 million in cumulative losses to personal income (2023 USD) in the gateway region [35]. Based on
other IMPLAN assessments, total visitor spending is typically 2 to 2.3 times that of labor income [51], which although not identical to
personal income, suggests that the total losses in visitor spending were approximately $90 to $110 million, comparable with eco-
nomic losses reported in our study.

4.2. Post-disaster media and marketing
Managing negative perceptions of risk and disaster is a major challenge for tourism [18,20,27]. Media attention to disasters can

create elevated perceptions of risk to disasters [61]; hence, post-disaster marketing is key for economic recovery [62]. Media sensa-
tionalism created a negative perspective of New Orleans following Hurricane Katrina leading to multiple years of devastation to that
area's travel and tourism industry but has since been mitigated using strategic ‘destination image management’ [63]. Likewise, fol-
lowing the Indian Ocean tsunami, the media created misconceptions about the severity of damage in the Maldives, grouping it with
far more extreme cases ([64]).

The role of the media in diminished visitor volumes to YNP is likely significant. The June 2022 flood elicited sensationalism from
national and international media outlets, such as alarmist narratives suggesting similar apocalyptic events should be expected in the
future [42,43]. Written responses and personal discussion with respondents anecdotally suggested that the media portrayal of the
flooding situation was very harmful to visitation (Appendix Table 1). The media attention, however, was not completely unwar-
ranted. The flood situation was critical for communities like Gardiner, which was completely isolated due to road closures. The town
was without clean water from water line breaks [45], and officials were considering evacuations [44]. Visuals of the YNP road
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Fig. 10. Regional economic impacts of the June 2022 flood and park closures. (a) Normalized visitor spending in Yellowstone and Grand Teton National Parks rela-
tive to 8 other U.S. National Parks. Grey region represents 95th percent confidence interval. Modeled estimates of losses in (b) visitors and (c) visitor spending and
economic output to Yellowstone and Grand Teton National Parks due to COVID-19 (C19) and the June 2022 flood (Flood). (d) Percent losses in visitor spending and
economic output from the June 2022 flood are broken down by gate entrance.

washouts [65] and a single house collapsing into the Yellowstone River were repeatedly circulated on mainstream outlets even after
the flood had receded [66,67]. Repairs, clean-up, and rehabilitation were rapid, and within a week, Gardiner was open for business
[44] but was virtually empty of tourists [68]. Visitors immediately began canceling or rerouting reservations upon seeing the news
and hearing of the park closures [44]. Originally, the National Park Service communicated that road reconstructions would take sev-
eral years to complete [41] – this occurred prior to developing formal plans for rebuilding the northern roads.

Following the 2004 Tsunami, Carlsen and Hughes [64] suggested several post-disaster marketing mitigation strategies, including
developing a broader communication strategy for consistent messaging, first using the media to correct those misconceptions and sec-
ond, halting cancellations through tourism agencies. Broad post-disaster communication strategies should be pro-active, consoli-
dated, follow a common agenda, set out the facts, shift to promotion of new or niche markets, and emphasize the positive ([64]). Con-
solidated communication is challenged in gateway communities as national parks operate independently and have very different ob-
jectives than for-profit tourism enterprises. In some cases, park management objectives may deprioritize gateway community mem-
bers’ values and fail to consider broader economic sustainability in future planning [69,70]. Under normal circumstances, YNP com-
munications are coordinated with outside parties (personal communication, Christina White, National Park Service); however, immedi-
ately following the flood, YNP communications were understandably disorganized, as staff were still assessing damages. Within a
week following evaluations, NPS began clearly and routinely communicating park conditions, recovery operations, and expected re-
opening dates throughout the remainder of the tourist season [71]. National and international media attention, however, remained
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gravitated towards damages rather than the rapid road to recovery [44]. Furthermore, respondents suggested that social capital was
limiting, and in some situations, most of the small gateway community leadership were unable to provide a consolidated communica-
tion strategy to mitigate customer losses (Appendix Table 1).

4.3. Tourist adaptations in gateways
Tourist adaptations, also termed ‘social disruptions’, can play major roles in exacerbating or mitigating potential economic im-

pacts of disasters, particularly in national parks [10]. In these cases, disasters or hazards do not lead to predicable responses in visitor
volumes, depending on tourist behavioral changes and perceptions of risk. For instance, during the early stages of the COVID pan-
demic, tourists flocked to national parks in the US, Finland, and Germany for safe spacing and outdoor recreation [72,73]. Once au-
thorities banned or limited visitation, tourist numbers plummeted, but peaked again after parks were re-opened [10,59]. Extremely
dry years in the western US negatively affected visitation and economies surrounding U.S. National Parks in the Rocky Mountains
([12]), whereas climate projections and empirical models of visitation for Waterton National Park in Canada suggested increases in
future visitor volumes [14]. Brown and Jenkins [16] reported shifts in visitor behaviors rather than gross losses in visitation following
road closures from the 2013 Rim Fire surrounding Yosemite National Park. Most displaced visitors entered from other entrance sta-
tions, which increased traffic in gateways but did not necessarily lead to increased spending in those areas. This suggests that visitors
maintained their lodging in gateway areas despite those areas precluding immediate access to the park.

Most respondents in our study indicated that YNP park closures, even temporary, had significant impacts on losses in visitors and
customers, primarily from trip cancellations and less advanced bookings. Within three weeks of the flood event, 93 % of YNP was ac-
cessible to visitors through three entrances [44], yet we estimated visitation was 38 % lower than expected levels. The inaccessible ar-
eas, although a small fraction of the entire park, are popular destinations in YNP, including the Lamar Valley, a well-known area for
siting wolf packs [74]. The reintroduction of the wolves in YNP was estimated to increase visitation by almost 5 %, leading to an addi-
tional $54.2 million (2023 USD) in visitor spending [74]. Even with most of the park open, lack of access to popular areas in the park
could have been sufficient to thwart visitation and induce cancellations.

Likewise, Gabe [57] showed that a 16-day shutdown of the U.S. Federal Government during October 2013 led to a 76 % reduction
in visitation to Acadia National Park and 13 % reduction in tourism sales in Bar Harbor, Maine. The study further estimated that 17 %
of the potential visitors had cancelled their trips based on the shutdown. Although Brown and Jenkins [16] found that closures in
Yosemite were mitigated via alternative entrances, YNP is three times larger and closure of one entrance could require significant
travel, even several hours to access another entrance. Hence, for practical reasons, many visitors canceled reservations completely or
shifted reservations to areas where they could access the park (Appendix Table 1). Consistent with the Brown and Jenkins study, how-
ever, we found traffic increases through the West Entrance did not necessarily lead to increased spending in West Yellowstone where
respondents reported 40 % losses in revenues (suggesting that displacement did not lead to increased spending). In the case of Gar-
diner and Cooke City, park access was critical for attracting visitors, and businesses in these gateways, on average, experienced 75 %
losses in revenue.

4.4. Study Limitations
Our analysis was based on a relatively small number (n = 108) of survey respondents from a limited population of potential re-

spondents. Our business survey's response rate was 27 %, which is comparable to response rates (21 %–25 %) documented elsewhere
for small businesses, a notoriously unresponsive survey group ([75,76]). Low survey response rates were likely due to combinations
of factors, including the response group, current economic conditions, the level of tourist activity, and the community culture in each
town. For example, the Jackson-Teton region had the most businesses visited yet had among the lowest response rates. During sur-
veys, most businesses in Jackson were extremely busy, and managers were too occupied to engage with our team. In contrast, busi-
ness owners in Gardiner were highly engaged in the survey and its intended results, but they also had time to engage because of few
customers. By the time of our survey, many businesses were also experiencing “survey fatigue”, as multiple surveys had been previ-
ously deployed in the region. In contrast to our survey, the FRB MN survey was conducted in late June, immediately following the
flood event, but for a broader area. The FRB MN successfully solicited 148 responses from businesses, 112 of which were from coun-
ties overlapping our survey, and undoubtedly sharing similar respondents. Apart from minor differences, our survey results are con-
sistent with responses in the FRB MN survey.

4.5. Building future economic resilience in gateway communities
Because of the interdependencies between U.S. National Parks and gateway communities, coordinated planning of broader sus-

tainability pathways is required to preserve both natural ecosystems and economies that depend upon them [7]. Based on the YNP ex-
perience, we assembled several considerations for building future economic resilience in gateway communities (Table 2) – these
themes should be generalizable and extendable to other contexts. Preparedness starts with individual and community planning, but
also requires devoting local financial resources and capital, perhaps through taxes [77]. Unfortunately, the Yellowstone flood was a
perfect storm of compounding issues. For western communities anticipating another summer of drought and elevated wildlife risk,
the flood came as a surprise - even though 90 % of disasters in the US are flood-related [78]. Indeed, increased flooding magnitude
and shifts in the timing of peak runoff were predicted as a part of a regional climate assessment, suggesting the need for additional re-
siliency measures and infrastructure preparation [79]. Although alternative transportation routes were evaluated to minimize expo-
sure to active landslide areas [80], the National Park Service, still financially recovering from the pandemic, had delayed some of the
planned infrastructure rehabilitation resilience measures prior to the flood [37]. Restoring park access quickly, identifying alternative
routes, and maximizing the resilience of transportation corridors to hazards are priorities for future economic resilience.
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Table 2
General recommendations by theme for building economic resilience in gateway communities of national parks.

Theme Recommendations References

Preparedness Prioritize and apply for federal-to-local infrastructure resilience investments (e.g., U.S. Department of Transportation).
Develop individual and community-level preparedness action plans and finance institutional and infrastructural
mechanisms for resilience. Diversify supply chain sources. Prioritize alternative transportation corridors that connect
gateways.

[19,31,77]

Economic
Diversification

Diversify local economies by expanding into new domestic and international niche markets. Promote more local
(domestic) tourism. Enhance visibility of non-park related outdoor recreation opportunities. Invest in affordable housing.
Avoid 'disaster capitalism' through local (non-corporate) assistance.

[6,7,81]

Media and Post-disaster
Marketing

Develop coordinated, consolidated, and broad communication and marketing strategies that highlight unique attractions
within gateway and avoid misconceptions during disaster. Identify trusted, centralized points of contact. Be proactive
and ensure communications are coordinated with park management.

[18;
20,64]

Social Capital and
Communication

Build tighter social capital and stronger communication networks for community support, centralized information
sources, common understanding of assistance programs, and coordinated messaging to the media. Extend chamber
membership to assist with social benefits.

[28–30]

Enabling tourist
adaptation

Improve the services available in gateways to provide alternative recreation opportunities. Enhance marketing and
guidance measures to enable tourism awareness and adaptation. Increasing flexibility to accommodate alternative forms
and timing of tourism.

[10]

Financial assistance Identify a broad suite of federal-to-local assistance mechanisms. Identify smaller, faster, less restrictive (gap) funding to
avoid limitations, e.g. compounding debt and saturation of opportunities.

[31,82,83]

To add insult to injury, many businesses were ineligible for re-applying for grants or loans because they had already saturated the
same financial assistance programs from COVID-related losses only two years earlier (see responses, Appendix Table 1). In these
cases, identifying smaller and less restrictive sources of gap funding can help carry businesses along until revenue streams increase
[31,82]. Communities with large social capital are likely to be more resilient to disasters [31]. For instance, business recovery from
disasters tends to be more rapid for chamber of commerce members than non-members [30]. The social benefits of chamber services
are many and include coordinated advocacy for policies, participation in town planning, as well as training, workforce development
programs, and access to marketing resources [28]. Stronger social capital can also assist in coordinated and accurate messaging to the
media, especially during and immediately following disasters ([64]). Furthermore, resilient social capital is also required to maintain
small community identity and avoid the risk of corporate predation during economically vulnerable periods, e.g. “Disaster Capital-
ism” [81].

Going forward, building economic resilience in gateway communities requires diversifying singular sources of income [6,7], per-
haps by marketing the wealth of recreation potential in other protected areas neighboring the park (Table 2). For instance, Montana
has over 20 million acres of U.S. National Forest lands, roughly 10 times the size of YNP [84]. These other public lands border all gate-
way areas in the region. Following COVID-19's economic impact on tourism in Ghana, Soliku et al. [7] suggested promoting more do-
mestic (local) tourism in addition to international sources. Gateway communities could be proactive in establishing new niche mar-
kets to attract local customers and prioritize development of affordable housing to support a viable workforce, a critical need men-
tioned in multiple community planning reports [85]; [86]. Furthermore, new economic benefits can arise by increasing gateway com-
munity flexibility to embrace and adapt to alternatives in tourist behaviors, perhaps social disruptions, such as increasing visitation in
the traditional non-peak season during atypical climate extremes [87], rapid shifts in the volume of visitation from social changes,
such as pandemics [88], or seeking opportunities afforded by alternative transit and entry systems to mitigate over-crowding in parks
([89]; [90]).

5. Conclusions
The 2022 Yellowstone flood provides numerous lessons in managing and mitigating the impacts of disasters to local economies.

Indeed, the experience induced adaptations of NPS management, the most immediate being reconstruction and relocation of road,
lodging, and water infrastructure [37,71]. Although the compounded nature of the flood hazard itself was not unprecedented for
other National Parks in the Rocky Mountain region, the unique infrastructural and socioeconomic context of YNP and gateway com-
munities created additional stressors, exposing these areas to unforeseen vulnerabilities. By far, most of the significant and long-
lasting impacts to infrastructures occurred within YNP, not in gateway communities. Roads in the northern portion of the park tran-
sected floodplains and steep landslide-prone valleys, leaving the infrastructures vulnerable to climate and geological hazards.
Nonetheless, the indirect impact pathways, specifically closure of the park and isolation of gateways from park access, resulted in the
most severe economic impacts. The frequency and temporally compounding nature of disasters is also an important consideration.
Due to COVID-19 economic losses only two years prior, grant and loan opportunities for small businesses were largely saturated. Fur-
thermore, shortly following the flood, lines of communication were stressed due to uncertainties in park conditions, leaving a tempo-
rary void that was filled by media sensationalism. Rapid and coordinated short-term post-disaster communication was needed to miti-
gate the impacts to the tourism industry.

Complex and compounding events are likely to continue to increase in the future and exacerbate the impacts of existing stressors
on vulnerable systems [91]. The flood warrants an introspective evaluation into future resilience planning and disaster preparedness,
not only for YNP but also coordinated activities with gateway communities. The difficulty of managing disaster risk in national parks
and their gateway communities is that infrastructure in these areas are designed to provide an intimate experience of humans with
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nature, and as such, are exposed to hazards. Understanding the multi-faceted nature of hazards and identifying mechanisms for build-
ing economic resilience of these unique socioeconomic systems area areas of much needed research.
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Appendix Table 1
Common emergent themes among open responses from surveys.

Media and Marketing
The media immediately made it sound as though the closure would last all summer, leading to many cancellations. This occurred before anyone knew really how long it

may take to repair.
85-90 % cancellations from closures to YP & negative media reports
Negative National Media Reports … Reporters would not even take positive guest interviews when they asked nor my positive interviews when I asked … must get best

ratings from negative reporting.
When media is more positive, the road to Mammoth is open to public and gaining public confidence … next year should get back to normal … just have to make it through

this year!
Poorly written press releases and response to Yellowstone closure by media outlets scared people away
The Park staff did an amazing job of reopening most of the Park in a safe and timely manner. The media did a poor job of celebrating their efforts and accomplishments.

Social media still has factions that believe Yellowstone is mostly closed and resides mostly in Montana.
The fact people saw the flooding on natl news and cancelled their reservations
Financial Assistance and Disaster Recovery
We're still waiting on a disaster relief loan. All savings are gone. Credit cards and credit lines maxed. Hopefully we can hold out through February.
I'm frustrated I didn't get any support because it's the first year of my new business. I keep filling out surveys and applying but there is no help for me.
We have had an 80 % decrease in income for the year. But next year hopefully we will be back to business as usual. We still have a eidl SBA loan from Covid.
Having to take out a huge SBA loan to recoup hundreds of thousands of dollars in tour refunds leaves us unable to make any financial gains in the foreseeable future
Need Federal/State grant funding assistance for loss of revenue to compensate for summer of 2022.
Most business did not qualify for much help through FEMA. What help we did get was only in the beginning. The last part of the summer was painfully slower than even

after the flood. No help on the horizon to keep business sustained.
Communication Issues
Communication wasn't good, found out about forced shutdown on facebook, no direct communication from health department. Serious issues with communication
Communication still an issue, didn't know that free water was being brought in
Tourist Adaptations
The flooding impacted us for a month or so with some cancellations, but we also experienced an increase in visitation with folks re-routing to Grand Teton NP and

surrounding areas
Guests are going directly to Cody since that is the only Gateway to Yellowstone at this time for this area
Evacuation of the park led to our community becoming primary site for RV relocation.
Park Operations
The north entrance road not being completed. Construction is not working holidays, weekends, and night shifts.
Visitors canceling and no new bookings due to the North Entrance road is closed.
The closure of the North Entrance Road into Yellowstone completely gutted our local economy economically. We are a ghost town. We elected to stay open (at a loss) and

had to lay off more than half our staff after the flood. The economic impact of this will be felt for years to come
When Yellowstone closes, the number of the customers are greatly reduced and sales are lower.

(continued on next page)
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Appendix Table 1 (continued)
Closure of the Park caused complete loss of reservations. No one wanted to reserve in fear they would not be able to enter.
All of the reservations are canceled, and people stopped coming to Yellowstone National Park because they shut down the park due to the flooding. Then they tried to do

the license plate admission and that drastically continued to decrease the amount of people that were willing to take a chance that they could come and get into the
park. The whole summer was affected.

Loss of income due to lack of access to the park by tourists.
As a community we sustained very little physical damage. It was primarily economic damage due to a substantial loss in tourism.

References
[1] A. Balmford, J.M. Green, M. Anderson, J. Beresford, C. Huang, R. Naidoo, et al., Walk on the wild side: estimating the global magnitude of visits to protected

areas, PLoS Biol. 13 (2) (2015) e1002074.
[2] A. Gupta, H. Zhu, H. Bhammar, E. Earley, M. Filipski, U. Narain, et al., Economic impact of nature-based tourism, PLoS One 18 (4) (2023) e0282912, https://

doi.org/10.1371/journal.pone.0282912.
[3] U.S. DOI (Department of the Interior), National Park visitation sets new record as economic engines, Press Release (2023) 8/21/2023 https://www.doi.gov/

pressreleases/national-park-visitation-sets-new-record-economic-engines#:~:text=WASHINGTON%20%E2%80%94%20The%20Department%20of%20the,
economy%20and%20supported%20378%2C400%20jobs.

[4] NPS (National Park Service), About us, National Park System (2023). https://www.nps.gov/aboutus/national-park-system.htm.
[5] M. Flyr, L. Koontz, 2022 National Park visitor spending effects. Economic contributions to local communities, states, and the Nation. U.S. National Park Service.

Natural Resource Report NPS/NRSS/EQD/NRR—2023/2551, https://www.nps.gov/subjects/socialscience/vse.htm, 2023.
[6] M.K.S. Smith, I.P. Smit, L.K. Swemmer, M.M. Mokhatla, S. Freitag, D.J. Roux, L. Dziba, Sustainability of protected areas: vulnerabilities and opportunities as

revealed by COVID-19 in a national park management agency, Biol. Conserv. 255 (2021) 108985.
[7] O. Soliku, B. Kyiire, A. Mahama, C. Kubio, Tourism amid COVID-19 pandemic: impacts and implications for building resilience in the eco-tourism sector in

Ghana’s Savannah region, Heliyon 7 (9) (2021) e07892.
[8] A.J. Miller-Rushing, N. Athearn, T. Blackford, C. Brigham, L. Cohen, R. Cole-Will, T. Edgar, E.R. Ellwood, N. Fisichelli, C.F. Pritz, A.S. Gallinat, COVID-19

pandemic impacts on conservation research, management, and public engagement in US national parks, Biol. Conserv. 257 (2021) 109038.
[9] UN WTO (United Nations World Tourism Organization), Impact assessment of the COVID-19 outbreak on international tourism, UNWTO Reports (2020).

https://www.unwto.org/impact-assessment-of-the-covid-19-outbreak-on-international-tourism.
[10] B. Rhama, Local communities’ and tourists’ adaptation to pandemic-induced social disruption: comparing national parks and urban destinations, Int. J. Disaster

Risk Reduc. 82 (2022) 103380.
[11] J.W. Duffield, C.J. Neher, D.A. Patterson, A.M. Deskins, Effects of wildfire on national park visitation and the regional economy: a natural experiment in the

Northern Rockies, Int. J. Wildland Fire 22 (8) (2013) 1155–1166.
[12] T.M, Jedd, M.J. Hayes, C.M. Carrillo, T. Haigh, C.J. Chizinski, J. Swigart (2017). Measuring park visitation vulnerability to climate extremes in U.S. Rockies

National Parks tourism. Tourism Geographies, 20(2), 224–249. https://doi.org/10.1080/14616688.2017.1377283.
[13] M.K. Kim, P.M. Jakus, Wildfire, national park visitation, and changes in regional economic activity, Journal of Outdoor Recreation and Tourism 26 (2019)

34–42.
[14] D. Scott, B. Jones, J. Konopek, Implications of climate and environmental change for nature-based tourism in the Canadian Rocky Mountains: a case study of

Waterton Lakes National Park, Tourism Manag. 28 (2) (2007) 570–579.
[15] J. Gellman, M. Walls, M. Wibbenmeyer, Wildfire, smoke, and outdoor recreation in the western United States, For. Pol. Econ. 134 (2022) 102619.
[16] M. Brown, J.S. Jenkins, Wildfire-driven entry closures influence visitor displacement and spending to alternative park entrance corridors and gateway

communities around Yosemite National Park, Journal of Outdoor Recreation and Tourism 43 (2023) 100675.
[17] J. Jenkins, F. Arroyave, M. Brown, J. Chavez, J. Ly, H. Origel, J. Wetrosky, Assessing impacts to national park visitation from COVID-19, Case Studies in the

Environment 5 (1) (2021) 1434075, https://doi.org/10.1525/cse.2021.1434075.
[18] B. Faulkner, Towards a framework for tourism disaster management, Tourism Manag. 22 (2) (2001) 135–147.
[19] B.W. Ritchie, Tourism disaster planning and management: from response and recovery to reduction and readiness, Curr. Issues Tourism 11 (4) (2008) 315–348.
[20] G. Walters, J. Mair, B. Ritchie, Understanding the tourist’s response to natural disasters: the case of the 2011 Queensland floods, J. Vacat. Mark. 21 (1) (2015)

101–113.
[21] G.R. Webb, K.J. Tierney, J.M. Dahlhamer, Businesses and disasters: empirical patterns and unanswered questions, Nat. Hazards Rev. 1 (2) (2000) 83–90 2000.
[22] S. Hallegatte, V. Przyluski, The economics of natural disasters: concepts and methods, World Bank policy research working paper (2010) 5507.
[23] J.M. Dahlhamer, K.J. Tierney, Rebounding from disruptive events: business recovery following the Northridge earthquake, Socio. Spectr. 18 (2) (1998) 121 14.
[24] Y. Higuchi, T. Inui, T. Hosoi, I. Takabe, A. Kawakami, The impact of the Great East Japan Earthquake on the labor market—need to resolve the employment

mismatch in the disaster-stricken areas, Japan Labor Review 9 (4) (2012) 4–21.
[25] J.D. Taylor, A.J. Gonzales, Nour Bouhou, What practitioners need to understand about labor availability and the impacts of natural disasters, Construct. Lawyer

39 (3) (2019) 6–13.
[26] N. Altay, A. Ramirez, Impact of disasters on firms in different sectors: implications for supply chains, J. Supply Chain Manag. 46 (4) (2010) 59–80.
[27] X. Lehto, A. Douglas, J. Park, Mediating the effects of natural disasters on travel intention, J. Trav. Tourism Market. 23 (2/4) (2007) 29–43.
[28] N.M. Noel, M. Luckett, The benefits, satisfaction, and perceived value of small business membership in a chamber of commerce, Int. J. Nonprofit Voluntary Sect.

Mark. 19 (1) (2014) 27–39.
[29] F. Albrecht, Natural hazard events and social capital: the social impact of natural disasters, Disasters 42 (2) (2018) 336–360.
[30] J. Lee, Reopening businesses after Hurricane Harvey: evidence from a duration model with spatial effects, Disasters 45 (2) (2021) 296–323.
[31] S.E. Chang, C. Brown, J. Handmer, J. Helgeson, Y. Kajitani, A. Keating, et al., Business recovery from disasters: lessons from natural hazards and the COVID-19

pandemic, Int. J. Disaster Risk Reduc. 80 (2022) 103191.
[32] K. Dube, G. Nhamo, D. Chikodzi, L. Chapungu, Mapping and evaluating the impact of flood hazards on tourism in South African national parks, Journal of

Outdoor Recreation and Tourism 43 (2023) 100661.
[33] A. Josephson, H. Schrank, M. Marshall, Assessing preparedness of small businesses for hurricane disasters: analysis of pre-disaster owner, business and location

characteristics, Int. J. Disaster Risk Reduc. 23 (2017) 25–35.
[34] K. Dube, G. Nhamo, Evidence and impact of climate change on South African national parks. Potential implications for tourism in the Kruger National Park,

Environmental Development 33 (2020) 100485.
[35] C. Neher, J. Duffield, Economic analysis of national park issues: an assessment of the impacts of the 1997 floods in Yosemite National Park, Park Sci. 20 (1)

(2000) 21–23.
[36] C. McCreedy, Solutions to coastal flooding: can national parks turn the tide? in: The George Wright Forum, vol. 35, George Wright Society, 2018, January, pp.

109–122 No. 1.
[37] National Park Service, Yellowstone national park, state of the park 2023, https://www.nps.gov/yell/learn/management/strategic-priorities.htm, 2023.
[38] C.C. Thomas, M. Flyr, L. Koontz, 2021 national park visitor spending effects. U.S. National park service, Natural Resource Report NPS/NRSS/EQD/NRR—2022/

2395 (2022). https://www.nps.gov/subjects/socialscience/vse.htm.
[39] USGS (US Geological Survey), How might the devasting June 2022 floods in and around Yellowstone National Park influence seismic and hydrothermal activity?

June 20, 2022, https://www.usgs.gov/observatories/yvo/news/, 2022.

International Journal of Disaster Risk Reduction 113 (2024) 104827 

17 

http://refhub.elsevier.com/S2212-4209(24)00589-2/sref1
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref1
https://doi.org/10.1371/journal.pone.0282912
https://doi.org/10.1371/journal.pone.0282912
https://www.nps.gov/aboutus/national-park-system.htm
https://www.nps.gov/subjects/socialscience/vse.htm
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref5
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref5
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref6
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref6
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref7
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref7
https://www.unwto.org/impact-assessment-of-the-covid-19-outbreak-on-international-tourism
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref9
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref9
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref10
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref10
https://doi.org/10.1080/14616688.2017.1377283
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref11
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref11
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref12
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref12
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref13
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref14
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref14
https://doi.org/10.1525/cse.2021.1434075
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref16
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref17
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref18
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref18
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref19
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref20
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref21
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref22
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref22
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref23
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref23
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref24
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref25
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref26
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref26
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref27
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref28
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref29
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref29
http://refhub.elsevier.com/S2212-4209(24)00589-2/opt63uYPW4Vmh
http://refhub.elsevier.com/S2212-4209(24)00589-2/opt63uYPW4Vmh
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref30
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref30
http://refhub.elsevier.com/S2212-4209(24)00589-2/opt2BjGtICOt3
http://refhub.elsevier.com/S2212-4209(24)00589-2/opt2BjGtICOt3
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref31
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref31
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref32
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref32
https://www.nps.gov/yell/learn/management/strategic-priorities.htm
https://www.nps.gov/subjects/socialscience/vse.htm
https://www.usgs.gov/observatories/yvo/news/


R.A. McManamay et al.

[40] USGS (US Geological Survey), Over a century of Yellowstone River streamflow measurements at Corwin Springs, MT (2023). https://www.usgs.gov/
observatories/yvo/news/. (Accessed 25 December 2023).

[41] K. Koile, Permanent Fixes to Yellowstone NP Roads Could Take Several Years to Complete, Sheridan Media, 2022. https://sheridanmedia.com/news/109813/
permanent-fixes-to-yellowstone-np-roads-could-take-several-years-to-complete/. (Accessed 12 July 2022).

[42] B. Miller, R. Ramirez, What Caused Yellowstone’s ‘unprecedented’ Flooding? Scientists Saw it Coming, CNN News, 2022 June 15, 2022. https://www.cnn.com/
2022/06/15/us/what-caused-yellowstone-flooding-climate/index.html#:∼:text=The%20extreme%20rainfall%20combined%20with,according%20to%
20CNN%20Weather%20calculations.[.

[43] J. Robbins, T. Fuller, C. Chung, Flooding Chaos in Yellowstone, a Sign of Crises to Come, The New York Times, 2022. https://www.nytimes.com/2022/06/15/
us/yellowstone-national-park-floods.html. (Accessed 15 June 2022).

[44] N. Shelly, When the water recedes: the historic floods of 2022 in Yellowstone National Park and Park County, and what came next, Bozeman Daily Chronicle
(2023). https://www.bozemandailychronicle.com/news/environment/when-the-water-recedes-the-historic-floods-of-2022-in-yellowstone-national-park-and-
park/article_44f54552-fc06-11ed-bcc4-93b336787360.html. (Accessed 12 June 2023).

[45] J. Sukut, Gardiner assesses damages after record flooding, Bozeman Daily Chronicle (2022). https://www.bozemandailychronicle.com/news/environment/
gardiner-assesses-damages-after-record-flooding/article_71ffbd6c-18d5-582b-8471-5ef736689465.html#:∼:text=Residents%2C%20business%20owners%
20and%20officials,Park%20Superintendent%20Cam%20Sholly%20. (Accessed 13 June 2022).

[46] R. Wirtz, Montana’s Silent Yellowstone Flood: when Tourists Leave, Federal Reserve Bank of Minneapolis, 2022. https://www.minneapolisfed.org/article/
2022/montanas-silent-yellowstone-flood-when-tourists-leave. (Accessed 15 July 2022).

[47] M.A.U. Khan, M.A. Sayem, Understanding recovery of small enterprises from natural disaster, Environ. Hazards 12 (3–4) (2013) 218–239, https://doi.org/
10.1080/17477891.2012.761593.

[48] M.I. Marshall, L.S. Niehm, S.B. Sydnor, et al., Predicting small business demise after a natural disaster: an analysis of pre-existing conditions, Nat. Hazards 79
(2015) 331–354, https://doi.org/10.1007/s11069-015-1845-0.

[49] K. Sherrieb, C.A. Louis, R.L. Pfefferbaum, J.B. Pfefferbaum, E. Diab, F.H. Norris, Assessing community resilience on the US coast using school principals as key
informants, Int. J. Disaster Risk Reduc. 2 (2012) 6–15.

[50] Yuan Polzin, Schuster, Some economic impacts of the 1988 fires in the Yellowstone Area, USDA Research Note INT-418, 1993. 1-13.https://www.frames.gov/
catalog/14040.

[51] NPS (National Park Service), Visitor Spending Effects – Economic Contributions of National Park Visitor Spending, National Park Service Social Science, 2023.
https://www.nps.gov/subjects/socialscience/vse.htm.

[52] Cullinane Thomas C., E. Cornachione, E., L. Koontz, and C. Keyes. 2019. National Park Service socioeconomic pilot survey: Visitor spending analysis. Natural
Resource Report NPS/NRSS/EQD/NRR—2019/1924. National Park Service, Fort Collins, Colorado.

[53] L. Koontz, C.C. Thomas, P. Ziesler, J. Olson, B. Meldrum, Visitor spending effects: assessing and showcasing America’s investment in national parks, J. Sustain.
Tourism 25 (12) (2017) 1865–1876, https://doi.org/10.1080/09669582.2017.1374600.

[54] Otak, Inc., RRC Associates, and University of Montana, 2022 Socioeconomic Monitoring of National Park Service Visitors: Report on 2022 Data Collection.
Natural Resource Report NPS/NRSS/EQD/NRR—2023/2550, National Park Service, Fort Collins, Colorado, 2023, https://doi.org/10.36967/2299662.

[55] NPS (National Park Service), NPS Stats, National Park Service Visitor Use Statistics, 2023. https://irma.nps.gov/Stats/.
[56] M.E. Brooks, K. Kristensen, K.J. van Benthem, A. Magnusson, C.W. Berg, A. Nielsen, H.J. Skaug, M. Maechler, B.M. Bolker, glmmTMB balances speed and

flexibility among packages for zero-inflated generalized linear mixed modeling, The R Journal 9 (2) (2017) 378–400, https://doi.org/10.32614/RJ-2017-066.
[57] T. Gabe, Effects of the october 2013 U.S. Federal government shutdown on national park gateway communities: the case of Acadia national park and bar harbor,

Maine, Appl. Econ. Lett. 23 (5) (2016) 313–317, https://doi.org/10.1080/13504851.2015.1071465.
[58] M. Hockings, N. Dudley, W. Elliott, Editorial essay: covid-19 and protected and conserved areas, Parks 26 (1) (2020).
[59] A. Spenceley, S. McCool, D. Newsome, A. Báez, J.R. Barborak, C.J. Blye, K. Bricker, H.S. Cahyadi, K. Corrigan, E. Halpenny, G. Hvenegaard, Tourism in protected

and conserved areas amid the COVID-19 pandemic, Parks (27) (2021) 103–118.
[60] NPS (National Park Service), Yosemite National Park. 1997 flood recovery final report, June 2013. https://www.nps.gov/yose/learn/management/upload/

2013-07-02-Final-YOSE-1997-Flood-Recovery-Final-Report-2.pdf, 2013.
[61] A.F. Wahlberg, L. Sjoberg, Risk perception and the media, J. Risk Res. 3 (1) (2000) 31–50.
[62] G. Walters, J. Mair, The effectiveness of post disaster recovery marketing messages: the case of the Australian 2009 bushfires, J. Trav. Tourism Market. 29 (1)

(2012) 87–103.
[63] D. Pearlman, O. Melnik, Hurricane Katrina’s effect on the perception of New Orleans leisure tourists, J. Trav. Tourism Market. 25 (1) (2008) 58–67.
[64] J. Carlsen, M. Hughes, Tourism market recovery in the Maldives after the 2004 Indian Ocean tsunami, J. Trav. Tourism Market. 23 (2/4) (2008) 139–149.
[65] N. J. Samenow Kirkpatrcik, D. Moriarty, L. Karklis, In maps, photos and videos, see the full force of Yellowstone’s floods, Wash. Post (2022). https://

www.washingtonpost.com/climate-environment/interactive/2022/yellowstone-flooding-maps-photos-videos/. (Accessed 18 June 2022).
[66] M. Lenthang, Dramatic Video Shows Montana House Collapsing into Yellowstone River after Record Flooding, NBC News, 2022 June 14, 2022. https://

www.nbcnews.com/news/us-news/dramatic-video-shows-montana-house-collapsing-yellowstone-river-record-rcna33420.
[67] CNN, Watch moment house collapses into flood water, https://www.cnn.com/videos/world/2022/06/14/montana-building-collapse-yellowstone-flooding-lon-

orig-mrg.cnn, 2022. (Accessed 14 June 2022).
[68] M. Brown, B. Melley, Gateway towns to Yellowstone become dead ends after flood, AP. June 16 (2022) 2022. https://apnews.com/article/floods-science-travel-

climate-and-environment-853633990245521cc13a7638dcd15e58.
[69] R. Puhakka, S. Sarkki, S.P. Cottrell, P. Siikamäki, Local discourses and international initiatives: sociocultural sustainability of tourism in Oulanka National Park,

Finland, J. Sustain. Tourism 17 (5) (2009) 529–549, https://doi.org/10.1080/09669580802713457.
[70] J.V. Haukeland, Tourism stakeholders’ perceptions of national park management in Norway, J. Sustain. Tourism 19 (2) (2011) 133–153.
[71] NPS (National Park Service), Flood recovery and operations, https://www.nps.gov/yell/planyourvisit/flood-recovery.htm, 2024.
[72] A.J. Templeton, K. Goonan, A. Fyall, COVID-19 and its impact on visitation and management at US national parks, Int. Hosp. Rev. 35 (2021) 240–259, https://

doi.org/10.1108/IHR-08-2020-0039.
[73] C. Souza, A. Rodrigues, R. Correia, I. Normande, H. Costa, J. Guedes-Santos, et al., No visit, no interest: how COVID-19 has affected public interest in world’s

national parks, Biol. Conserv. 256 (2021) 109015.
[74] J.W. Duffield, C.J. Neher, D.A. Patterson, Wolf recovery in Yellowstone: park visitor attitudes, expenditures, and economic impacts, in: The George Wright

Forum, vol. 25, George Wright Society, 2008, pp. 13–19 No. 1.
[75] D.I. Pielsticker, M.R. Hiebl, Survey response rates in family business research, European Management Review 17 (1) (2020) 327–346.
[76] W.J. Dennis Jr, Raising response rates in mail surveys of small business owners: Results of an experiment, Journal of Small Business Management 41 (3) (2003)

278–295.
[77] A.K. Donahue, Risky business: willingness to pay for disaster preparedness, Public Budg. Finance 34 (2014) 100–119, https://doi.org/10.1111/pbaf.12051.
[78] U.S. DHS (Department of Homeland Security), Natural disasters, https://www.dhs.gov/natural-disasters, 2022.
[79] S. Hostetler, C. Whitlock, B. Shuman, D. Liefert, C. Drimal, S. Bischke, Greater Yellowstone Climate Assessment: Past, Present, and Future Climate Change in

Greater Yellowstone Watersheds, Bozeman MT: Montana State University, Institute on Ecosystems, 2021, p. 260, https://doi.org/10.15788/GYCA2021.
[80] C.S. Dewey, K.L. Pierce, G.E. Nicholas, Geological Studies on the North Entrance Road: Phase 3-Collaboration on Alternatives for the Road Corridor, Yellowstone

National Park, Slickenside Consulting, LLC, 2018.
[81] B.F. Timms, The (mis) use of disaster as opportunity: coerced relocation from Celaque National Park, Honduras, Antipode 43 (4) (2011) 1357–1379.
[82] K.M. Weaver, G.S. Vozikis, The economic impacts of a hurricane disaster bridge loan program in Southern Louisiana: the aftermath of hurricanes Katrina and

Rita, J. Appl. Bus. Econ. 10 (4) (2010) 63 2010.
[83] M. Watson, The role of SBA Loans in small business survival after disaster events, J. Plann. Educ. Res. (2021), https://doi.org/10.1177/0739456X211028291.
[84] USFS (U.S. Department of Agriculture Forest Service), Land areas report (LAR) – as of september 30, 2022, https://www.fs.usda.gov/land/staff/lar/LAR2022/

International Journal of Disaster Risk Reduction 113 (2024) 104827 

18 

https://www.usgs.gov/observatories/yvo/news/
https://www.usgs.gov/observatories/yvo/news/
https://sheridanmedia.com/news/109813/permanent-fixes-to-yellowstone-np-roads-could-take-several-years-to-complete/
https://sheridanmedia.com/news/109813/permanent-fixes-to-yellowstone-np-roads-could-take-several-years-to-complete/
https://www.cnn.com/2022/06/15/us/what-caused-yellowstone-flooding-climate/index.html#:%7E:text=The%20extreme%20rainfall%20combined%20with,according%20to%20CNN%20Weather%20calculations.%5B
https://www.cnn.com/2022/06/15/us/what-caused-yellowstone-flooding-climate/index.html#:%7E:text=The%20extreme%20rainfall%20combined%20with,according%20to%20CNN%20Weather%20calculations.%5B
https://www.cnn.com/2022/06/15/us/what-caused-yellowstone-flooding-climate/index.html#:%7E:text=The%20extreme%20rainfall%20combined%20with,according%20to%20CNN%20Weather%20calculations.%5B
https://www.nytimes.com/2022/06/15/us/yellowstone-national-park-floods.html
https://www.nytimes.com/2022/06/15/us/yellowstone-national-park-floods.html
https://www.bozemandailychronicle.com/news/environment/when-the-water-recedes-the-historic-floods-of-2022-in-yellowstone-national-park-and-park/article_44f54552-fc06-11ed-bcc4-93b336787360.html
https://www.bozemandailychronicle.com/news/environment/when-the-water-recedes-the-historic-floods-of-2022-in-yellowstone-national-park-and-park/article_44f54552-fc06-11ed-bcc4-93b336787360.html
https://www.bozemandailychronicle.com/news/environment/gardiner-assesses-damages-after-record-flooding/article_71ffbd6c-18d5-582b-8471-5ef736689465.html#:%7E:text=Residents%2C%20business%20owners%20and%20officials,Park%20Superintendent%20Cam%20Sholly%20
https://www.bozemandailychronicle.com/news/environment/gardiner-assesses-damages-after-record-flooding/article_71ffbd6c-18d5-582b-8471-5ef736689465.html#:%7E:text=Residents%2C%20business%20owners%20and%20officials,Park%20Superintendent%20Cam%20Sholly%20
https://www.bozemandailychronicle.com/news/environment/gardiner-assesses-damages-after-record-flooding/article_71ffbd6c-18d5-582b-8471-5ef736689465.html#:%7E:text=Residents%2C%20business%20owners%20and%20officials,Park%20Superintendent%20Cam%20Sholly%20
https://www.minneapolisfed.org/article/2022/montanas-silent-yellowstone-flood-when-tourists-leave
https://www.minneapolisfed.org/article/2022/montanas-silent-yellowstone-flood-when-tourists-leave
https://doi.org/10.1080/17477891.2012.761593
https://doi.org/10.1080/17477891.2012.761593
https://doi.org/10.1007/s11069-015-1845-0
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref45
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref45
https://www.nps.gov/subjects/socialscience/vse.htm
https://doi.org/10.1080/09669582.2017.1374600
https://doi.org/10.36967/2299662
https://irma.nps.gov/Stats/
https://doi.org/10.32614/RJ-2017-066
https://doi.org/10.1080/13504851.2015.1071465
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref53
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref54
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref54
https://www.nps.gov/yose/learn/management/upload/2013-07-02-Final-YOSE-1997-Flood-Recovery-Final-Report-2.pdf
https://www.nps.gov/yose/learn/management/upload/2013-07-02-Final-YOSE-1997-Flood-Recovery-Final-Report-2.pdf
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref56
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref57
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref57
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref58
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref63
https://www.washingtonpost.com/climate-environment/interactive/2022/yellowstone-flooding-maps-photos-videos/
https://www.washingtonpost.com/climate-environment/interactive/2022/yellowstone-flooding-maps-photos-videos/
https://www.nbcnews.com/news/us-news/dramatic-video-shows-montana-house-collapsing-yellowstone-river-record-rcna33420
https://www.nbcnews.com/news/us-news/dramatic-video-shows-montana-house-collapsing-yellowstone-river-record-rcna33420
https://www.cnn.com/videos/world/2022/06/14/montana-building-collapse-yellowstone-flooding-lon-orig-mrg.cnn
https://www.cnn.com/videos/world/2022/06/14/montana-building-collapse-yellowstone-flooding-lon-orig-mrg.cnn
https://apnews.com/article/floods-science-travel-climate-and-environment-853633990245521cc13a7638dcd15e58
https://apnews.com/article/floods-science-travel-climate-and-environment-853633990245521cc13a7638dcd15e58
https://doi.org/10.1080/09669580802713457
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref65
https://www.nps.gov/yell/planyourvisit/flood-recovery.htm
https://doi.org/10.1108/IHR-08-2020-0039
https://doi.org/10.1108/IHR-08-2020-0039
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref68
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref68
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref69
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref69
http://refhub.elsevier.com/S2212-4209(24)00589-2/optXmJisBDuq1
http://refhub.elsevier.com/S2212-4209(24)00589-2/optFv45q4qOtn
http://refhub.elsevier.com/S2212-4209(24)00589-2/optFv45q4qOtn
https://doi.org/10.1111/pbaf.12051
https://www.dhs.gov/natural-disasters
https://doi.org/10.15788/GYCA2021
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref73
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref73
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref75
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref74
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref74
https://doi.org/10.1177/0739456X211028291
https://www.fs.usda.gov/land/staff/lar/LAR2022/lar2022index.html


R.A. McManamay et al.

lar2022index.html, 2022.
[85] HRDC (Human Resource Development Council), Community needs assessment 2022, https://thehrdc.org/, 2022.
[86] PCHC (Park County Housing Coalition), Housing action plan, Park County, Montana (2022). (Accessed 31 March 2022).
[87] J.S. Jenkins, J.T. Abatzoglou, E.J. Wilkins, E. Perry, Visitation to national parks in California shows annual and seasonal change during extreme drought and wet

years, PLOS Clim 2 (8) (2023) e0000260, https://doi.org/10.1371/journal.pclm.0000260.
[88] Z. Kruczek, A.R. Szromek, M. Jodłowski, K. Gmyrek, K. Nowak, Visiting national parks during the COVID-19 pandemic-an example of social adaptation of

tourists in the perspective of creating social innovations, Journal of Open Innovation: Technology, Market, and Complexity 9 (2) (2023) 100062.
[89] B.L. Mace, J.D. Marquit, S.C. Bates, Visitor assessment of the mandatory alternative transportation system at Zion National Park, Environ. Manag. 52 (2013)

1271–1285.
[90] B. Spernbauer, C. Monz, J.W. Smith, The effects and trade-offs of alternative transportation systems in US National Park Service units: an integrative review, J.

Environ. Manag. 315 (2022) 115138.
[91] D. Singh, A.R. Crimmins, J.M. Pflug, P.L. Barnard, J.F. Helgeson, A. Hoell, F.H. Jacobs, M.G. Jacox, A. Jerolleman, M.F. Wehner, Focus on compound events, in:

A. R, C.W. Avery, D.R. Easterling, K.E. Kunkel, B.C. Stewart, T.K. Maycock (Eds.), Fifth National Climate Assessment. Crimmins, U.S. Global Change Research
Program, Washington, DC, USA, 2023, https://doi.org/10.7930/NCA5.2023.F1.

International Journal of Disaster Risk Reduction 113 (2024) 104827 

19 

https://www.fs.usda.gov/land/staff/lar/LAR2022/lar2022index.html
https://thehrdc.org/
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref78
https://doi.org/10.1371/journal.pclm.0000260
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref80
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref80
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref81
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref81
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref86
http://refhub.elsevier.com/S2212-4209(24)00589-2/sref86
https://doi.org/10.7930/NCA5.2023.F1

	Multifaceted economic impacts of a 500-year flood on gateway communities of Yellowstone National Park
	1. Introduction
	2. Methods
	2.1. Background
	2.2. Federal Reserve Bank of Minneapolis (FRB MN) survey
	2.3. Direct and indirect economic impact survey
	2.4. Systemic impacts to local economies

	3. Results
	3.1. Economic survey
	3.2. Systemic impacts to local and regional economies

	4. Discussion
	4.1. Economic losses in gateway communities following disasters
	4.2. Post-disaster media and marketing
	4.3. Tourist adaptations in gateways
	4.4. Study Limitations
	4.5. Building future economic resilience in gateway communities

	5. Conclusions
	CRediT authorship contribution statement
	Acknowledgments
	References


	fld73: 
	fld74: 
	fld170: 
	fld232: 
	fld233: 
	fld251: 
	fld258: 
	fld259: 
	fld272: 
	fld292: 
	fld317: 
	fld336: 


